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CHAPTER 1

(-l
—

(@ From (I-1) the built-in potential
'S ¥, = Vp tn Nalb
n*

t

[} !
- 26 Ln 8)(’05)(’O 7___ 75| mV
2.25 x 10%°

From (1.14) the depletion-layer depth
in the p-type region is,

|
W, =| 2x rouxio"* 515 /2
Lex 10" % gx10(1+0.08)

= 0.93 ym
In the n-type region vsing (1+15)

I
Wy = | 2%1-04 x167%x 5.5 72
l6x10'Mx 10'7x 13.5

= 0.074 ym
From (1-7) the moximoum field is
_ g N
E,.. = ~ 944w,
MA x €
= —16x 10 Bx10°x0.93 x16%
o4 %10 '*
= 1.4 x 10% Vo

(b) For zero volts bias,
\,’D + VR - HVO = 0'75

WI= 0:93 /ﬂ‘ . 0.34 4m
5.25
sz 0.074 }0'75\= 0.027 4m
515

-~ 4. 0.
Epmpy = ~ 114 x 107 x 0-34
0-93

= —4-17x 10% Ve,

For 0-3V ¢orward bias,
YotVg = 0:45 V

W = 0:93 [0:45 _ 0.26 ym
5.5

Wy =0-074 [0.45 . 0.021 4m

5.5
= _|l|. 4 .2
éMAx -4 x10%x 0-26
0-93
4
= - 3.19 x10 V/cm
o2
/

From (1-20), the 3ero bias
yunction capacitance is
[}
Co= A [‘téNAND J/‘ |
ZCNA"'ND) '{“Po
‘.

- =19 -2 !
= 2x|o5x 1+ éx10 xl,oqxroxs)r!ogx 10'7}
2(8x10'+ 10"

x 1

Yos
= 0-57 pf
Using (1-20) with Vp=-5V e
obtain,
Cd' = CJO -

{77

With V= 0.3V

0.2 pF

G- Go . 0.74pF
0.6
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The break down Voltagc con be
calculated from (124) using

,EMAX‘ = Eop® 4x10° Viem

Thus,

- ’ b
4% 105 = [2”-6”0 Rexi'Sx0' Vg]
104 x 10 (8 x10"%+ 10")

S Vg =T0.2V

5>

Junction curvature cavses (1-24)
to become

£ - 2q, N, Np Vg 3
' M*") "S [ g(ANA.,ND) ]

If Ny>> Np, | Epay | = 3%10° Vi

and Vg = 150V, then this equation
gives

9x10"%= 225 24NpVe

£
" Np = 9x:o'°x 1-04 x 1g7'%

3.2 x10 2 x 150 x 225

= 8.7 x10'4 atoms/,

L5 .
The plane breakdown voltage 1s
BV = 13 ( NA* ND) Ez

B0 CRIT.
149 Na Np
= hoyx '

x9x10°= 48.8V

3.2x10"%6x0'®

From (1.81),

BY..,= 488 =3V

4/200
-6
- 12 10
BV g,= 104 %19 " ,9x10= 293y

3.2 x10 2% 0%

Bvcgo’ _2_9_‘2 = 65.5V

4400



I—( Ves )n
BV, s
Where «.=0.99, V, =50V
BV(_BO= 120v, n=4

> Vee

(b
mA

6}

ot
:;/l,e,ﬁ&/“
6

5?
4;_’___’_*___,&&—'1
3

27 _ O 10MA
' L uA
o 5 10

Volts

(8

—

gn= L - OZMA _ 740 ma
v 26 mV v

v=_t_ = _1 = 130 ka

N9m 073 (7 69m)
.= P = 100
Gm 7-60m

= 13 ks

Co= T g =(I5ps) (7-69m) = lI5 fF
5 =5B,% = 5 (100)(I130Kk) = 65 ML

Cie ® 2Cie0 = 49 fF

. C
Ccs cs0 20 £F 6.95 ¢F
It Yes 1+ 4
¥, [« 213
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|9
= L For problem (-9),
Gm= X = IMA . 36.5 mA -
Vi 26mv v B(4w)y= 385 MM 41866 _ 9.846
=1 = 1 =-2kn dw 623§F 4V Jf
N9m 1673 (38.5m) 1B
200}
n= Po = 100 . 2.6kn
9 385m 10
YM- -Poro‘S('oO)(.ZéK)= ‘3M.Q_ 10t
Cie = zcé = 40 fF
Cy 10 -FF ) , .
= 5.96 £F ‘o.m M oM tooMm (6 TT’
N’ I+ Vcs [+ L Hz 9.846
N 635 7%
C cso
20
i fF 920 £F
0.55
Cn = Cpt Ce = 617 FF
MWW
2000 13 Ma fololeX %
2 — M
t|  5.94¢F J- ¢
Vi
617¢F @ %k
-T (3@ SMA)\‘L 19'29 fF
40 )
E

110 At high Frcq(umc{zs,

E(Jw)- wT - Im
Jw ‘jw(CH-an,)

For problem (I-8)
B(jwy= 762 MAN _ 4846 776

dw |59 fF Jw Jf




a1
=
Lo) A+Ic"mA) CT" ! = ’ .
2_rncTl 211 600X10
= 0-265 ns

At I = 10mA, Ty = | !

2rf, 2nxio?

= 0.159 ns
L, 265 7 CLp + 26 x (Cu+Cpe)
159 = tp+2'6XCCM4CJ'¢)

’.. ,oe = 23'4 (CM+CJC)

I.=01 mA
9m = oIyl o = 3.8 M,
26 x 1073
3.8
Y, = 500 kn
v, = ExX|00 ¥X500kn =250 M
- ~9 -3
Cb= trgm' 0147 x 10°x3.8Bx 10
Cqp = 0:56+ 44 = 50pF

I, =1mA
gm= 1 = 38 mA
26 A
r-n'= 100 K = 2.6 kn
38
h=5kKan, r,=25Mn
Cb'—' 56 PF

Chn =56 +44¢ 0pF
Cy= 0:31 pF, ¢ = 0-82 pF

Yb = IOOJ'L) I'c = |00
I =5mA
Gm = 190 mAy,
(n. = IOO = 530_‘1
190

L,=lokn, f,=5Mn

C, = 28 pF

Cn = 28+44=324 pF

Cy = 031 pF, G~ 0.82 pF
¥, = l00A, ¥, = 100N

9m

= L
(b +*r P

Te +XI (CJC+CA)
I(.
0.147 ns CretCy = 47 pF

o

< l

2n

Cr

N

I
[OmA

’a

ImA

I uA JOMA OO MA
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Points B/ and B, will be af the

A2
2= . ,
@ =8 - 16° . 365 ns same potential and can be
2Dp 26 connected. Also ¢| and ¢, , E| and
= _1 : .
r >n _3m E, . Thus, the composite dence
Cp+C .
‘ "’ 4€ becomes as shown with a
_57; 7o+ Vica collector bias current I, .
F
I, . sy
=1 _ |  x107= 41 MmHz v/, —W— e
2T 38:5+0l »—12“ iw\,_oc
- ) [
KR = CFIC = 38.5x IO_9x 0-5)(10~~3 2¢ ng, f Iic“
= 19.3 pC
by aI W ° t ©
¢ . AWNg O.l
-__ = = rvolt of V .
1. Wg 10 pe Fla since Yp,r. and r, are assumed

S AT, =05 x L mA per volt of Ve constant, tne values of these

100 resistors are halved in the
J.oh= AVee - loc; Ko = 200k composite device as compared
al o - :
¢ to the original device at the

same total current.

Since ¢, and ¢, are
independent of bias current,
the values of these capacitors

are doubled in the composite
device. Since 1y, f, and 1, are
proportional to b ., the values
of these resis tors arc unchanged

L2 s
connect +wp transistors in porallel,

each with a collector bias current

in the composite device as
compared ‘o the original device
Wi th the same fotal current.
Since &m 15 propertional fo I.,
—0 its value is unchanged in the

compasi-l'c device .
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Finally, ¢n = Cje+ ¢, Where ¢
is assumed constant and

¢y 1s proportional to Ic.Thus,
in the composite device, Cle
is doubled and ¢, is unchanged.

AS o conseguence, Cq ID the
composite is larger than in the

original device at the same
total current, put the increase
in €y i§ less than twp times.

.
L= -
Since current gain 158 9 ab 50 MHz,

fr = 9x50 = 450 MHz at IC=1mA

Ctp= A =0.354ns8
2Ty
From (1.130),
Cr= L+ Sjetln
Im

0:354 = 0.25 + (GetCy)x 26
Ll Ty =4 pF
Given Cy=0:6pF,. " & =34 pF
At I, =2mA
= Cpdm= 0-25xI62x_L = 192 pF

13
o'. C" = C'J'C+cb - 3»4-1" 19.2 = 22.6 PF

=_.'_¢ 77 MmA
m T3 il
r=VYa = 40 xq =20k0
I =z
= P = 1300

9m
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L2

!
@ 3_;_ % =97 x 10= 970 A-|A/vz_

so in triode region,
Ty = 970 [2(V5—0:6) Vog Y5 | MA

In active region (saturation),

Ty= 870 (V= 0:6) (1+0:024V, ) MA

() From (1.140),

-8

Vi = Viot ¥ (2 rvg —24¢)

From (1141),

qu-“yéNA fxléxlo '9xlo4xfo B 5y i0/8

Cox 4-3x 1077
=0.094 v
From (1.142),

. Fle
Cox = Eox o 39x8:85x10 x!os
tox g0 x10°8

= 43xI0

when Vse= 0, V=06V
When V$B= O'5V V+’ 0.-63V
when VSB’ iV =0.65V

3\:9 (mA)

-
-
PR

V6‘=’15v

Ip (mA)
20T
L8 T
16 T
144
2 1

v

1.0 1

¥

0.8
0:6 1
04t
02 ¢

1
2 3 Vps(v)
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[.16

267

6-Joe) ©

V, =0:6 +0.094 (

'ﬁ
2 0,646 V 5 i 32 L* rozxic "5s 26):/;!::‘ ) _|ser
‘FF—A -
' by 328kal
ID’J—;_ %(Vss- &) (14 2 Vpg) T _Li- i
_ Vg
- 124 L'Q (1-0-646)" (14 0:024.(2)) =
2
= 127 YA
‘0\7
From (1-180), —
N From (1-208)
' 8m={23< ﬁL I =,fz(194) 0 (127)
'FT = _1_ Im - _l 3m
= 702 MA/, 21T Cqet Cagq+eqp 21 37 7xi6°
From (1.199), From ((-179)
= \ ‘ - X V-V AV
dmp = ¥ fk Wi To =o.094j‘94(lo)(lz7)\ gm A (e e) (14 72V5s)
2(20 +Vsp) 2(0:6+1) - 134 10 (vés_o.g)(u-?\ Vos )
=26 44N !
Here, I+ AVpe= 1+ 0.024(3)-1-072
From (1194), v, = _| - _' : \
AL, 0.024 (1274) This term is usually ignored
~ 328 K bU{’ lS inCIUdC—d here 't‘D dmans-

From (1-201), Cop = Csbo 20 §F _

- I3¢F

-trote 148 use.Ignon‘n& the

T v,e S5 term wovld cavse a 7'2.%crror
Vog = Vgt Vgg = 2%1= 3 Vs (V) | Ve (V)| dm(m0B)) £ (6H2)
|- 0 04 0.3 5
From (11202), &y = - 2o-FF _87¢F 3
( e ¢ Y 0.9 .87 7.9
,l+ ' 1+ 3 ,
o 07 20 I-4 2-91 |123
ngg 2 fF
From (1-121),
Coc. = 2 WLCox=2 (10) (1) (&3 §) =287 F
95| 3 3

Cgs = Cssi‘f CgsoL: 28742 = 307 'FF
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.18 b L=1-5V
we © &
In linear region , from (I-215) Voo (V) Ves=Ve (V) | VD‘(acf)(V)
Ip= YnCox W [’-(Ves“’e)"os‘ Ve ] -0 0:40 0.3574
Z(I+Y2§) 2:0 t: 40 1+0397
EL 3.0 2:40 1.5741
From (1.220), V=1V [V (v) | Nowl-sat. | Vel sat
\ £s DS( IDQqA) ID(MA)
Vos (acty= Gt [,‘F + 2(%s - ) ‘i] 0 o 0
E L 02 é 4 027
| 04 I55- 2 123.9
- In achve region, from ((.223)
VGS’ 2V Vv v No vel- sot vel-csat.
Ip= Mnfox W V;'s(aa».) bs (V) Ip (HA) Ip (4A)
2 L o} 0 0
EL=I5V 0.2 5044 445 1
N V.V V.-, (W ]V V) 0.4 23].2 135-2
@) Yes 6$ ( DS(aclr)( I 4 1801.2 048-5
1.0 0:40 0.395
. |- sat.
2.0 - 40 1.34 Veg =3V | vpe(V) No ve| sati Ve
3.0 2:40 2.23 s Ip (44) Tp(4A)
‘ No vel. sat. | VETSA- 32 602 4 187 4
V.1V | Ves(V ! ' ’
CS bs(V) Ip (MA) Ip(MA) 0.4 1707. 2 1347 &
0 0 0 I 4 4617-2 2388.2
0.2 1164 g9 2.4 5587.2 2403.4
0.4 155 .2 I51.2
Novel-sat. 1 vel sat. <) €, =075V
Ves=2v | Vos(Y) Ip(MAYL Tp(MA)
0 o o Ves (V) | Ves=Y% (V) | Yosaeny (V)
0-2 5044 497.8 1.0 0-40 0.3282
0.4 93} 2 307.0 2-0 | .40 0.8817
-4 1901.2 17421 30 240 i-290
- No vel- sat] vel sab. VeIV Vpo(v) No vel-sst | vel SaFk
Ves=3V 1 Vo (V) Ip (4A)|  TIp(MA) Z s Ip(MA) | Io(uA)
0 0 0 e e, 015
0.2 892.4 §80.7 g.z {55"?*_ ‘ z
04 17072 | 16629 4 ' 04
I- 4 4617-2 | 4223.0
24 5667.2 | 4839.7




No velocity| vel. satn. &
V.22V
B2 s V) Isat. Iy (A} Ip (MA) X
02 | 504-4 | 398.2
04 931.2 407.8
No velocity| vel: sain.
Yes= 3V | Yos () |ab. 1 (un) T, (4A)
o (0 0o
0-2 8924 | 7044
O-4 707.2 | n13.4
-4 46172 |1610.7
2-4 5587.2 | 1614.7
&
X !0:3
I (4Ak o
50 1 -7 Yes= 3V
;7 —— (vl sam)
40 1 7/
Y
7
2.0 S /
74 "
7 =2V
2:0 d ,;_—_—_—_-_—.s
/) e* ( Vel Sam.)
w0 47 .7
/)
/ Vés-iv
00 — } —
°0 1.0 20 VDs(V)

10°
In(uA)
50 ¢ -7 Vs =3V
rd
//
40 4 ,
/
3.0 4 /
4 (V_dﬂ) V6;‘3v
/ - —
2-0 4 ;. 7
// - //j ______ }V“= 2v
1.0 4 ,I////// Vel. san .
/2
0.0 V4 - V‘sc |! R
00 10 2.0 Vs (V)
©
x 10°
Tp (MAY =y
/ -
50 1 e 6s=3
Ve
’
+ /
40 ,
/
30 L /
/
201 // Lo — ——— Vg2V
J T T T T T ehsamtesn 3
L0 . VG"ZV
’/,/,// - [ (vel,gmo
00 _ VGS': 4 N
' : : v)
0-0 10 20 Vos(
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- 1
' - (W) | YW T (44)
bDirect calcvlation : 6s <s 't ’*"%R,.(\z;\ﬂ
Ip= X' W V;; 0-6 0-0 1.0 o
2 L act
0-8 02 0+ 190 12y
E L le 2 1+ 6 0.556 7184
L=0.5 ym (-6 o) 0429 168
é L= O.7%

lo% error occurs when i =18V

Reasonable since,

v?-
—\ 2- 2.
VDS(“;)— 0-15 [ JL*‘ 2( VG;"O;G) -1 (Vés"vt) = 0'2) =4y
075 2 -
(EoR, ) = [ 2428 x16°(1718-D)]
Ves (V) | Ves—Ve (W] Vos e V) To (4A) = 0.1740
06 0.0 0 0 0-17 is 12)e Of I'44
0.8 02 0-179 12-43
1«0 oy 0.328 41.7
2 0-6 0-459 8.7
-6 0 0.-686 | 182:59
-8 -2 0187 | 240.3
-9 -3 0.§35 | 270.52
20 b &4 0. 862 201.83
Now vse (1.230),
X W = 194 2 =388 MA
2 L 2 0,5 VZ.
R, =L = ! =17182
’ (4
EXW  1.5xil0%(194)2 M

X'W R = 194x4x1718:2X 16°¢ = 1.333
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3

}.20 . . L1654 x 107
~ Simple calculation : "
L v?
/
gm= X W (Ves-%) -
y L (4m) R Gm= 11654 %10 R u,
L ‘
= Mn Cox —”E—(Vss—vt) S—
fox 1o '6x 10 | o7
= 2 | 3115x10 85
= Mn €ox (50) W (Vgs- Vi) .
L - 1 6-066 x 10 70.7
= 0-5 .
= 450 M (3.2)(8854 %10 “e ) 0. 11l 48 260
s i 0.4 | 0-134 390

x 50(10Mm) . 0% 1um 1
> lem

= 7. 769 X 10-4 (0+1)
L?.
L (4™) Fm (MA/y2)
485 (24% error)

0 4

0-5 310 (207 error)
1.0 77.7 (10% error)
2.0 9.4

10.0 6-17

Now with Valociha; saturation,

Q= WCxMn &R Where,

) A
R= [ 1+ 2(Ves-Ye) _ 4
E.L

’\[l-l- 2(Vee-%)
EL

3 = (104m)(39) ( 8.854x ;6"2:_“) 450 e

Vsec
L/so
x 5 R x lo‘*,qm

lem

-5
= 777x 10 R (& W) MA/Vz.
L




2!
2L

From (1-223), I, = H4nCox W =
( » +D > T [VDS(adg
From (1-220), N
( ) Vosget) = €C'~[J7+2(V65'Vt) —1J
E L
ELL = l-s er 007 \
| N v ;
s (V) Yosad) | To () [ NI | KB (%) 44) .gzg_tcv“-ve)‘(m)"l Vs~ (V)
0:7 0.0 0.0 0.0 0.0 0.0 0.0
0.8 | 0.097]| 0.253| 0.503 0.27 0:520 0+l
0-9 | 0.188 | 0.956 | 0.978 l.08 .04 0.2
1-0 | 0-275 | 2.04 1«43 2:43 [-56 0.3
1.5 | 0.656 | II-6 3.4 17-3 4-16 0.8
20 | 0980 | 259 | 5.09 45.6 6.75 1.3
3.0 | [62 ] 62.4 7.89 143 12.0 2.3
40 | 1-99 106.9 | 10.3 294 1741 3.3
5.0 2.39 | I54.2 12-4 499 22.3 43
For large v, ,current ig limited by velocity saturation.
3
‘E\D(HA) 2
1201
lo‘Oo
80 1
6'0 <4
40 1
2.0 +
0.0 + >

2.0

40

Ves (V)
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=1 I = 10X 162 . 266 X165

n Ve 1.5x 2610
= 0.256 MA/,

£ = gm 0:256 MAN

2T (Gt CgqtCqp) 27 (104F)

= 4:076 MRz



CHAPTER 2

From Fig.(2.2)

For p-type St
NA = hk&x IO,‘ a*om5/¢m3
For n-type St,

Ny = 6x 10" atoms/cm3

2.2
“R, =

€ - 1L n-em _ |fi-em
°T 5 am =4
T 5 4m 5x16%m
= 2000 Su
/o
3

The doping profile has the form
Np(x) = Npo €Xp (=2 )

The first step is to determine
and L .Since at x=0,

Npo
17 -3 ‘t‘h
Ny (x) = [0 cni™, then
17 -3
= 10
Noo - m

At x =0.5Mm, No(")'-é- Ny (0)

- -' - N
. Npoe - NDDeXP( O SLHM )
L = 0:56 Mm

Thus

)

Ny ()= 10 exp (- X )

The junction wil exist ot the
Point where the net doping

Ny ()= Ny (x) =0

- i5
io”e,xp(-' X = 10
osam!
e XJ' = 05 ym &N o = 2.34m
lo's

The sheet resistance is given by !

[%%ﬁ Np(X)= N, (x)] dx]

Since the effective doping

15 ND(X)"NA(X)
2 2-3Mm X s
q[aoovczc] ,(( 167 > 10" ] dx
[}

3
“- 0.5x10-23 xlc;'J-Po'leo}

Rpg =

™
= goocem
1[ V- Sec

-1 12
106 X100 'x 800X 472 x10
-5
.6 X8 x 4-712 x |0
-1
—4
. . = 1655 SL
“RD-[604.xlo] 1655 s/

4 |
For the resistor L - 200Mm . 40

W 5A4m
Base -diffused
R = 4oxl¢>0J1%J=4K.n.

Emitter- diffused
R= 40X5 nyp = 200 -

Pinch
R=40Xx5 Ko/, = 200 K5

25

From (z-17), for an npn-fransisbr)

Qg = _AB”‘M} exp ( YE)

V.
I.‘ T

[N * -9 20
as=(l64cm)(13$—‘¢’{ )(-6x10 ) (2x167) 6(520/2‘)

o~ °
— 12 $
= 2.02x10 ::Hconf\/cmL

580 mV, Same expression

QB:

For VBE:

gives : 2x10'® atoms /.

2-1



For Qg =202 x10'?

RD = [ %Epas]"

-1
[0-6)(15‘4)(150 \;.CL::: ) (z.ozx:d‘)J

= (465x16'7)"- 2) Ko/

2.6
;(a/}ftries bose R :

Emitter periphery adjacent to a
base contact Is .

p=4x 40 4ym = 160 Mm
pistance from base contact ‘o

)

emitter js : 10 4m

‘. Rg = Ro (325) - oo g |

= 6:2.n

=~

(b) Series collector resistance :
For each of two emitters the

effective buried layer dimensions

-

are
Wg, = (W+2T)= 20um + 2 (10 4m)
= 40 Mm
Lg, =(L+2T) = 4oM4mt 2 (10 4m)
= 60 HM

Using (2-18),

a-(20) , b= _42)_'
(%) o
27, = (5 n-em(lomm) 2

(20 Mm) (40um) 55
= 360 n

v

o = 160 v

2= Rain (',’3)‘ oz (i%) =570

V.5 : for buried layer
Weg= l4Mmt 2T = 34 mm

For top N"': L= 140mum
W= 14 uam

a=34 . 2:43 ; b=1
14
v, = (5a-em) (10 4m) ¢y 2:43

(/40 M™) (14 umy 24371
= |58 o
R, » |58 + 180+5-7=344 0

o o

. <
© je 7 (Aboﬂo:: A-"dcuan) Yorea
= [( 140 MM)(6O qm) "+_n_‘3um(23014m
2
—4
0" PE
+ 120 um)J x é y
= (8400 + 1685)x 164
= ].03 PF
@) Cle= ( € ebottom | CJ'es:'dehmﬂ)
= . C:
2 [ Abaﬂ-om+ AS:dcwa!l] Jc/arza
=2 [L2°um)(4oum) t N2 ym(404m
2
~4
+8oum I x 10 PE/ |
- 2.4 pF (M4m)
. c .
(&) ¢ CSIdewall+ epi-sub
t Cgi-sub
Cidemall = I x (7 am)[ 175 mx2+
2

substrate

140 mm x 2] X 10’4?

2

= |-6 PF (/-4"\)
—4
Copinsob = (175%140-85x 126)x /0 PP
= I- 4 pF )

Cpi-sob” (85x126)x 3.3x10%= 3.5 pF
Csubstrate = 672 PF



(S
B Is= 40 A,
s/,

From text example,

&g = 57x!o crn4Sec
P
Is' '6Xl0 xleo xlsoqux(lo —)
57 % jo'"
=09x10'"° A
2.7
— .
From (2224), the p falloff begins
at I = g AN, PP
Wg

For this Structure, the area A
is tre product of the emitter
diffusion peripbery 120 ym, and
the effective sidewall depth.
Regarding the sidewall as a
quarter -eylinder this fﬂtec{rive
depth 5 the emitter junction
depth mult plied by T, . Thus,

-6
Aogr = (120 M 3 Mg )=565x10
efp = (120u4m) (3um)( Ny ) xlo .

From Fig(22), the donor density
corresponding to a resistinty °f
05 -em is 112x10'%em3 Thus,
I -6 x16"7)(5.65%10%)(12%10')(10)
Exio 4
= 13.56 x10° = 136 4A

2-8
/rom(z 17), for @ pnp transistor
&p = 4AD,,_J_ exp ( VBE

I Vr

For this device

A= 2 X(304mxT5um)+2x (10s1mx 304m)
= 5100 MM

For Vgg = 525 mv

Q el éxio xSIOO)HOxszxIO 525
s =P (%)
= 9.6 x 10"
Using Fig-(2-2), the donor density
cotresponding 1o 2.n-em s
2_~5x10';m_3

since, Qg=WgNp, then

Wg= Q38 = 9.6 x 10" _ 3.84x Y em
Ny 2.5x10®
= 3.84 ym

Since the p-diffusiondepth is
3 4m, the total epi thickpess is
684 ym , for Vgg= 525 mV. By a
similar calevlation, the total
depth for Vgg=560 mV is 17:454m

The Same resistances are
_— -]
o= [9Hn Q |
- =
= [0-6 x16"*)(800) (9.6 x 10")]
-5~
=[12 x167] = 8 kay,
For Vg, = 560 mV
Rp = 212 kay/,
2.9
= First consider the 6uym resistor,
For 10Kt We need 100 Squares
or 600 um of lergth. The total



resistor area is that of the body
plus clubbheads , or

A bottom
- 4952 (um)"

2
600 ymx 6 ym + 2 (26 4m)

The Sidewall area is equal to
the total periphery mulhiplied
by (3um) () -

The periphery IS,

P= 600 4m+ 600 4m + 6% 26 ym +

2(26-6) 4ym

Thus,
Asidc;—all
= 6578 (uym)

Tre total area is,

1396 4ym x 3 ymx %

Asotal = 115530 (4m)"
For the 10" cri3 epi concentrabion

the capacitance per unit areafor
3ero bias is from Fiq.(2-29) equal

to 16% pFAymy

Thus, Cppa = 115520 wm)xw pF

(Um)*
= [+I5 pF

For the 12 ym resistor, we need
1200 ym of length

Thus, A= 12 4m X 1200 4™ + 2 (2649)
= 15,750 (4m)*
Aside.wall % [pzooxz-rzéxé-r
2 (26-12)]x3
= 12,177 (um)*
. Aotal® 27,929 (Mm)"

. = > S4oF
 Couly 215929 w15t RE

= 2.8 pF
(MM~

2.10
6_15— A QQ' DP‘

= [“TOMM X 75 um - 304m x 55 qm}

% lo_im NG Lxlo' Y(2x10) (10 €M /)

('0'5 atorms x/4qulocm
CM' Am
= .17 x167* A
T4
R X IO F
(@ e = Apgpgon 0 P ms?

+ A_sidcwp\ﬂ x 162 PF/(Mm)l
= (30 x 75-30x 55 )umx 15 ¥ PF

5 (M)
+ 7"(60+Ho)(3)@4m)xlo_p_
(Hm)*
= 0.5/+0.8 = (.3 pF
C
3) Cy= Cepictidemall bottom

= 7\'(4oxz+azsxz)>‘('7)(‘4m)§’5+_££

MY
+Q4oxlzs)wm)xno fpF v

am)”
- |4+ 1-75 = 3.15 pF

a2
4
Tp = WE . [Uaum) (16 iM/Mm)]
ZDP ZX 'o CM/SeC

G5

= 98 nNsec

2
For an npn transistor
-— b B

Le

Ve

exp (o

- -— 2 o
=(16x lo")(lo ) (13)(2:(1;0) ,1&52
&5
o\{'oms/cm’-

-1
= [24p %]

—-Uéxlo xlsouw « 4'3x10" ]
-Sec

= 4.3 x to”



In order +o contain 4-3x10" atoms

Zmt

of the n-type epi- impurity,
the wWidth of the collector
deple’cion layer at ponch-thru

1S, Wg = 43xi0" atoms/ p?

’0‘5 ";3

= 4.3%X10%cm=43 4m
Using (1115) and assuming that
- Na 22 Np,

Wg = | 26 (ot ¥Yr) ' . 4.3 4m
J 4 Np
_ [ 2x10ax16™ 055+Vg)
J  1rexicMx 0'5
" Vg= 137V

FOT Vgg =560 mV, Same expressions

give, Qg= 14X Io'za{'o"n.S/mz
Rg = 4:43 kiL/,
Wg = 94 um
Vg = 6,796 V

212
From (1.157),
<
2 L
|00 MA =

2 L

2
IOMA = MpCox W (0.8-V) (2
L

2

pivide (1) by (2) and solve for Y¢?

gives Vi= 048V,

Substitubing for ¥ In (D gives,

W = 19| A
Mn Cpx_‘: H/V

MnCox W (l.s_v*)z >

2-5

2L y= 4, 20,1 Q- B (207

x CD)(
() For unimplanted transistors,
From Table 2:1, ¢, ==0'1V

From (2.28),
16
= KT Ln Ny = 0.0264p 10~
4 n; 1.45x10'°
= 035 .
From (2.30) ,
Cox = 086 £F/ 1y
-Q_s_i = l.éxlo"”x fO”.___ o.19 v
Cox 8.6 xiog 8

From (1.137),
Rpo = JZ4 N4 €2

=[2x16 x1673 10" 11.6x8-86x15™

! -8
x 2% o'.";:;]/‘= 4.8 xlo coulombs
Cm"
-' v{ = "O'I—ZXOvBS —irsxlo-s_o,’q

86 x108
= —|.55

Gy For implanted transistors

N, = Ix 10'%_ 6.9x10'%< 16 em 3

From Fiq-29) , the depletion
layer width corresponding to
a doping level of 10'%cm3 is
~1 Mqm, while the implant
depth is only 0.3 4m

. = —|.5
"o Vegimplant)™ >

+ 0:a%x10%0.3x10% 16%x 151
8.6 x 1078
= —1.05
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2.l
The metallurgical channel length is

L= Liawn—2Lg = 74m— 2(0:3) =64 4m
The effective channel length 15 L
minLS the Width of the depletion
region at the drain . In the active
region, the voltage at the drain
end of the channel is =Vgo-Yy=V,,
To colculate Voy, assume at first
-that L,_ﬁc:. L .Then from (!-166)
2 (10 MA)

Vov = ’ 2Ip
T, 700 cm L0.86 F

= 0.15 Vv i (53
Thus, the voltage across the drain
depletion vegion =5-0.15= 485V
To estimate the depletion-region
width, assume it is a one-sided
step junction that maiply exists
in the lightly doped side . since
the channel and the drain are
both n-type regions,the built in
potential of the junction is near
3er0. Using (1-14) and assuming_
Np>> N

—— AY
*4 =j 2€ (Vps-Vov) =J;_(|-04x|6"z)(5—b.15)

\

4 Na 16x16"2x 106+ 16%)
= 0:55 Mm
S0, Legp = T Mm = 2(0-3 4m)=-0.55 Am
= 5.85 Mm
Therefore, since = \__= Ley dxy
ATy Ip m
> ¥, =5Mn- s.ssum/dxd
o MA

dVps

0, dX4 = 012 um . Since, the
dVps v
other device ugaes the same

techrology , d%q s unchanged
dVpg
Bul, should calculate Vov for

rd L ansis tor,

Vov-, 2L ’ 2(39) " _o0.q8V
x'H 02 50
12-2(0-3)

X _ .
50, X = 2(1.04x16'*) (5-048)
Lexig ' (2.1x10!%)

= 053 4ym

L;{,ﬁ- 12 - 2(0:3)- 0-53)=10-674mM
G=Legt [dxy - lo-87 ”M/ = 3.02 MO
Ip/ dVps  .30MA [0-i2

Note that using the same Yy, 25
for the 1% tvansistor (0-15v) gives
an answer of 3| Ma. (The
change hardly matters)

15
25

Vo
@ +2v
v, = Vas

6S l -1V
v

FIrst to estimate ¥yand Leg

Lett = Lgrawn™ 2La= X4 — O
\
)(4 - J 2 &g (Vbs“Vov) —_s )
’L ( NA+ N,)
I. - 2
D = Hnlox W (Vgg-V,) — @

2 qu
Leff',xd and V= (Veg-Y) can be



found by solving ), @), @) .
To avoid solving non-linear equations,

the following procedure is vsed: find
X4 by svbstituting Lpue,~ 2L, for
Legs in (3) and Lse the resvit in(2).

From (3),

Ves=Ve * \[ 25Lp
MnCox' N/L‘fp

= [ 2X20 MA
\/450 m* 4.32 £F (____._..—.'0 Mm )
V.sec wm) | =2 (0.0Y 4m)
= 0130V
From (2) ,

Xy = /zxct 4x8.86x10'4(2-0.13)"
16 x 157 (5x10% + 4% 10')
= 0.23] »Mqm
From (),
Legg® 1Mm=2(0.09)um ~0:23] um
= 0:569 ym
@ g, - \}ZK,_W_ o
Lege
“

= JZXHZ;MA x IO XZOMA
V* 0.589

= 363 MA/V

(b) Fyom (I-200), Srb" Y3m =X3m

2\]14%:'*‘\’53
where vy . ’2%‘5:."\'1 from(l-141)

and
Cox

Ny 18 the cffective dopant density
at the bottom of the channel-
svbstrate depletion layer, it canbe

either N4 (substrate doping) or
NatN;
one applies, we have to find
Xl max > €., the depletion depth
under the channel,

x;MM- J 2 €g (2 dp|+Vea)

. To determine which

9 (Not N;)
But,
CPP‘ KT Ln NA"”NI
n; _
= 0026 tn 4X10%5x10° ;350
' 1-45x (0'°
.l - N
v x.; = lelaéx&eé,xlo ?zxo.seaﬂ)

'MJ 16 x :o"’(4x 10/44 5%16'5)

= 0.225 ym

> 016 ym (effective implant
depth)

since Xy 2%, the depletion

capacittor is the series combinahon
ot the capacitors as shown,

Now X can be coalculated from

the foﬂowing relationships,

g c

2

=4, %-
o G+t %

C .

JI!&_ 5 Céhzz 65':

X a7
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The actual depletion depth is

- . 2. .4
X"mnx-- [2._6_"_ (¢F + ‘¢P' + Vg~ l;’ﬂ-‘J *

@NA NA
(¢f. Muller and kamins : Device- Hectronics

for Infegm’rcd ciredits, 2™ed. ;1286 ;
2guation (l0-6:2))

%

KT_ ¢n Ny - 0026 ¢n 5x10° - 0.33V
4 ng 45 x jple

X e [ 2116 x8:86x10%(0.33+0.389+1)
1.6 x 10712 x5 x Iols

—(016 x lo"'cm)’(4xlo'6)] Y A
S5xio's

C..+C

(9 Ce= 2 Wiepfon® o

2% 10x0.589 x 432x10"°
+ 035 x 107" 10
= 20'5 fF

(3) Cad C. =035x

oL
¢) €y, = o * (drain area)+ ¢spo periphery

.J I+ Vos /3,

0-2 xloxi t12 (104 1x2) ¢

NERANTY)

7.1 £F ,
(@) Cope €jo ¥ (source area) 6 s PEPPEY

W

16" 10 « 35 FF

=

= 0453 ym
= 16x8.86x16" _6u2x16°F N7
-4
N 0.6 x I0 » . = 02 x1ox] +1.2(10% 1x2) ¢
42 = 1.6x8:86x16 " = 35IxI0 Flem?
j’ L+ ()
(0-453-0.16) x 154 (%2)
- = ’ F
Cs = 2.27x 10 8 Flem® l0-5 £
Soox = 227 x10°8 _ 5.0526 216 4%
432 %107 Jf—l F v, (£=0)
-6 CDB '
Imp= xgm = 00526 x 363x10°= 19.1 MA ! . =V, (+=0) =5V
Vv .
110 Ssp
From (2.37 |
©) @37, —I5V
A :I 21, ,J 2% 20 M4A A w Im’fia“y transistor is off,
X" (Wieg) 194 MAfp (104/05894) current source discharges
= O.llo V CoLt S . The rate of vwltage
h N +
v X4 =J26g(vns‘Vov) change 15,
4 (Nat+N;) V = I
+ c
dXq4 _
d = X4 = 0.23| Mm . o.oslqm/v ~ 10 HA
AVos  2(Vpe-Vpy) 2(2-0-1)
) - - 0:35 £F y 10 4m +0:2£F x ioam x (1 44m
R =(ﬁ dXq )_,(zo HA x O.06/ ,qr%) Ay s
Leg Vg ! \05694m +0.09 ”MH"ZA% (12.4)
= 482.78 kn

= 500 V/MSCC
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(D Tronsistor enters saturation
region ; drain current Starts
to flow ,discharges ¢, *t<pg

ond %_ Cox WL+ ot Csg. The

discharge rate of drain voltage 3

V = I0MA

—

¢ CoL*%p8

= 10 MA

0:35 ff xjoum+0.2 _f_f %10 ymx (1 4m+ 00V ym)
am L 12 £F (124m)

= 500 V/HS AMm

(iy Transistor enters triode region,

current discharges
+2Co at a rate of,
10 4A

Cox WL+CDB + C’sB

-t {4 32 (10) (1-2(0-09)4 0:2(10) (I+0-03) 2
+ 12(2)2+ 0-35(2)(10) i
| S S

2 overlaps
= loMd - 32.30 Y,
3 15-584 §F A
Vv
1-5Y
|
|
l Vb
AN
I
} -
-0-6%—-——-—&—;*—_
l ~
l l‘ \\\ ""SV
| 2
m un ')

it Iz
+
M, |VIa
___I w, Vbs
T

Ms 1) Iy
Note H'\af all the fran.S!Sfors
have equal terminal voltages.so,

Ves,= Ves,= Vos, = Ves
VDS, =Vps,= Vosj= Vos

VSB" VSB3= VSBS: VSB
If Veg #0, there is a body effect
but V+'= sz- V+3= V{

Case 1 = All active

3
I,= K Wi (Ves-Vi) (14 7AVps)
2 L
I, = K/ W (Ves-Ye) (17 Vos)
z L )
Il"fIz‘ ‘_<_I (E\'_|+U\‘_/§_> (Vas—vt) ("‘P‘?\VDS)
2\ T

S
I3= _);_-I (W. ‘:'—Wz.) (Vcs- k) <I+)VDS)
=1+,
Case 2 . All triode

T2 X W, [2(Ves-%) Vos ~ Vos
| z_cl[?—(Gs e) Vos ]

] 2
I,=X W, (2(Yog-Y%) Vos - VDs]
2

L
It I;=2."(.‘1‘L+_"iz> [2(Ves -¥e) Yos~ szs]
2 \L
I,= 32<<w,+ Wz) [2( VsV Vos “Vos |
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If M, and M, are active,

28 47 :
+ 3 ! 2
_M_’* J'+ 13=£(w )(VGS"Vt)’-Iz
_ Vs v 2 \L,+L,
Vs = Ds

{ - » . . .

M Assume Mgy is in triode region,

\—‘\ _ Vs, - ,
I, X (ﬁ) [2 ( V“'Vps,'ve)(vos'vbs.)

2\t /2

M, can operate In ockive or triode

S
—{Vos - s, ) J

veqion. M, always operates in
ca:on ,. & P Vos,= Ves~Va ‘ﬁ’ss-\’e)z' ?2 (I'»:
triode region )
! 2 ’ ~ \
= X[ WY [2 (Vee=Y% ) Vos ~Vos =1 1=J_<_v1(zv_ -_I_._[v,,s-
I 3 (_L), [_ ( 6s 4) DS, DS] 2 2 :.( L);, (65 9 x'('.‘.‘),

solve for Vpg,,

2
VDS| -2 (Vés’v't) VDSI-" _____2’.1}. =0
, W
X(%)

2 (Ves-Y%) t (4 (Ves-Vi) - 4

21,

(%),

DS,

\'

5

VA
VDS, must be < VGS—V& or M, Would be

in active region.
- 2
Vps, = Vgs-Vyi \/(vgs-vt) —%(L;_)_
L/

Assume M, is active,

st Jous™ 225 ] =

2

1

I,-= _J%' <WCZ (Ves ‘Vbs,'Vf)z
TEE) e e oS- 2
CE e (g
= (1 L) F ()b
I, ={§ {(‘V{)-‘/, + (w /(k".)ﬂ (Vas-%)
" () G

Y '(v6' )-1' WY - .
[Ds s~V ka“ %) :é%”
Let X = Vps— (Ves-Ye) and
e o
Then,
I,= 2;:’(!:‘-_) [ZY(X-rY)—(x-rY)zJ
I, - %(%)1 [zxnzv-f_ Y-zij
(), 0]
\]2 ) J‘zsl(%)z\:(VGS‘Vé)'k,?;)’-
{ Vps - (Ves-ve) } J
O
L/

Vps - 2V (L Vi) - %)7]
W )1)= X {-vpt +
(WT_)l 2 VDS(VGS"V'E)}

IZ(H'(L
W [z(v v)v V‘J
b -V -
Lol 6S Ds 'Ds

s
I,= X
23
I3
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218
(@) curve B

(b The cost of a 40,000 mil" chip is

¢ = Cw = loo 40:¢
(NYM)YMYFt (47)(109) (0:8) 08
= 3.7

NY, =47 15 obtained from fig(2:70)

Uiy The cost of two 20,000 milzchips
15

>

2 +0°6 - I-44
(200)(0-9)(10-86) 0-8

- C, x2 = 2.88
C{otal— %

Putting the system on +wo

CY; (Yole]

chips i6 more economical

(b) curve A ;
@) For a 40,000 mil*chip,
c= 100 06 -1

(15)(0-9) (0-8) 0.8

= |, x2 = 2.2
C’cotal !

one chip is more economical.

(€) Curve C

iy For a 40,000 mil*chip,

C = 100 +0:6 _ (2.3
12 (0.-9) (0-8) 0.8

(> For +wo 20,000 mil® chips,

= 'OO + 006

C,
> (g0)(09)(0:8) 0.8
Cioto] = 249X 2 = 498

=2.49

. .using twWo ¢hips is more

economical .
.20
?/Arca = (150 mils )’: 22,500 mil*
(o) CUYVE A
C=__Sw + Cp
N Ym)( Ydf)(Yf*) Yer
= 130 + 0.4 .1.06

(360)(0-8)(0-8) o-8
NY,s = 360 is obtained from
Fig.(2:70)
(b) curve B,

¢ = _130 + 04 = |.05
(40)(0-8)(08) 0-8
(¢) curve C,
C = 130 + 04 - 3.89

|

(60) (0-8) (08) ©0-8
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2.2l
-
(@ When Y= ' 0.37

From Curve A, A, = 38,000 mil*
curve B, A, = 20,000 mil®

cutve ¢, Ap= 11,000 mil 2

20 40 60 8 100
pie size, mil*x 103
curves A',B and ¢’ are predicted
by the eguation.

(b In f1g(2:69), gross die/wafer
is inversely proportional to the
die size , e, N» KAT KI5 the
prbpor%—iomlily conskant related

to the Wafer $i3e (more specifically; K
is the effecHve or usable area on
the wafer). By (2:56) , the cost per

unit silicon area is,

_é. = Cw + CP

_A
KE Ve Yoo AV

Each K can be oblained from

222 the total thermal resiskance

s 50.%*!0\& '
Py 150 ¢ — Tambient
50 ¢/

o -
U\ O
™

25 50 715 joo 125
Tamb (€)

£ig(2:69).e.g. K2 LISX (G milfor 4 wafer.



CHAPTER 3

P, -
20K B =200 S—Ai? =0
( from fig (2:30)) c
{ 250 4A ¢ . | TeRe IR
Rin= Yh= _B__ . < Va )— BY% ).__o
= 9 I+ I Re |+ _Ir_.g_t
= 1000 X 200 Va !
|- &X _ bx _ o
= 20.8 kn +ax H—bx
6m= Gm= X = L A/v Where a = E_, b= Bs  x=I
Vi 104 Va BVy
Ro= Rell ¥o = 200k || __'Qsm (+ax) (1+bx) - (14+bx) ax-(I+ax)bx=0
okl 285 o ()R (55
22X 10 A B vy A
a 19.3Kk8 — (14 TeRe) [ TRs\=
( :A )( PV1>
3.2 l—(_IiR_c) (iz_;_),o
- Va BVy
L 8
T, (R =1
‘( )(va)
» I - va
« .
v, " o J(’R’Z) ( g,)
A Tiopr. Re
( V‘P*- PVI 14 I pp RE
7 . \—-')
_ p(nlir) - B (2IR) ( Tk, )(
v Bl (1412 7 ) 1+ Lo
Now , When VA/& {BYi/e,
I,— o, A, 0 because >0 Let x'= (VA
BY
I,—> 0, Ay=> o0 becavse g, %
— Ya R, I / ! &
N VI .”Jw
T
= B TeRe I
( I+ I¢R¢> (z,.tc-rﬁvr)
Va
* @ I g‘
Av P[ (Jf\ﬁ
I+ ZeRe\ /) 4+ ReI,
(1% 2%) (12 k)

3-1



3.3
"
=50 kf, R.= 50K ,p=200
VA = ’20 V
I \[( 120V )(%mvxzoo) 0.5 mA
COPT 50K 50 KL
= GOO) X SokK
L ( 50k
X/
where, x’'= ( _Es_ = 48
Rc

- A”opv.'—' 200 x 4 I
[|+ ’ )()+4'8)

= 137
o lal vol‘cage on RC= 0:5x50=25V

3-4

—_— 2
Vo= Vop~ RD-‘—‘%—% (Ves—Y%)

Triode e,dge Vps = Vés"vl: =%
Rp M cox W szg

2 L
Vps = 3~ _S'TK_ (2004) (10) Vo.ns'

Vs = Vop~

1 —
5VD5 +VD5—3 =0

Vps= =1+ JéI - 0.0681V =V,

lo
0.68lV = Ves™

V* = V;—v*
0. 681
Io 26' = \/i

v
Im= K/—WL- (Yes-Yy) = 2004 (10)(0-681)

= l-36 M
\%

1]

.S‘S- “608"

Uni’cg gain gmRp=1

gn=L=L- 2004 (10) (V45- )
Rp 5K

01 = Vgg— Vi

0] + 0:6=0:TVa V;

Ip= "“% (10)(0+1) = 10 M A

V,= 3~ 1044 (5kn)= 2-95V

In active region :
Gm= K W (Ves—Ve)
|
3m=~I2 K’ﬂ ID N
R
get maximum gm at max. Ip
Just be fore Ip gets large

enough to bring mosfet in
Linear region.

In linear region :

gm= K'W (Vpg) Which decreases
L

as Ip Increases

50, the maximum gn, occurs
at the edge betwcen achic
and linear regions.

Vo - —6-8] = moximum gain
Vi
Voo
Rp
I x4
I +
+ A



COMMON SOURCE GAIN STAGE, MAX GAIN
EEE 122

viID 100 O 3

m 2 1 0 0
RD 100 2 5K

Vi 1 0 1.281
.MODEL NMDS MMOS LEVEL=1 VT0=0.6 KP=200U LAMBDAx0
-OPTIONS ROMOD NOPAGE

.WIDTH OUT=80

TP V(2) VI

.OP

.EXD

NMO3 W=10U0 L=10

#tss OPERATING POINT INFORMATION THOM= 217 TEMP= 27
NODE =VOLTAGE NODE =VOLTAGE HODE =VOLTAGE
+0:1 = 1.281E+00 0:2 = 6.812E-01 0:100 = 3.000E+00

s42¢ MOSFETS
SUBCKT
ELEMENT 0:M1
MODEL 0: 108
In 4.638E-04
IB8 0.
IBD -6.812B-15
ves 1.281B+00
vDs 6.812E-01
VES 0.
VTH 6.000E-01
VDSAT 6.810E-01
BETA 2.000E-03
GAM EFF 0.
e} 1.362E-03
GDS 0.

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS

= -6.810E+00
= 1.000E+20
= 5.0002+03

INPUT RESISTANCE AT Vi
OUTPUT RESISTANCE AT V(2)

COMMON SOURCE GAIN STAGE, UNITY GAIN

FTTT I

voD 100 © 3

m 2 b 0 0 NMOS W=10U L=10
RD 100 2 5K

Vi 1 0 0.7

MODEL NMOS NMOS LEVEL=1 VT0=0.6 XP=200U LAMBDA=0
.OPTIONS NOMOD HOPAGE

.WIDTE OUT=80

TP V(2) VI

.OP

.END

#¢4+ OPERATING POINT INFORMATION TNOM= 27 TEMP= 27
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 7.000E-01 0:2 = 2,950E+00 0:100 = 3.000E+00

SUBCKT

ELEMENT 0:M1

WODEL 0:NMOS
D 1.000E-05
IBS 0.
IBD ~2.950E-14
vGs 7.0008-01
VDS 2.950E+00
VBS 0.
VTH 6.000E-01

VDSAT 1.000B-01
BETA 2.000B-03

GAM EFF 0.
e} 2.000B-04
GDS 0.

e SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(2)/VI = -1.000B-00
INPUT RESISTANCE AT VI = 1.000E+20
OUTPUT RESISTANCE AT V(2) = 5.000B+03

3-3

by = Gm =
™ 104 /v

Emitter open
% = 1?,(( fe )
r°+re
‘,)( bad vx 8mvc
ot
= v | fmle ]
8 [5"”'6 o+ Te
R T I g o
vx Ro G"i’ e
BUl‘, QMRC:: p(F —_ EE
[+ Be
0'. ii - , - BF ’
VY, I+Br = -
o+ (H' ﬁ:)( o'rg)

Now, &, >> % and B, > 1, 3o

Ve 2 Ry= B R
ly
For common-base driven from

Volfaﬁe. souvrce



Yo
e [ ™ Jx RiZ IMA+IMA _ 0000

[ v, e | :smv' é’{,x 200]

=1 B -

= ‘ = 9.’6’

Y} is zero, Since emitter shorted

. Rp = v . +R_(I+B)
to ground for small .s:gnals,
= 200x 260+ 500 % 20l
mos, Px =R=T - 105-7 ka
Ix
Thus, we get much higher Ro-( Rs EI—)” R,
: )+

r, When the cB Stage is P m

. . = oK+ 24) )| 500
driven from a h:gh source Y

resistance. = 51| 500

= 44
l
2.7 Voltage gain =
Rp=loks I+ Rst¥m

+ >+

]

T T (14 B)R,
v v, |
I

L | + 5:0K+5-2K

(201) (500)
From (3-54)— (without R_anrd Smb)) _ ool
R = Dot Rp
I+ gmlo
v=1 = _1L = IMn

AL, (o001 (looy)

4m= \ﬁk'(-":-:) I, = J;.(zoo)(l_oie)foo
= 2000 HA/,

R, = | Mr+loka ~ MY _ | _ 5000
200| 2000  3m
IDOHAé %2D=:MJL

-1-




LD

@ Vo= 3- Ve~ (Ves—%)

V _-V = . , /
6S ¢ 2I K =Anco
\/ J:’Vy/L o X

14

50, Vp=3-0-84-0.6=1-49
(Try again)

V=07 +09] [o g3 e3-[o4]

0.-83
( Not much change)

/ —-—
c! x 3.9x 6.654x10
0X = |.38 fF P )
250%10 %m 2 0 Vo=3-0.83-0:67515V
¥ = 650 cm* .38 %156 EF. Yo - 9m = 1
Vs cm v 3t Sy I+ X
= 897 MAfa 2 GO MAL X= 019 L 0.0
y = 2o s
o VesVe = ’ 2(200) = 0:67V ©:6t1-5
90 (10) =V =_ = 0-23
vy |+0:07

Vos 3- 07— 0067 s /. 63 V
= Imlo -1 Since n=o
I+ GpaTo
%
v
® V; affects V, and Vice-versa,
solve iterahively,
v

b= Ve, t ¥ (T 2+ Ve —J 2¢¢)

V= J 2%6 NA

/
Cox

>
Vo
e
=

1

@ Use Vo from(b) at first

DI =200yt 'S5 _ a 215MA
100k

Vo= 3-0.83— ’2(2:5):1.48v
g0. 10

( Not much change from®
50 dont bokher o recalcolale

Ve )
To find a,="e use
vl

)

a, = OCV6 from (b)=0-93

7= Jz(:.éx:o'”) (117% 8.854 XI5 ) (2x 10%)

|-38 x 1077

0.9 J \4

V, - (use ans. from (&) to Start)

15
2x10 ~ 0
1.5x% 10"

= 0.7+0.19[ [o0-6+1.63 —Jo-
= O 84\/

VSB

P = y&n Na - (26mV) tn

\

6

r’
a' ovt R= 100K
Vv
Y
oy out
= ’ 00 kK



3-6

ot = —2 -_
@m+9Imb)  gm (I*X)

9m = \2(215) %010 = 0:6 may,

Yoot = —o», = I'5ka
(0-62) (I-07)
= a,= 0.93 _100 = 0-22
1ol -5 The DC voltage across the so0n
@ Use Vo from €) at first, resistor is,

=5-0-7-0:7= 3.6V
T=200+1-48 = 348 MA Yo

10k Thus, ITo=3:6V = 72mA

3-0.83 — ’ 2(348), .20V son
50.10 The current Iy 15,

Vt = O-7+O-Iﬁ( JB'6+I.2Q‘.JO.2) IX - 057\/ = 0.7 mA

Yo

= 0.8V L
: The emitter current of Q, is
- +29 = 329 A
ok
Vo = 3-0.8| — ’2(325) = .33V The ba se current of Q2 /5,
Yo-16 Ig,= Tez = 71.3 - 0.35mA
Gy = 1 . x=_0-19 i+p  20]
I+ x 2(\}0.”1-33 Thus the emitter current of
T 0.07 Q, 15
= q.l; ~ 0.93 .'I:E| = I, tIg,= ©.7+0-35
) 4 J ( ya ( )n = 1-056 mA
g = . = 12(329) 90(10
ovt —— 5 dm calevlat, -
on of R, :
[ gm(1+%)] = 0.77 mAY, £ R

o = — =12k
077 (1-07)

2 a, = 0-93 10K = 0.83
.2K




3-7

Vi = Ixf +(Tx + §mFn, 'x) Re

Vi o vt (1% GmyTy)Re

I x
Now, the | ko resistor s connected
in parollel Wwith I, > SO de fine
a new effective Iy, |

/
o= Tny | 1K

R = (Il 1K)+ [1+ 9my (P ll1K)] Re

"

Gy = B =200x26MV 2 930
3’”:. T mA
= 131 1K< 682

S, R =66n1 [l-f ( I mA
26mV

= 9.4 kn
NOW consider R

Ry
—>

xr
"

rﬂ‘, + (+B) Rl'/

)-+(2ot) (9:4 k)
1,05 MA

= 200 (26mv
=(4.95k+ 1-88M o
= |.89 Ma

calcvlation of Voltage gain

@) gain from input to emitter
of @, (vse Eg. (3.20)
J
I+ '
(+BIR/

A'I’| =

( 6a.n.)] 508

Ay, = - |
I+ I+ 4.9K
I+ BIR; (201)(94k)
= 0+9297

(b) 6Gain f+rom base of Q, to
butput. Use Eq{3-20),

Substitote g, for Bo
- 4
/;1,21 —
I+ &
(U +gmn IRL
= |
[+ 68 .
[583 IMA)+ l) S50
26 mY

voltage - 0. 997 x 0,993 = 0-920
gain

DARLINGTON EMITTER FOLLOWER
reseny

vecc 100 0 10

Q1 100 1 2 NPN
Q2 100 2 3 NPN
Rl 2 3 pb 4

R2 3 ] 50

vi 1 0 5

JMODEL NPN NPN IS=1E-14 BF=200 RB=0

.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

TP V(3) VI

.oF

.EHD

+22s  OPERATING POINT INFORMATION THOM= 27 TEWP= 27
NODE =VOLTAGE RODE =VOLTAGE NODE =VOLTAGE

+0:1 = 5.000E+00 0:2 = 4.342E+00 0:3

40:100 = 1.000E+01

s+++ BIPOLAR JUNCTION TRANSISTORS

= 3.577E+00

SUBCKT
ELEMENT 0:Q1 0:Q2
MODEL 0:KPN 0:NPN

IB 5.558E-06 3.521E-04
Ic 1.112B-03 7.042E-02
VBE 6.578E-01 7.651B-01
vce 5.657E+00 6.423E+00
VBC -5.000E+00 -5.657E+00
vs -1.000E+01 -1.000E+01
PONER 6.293B-03 4.526E-01
BETAD 2.000E+02 2.000E+02

e 4.298B-02 2.722E+00

RPI 4.653E+03 7.345E+01

RX 0. 0.

RO 5.000E+14 5.657E+14

BETAAC  2.000E+02 2.000E+02
e SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(3)/V1 = 9.903E-01
INPUT RESISTANCE AT vI = 1.900E+06
OUTPUT RESISTANCE AT V(3) = 4.842E-01



3.1 Thus, N
=+ L Ti+B }
TLKOUT s Braz[ > ]
$ |
e - S CAEARS X
i 8 2 27, 3 >
Toias .
U = - 4—’_;( &
° Vo = 2V dc
o - x ’
a I, % O = 07mA
e ) K
' _:_) % Yoz I‘ = 0.3 mA
r 3
n 3 _z 130},3 VBE = V £n 0.3mA = 0.75 V
154
v2.= —-v' = vX[ r‘¢l ” rnl } ID = 0.75 MmA
r;),"' rg, fl T2 I, - 0.25 mA
Assume o >> T ll ¥n2 N4
lx = va +3m,v +_Ux + Ux ' ——‘M : igl-
o He ll %y) = % Ime® <
_i_f_ = = 9m ( re/" N2 +g ("ﬂ”rnz) i
v I
+ ,_ DT Vo = (Vg - GV~ gm¥D R
! T Vi =Vi+V
= |
LI - res 1 ¥,
A E LS PR P
R, = { ! [l-r(gm,_ 3m,) (rel" m)]} R= Ikl = 9120
'Bz Yo
O Zf Tajps=ImA, then gm,= gm, e £ =12 _jo4ka
gmz 025
-1 26

R, = (_'_ L >
o1 Y%
@ If IBIA;* O, then Ic, =
,', 32,: rﬂz) 3m1 22 gmi
R = i | + gm, $ha
o { roz a2| [ J }
But, )fo,z P o2 ( I IC; = I::/P>

Iea
B

9mV, » V, ($mb, T 'é‘)

|
o= 9mb,+ R
YA
: Im, [
Vi= o+ Ay It Emb TR

gm,



3-9

N = f\f‘ Qrm BICHOS DARLINGTON

vce 100 ©

3
RL 100 2 1K

2.

(]

R w2 1 0  NMOS Wel0U L=1U
vi 1 o 296
V=V dmpt K Lo o
.MODEL EMOS HMOS LEVEL=1 VT0=0.6 KP=x2000
G + 4 I + LAMBDA=0 GAMMA=0.25 PHI=0.6
ﬂ,m‘: —_— .MODEL PN KPN 1S=1E-16 BF=100 RB=0
my Ry .OPTIONS NOWOD NOPAGE
4V - [( - v vl R pegiheiey
6 - gW‘bl gmz) 2" 5'"' ‘] L > VI 2.2 2.3 0.01
PLOP  DC V(2)
.op

U !
o — ( — ) - ( -+ ) .END
— = QMbl g'm;v_ gm, gml g"‘bl T stws2e+ -DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
VI.' RL voLT vI2)
, (A ) 1.9008+00 2.000E+00 2.1002+00 2.200B+00 2.3008+00
( Sm+ mp;t z ) . . . . .
2.2002+00 2.283+00 + A-4-
‘ 2.210B+00 2.272400 + + + + + . . T W)
= —g g - 3 — 2.7208400 2.25B400 + R . . . . R w s
miamg MR T T P T
L- 2.2408+00 2.21R+00 + + + + + + LI W +
g + 9 + ' 2.250E+00 2.19E+00 » - . 4 + + A+ . +
m m - 2.260B+00 2.16B+00 ¢ + + + + L SR . .
! b' R 2.2708400 2.138+00 + + + + P N . R
2.2908+00 2.08R+00 ¢+ + + + A+ + + + +
(\6 R a 2.290E+00 2.038+00 + . R + + + + N
— 2.3008B400 1.97E+00 A + o R
V - - gmz L gm ‘ + 'R ' + + + + +
' s##+ OPERATING POINT INFORMATION  TNOM= 27 TEMP= 27
1 NODE =VOLTAGE HODE =VOLTAGE NODE =VOLTAGE
3m.+ 3mb|+ +0:1 = 2.296B+00 0:2 = 2.000E+00 0:4 = 7.391E-01
R +0:100 = 3.000E+00
gmb Y #1e+ BIPOLAR JUNCTION TRANSISTORS
| SUBCKT
- =X= = 0.25 ELEMENT 0:02
gm' 2 MODEL 0:NPN
‘ 2 1B 2.576E-06
2¢€+ Y‘B J 0.6+0.75 1c 2.576E-04
VEE 7.3918-01
3"‘ - -\ “\ VCE 2.000E+00
! ‘W = VBC -1.261E+00
v 2% < ID 2(200 M)(fO) (0'75”‘) vs -2.000E+00
POWER  5.173E-04
BETAD  1.000E+02
) o 9.959E-03
"fo _ -0.25 K ([.73m)< | + RPI 1.004E+04
== (1%) cm o) o
¢ 26 26 RO 1.261E+16
BETAAC  9.999E+01
[ 13m) (1 + 0.108) + -
a2 MOSPETS
SUBCKT
9 6 0.6 ELEMENT 0:M1
= -9 ( . ) - MODEL  0:NMOS
4 62 boi) 7.417R-04
188 -7.391E-15
IBD -2.001E-14
vGs 1.556E+00
VDS 1.261E+00
VBS -7.391E-01
vIH 6.957E-01
VDSAT  8.612E-01
BETA 2.000E-03
GAM EFF 2.500E-01
o 1.7228-03
GDs 0.
B 1.861E-04
sase SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{2)/VI = -6.332E+00
INPUT RESISTANCE AT a4 = 1.000B+20
OUTPUT RESISTANCE AT V(2) = 9.999B+02



RL 100 2 1X

n 2 1 4

vi 1 0 2.268
@2 2 4 0

). I | 0 1X

WOS W=100 L=1U

.MODEL }M0S WMOS LEVEL=l VT0=0.6 KP=200U
+ LAMBDA=0.05 GAMMA=0.25 PHI=0.6

.MODEL PN NPH I8=1E-16 BF=100 RB=100 VA=20
.OPTIONS NOMOD ROPAGE

.WIDTH OUT=80
TP V(2) VI

,bc VI 2.2 2.3 0.01

PLOT DC  V{(2)
.OP
.END

ssseas  DC TRANSFER CUKVES THOM=  27.000 TEMP= 27.000

VOLT vi2)
a ) 1.6008+00

+

1.8008+00 2.0008+00 2.200B+00

2.2008+00 2.23E+00

2.2108:00 2.21E+00 +
2.2208+00 2.182+00 +
2.2308+00 2.16E+00 +
2.2408¢00 2.128+400 +
2.2502400 2.08B+00 »
2.2608+00 2.04B+00 ¢
2.270E+00 1.98R+00 ¢+
2.29CE+00 1.32E+00 +
2.7908+00 1.85B+00 +

-

- e v .

2.3008+00 1.772+00

.

es#s  OPERATING POINT INPORMATION THOM= 27 TEMP=
NODE =VOLTAGE
= 2.0008+00 0:4

NODE =VOLTAGE

+0:1 = 2.268E+00 0:2

+0:100 = 3.000E+00

+ *
. + + +

+ + + +

+ + . +

+ + . +A
+ . + A+

+ + + A 4
+ + A+ +

+ +A + +
+ A+ + +

+ .

#s+2+ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q2

MODEL 0:NPN
IB 2.438E-06
Ic 2.592E-04
VBE 7.380E-01
VCE 2.000E+00
VBC -1.262E+00
vs -2.000B+00
POMER 5.204E-04
BETAD 1.063E+02
G 1.001E-02
RPI 1.060%+04
RX 1.000E+02
RO 8.202E+04
BETAAC  1.061E+02

*2¢4 MOSPETS

SUBCKT

ELEMENT 0:M1

MODEL 0:RM08
ID 7.404B-04
1BS -7.380E-15
IBD -2.000B-14
vGs 1.530B+00
VDS 1.262B4+00
VvEs -7.380B-01
vId 6.955B-01
VDSAT 8.345B-01
BETA 2.126E-03
GAM EFF 2.500B-01
G 1.774E-03
GDS 3.482E-05
@B 1.918B-04

reee SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(2)/VI

INPUT RESISTANCE AT
OUTPUT RESISTANCE AT V(2)

= -5.557E+00
vl =

NODE =VOLTAGE

3-1o0

/d Ri =V = £
@ | g
! . = 200 ( 26mV )
250 NA
- ::L‘) . E? k:.fz-
Gm = gm, = 2504 A
26 mV
=_1 4
(04 4
Using the resvlts of 3.5 , Q, s

»

i o

In effect a current source

driving @2,

,R = BYoz = 200 ._,._.
o (7sn

= 200 (__26 my ) /
2504A 7 \ 2xI64




A
g M &
R'_H ™ T_T_L URo
vi ’__l VBias
Rf—, [» @]

“
Gm = me\[z(QO)(loo)(zSO)

Ro = (9m,+9ms,) To2"o
v, =r =1 =10 - 40kn
°of” 2" T Zs0
Ro £ 2.1 (140.1) (d0k)= 37 M
3.15
—

From (3.133),
Ro = [ sz(a‘”)"' QMb,_] % %2
Ignore Body Effect

Ro = 9m, (a+1) Yoy Yoq

From (1.163),
( dXd
dvbs
Legt = Larawn— Ha—d
= 0.4-2(0.09)—(1)=01214m
VA = 0. l2 = év
0:.02

From (1-194),

= = Vs = 6V
Yo, = Yog_ = 1’03 A
I, Il0oMA

From (1. 160)
9m, = Im, =937 J23<'ZE Ip

\

= 60 Kn

= 194)( oM \ (160
zf( o Izum)( )

£ 800 ,qA/v

= |.8 MA (60 kn)
v

= 108 = gm0y

Ro 2 (8my"o2) (a+1)1g

a= 3M3r03

= 108 (109) 60kn
= 706 Mn
SPICE gives Rp=1"15 6 for
V, = 1OV
The main difference between
hand calevlations andSPICE
here Stems from the fact that
V, (5 very sSmall here.

As o result, Vps is rot negligible

compared 4o V4 - S0, ¥, = Yat Vs
Ip
for each +ransistor
= 207V
Vs, = Yes, 7 °
Vps, = Vo~ Vbg,
If Vpo=21.0V, Vps, = O-3V
Vpsg = Ves,t Vesg = 14V
ry = ‘At Wos = 6.7 -67ka
Toi 100 4A
2= 6:3 =63kn
[OO4 A
6’03 = 7'& = 74 K

IOOMA
gm;To3 = I-& MA (74FK)= 133
v

Ro= (I8 MAY (63)(134)(¢7K)= 0262
v



ACTIVE CASCODE

theate

VDD 100 0 3

I 1003 1000

viio 0 0.7053

¢ THR INPUT VOLTAGE IS ADJUSTED BY TRIAL AND ERROR
* 50 THAT ID1 = 100 UA.

vo 2 01

+ THR OUTPUT VOLTAGE IS BIASED HIGH ENOUGH
+ TO OPERATE M1 AND M2 IN THE ACTIVE REGION.
10 0 0 CMOSN W=10U L=0.30

3 1 1 CMOSN W=10U L=0.3U0

1 0 0 CMOSN W=10U L=0.3U

* THE CHAMNEL LENGTH IS ENTERRED AS 0.3 MICRONB
+ BECAUSE THE DRANN LENGTH IS 0.4 MICRONS

* ARD XD = 0.1 MICRONS

+ ROTE THAT CONNECTING THE BODY TO THE SOURCE
+ ELININATES THE BODY EFFECT.

ERH

1
2
3

.MODEL CMOSN MMOS LEVEL=1 LAMBDA=0.1667 KP=194U

+ VT0=0.6 LD=0.090

*LXFF = LDRO®N - 2LD - XD = 0.4 ~ 2(0.09) - 0.1 = 0.12U
*NOTE THAT LAMBDA = (DXD/DVDS)/LEFF = 0.02/0.12=0.1667

.OPTIONS NOMOD NOPAGE
.WIDTH OUT=80

.0P

.TF V(2) VO

JEND

sess  OPERATING POINT INFORMATION THOM= 27 TEMP= 27

NODE =VOLTAGE NODE =VOLTAGE HODR =VOLTAGE

+0:1 = 7.001E-01 0:2 = 1.000E+00 0:3 = 1.408E+00

+0:10 = 7.053E-01 0:100 = 3.000E+00
*+2¢ NOSFETS

0:M1 0:2 0:M3
0:CHOSH 0:CMOSN 0:CMOSN
1.001E-04 1.001E-04 1.000E-04
0. 0. 0.
-7.001E-15 -2.999E-15 -1.409E-14
7.053E-01 7.086E-01 7.001B-01
7.001E-01 2.999E-01 1.408E+00
0. 0. 0.
6.000E-01 6.000E-01 6.000E-01
1.0538-01 1.086E-01 1.001E-01
1.805B-02 1.697E-02 1.996E-02
0. 0. 0.
1.901E-03 1.843E-03 1.998E-03
1.494E-05 1.589E-05 1.350E-05
0. 0. 0.

EEEE

P ggepRgdEaave
5 -

SMALL-SIGNAL TRANSFER CHARACTERISTICS

1.000E+00
1.157B+0%
0.

g
;
:

3.16

/

From (37), Gme=— 2v
2z

At low Frec;uencg L & = Ro

From (3.137), Ro = _| ——
Qm""ﬁ'»b, (3"‘\3 o:)
From (3.141) , a, = 9m,
9m, + 9mp,
R L. -
.. _ G +8mb, ="(QmT) ) 8m,

N ]
gm |+ gmb, ( 3"‘3'3:)
-/

From (1:163), | Vaple Lgp (2X4
“f <dv,,s)

Lq-{t Ldmwn_ 2L4 - X, =O~q-2(o.OQ)—o-,

= 0.12 1ym
IVAPI = 0.12 = 3V
0. 04

From (1.194), Yp = | Vap) = 3V - 20kn
(Ip] 100 4A

:ID,'.' "I-z = —‘OOHA

Erom (1-180)
dm, ~ \}7‘(?/ %’Ibn‘
" 2 (65) (22)(00) = 1890 HAYy
gm, = ﬁ— Kn —‘}’; Ip, ‘
= J20e4) (12,)(00) _ 1600 uy,

(Ip,= I;=I, = 100 4A)

\

Gm= —(1800 MA x 30 K) 1800 MA
Y v

= —(54)( 1800 _Ajf.)

v

= —97.2 mA
Vv



3.0 Vgs,= 098V
Vo = Ip,(10K) + Vee,+ Vs, smal signal parameters:
5= Ip, (I0K) 407+ Vs, gm (M) | 2(200)322(4330)"
5 = 200M 20 (vssz_o.e)z(|o:<)+o-7 + = 22°6 mA/y
2 !
. %5,  gm (M2) =  2(200) 20 (330) A
5 = 20( Vgs0-6) + 0-1+ Vgs, =1.62 MA = _|
0= 20V5 -23V +2:9 v.oensa
: gm () = 33044 _ | - g (q,)

26mV 79

40 Iey™ va_ = (@)- Vse,

Vgs, = 23 1 J @3- 4.2029

= 2321 171:23 _ .oog or 0.14 rk
20 7—' = 1.7-0.7 - | mA
Too small for S
Ip, >0 Qm(Q3)=_|_M_A_=—l——
Ip, = 200 20 ([.006-0.6)" 26mV. 26
2 T v (Q)=_B = 100 -26ka
- 330 LA Im(Q) /26

M, converts changes in the

vBQz = 5-Ip, (10K} = 11TV
input voltage to changes inthe

VEQ| = |e7-0.7= IOV
IpL = 5-1 = 4 mA drain current of M; . The
' O —
LK conversion constant = gm (M)
Io, = X (W R hd , . ‘
b= = (_E)l(vésl Ve ) = Tre,t Tre, Let R; = resistance looking into
Assume the dc input is adjusted th, emitter of Q. I
s0 that Tey=Tc, . Then, R =+ Mamy(0) T (M)
Veg, = 5 Te (10K) = 5- 3304 (10K) gm(Q) B
=7V = 79 + 79+ 615 _ g6
s0, @, operates in the forward loo
‘ , Use current divider o find
active reglon ‘ _
2 e Small Signal current flowing
To =22 =2 (Ves0-6) from 4he emitter of @,
R

= 4 MAt330MA = 43304A=Tp, = —gmM)Vy EL
Re,t+Ri,
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Then 'H'\e Sma”__sl‘anal CO“CC&'OI' Hs:)fmnm (WITROUT VELOCITY SATURATION)
vee 100 0 5
Currcn{' OF Q, = -Qm(M()Vl' RLI (B ) :uw?ﬁnzmmmmma:mmm.
T . B+l VI 2 0 09793
RL"f' R;, Ml 4 2 0 0 MMOS W=300U LxiU
A @@ 3 5 4 MWW
The resistance to small-signal a1k
RLL 100 4 1K
around ot the colleckor of Q el
RBIAS 100 5 10K
_ Y 1y R @3 100 3 7 NN
= R |l (gt (B4 Fus) e e

N . .MODEL NPN NPN IS=1E-16 BF=100 RB=0
The goin of emitter follower &; orruces waeo morace
:: v{7) V1

= gm (Q3) RL.? B

*#++ OPERATING POINT INFORMATION THOM= 27 TEMP= 27
, + 3m (&3) RL3 NODE =VOLTAGE NODE =VOLTAGE RODE =VOLTAGE

+0:2 = 9.793E-01 0:3 = 1.756E+00 0:4 = 1.0012+00

+0:5 = 1.746B+00 0:6 = 1.001B+00 0:7 = 9.8252-01

- R
,y—a-r- Im(My) kL B) EL:. ” [ (n"f(B-H)RLJ]; 40:100 = 5.000E+00
AR Ry, Rl" BH %2+ BIPOLAR JUNCTION TRANSISTORS
x dm (Q;) RLS EUBMENT 0:Q1 0:02 0:03
MODEL 0:NPH 0:NPN 0:NPH
1+ 8m (@R, 2 IS LI S
VEE 7.4438-01 7.447E-01 7.735B-01
= -226mA (1000 (100) { jok | m o erm dim e
v 5086 lo]] vs -1,756E+00 -1.746E+00 -5.000E+00
POWER  2.397E-04 2.400E-04 3.916E-03
'000/26 BETAD  1.000E+02 1.000B+02 1.000E+02
[ 2-6 K+ 10} (IK)] 1.217E-02 1.234E-02 3.762E-02
5.219E+03 8.106E+03 32.658E+03
I + !2-0_0. §I Q. * 0. 0.
6 RO 3.802E+14 2.586E+14 3.244E+16
= - |84 BETAAC  9.999E+01 9.999E+01 9.999E+01
E2 11 mm
To rmodel velocity saturation, use (11232) Tmm v om
WODEL  O:NMOS  0:NMOS
m 4.316E-03 3.222E-04
RS)H = l = ! = .| gg -1.2623-14 -1.261:-14
.793B-01 1.001E+00
éc k,W, 1.5 x ’O‘ (200,&4)(3@}4) ﬁ :.oomw: i.gouooo
I % s.géog-m 6.2;)0!-01
R - | = |67 VDSAT  3.793E-01 4.014E-01
SXZ = = < BETA 6.000E-02 4.000E-03
€ K'WN, 1-5x10°(2004) (20M) angrr 0. 0.
c 2 o 2.276E-02 1.606E-03
a o v

res SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(7)/VI = -1.833E+402
INPUT RESISTANCE AT Vi = 1.627E+02
OUTPUT RESISTANCE AT V(7) = 1.109E+02



BICMOS AMPLIFIER (WITH VELOCITY SATURATION MODEL)
tbadee

vwC 100 0 5

+ THE DC INPUT IS ADJUSTED BY TRIAL AMD ERROR
*UNTIL THE DC OUTPUT IS ABOUT EQUAL TO THE DC INPUT.

vi 2 0 1.0242

| 8 4 2 11 0 MMOS W=300U L=1U
RSI1 11 0 11.1

28 3 5 4 WPR

Q2 5 s € PN

Rr 2 7 30K

RL1 100 4 1K

RLZ 100 3 10K

RL3 7 0 1K

RBIAS 100 5 10X

Q3 w0 3 7 NP

n 6 € 12 0 MMOS W=20U L=1U
R8X2 12 0 167

.MODEL NMDS NMMOS KP=200U LAMBDA=0 VT0=0.6
.MODEL NPN MPN IS=1K-16 BFs100 RB=0
.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.OP

TP V() VI

5D

LTI

NODE =VOLTAGE NODR =VOLTAGE NODE =VOLTAGE
+0:2 = 1.024E+00 0:3 = 1.797E+00 0:4 = 1.051E+00
+0:5 = 1.795E+00 0:6 = 1.051R+00 0:7 = 1.023E+00
+0:11 = 4.730B-02 0:12 = 5.300E-02 0:100 = 5.000E+00
s#s¢ BTPOLAR JUNCTION TRARSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3
MODEL 0:NPN 0: PN 0:NPN

B 3,101R-06 3.142E-06 1.013B-05

Ic 3.1018-04 3.142E-04 1.013E-03

VBE 7.439B-01 7.443%E-01 7.745E-01

vCE 7.460E-01 7.443B-01 3.976E+00

VBC -2.051E-03 0. -3.202E+00

vs -1.797E+00 -1.795E+00 -5.000E+00
POMER 2.336E-04 2.362E-04 4.036E-03
BETAD 1.000B+02 1.0002+02 1.000E+02

[ _§ 1.199E-02 1.215B-02 3.916E-02

RPI 8.340E+03 8.231E+03 2.553E+03

RX 0. 0. 0.

RO 2.799E+14 2.586E+14 3.202B+16
BETAAC  9.999E+01 9.999E+01 9.999E+01
ftekd msms
SUBCKT
ELEMENT 0:M1 0:02
MODEL 0: M08 0: M08

pa] 4.262E-03 3.173E-04

IBS -4.730E-16 -5.300E-16

IBD -1.052E-14 -1.051B-14

vGs 9.769E-01 9.983E-01

VDS 1.004E+00 9.583E-01

VBS -4.730E-02 -5.300B-02

VTH 6.000E-01 6.000E-01

VDSAT 3.769E-01 3.983E-01

BETA 6.000E-02 4.000E-03

GAM ETT 0. 0.

[e ] 2.261E-02 1,.593E-03

GDS 0. 0.

e ] 0. 0.

reee SMALL-SIGNAL TRANSFER CHARACTERISTICS
V(T)/VI = -1.454B+02
INPUT RESISTANCE AT VI = 2.048B+02
OUTPUT RESISTANCE AT V(7) = 1.101B+02

OPERATING POINT INFORMATION THOM= 27 TEMP= 27

3-15

3J6
/We first neglect the DC current
through the 10 Ma resistor.

Adm‘

Acm =

26 MmA
= -3¢

—ﬁch -

I+ 2gmR,,, (l-r%)

-38

KoL

= -0.005

CMRR = Adm = 7.6x10 =

Rl.d -
= |-

Ric Eie

il

|+ mxlob(w)(

26 mV

Acm

I+
200

18 dB

o 4A

o4y Ma
+ 2 Ryap (14 B)

EMITTER-COUPLED PAIR (DIFFERENTIAL-MODE INPUT)

setary

vee 100 O 5

VEE 200 O -5

RC1 100 2 100K

RC2 100 5 100K

38 2 3 4 NPN
Q2 5 0 4 PN
ITAIL 4 200 200
RTAIL 4 200 10MEG

vi 3 0 0
.MODEL NPN NPN BF=200
.OPTIONS NOMOD NOPAGE

.NIDTH OCUT=80

P V2, 5) VI
.OP

.END

RB=0

**#*  OPERATING POINT INFORMATION THOM= 27 TEMP= 27
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:2 = 3.983E+00 0:3 = 0. 0:4 =-6.5558-01
+0:5 = 3.983E+00 0:100 = 5.000E+00 0:200 =-5.000E+00

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS

v{2,5)/vVL = -3.930E+01
INPUT RESISTANCE AT VI = 1.017E+06
OUTPUT RESISTANCE AT V(2,5) 2.000E+05

EMITTER-COUPLED PAIR (COMMON-MODE IRPUT)

rennee

vee 100 © 5

VEE 200 O -5

RC1 100 2 100K

RC2 100 5 100K

QL - 2 3 4 NPN
Q2 5 13 4 NPN
ITAIL 4 200 20U

RTAIL 4 200 10MEG

vi 3 0 0

ECM 13 0 3 0 1

)

2r, =2x200%x 26MmV_ _ 2x520kK

520 K+ 2108 201 = 402 Ma



.MODEL NPN HPN BF=200 RB=0
.OPTIONS NOMOD NOPAGE

3-16

EMITTER-COUPLED PATR WITH EMITTER DEGENERATION (DIFF MODE)

WIDTH OUT=80

g V() VI

.0P

JEND

sve2  OPERATING POINT INFORMATION THOM= 27 TEMP= 27
NODE =VOLTAGE WODE =VOLTAGE NODZ =VOLTAGE

+0:2 = 3.983B+00 0:3 = 0. 0:4 =-6.5558-01

+0:5 = 3.983E+00 0:13 = 0. 0:100 = 5.000E+00

4+0:200 =-5.000E+00

rree SMALL-SIGMAL TRANSFER CHARACTERISTICS

vi2)y/NT = -4.974E-03

INPUT RESISTANCE AT Vi = 4.004E+09

OUTPUT RESISTANCE AT V(2) = §9.999R+04

EMTTTER-COUPLED PAIR (DIFFERENTIAL-MODE INPUT)

* WITH HONZERO RB AND FINITE VA
[T

Vo 100 O 5

VEE 200 © -5

RC1 100 2 100K

RC2 100 5 100K

Q1 2 3 4 PR
Q2 5 0 4 NPN
ITAIL 4 200 200
RTAIL 4 200 10MEG

vI 3 0 0

.MODEL, NPN NPN BF=200 RB=200 VA=130

Voo 100 O 5

VEE 200 © -5

RC1 100 2 100K

RC2 100 5 100K

RE1 14 4 4K

RE2 15 4 4K

Q1 2 3 14 NN
Q2 5 0 15 NPN
ITAIL 4 200 200
RTAIL 4 200 10MEG
vi 3 0 0

.MODEL NPN NPN BF=200 RB=0
.OPTIONS NOMOD HOPAGE

WIDTH OUT=80

P O V(2,5) W@

-END

ss¢+ OPERATING POINT INFORMATION THOM= 27 TEMP= 27

NODE =VOLTAGE HODE =VOLTAGE NODE =VOLTAGE

+0:2 = 3,983E+00 0:3 = 0. 0:4 =-6.964E-01
+0:5 = 3.9832400 0:14 =-6.555E-01 0:15 =-6.5558-01
+0:100 = 5.000E+00 0:200 =-5.000E+00

e SMALL-SIGHAL TRARSFER CHARACTERISTICS
v(2,5)/V1 = -1,523B+01
INPUT RESISTANCE AT Vi = 2.624E+06
OUTPUT RESISTANCE AT V(2,5) = 2.000%+05

EMITTER-COUPLED PATR WITH EMITTER DEGERERATION (COMMON MODE)

.OPTIORS NOMOD NOPAGE
.WIDTR OUT=80

TP V(2,5) VI
.0P

.BD

tete

OPERATING POINT INFORMATION THOM= 27 TEMP= 27

vee 100 0 5

VEE 200 O -5

RC1 100 2 100K

RC2 100 5 100K

REl 14 4 4K

RE2 15 4 4K

Q1 2 3 14 HNPN
Q2 5 13 15 NPN
ITAIL 4 200 20U
RTAIL 4 200 10MEG

vI 3 [ 0

NODE =VOLTAGE NODE =VOLTAGE RODR =VOLTAGE
+0:2 = 3.983E+00 0:3 = 0. 0:4 =-6.548E-01
+0:5 = 3.983R+00 0:100 = 5.000E+00 0:200 =-5.000E+00
waee SMALL-SIGNAL TRARSFER CHARACTERISTICS
v(2,5)/V1 = -3.899E+01
INPUT RESISTANCE AT Vi = 1.048B+06
OUTPUT RESISTANCE AT V(2,5) = 1.584E+05

XM 13 0 3 0 1
.MODEL NPN NPN BF=200 RB=0
.OPTIONS NOMOD NOPAGE
.WIDTH 0UT=80

P V(2) VI

B
% s+4s OPERATING POINT IRFORMATION  THOM= 27 TENP= 27
. ! NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
With 4 K5 resis tors ( emitter +0:2 = 3.983Es00 0:3 = 0. 0:4  =-6.964E-01
40:5 = 3.983Es00 0:13 = 0. 0:14  =-6.5558-01
dagancra‘l'ion) +0:15  =-6.555E-01 0:100 = 5.000E+00 0:200 =-5.000E+00
+4e+  DOLL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/v1 = -4.973E-03
DFUT RESISTARCE AT VI = 4.005E+09
Adm =~ amRc OUTPUT RESISTANCE AT V(2) = 9.999E404
(,+ | ENITTER-COUPLED PAIR WITH ENITTER DEGENERATION (DIFF MODE)
{—i—ngE = * WITH NOMZERO RB AMD FINITE VA
P vec 100 0 5
_38 m oo,
- o A RC2 100 5 100K
REL 14 4 4K
[+ - 4K(H'—"'> RE2 15 4 4K
26 mV 200 @@ 2 3 1 mw
@ 5 0 15 W
ITAIL 4 200 200
= - ’4. 9 RTAIL 4 200 10MEG
Vi o3 o o0

[+ gm(4k+2Rpy ) (1+2)

-~ -0.005

CMRR = Adm . 2980 =694dB
Aem

.MODEL NPN NPN BP=200 RB=200 VA=130
.OPTIONS NOMOD NOPAGE

WIDTH OUT=80

JPOV(2,5) VI

END
thde

OPERATING POINT INFORMATION TNOM= 27 TEMP= 27
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:2 = 3.983E+00 0:3 = 0. 0:4 =-6.956E-01
+0:5 = 3.983E400 0:1¢ =-6.548E-01 0:15 =-6.548E-01
+0:100 = 5.000E+00 0:200 =-5,000E+00

hhdd SMALL-SIGHAL TRANSFER CHARACTERISTICS

v(2,5)/V1 = -1.518E+01
INPUT RRSISTANCE AT vi = 2.6950B+06
OUTPUT RESISTANCE AT V(2,5) = 1.994E+05
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First consider the balanced case

in which the (0K resistor is

present in the collector of Q.

)

For thi's,

= =1 (IBV=0.7V\ = 0.7/ mA
Ty I‘Z 2 10kn )

= -gmR. = —lok [ 2T mA
Adm dmke ( eV

= -273
A= —8mRe -Re -1

R 2

"*‘297»’25(’*%) =S

Now, We are applying a signal o

o2

the V;, input, and taking the V,

ovtput only.

Vpy = Voo—Ved = ArpVie -1 AgmVid
2 s

Now, Vie= VitViz - Ly,
2 2
vl'd = V": - Vl'z_ = Vi

Thus, Vo, = Aen (S Vi)~ N\

(Acm" Adm)

L (—L- (-273))= 136

VOZ =1
v, <
|

—

the. common mode input resistance

is much larger than the D.M.
input resistance, 50
Riz Rig=21n=2p (
'.. R" - ,4'6 k-rL

26 mV )
O 11 mA

By ingpection, if we neglect %,

v

/The D.M- Half circuit 15

Re, .= Re Il Be
C"H c >
RE = Rg
=z
Adm = ngceﬁ
|
[+ ngEm(H_E)
= Gm (Rl &)
R
I+ gm £ (|+_;_)
Similary,

Rid = 2[ vo+(+ p)_‘%}

The ¢-M. half-circuit looks like:
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D.M. Y, cireuit :
T v
Re g/ 04/2
="6
W Adm mR,
&-l \R RL/2 Gm = 3m
'V,’a drawn Re
z iy R

Ro= Re “ Re ” Rdrawn
2 —
Au = 8 (Rell B3
| + Gm RE/Z
c M. l/g, cirevit
]

N

R /2
OPM

i

S$ince the resistance connected

RE
—J\Mb'—opgn

0 the sOUrce—» @©, 6m here =0

Now, Adm * _ng‘ = =500

- 2.5 M5
Re = 500/‘/5#:1

The DC voltage drop across R,
is IeRe =(5'2xl56)(2'5><{o‘)=13v
For a transistor V., &f LV,
when the bases are grouvnded,
Vep = Vee Ve = 02V

S Vg = 0.3V4 I3V =13-3V
Acm = "-RC Adm’ ~8m R‘
2 Rran
CMRR = Adm —ImEke =29, RoaL
- R
Acm ‘/ngML

For CMRR =500 2 9 Rya ™ 500

500
2( l5k)
since I +Ic,= 104 uA, the

25 ML

| J

RraiL

voltage drop in Rrap is

(Ze;+ Ley) Ryan ™ 10+ 4 x1:25= 13V

and Ve 134 Vgg = 13:7V



224

From Toable (224),

450 x 3.9x8.654%16"%
0-08 x |55

= 1‘14 L{A/V‘L - K

MnSox™

gy = O-4V
4 (45)

This overdnve is too small
becavse the range would be
only t[2%(0.14) which isl62mV

which 1S legs than the 200 mV

AI, - 0851 .
d TAIL . lnpu(:.
’5'{4"“”2)@‘("'2)L L, = 2L~X;=|um-2(009)-0
* et "xi%“ Legp™ “drawn 4="4
— = 0.82 Mm
A|50, GM— 1.0 MA = I -k \
) v J TAIL chf» > W o_ W = 25|
> KW - lx!5“yv" ) lege  0-824m
L - ,
etf Tran = W= 20:64m ; Iy ] 2056 M4A
subshtuing @ In @,
-6 =~
0.85 ITAIL= I x 16 (0.2) 2Iran .(0,2)" %5/
ZI ! N . .
me & Cere For the emitter coupled pair,
Solve for I, using (3-216),
6 2 a1, AR
o)) o - V $
7.225 x10°1], -4 XIO°L + 004 | Vos | T( —T;T R¢)

BUE, for Uhiform-base transisbr

I

TAIL 2 (7.225x 10°)

_ —8
- 2.768 x 162+ 1.458x10

2 -8
ITAJL = 4.226x10° or
' = . or 1464 HA
ITAIL 205:6 4 A 44

If Il 205.6 YA,
Woo_ Ix16°° -

L 194 x10© (205-6% 15°)

cft

205-6 = ©-206 V
144 (25)
N4 -4 MA,
I x 15
194 x16°¢ (1144 x16%)

Vov =

If Zrap -
W o=
Legt

+ :fx o Yl (4x:o‘)- 4 (1215;10}(00{.)

1.310x 10 ®

AI‘ ’AWB
Thus, In this case,
|Vos | = Vo (AN,)- 26 mV x 0.
We
= 2'6 mv

25.]

= 450
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—

From (3.248),

Vg = AV, + (Ves-Va) (- ar. _ a(W4)
2 Ry W/L

Veem Ve = | Tran
q} K Y e

x’ = 450 x 3.39x8-86 xic"4
8o x10~8
= 1-2(0.09) = 0.82 ym

= |9 A
4HA/,_

Vs~ Ve = ’._5__0""_ _ = 0.145
10
I94M(m)

If (“/L)' >(""/L)2> Vpg < ©
since we don't know whether (w/‘-)» ? (N/L)?-

or (W, ) > (W , we con only calculate
(1), (%), ;
the magnitude of Vos

|Vos| = O+ 2145 (04 0.02) = i-45 mV
2
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R v B2 '
Vf| — t ot Vou + "Wa.
o V) Ve g
%"w
Let R = R +R2
2
AR e R,-R,

Exactk DM. YV circuit:

4R lgq
B + 2 32
'K,_T
,Wc;-— ’\GC—
~ gmv
):l'au'l

D.M. }’z circuit without mismatch:

o)
R4 KR
= v
va 7 4F
2
A -
_E_R" = "5de
2 z

C-M-'/g_ arcult withovk mismateh?

A
IK‘T

R
IC — A
T4 ImVY
Zrm”
”
R‘ g’V\ Ic
I+ 28,4l

From exact Y, circuits |

~ A
AR ot R gy
=z *

Vg = 2R it Rled = lea

2 2
-8R 3mVic - R @mVig
= 1+ 2 9m"tail 2

™ “GmR = =1(10) = =IO

= -gmAdR _ -1(0-2)

1+ 2(1) (1000)

cm-dm
I+ 24 m ail
= = x 16

QE_‘_R_J-i-RI ’AR I24+ng‘
z 2 2

Npc =

_

9mVid — Rg.Vie
2_ KémVie

2 1+28m ™
"" (002)
4

- o Aam-cm- —QMAR
4

=-0-05

Ac,,m= —9mR = -/(IO) =
(429, | t2()(i000)

-0.005

Adm » 10 = 2000
Acm 0.005

Adm = 10 = 100,000
Acrm-am %104

Adm = Jo = 200
Adm-cm 0-05
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(oY
(&
L )
NVl
n
L—J\N\—QII
N

[+ ] T + +
oA PIY 1r B NG T A ~g J*
v O - _ - O™

tet r,= Totloa
2
ATo = To) = Top

Exact ¢M. U, circuit :

1 i
R Jrog l foe
g —2 —
+ . "
’\[‘-d ﬂm'v_l’_é ° Vod K AL,
z- 2 * -;: /Vlc + o
= \ I ?.r*,“‘

M. W ocireurt withouot mismatch:

3
-f
+. (% ,3%
1
Ve = Voc
Ny 2 2 Vil

The bottom of the <M ) circuitis  that flows (n LT, - 50,
essentially a source follower, -—'V_;_C_ - VI

2V,
since gm (L7a) >> 1,V =V, R tail
= NG, “Ve "\C( R -1'!)

Also, the current that fHlows oc == 20|
o]

' is egqual te the current - AV,
" E ¥ * W, - /T

Exact DM. 4 circuit :

Yo
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From exact D.M. } cireuit,

Vod = 8T i, R4 ip,r
> =2 R T2
r~ lod A
~ e_.rL "2’6 R + irpd r,
2 R+T, o
= 22(—% R ~guVid R 1,
2\ /Rt 2 RN,
Adm"_‘_fo_é_ = =gmo R_ = Im (500k) lo)
Vi4 R+ 1S 0
- -a.8
Acm.d-.-fvod:"éf} R . —lok 1o
Vie % R+T, Sook 510
- -3.9x164

Erom ¢xact ¢.mM. [ cirevit,
Vse superposih’on,

First, set iu"' 0,

'\foc-: — R /\C = —R ’\f‘-c
2 ¥l 28,01

Aem™ 226 = —R__ - -lo - _p.oos
Vie 27,01 2000

Second , set Vi =0,

From kclL (WithV=0-V;)

anVe + Ve + ’W*“T'?j;_v:od_Voc 5
2 Meafl r,

Vi m+—'—~+—!—>"l’4ro iro Noc = 0
¢ (8 2 il L 4

Ao —gm’\f.‘d R .Wg‘<_l_+z_rt,-,
T 4 R+t Fo R
= Voo 2Nailg
R
Adm-cm= Yo¢_ L 80 R R
Vig 4 O R4l 21,
_ - o 1o o
4 500 510 2000
= —4.49x 15’
A = - T, R == —ﬁ'ﬁ‘
am Qm o (K+ r,)
Am_dm' -4l _E_=-3'Q)(ID-4
b R+n

Both of these valves are
unchonged from the case
W'H'h -f-f'h“’e. Y{,N'

~_R

—
Acn = =0 as N~ %
2ail

A aAr, Rr R
dm-cm 4 o R4 204




CHAPTER 4

kel
Assume

() All transistors are identicol
IS' - Isz 3 IS’ = I$4= I55= IS
@ Vge (omy " 7Y

(3 V, = 130V

4) By @ ( to ignore base currents)

‘transistors @, and &, operate

in parallel and can be replaced

by one equivalent transistor &,

with a saturation current o} 21,

Similaﬂg, transistors Q3-Qg operate
in paralel and can be replaced by
one equivalent transistor & with

a saturation current of 3I,.
Redrawing the circuit,

. Y Tpup
oT _+
3

From (4'8) With Bp—> o

Toor = Es8 Ty (14 Yeen ~ Veen )
" Tsa Va

I = 15-07 = 1.43 mA

Tour = 3L (1.43 mA) (14 Yeur=07)

130
ZIS

4-1

I (V2 1V)=3 (143) (14 03 )= 215mA
our(our ) z( ) ( I30>
T (V.=5V) <3 (1:43)( 1+ 43 - 222mA
our( Vour 2 ( ( -—130)
Tour (Vour=30V)= 2 (-43)( 1+ 2)‘?3'3 )= 263mA

N
Tee = Toor
cons tant slope
v
—— - //—
“Va Vees = Your
Ko¢ ross l = VA‘+ VC£B
Slope I,
z  Va = 130 = 60-5kKR

IOUT(VOU=1’ lv) 215 ma
We can model the output of
the cvurrent mirror as,

3 Tour
-\—
2-15
mA FZc:» VOUT




SIMPLE CURRENT MIRROR SIMULATION (IGNORE BASE CURRENTS)

vCcC 100 0 15
R 1001 10K

Q1 1 1 0 NN
Q@2 1 1 0 NN
Q3 2 1 0 NN
Q¢ 2 1 0 KoM
Q5 2 1 0 NN
vo 2 01

.MODEL NPN NPN BF=10000 VAF=130
.OPTIONS NOMOD NOPAGE

WIDTH OUT=80
0P
.ocvol31
.PLOT I(VD)
JTF V(2) VO
.EXD
terstr DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
YCLT 100
23 Y -1.80(R-83  -2.6002-03  -2.400B-03  -2.200E-03  -Z.00CB-33
+ + + + +
1.0008+09 -2.1E-03-4------ - A -
2.000B+00 -2.152-03 + B + . + . O Tt .
1.000B+00 -2.17B-03 + + + + + + A * +
4.000R+00 -2.392-03 + . + . + + *A » .
5.000R+00 -2.202-03 + . + . + + A + +
5.000B+00 -2.228-03 + 4+ + + + + A+ + +
7.0008+00 -2.248-03 + + + + + O W - +
8.000E+00 -2.252-03 « 4 + + + LI + +
9.000B+00 -2.27E-03 + + + + . + A + + *
1.000B+01 -2.298-03 + + + + +A + + +
1.100B+C1 ~2.3CB-03-9------tmmmoomeonnn #een A .-
1.2008+01 -2.328-03 + + + ’ . A+ + + .
1.3008+01 -2.348-03 + . + + I + . +
1.400B+01 -2.358-03 ¢ + 0 . L W + B B
1.500B+01 -2.378-03 + . + + + A + + . .
1.600E+01 -2.382-03 + ’ + . 'Y + + . .
1.700E+01 -2.408-03 + i + . A . . . +
1.300B-01 -2.428-03 + + . A+ + . + .
1.3002-01 -2.43B-03 + + DI + . + B
2.200B-01 -2.458-02 » + + LI T + + . .
2.1008-01 -2.47E-03-4------2vommnm 4mnen A
2.200B-01 -2.4BE-0) + . + *A + + + + +
2.300E+01 -2.50E-03 » . + A + . . . B
2.400E+01 -2.52B-93 » + - A+ + + + . +
2.500B+01 -2.538-03 ¢ . s A + + + . .
2.600E+01 -2.552-03 » . + A » + + + +
2.700B+01 -2.572-03 + . L B + + + . .
2.800E+01 -2.562-03 + . +A . + + + . +
S.3908+01 -2.608-03 & * A + + + + . .
3.0008+01 -2.618-23 + A + + + . . .
. . + . .
#44+  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 7.654E-01 0:2 = 1.000E+00 0:100 = 1.500E+01
#+¢+ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMERT 0:Q1 0:Q2 0:Q3 0:04 0:05
MODEL . 0:NPN 0:NPN 0:NPR 0:NPN 0:NPN
1B 7.116E-08 7.116E-08 7.116E-08 7.116E-08 7.116E-08
Ic 7.116E-04 7.116E-04 7.128E-04 7.128E-04 7.128E-04
VEE 7.654E-01 7.654B-01 7.654B-01 7.654E-01 7.654E-01
vceE 7.654E-01 7.654E-01 1.000E+00 1.000E+00 1.000E+00
VBC 0. 0. -2.346B-01 ~2.346E-01 -2.346E-01
vs -7.654B-01 -7.654E-01 -1.000E+00 -1.000B+00 -1.000E+00
POMER 5.447E-04 5.447B-04 7.129E-04 7.129E-04 7.129E-04
BETAD 9.999E+03 9.999E+03 1.001B+04 1.001B+04 1.001E+04
e | 2.751E-02 2.751E-02 2.756E-02 2.756E-02 2.756E-02
RPI 3.634E+05 3.634E+05 3.634E+05 3.634E+405 3.634E+05
RX 0. 0. 0. 0. 0.
RO 1.827E+05 1.827E+05 1.827E+05 1.827E+05 1.827E+05
BETAAC  9.998B+03 9.998E+03 1.001E+04 1.001E+04 1.001E+04
aee SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/v0 = 1.000E+00
INPUT RESISTANCE AT Vo = 6.090E+04

—
Assume

(1) All trang|stors are 1dentical

4

@2 Vv = 07V
BEP")

3) VA = 130V
4 B =200

Tronsistors & and Q, operate in
parallel and can be replaced by
an eguivalent transistor with

a satyration current of 2Ig
Similarly | transistors &;-Qg
operate in parallel and can be
replaced by an equivalent transistor

Qg with a saturation current of 31

Redrawing the civcuit,

VecZIB Y
zIm,L ReIOKkn IT3I Ro
a, (i_B—JJ/IouT
214 > +Vour

I'N = )5—0'7 - '043 MA
o k
From (4-8)

Iss IIN <|+ VCEB’VC.EA>

Tea Va

Tovr ™
I+ | + I55/ISA
Br
2(143mA) [ 1+ VOUY'O‘7>
To, = S 4EmA) (1T Bel

I+ [+ 34
200



- STMPLE CURRENT MIRROR STMULATION (INCLUDE BASE CURRENTS)
Iouy(vour= V) = 212 mA
yce 100 0 15
R 1001 10K
€ =219 mA
IOUT (VOUT SV) | @t 1 1 0 NN
@2 1 1 0 NN
Q3 2 1 0 NPN
IDUT(VDUT=30V)' 2:60mA % 2 10 mw
Q5 2 1 0 KN
vo 2 0 1
1\ I I .MODEL NP¥ NPN BF=200 VAF=130
(43 .OPTIONS NOMOD NOPAGE
c_ons[lv .NIDTH OUT=80
S 1o .0P
/ pe DCVO1301
.PLOT I(VO)
Vg =const. mvin w
P .END
- -
- N #2282+ DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
- > LT HE )
-—VA vV =V @ ) -2.6008-03  -2.4008-03  -2.2062-03  -2.0C0B-03  -1.BLCE-03
CEB OULT . . B . .
1.000E+90 -2.11B-03-¢------ maman 4mmmens bemnee LR At--mamn D emmmen .-
| 20008400 2AIB-C3 ¢ e+ v e Ae 4 e s
= > 10002400 -2.15B-00 ¢+ ¢ 4 s A e 4 e
Ro rog /§IOPC 1.C00E+00 -2.16E-03 + B . . c A e . . ’
S.000ES00 -Z.IBE-03 + v+ A e 4.4
S0RS0D -2.9E03 + s e v A e+ e+
= VA + VCEB r— VA 1000400 2B e+ v+ A a4+ e
-~ BODESNS 223803 »  + 4 e Ae 44 e
I I 0.000BH0 -Z.2B-D3 ¢ 4 4 s A e s 4 e e
< ourT LOJOESCL -2.266-83 =+ e A+ 4 e .
130 1100E#01 -2.27E-03-#nnrrrméessmamsmamannodon
~ 2 a1 -2
N = 1.2008+31 -2.298-03 + . . a e . B . .
61-3kn LI0CRe0L -231B-03 »  » e A s+ o+ e s
2 2 MA 1.400B+31 -2.326-03 + + v A ‘ . N . .
LS0OE0l -2 B8+ o+ A e e+ e
. LE00ESIL 236803 ¢+ = A e e e 4w s
oU {'PU{ m0d¢' . 17008401 -2.37g-03 + . oA e . . . . .
LECESIL TE03 + e+ WA+ e e e e e
19008401 240E-D3 + ¢ A+ e e e s
20008401 -2.42-83 ¢
IOUT
21098001 -2.44E-C3-+--oo
J200EH0L 2ASEDY ¢ v A .+ e s e e s
-+ 2.3002+01 -2.47E-03 » I U . . . . . .
SANESOL 2AIE- e A e e e e e
2-12 VOUT 1 SO0E0 2.50E-3 e R v . v x4+ e e
mA — S EATOL 2.S0I e A v e e e 4 e s
2.T00E+01 B-03 - A . v . . » . .
2. * . + - - + . *
2 25 D e e e e e e
Bt S T T
. . . N .
= s+e+  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:1 = 7.6512-01 0:2 = 1.000B+00 0:100 = 1.500E+01

s+++ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4 0:Q5
MODEL 0:NPN 0:NPN 0:NPN 0:NPN 0:NPN

IB 3.515E-06 3.515BE-06 3.515E-06 3.515B-06 3.515E-06
IC 7.030E-04 7.030E-04 7.042B-04 7.042E-04 7.042E-04
VBE 7.651E-01 7.651E-01 7.651E-01 7.651E-01 7.651E-01
VCE 7.651E-01 7.651E-01 1.000E+00 1.000E+00 1.000E+00
VBC 0. 0. -2.349E-01 -2.349E-01 -2.349E-01
vs -7.651E-01 -7.651E-01 -1.000E+00 -1.000E+00 -1.000E+00

POWER 5.405B-04 5.405B-04 7.069E-04 7.069E-04 7.069E-04
BETAD 2.000E+02 2.000E+02 2.003E+02 2.003B+02 2.003E+02
2
7

GM 2.717E-02 2.717E-02 2.722E-02 .722E-02 2.722E-02
RPI 7.358B+03 7.358E+03 7.358E+03 .358E+03 7.358E+03
RX 0. 0. 0. 0. 0.
RO 1.849E+05 1.849E+05 1.849E+05 1.849E+05 1.843E+05
BETAAC  1.999E+02 1.999E+02 2.003E+02 2.003B+02 2.003E+02
hihd SMALL-SIGNAL TRANSFER CHARACTERISTICS
vi2)/vo = 1.000E+00

INPUT RESISTANCE AT vo 6.164E+04



42 bl v
From Table(2:4), R,
! [
' — l{r.=1
=14 4
= 450x 39x 8.86x10 assumer %o
0.08 x10°° % s
= qu qA/v?— = = ?n;v' ) .
+ &
From conditHon (¢), AAVpg € 0-0I - -.. )
| y Logne owd 1, e
Erom conditions @ and(b) "
L=___ ' A
/ 2 ——
50 MA = X W (Vso-Vi) where o+ R ) = R
Vog=Vg = 0-2V Io =T, &y 164
8
504 = lqzu' %_(0'2) > %_:lZ-ﬁ 9w, = 3m2= %"\3: gmq"—' Im
o ‘f" G~ e s = oa = 1o
% ¢ L+ Also from the tgable - :
ooV’ 4x 0/ P TR I Sy
a4 = 0.02 LLm/v R+ 2 &m Im
dVDS - gm
A= 0 d)(“/CWDS ¢ ) Vi= =4 Tn
Va = :
Lgff ooV emz:\rl + ’\};-’V; = L,-{-E..'.gms’ A
> Laff 2 2 um : Yoz To3
, = i, + Vg, + K i,
- + .09) =21 —
L grgwn™ 2 4M T 2(0 9)~ 2 8 Mm | os
=22 Mmoo g+ VY o (4 K+ e
[ ro r;

The minimum lenghh that
saHsfies the constraints . A

minimiges the required gate area 2
= — Vi _ Vg
Then W= 129 x 222 um= 28 4m szrﬁ,ll* L. 4
, Yoz Toz
= —Bﬂ‘f"\& - —S—L
Y, r, !



=’\£_(a+k>§ ’ ry= 130 kn = 35 kn
Yo o/ T P+l+K+2R 0-37 o2
T 4
. ° Rp = (351 k) 200+/+0:99t 2 =
.'.’-‘-:: 1 | - p""ir- | +0:99+ 142
Vi o 2 2 351
Bt i+ K+‘?, = 349 Man Very close to Bl
| PB+l+K+28 -p- R 2z
T, A . .
° B+1+ K+ 2R R, Will decrease when &, 1$
%
=1 1+ K+ Ry saturated.
T,
° B+ 1+ K+ 2R Y v
. v fo . Vo = BE(on)+ CE (sat)
= = I+ K+ 2K
Ro 7"- L A =~ 0.65 + 0.] = 0.75V
X I+ k+ R
k=_FR =1 for R—>
Ri* %
Re b4 Ryl 2 2 0y for R
9m,
m << 1
%
p o~ I, 2tRE = B for large R
° T2 2
=V
ot X
s
I, = 5-2(0-8) . 340 yA
10 K _
Vgp = 26m 4n 34044 . 0.65V
| 5 fA
IC = 5—2(0.65) - 37DHA
lo k
1l =700
I
Kk = 10,000 = p.9286
10,140
R = Y,,'—r R, Il 2 = 200 (70)+ 10k 140
Im,

= (4 K1140 = 14-2 K



4-6

BJT CASCODE CURRENT MIRROR

vee 100 0 5 * (BETA REDUCED BY 50 PERCENT)
Rl 100 2 10X vecec 1000 5

Q1 2 2 3 NPN R1 100 2 10K

Q2 5 2 4 NPN Q1 2 23 RPN

Q3 4 30 12 Q2 s 2 4 NPN

o4 3 30 NPN Q3 4 3 0 NPN

vo 5 0 2 Q4 3 30 NPN
.MODEL RPN NPN ISa=5E-15 BF=200 RB=200 VAF=130 Vo 5 0 2

.MODEL NPN NPN IS=5E-15 BF=100 RB=200 VAF=130
.OPTIORS NOMOD NOPAGE

.OPTIONS ROMOD NOPAGE
.NIDTE OUT=80

.OP .WIDTH OUT=80
.DC VO 0 5 0.2 .OP
.PLOT I(VO) .bcvo050.2
.TF V(5) VO PLOT I(VO)
.ERD .TF V(5) VO
.END
sseret DC TRANSFER CURVES THNOM= 27.000 TEMP= 27.000
VOLT 1(V0) sseest  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000
A ) -1.0002-03 -S.000B-04 0. 5.C00B-04 1.000E-03 VOLT 1(v0)
+ + + + + A ) -1.0008-03 -5.000E-C4 . 5.000E-04 1.3008-03
¢. 4.26B-0k-4-mn-ns [SEEEE A-+ + . + + +
2.0008-01 ¢.06E-04 + + + + + LI + + 0. 4. 26E-04-+---
£.000E-01 3.62E-04 + + + + + ¢ A + + 2.000B-01 4.062-04 + + + + + 4+ A+ + +
6.000B-01 -2.23B-05 + + + A + + + + {.000B-01 3.51E-H + + + . + + A+ + +
8.0068-01 -3.61B-04 + + L W + + + + + 6.G00E-01 -1.95E-95 + . - - A+ . + + .
1.000B+00 -3.63B-04 + + L W} + + + + + 8.000B-01 -3.54B-04 +
1.200E+00 -3.63B-04 + + A+ + + + + + 1.0008+00 -3.56E-0¢ +
1.4008+00 -3.638-04 + + I W + + + + + 1.200E+00 -3.568-04 +
1.600E+0C -3.632-04 + L T + + + + + 1.400B+00 -3.56B-04 +
1.BO0E+00 -3.638-04 + + + A4 . + + + + 1.600E+00 -3.56E-04 +
2.0008+00 -3 _63E-0d-4------ Homooee L S Rt 4ommmen Hoome +eamm +- 1.800E+00 -3.56E-04 +
2.2008+00 -3.63E-04 + + + A . + + + + 2.000E+60 -3.56B-04-+------
2.400E+09 -3.63E-04 + + LI . + + + + 2.200E+00 -3.56B-04 «
2.600E+00 -3.63B-04 + + ¢ A s + + + + + 2.4002+00 -2.56E-04 +
2.8008+00 -3.63E-04 + + LI WY . . + - + 2.600E+00 -3.36E-04 +
3.000B400 -3.63E-04 ¢+ + Ak + + + . + 2.800E+00 -3.562-04 »
3.2008+00 -3.63E-04 + + + A+ + + + + + 3.00CE-CO -3.362-C4 +
3.400E+00 -3.63E-04 + + A i . > + . 3.200E+00 -3.56E-G¢ +
3.600B+00 -3.63E-04 + LI T - + + + + 3.400B+00 -3.568-04 +
3.8008+00 -3.63E-04 + + L S - + + + + 3.5C0E+00 -3.56E-04 +
4.000E+00 -3.63E-04-¢------ #emenne +---k: 3.300B+00 -3.56E-04 +
4.2002+00 -3.632-04 + + LI IS + + - + + 4.0002+00 -3.56E-0d-+------
¢.400E+00 -3.63B-04 + + + At + + + + + 4.200E+00 -3.56E-04 +
4.500B+00 -3.63E-C4 + + v A + + + + + 4. 40CE+00 -3.58E-C4 ~
4.BOCE+00 -3.632-04 + + LI + + + . + 4.6C0E+D7 -3.58E-04 +
5.000E+00 -3.63E-04 + + + A ¢ . + + + + 4.3CCE+00 -3.568-04 +
+ + . + B 5.000E+00 -3.55B-04 »
*s2*  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 + + + + .
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE *#+s¢ QPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
+0:2 = 1.294E+00 0:3 = 6.473B-01 0:4 = 6.477E-01 NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:5 = 2.000E+00 0:100 = 5.000E+00 +0:2 = 1.294E+00 0:3 = 6.473E-01 0:4 = 6.480E-01
+0:5 = 2.000E+00 0:100 = 5.000E+00
s+++ BTPOLAR JUNCTION TRANSISTORS
SUBCKT *++s BIPOLAR JUNCTION TRANSISTORS
ELEMENT 0:Q1 0:02 0:Q3 0:Q4 SUBCKT
MODEL 0:NPN 0:NPN 0:NPH 0:NPH ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
IB 1.834E-06 1.8068-06 1.825E-06 1.B825E-06 MODEL 0:NPN 0:NPN 0:NPN 0:NPN
Ic 3.669E-04 3.633B-04 3.651B-04 3.651E-04 1B 3.633E-06 3.543E-06 3.598E-06 3.598E-06
VBE 6.475E-01 6.4712-01 6.473E-01 6.473E-01 1c 3.633B-04 3.562E-04 3.598E-04 3.598E-04
VCE 6.475E-01 1.352B+00 6.477E-01 6.473E-01 VBE 6.476B-01 6.469E-01 6.473B-01 6.473E-01
VB¢ 0. -7.052E-01 -4.021E-04 0. VCE 6.476E-01 1.352E+00 6.480E-01 6.473E-01
Vs -1.294E+00 -2.000E+00 -6.477E-01 -6.473E-01 VBC c. -7.051E-01 -6.686E-04 g.
POWER 2.387E-04 4.924E-04 2.376B-04 2.375E-04 vs -1.294E+00 -2.000E+00 -6.480E-01 -6.473E-01
BETAD 2.000B+02 2.010E+02 2.000E+02 2.000E+02 POWER 2.376E-04 4.839E-04 2.355E-04 2.352E-04
GM 1.418E-02 1.404E-02 1.411E-02 1.411E-02 BETAD 1.000E+02 1.005E+02 1.000E+02 1.000E+02
RPI 1.410E+04 1.431B+04 1.417E+04 1.417E+04 GM 1.405E-02 1.377BE-02 1.391E-02 1.391E-02
RX 2.000B+02 2.000E+02 2.000E+02 2.000E+02 RPI 7.118E+03 7.299E+03 7.189E+03 7.189E+03
RO 3.543E+05 3.598E+05 3.561E+05 3.561E+05 RX 2.000E+02 2.000E+02 2.000E+02 2.000E+02
BETAAC 1.999E+02 2.010B+02 1.999B+02 1.9S9E+02 RO 3.578E+05 3.669E+05 3.613E+05 3.613E+05
BETAAC 9.998E+01 1.005E+02 9.998E+01 9.998E+01
wree SMALL-SIGNAL TRANSFER CHARACTERISTICS
b SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{5)}/vo = 1.000B+00
INFUT RESISTANCE AT vo = 3.622E+07 v(5)/v0 = 1.000E+00
INPUT RESISTANCE AT Vo = 1.892E+07



4‘5 VDD 100 0 3

—_— IIN 100 3 100U

= - =0-8 vo 5 0 3
L"ff' 1um 2(0'09 sm) = 0-82 4m M1 1 4 O O CMOSN W=100U L=1U
M2 5 3 1 1 CMOSN W=100U L=1U
M3 3 3 4 4 CMOSH W=100U L=1U
r. = | wWhere 2 = dXd B 4 4 0 0 CMDSN We100U L=10
4] g -_— L‘ * NOTE THAT CONNECTING THE BODY TO THE SODRCE ELIMINATES
7‘ID d VDS f * THE BODY EFFECT.
.MODEL CMDSN NMOS LEVEL=1 LAMBDA=0.024 VTO=0.6 KP=194U LD=0.097
- * NOTE THAT LAMBDA = (DXD/DVDS)/LEFF = 0.02/0.82=0.0244
- . .OPTIONS HOMOD ROPAGE
A -0—-2%— = 0.024V .WIDTH OUT=80
.0P
o-.82 V003 0.1
.ELOT DC I{VO)
& = ] = 417 kv .TP V(5) VO
o .BD
0.024 (1004A)
#ssees DC TRANSFER CURVES  THOM= 27.000 TEMP= 27.000
\ ‘\ woLT 110}
’ V15008 1,005 _5.0008-05 ) onz
g,m -,\[21 W ID - 2(,94)( ’OO)'OO 0 1:00:004 xooz‘ut :occz.z): 3 . 5 bzfs
. L_e“ Or82 0. 0. —ememeen P PO JOR— PO PO A-mmmen JORET, .-
1.000E-01 -9.868-05 + + A » . . B . .
2 ODOE-91 -9.88E-05 + . A . + . . . .
= 2.8 mA/ JOME-0L BIIE0S » + A+ e e+ e
v 4.000B-91 -9.93E-05 + . 3 + . . + . .
5.0COE-01 -9.95E-05 « . A . . . . . .
= T, | -+ + ) Y ro §.0008-01 -3.97E-05 + S . . . . .
Ro Dz [ (gmz QMb1 o' + , 7.000B-01 -9.998-95 « - A . . + . . .
8.000B-01 -1.00E-C4 « + A . - - - I .
9.000B-91 -3.00E-0d - L3 i + s + + . .
Here, 9mp,=0 by ASSUMPHON L iumtibiireco
> Mbl
1.100E+00 -1.00E-04 « . A . . . . . .
1.200E+00 -1.008-C4 + . A . + . + > .
-_— . 1.3C0E+00 -1.008-04 » + a + + - . . .
RD = rOZ ( 9"‘2 rDl ) - 4,7 K (2»,8”‘) 4’7 k) 14008500 -1.00E-34 + T . . . . .
1.500E+00 -1.008-C4 » - A . . - s . .
= 1.600E+20 -1.002-04 « + A . + . + . .
379 M'n— 1.700E+00 -1.00B-CGd « . A . . . N . .
1.600E+00 -1.00E-0d + + A . + + . > .
1.90CE+CO -1. A
2.0C0E-C0 -1 A
2.1008+90 -1 A
2.200B+CQ -1.00E-04 « . A . - + . - .
2.3008+00 -1.002-04 ~ - A . + . + . .
2 4CO0ED0 -1.GOB-C4 + . A + . + > + .
2.500E-70 -1.00E-04 » + A + + + . v .
2.600E+00 -1.00B-04 ~ . A + . N . . .
2.7002+00 -1.0CE-04 ~ . A . + . - + .
2.800E+00 -1.00B-04 + . A - . . - + »
2.300E+00 -1.00E-C4 « + A + . > » . .
3.000B+00 -1.008-M-+------ $ommme A-meme eemeene P — PR .-
++s+  OPERATING POINT INFORMATION  THOM= 27.000 TEMP= 27.000
NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:1 = 6.929E-01 0:3 = 1.382E+00 0:4 = §.9128-01
+0:5 = 3.000E+00 0:100 = 3.000E+00
AR R msms
SUBCKT
ELEMENT 0:M1 0:2 0:M3 0:M4

MODEL 0:CHOSN 0:CMOSN 0:CHMOSN 0:CMOSN

par) 1.000E-04 1.000E-04 1.000E-04 1.000E-04
IBS 0. 0. 0. 0.
IBD ~6.929E-15 -2.307E-14 -6.912E-15 -6.912E-15
vGS 6.912B-01 6.895E-01 6.912E-01 6.912E-01
D8 6.929E-01 2.307E+00 6.5912E-01 6.912E-01
VBS 0. 0. 0. 0.
VTH 6.000E-01 6.000E-01 6.000E-01 6.000E-01
VDSAT 9.1198-02 8.950E-02 $.118E-02 9.115E-02
BETA 2.405E-02 2.497B-02 2.405E-02 2.405B-02
GAM EFF 0. 0. 0. 0.
[e ¢ 2.193E-03 2.235B-03 2.193E-03 2.193E-03
GDS 2.361E-06 2.274E-06 2.361B-06 2.361E-06
Qe 0. 0. 0. 0.
e SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{5)/vo = 1.000E+00

INPUT RESISTANCE AT yo 4.170E+08



Look at M2

=V -V =V =V
VD.5~»2 ouT DSM, ouT GSM,

Ve + }_ﬂ_
I,N/Leﬁ

D-6 + | 2004
194 4 1006.82

- 0:692V

VGSMI

v = V.-V
DS, s 65T 'H
_ 0-692- 0.6 =0.092V

Assume no body cffect on V,

Voo = 2V
Vpg= 2-0-692 = 1308V

v = 0-092V

DSact

-V = I 2’6 vV
Vbs = ¥bs, 1
From (I-261), ;
—*%-21¢
Tpe- 5 (1-216) (100 U) e
- 1.7 fA

From (1-262),

4-8

Vps - VDSM_T 2-216 V
- 3%.21¢

Ipg= 2 (2:216)(loou)e
= 1.46 nA

gdb = 29.7 nA/V

T 33.7 M

Ro = 33-71 Ma ] 319 Ma=30-9Mn

ovtput resistance dominated
by substrate leakage.

gy, = 30 N-7fA . 0.238 pA
- (1-21¢) v
rdb = 1 = 4200 65

b

R, = 372 Mg | 420065 = 379 Ma

No change dve to SUbstrate

Iwkage
= 3V
3-0.692 = 2.308 V

VOOT

\

Vps



41

From condition(a), V, . =0:2V

min
This is sphit across M, and M,

Therefore , Voy= Vgg=Vg = 0-1V

From -H'“S and COﬂdH’I.On Cb))

50 MA = (94 M ( W )(O-I)z

2 Lq.‘p
> W _ =5/.5
> = | Nhere A = 4)(__4
AL, AVos / Lefe
SO) Yo = L‘H = L‘H
504 (0-024m)  Ixl0"*
v
Ro = SVour _ |V = IV _
AT, 0.0002 (Ip)  0.0002(504)
= 100 ML

From (4-50) ) R, = Top 9m. I

o2 ol
2

- R, 2 (L‘Hz)fl(l%)(ﬂ-sx‘ﬁo)‘

o

b
Le_ff = 100 MaL
-2
fo)

There fore , Leff = 0.32 ym

= 0-324 2(0.09
l_e_fF-rzL_d + 2 (0.09)

Ldrawn™
= 0. 5 A-(m

W= (51-5)(0-32) = 16-5um
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CASCODE CURRENT MIRROR WITH LEVEL SHIFT

E2 2220

VDD 100 0 3

v 2 0 0.2

IR 100 ¢ 51.84U

* NOTE THAT IR > 50 UA BECAUSE THIS CURRENT MIRROR HAS A

+ NONIERO SYSTEMATIC GAIN ERROR. IR = 51.9 UA IS CHOSEN

* BY TRIAL AND ERROR TO FORCE THE OUTPUT CURRENT TO BE 50 UA,
t A3 GIVEN IN THE PROBLEM.

IN THE HAKD CALCULATION, THE REQUIRED WIDTH WAS CALCULATED
TO BE 16.5 MICRONS; HOWEVER, TRIAL ARD ERROR IN SPICE SHOWS
THAT THE WIDTH HAS TO BE INCREASED TO 18 MICRONS TO OPERATE
M1 AND M2 BARELY IN THE ACTIVE REGION. THIS DIFFERENCE
STEMS FROM THE OBSERVATION THAT ALL THE TRANSISTORS DO NOT
OPERATE AT EQUAL CURRENTS. TO OVERCOME THIS PROBLEM

IN PRACTICE, THE W/L OF M4 WOULD BE REDUCED TO INCREASE
THE DRAIN-SOURCE VOLTAGE O Ml. THIS CHANGE WOULD ALSO BE
USED TO MAKE SURE THAT M1 OPERATES SLIGHTLY BEYORD THE EDGE
OF THE TRIODE REGION EVEN WHEN BODY EFFECT IS TAKEN

INTO ACCOUNT.

DI S R I A

ML 1 3 0 0 CMOSH W=180
M 2 6 1 1 CMOSK W=18U
M3 3 3 0 0 CMOSH W=180
A4 4
4
4

CEEEEE

A3 A3 CMOSN W=180
B3 B3 CMOSN W=18U
C3 C3 CMOSN W=18U .
MAD C3 4 3 3 CMOSN W=18U L=0.5U
* ROTE THAT 4 TRANSISTORS ARE USED IN SERIES TO BUILD M4

T0 DESENSITIZE THE CIRCUIT TO VARIATIONS IN DELTA W

AND DELTA L. IN PRACTICE, 5 OR MORE TRANSISTORS WOULD BE
USED TO PUSH N1 PAST THE EDGE OF SATURATION AND TO OVERCOME
BODY-EFFECT MISMATCHES.

M5 100 4 6 6 CMOSN W=18U L=0.50

M6 6 3 0 0 CMOSN W=18U L=0.5U

* NOTE THAT COMNECTING THE BODY TO THE SOURCE ELININATES

* THE BODY EFFECT.

EYEEEE

LIS )

_MODEL CMOSN NMOS LEVEL=1 LAMBDA=0.0625 VTO=0.6 KP=194U LD=0.090

*NOTE THAT LAMBDA = (DXD/DVDS)/LEFF = 0.02/0.32
.OPTIONS NOMOD ROPAGE

.WIDTH OUT=80

.OoP

.Dcvoo030.1

.PLOT DC I{VO)

.TF V(2) VO

-END

*s2s4s  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000

VOLT 11V0)
a Vo -6.000E-05  -4.00CE-5  -2.0(88-05 0. 2.0008-05
. . . . .

9. 2. eeeeeee o O [ e PO Awemne- PO .-
1.0008-01 -4.47E-05 » oA . . . . K .
2.0008-01 -5.00E-05 » A . . . . . . N
1.0008-01 -5.008-95 A ' . . B . . .
4.0008-01 -5.008-05 + A . . . . . . .
§.006E-01 -5.00B-05 + A . . . B . K .
§.0008-C1 -5.00B-05 + A f ' . . . ' .
7.000E-01 -5.00E-05 » S . , . . . . B
8.000E-C1 -5.00E-C5 ¢ A . . . . B . .
9.0008-01 -5.008-05 + A . . . . N . .
1.000E+C0 -5.C0B-05-+----~- Aeemnnn P oS PN RS eeann PO .
1.100E+00 -5.002-05 « A . . . . K . '
1.2002530 -5.00B-05 3 . . f . ' . .
1.3002430 -5.002-05 + A . . . . B . +
1.4002+00 -5.002-05 - 2 . . B B B . +
1.5002+00 -5.508-05 « A . . . . K . .
1.600E-00 -5.C0E-C5 + A ' . . f . ' .
1.708E+0 -5.002-05 « A s . . B . . ’
1.8002+00 -5.G0E-05 + H ’ . . B . . f
1.9002+00 -5.008-05 » A . f B B . . .
2.0008000 -5.008-05- 2~ Aeeonen P R PO ST s PO .-
2 1008400 -5.00E-05 + 3 . . . . ' B B
22008400 -5.008-05 A . . . . . R
2 2202400 -5.008-05 + A . . . . . . .
2.4002400 -5.008-05 » A . + . . . . .
2.5008400 -5.068-05 A . . . . . . B
5 -S.03E-05 A . . . . . . '
2 5.002-05 + A . . . . . . .
B 5 §68-05 3 . . . . . . B
13 5.092-05 » A . . . . . R .
3023830 -3 Ao P PR P eenen .-

#*++* OPERATING POINT INFORMATION

TROM= 27.000 TEMP= 27.000

NODR =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 1.021E-01 0:2 = 2.000E-01 0:3 = 6.954E-01
+0:4 = 1.489E+00 0:6 = 7.975E-01 0:100 = 3,000E+00
+0:A3 = 7.938E-01 0:B3 = 7.529E-01 0:C3 = 7.217E-01
thRE msms
SUBCKT
ELEMENT 0:M1 0:2 0:M3 0:M4A 0:M4B
MODEL 0:CMOSN 0:CMOSN 0:CMOSN 0:CMOSN 0:CMOSN

o 5.000E-05 5.000E-05 5.184E-05 S.184E-05 5.184E-05
IBS 0. 0. 0. 0. .
IBD -1.021E-15 -9.790E-16 -6.954E-15 -6.9548-15 -4.089E-16
vGS 6.954B-01 6.954E-01 6.954E-01 6.954E-01 7.363E-01
vDs 1.021E-01 9.790E-02 6.954E-01 6.954E-01 4.089E-02
VBS 0. 0. 0. 0. 0.
VTH 6.000B-01 6.000E-01 6.000E-01 6.000E-01 6.000E-01
VDSAT 9.542E-02 9.543E-02 9.542E-02 9.542E-02 4.089E-02
BETA 1.098E-02 1.098E-02 1.139E-02 1.139E-02 1.094E-02
GAM EFF 0. 0. 0. 0. 0.
a 1.048E-03 1.048E-03 1.087E-03 1.087E-03 4.474E-04
Gps 3.105B-06 3.106E-06 3.105B-06 3.105E-06 1.047E-03
Qe 0. 0. 0. . 0.
SUBCKT
ELEMENT 0:M4C 0:M4D 0:M5 0:M6
MODEL 0:CMOSK 0:CM0SN 0:CMOSN 0:CMOSN
D 5.184E-05 5.184E-05 5.216B-05 5.216E-05
IBS 0. 0. 0. 0.
IBD -3.121E-16 -2.625B-16 -2.202E-14 -7.975E-15
vGs 7.675B-01 7.938B-01 6.917B-01 6.954E-01
VD8 3.121B-02 2.625B-02 2.202E+00 7.975E-01
VBS 0. 0. 0. 0.
VTH 6.000E-01 6.000B-01 6.000E-01 6.000E-01
VDSAT 3.1218-02 2.625E-02 9.167B-02 9.542E-02
BETA 1.0938-02 1.093E-02 1.241E-02 1.146B-02
GAM EFF 0. 0. 0. 0.
oM 3.412E-04 2.870E-04 1.138E-03 1.093E-03
GDS 1.494BE-03 1.834E-03 2.865B-06 3.105E-06
GQMB 0. 0. 0. 0.
reee SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/vo = 1.000E+00
INPUT RESISTANCE AT vo 1.092E+08



4 -1l

Mg operates in active region

M¢ and M, operate in triode
region .

I-X (_Vi) [ 2(Vas,” %) os, Vbs,]
2 L /7 )
=T _Jéa., (% )4{ 2 (Ves;=%) Vos;~ Vos ]

= (B [2(3Vevy) Youg™ Yo ]
(), Vovs ) = (& )7\3 AN ) Vov,

L

)
L

In proctice (l:‘_-)é and (_%_)7Nould be

e
|=
S —
~J4
i
Wil—
P
=
S’
N

]
ni—
/—-\
rl
S———’
ce

even smaller to increase Vg and

VDS7 sh‘thy So tha t all +he transistors

in the output branch of a current
mirror USINg the circuit operate in the

active r ¢gion
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Tz N ouT
l _VOV
™M
M+l + ']+
v ————J oV
Vit Vo -° q-— _
I T '
= v and
VN = V654_* VDS: DS-,* Vss8
= I"D,—- r;z-.- (PN

Vit Yoyt Vout Voy T Vit Yoy

2Vt 4Y,,

Vow = VDS,+VDsz+ V053 (min)
(min)
= 3Voy

Systematic gain error = O

( becavse Vps, = Vps, = by)

Assuming M;-M; operate in the
active region,the ovtput
resistance [ ignoring the body
efpect os in &4 53)] 1s

R, = "o(f,'nm,)2

where, gm =gm = §m,= 4m,
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) Vi -V,
9 A&/x-gm'\f,'*_)‘_)_’_i—)@
4- -
Vec= 15V A{@ '\f,+'V;. _+3m'\r+’\_,/_=-o _)@
\L JIIDUT R e @
= —
2

rv ra
; Vout ’\r( +g)+ xc’\f(g*')")@
4 [13 [ From @, Vi (£ + T’—‘)‘—'V;(Jtz'*g”‘)
L .

m

v = =V, I+ 9mR —
From (4.’00) ] ’r 0 { 2 _,-_+_T_.
- =x [1-_2_ -
Tour= e, 'N[ B +2B+2 O n®: ™
In .
= 15-2%0-7 _ ,.993 mA
i 13- 7K ° =V, I+ gmk (.L'* 50)+YL*V1(9M*‘F)
= | mA __I+£ r . -
: = 0.993 [ | —__2 ] o LY (14 guR)
. . Iol)T [ 200’-+2X200‘f2 . 'V; =,‘g-r°[ gm+-’—r +(5m rv)( Sm )
The Small Slgna} circoit 1s : o
. “— iy ® in( : & v @
: !
B O
ImV; : | 1 T °
R m Ly '
! 1 m - @ Ir\@ |+ |+3,,,R-J
N A I § AN ELT
Each transistor has the sam ~T T [ L +(9m‘f/r,,)('+ng)J]
I = Il mA. [, Same rﬂ 2 gm and . " ({': R/,,'r
‘ lect r, compare to l/g =_|_[3m(+/r)+/r,r 9mR) J
. Neglec m; r n 2
rD N g 7T| > (am_'-l) '_+ R‘ +(gm r")(l+gm )k
circuit becomes ; | [ £t LBt a (149 )J
@4:—-')( Ro"—'_f;—o{ 3. +29.R 4 L~

oV

>0 r” w
nz 3"’:,' 02" X 4
- v

c S ‘2
QU A




b-ly

( ..- gm- %_}7,_ )5MR=&£>>_K_

T ™

In this problem g,

s —
Gm

o =130V - |30k

ImA

m © Fo)

= | mA =11y
26 mY 26

r.= P -5.2kn, R=137K8

SR, = IBOK[’+_5_2_3_ = 1.1 ML
6.27

(Tf R>c0 then Rosn[Hﬁ;]

o

If Vpuy <hoanges by 5V then,

Iy Chonges by

—— AV - 5 = [
ALy, = L = MA = 0:454A

R

The percentage change in I, s

-6
o~3

=

0.045 %

WILSON CURRENT MIRROR

vee 100 0 15
RBIAS 100 2 13.7K
Q1 2 30
Q2 4+ 23
o3 3 30
vo 4 0 2

NPN
NPN
NPN

.MODEL NPN NPN IS=5E-15 BF=200 RB=200 VAF=130 RE=2
.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80
.0P

.DC VO 0 15 0.5
.PRINT I(VO)
.PLOT I(VO)

.TF V(2) VO

. % s e w

RESULTS (BETA = 200)
WHEN VOUT = 10 VOLTS, IOUT = 992.2 MICROAMPS
WHEN VOUT = 5 VOLTS, IOUT = 991.7 MICROAMPS

S0 IOUT CHANGES BY 0.5 MICROAMPS OR 0.05 PERCENT
AS VOUT INCREASES FROM 5 VOLTS TO 10 VOLTS

ALSO RO = 11.0 MEGAOHMS

teetes  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000

wour 1vo)
A ) -1.0008-03
.

0. 1L O31E- D34 ov
5.008-01 9.9238-04 +
1.00E+00 -5.5148-04 A
1.50E+20 -9.9145-04 A
2.002+00 -3.9158-04 A
2.50E+00 -9.9152-04 A
3208400 -9.9168-34 A
3.502+00 -9.9168-04 A
£.008+00 -9,517E-04 A
1.502+30 -9.9172-04 A
5.002400 -3.2178-04-A---- -~
5.50£+00 -9.9185-04 A
6.008+00 -9.918E-04 A
§.50E+00 -9.9198-G4 &
7.508+00 -9.9198-04 A
7.508+00 -3.9208-04 A
8.902+00 -9.3208-04
8.502+00 -3.9208-04 A
5.008+00 -3.921E-04 A
9.508+00 -9.9212-C1 A

1.002401 -5.9228-04-A------e-mme PR

1.05B+C1 -3.9228-04 3
1.108+01 -5.9222-04 A
1.158+91 -9.923E-04 A
1.2023+401 -9.923E-C4 A
1.29E+01 -3.924E-0L A
1.30E401 -3.924E-04 A
1.35E+01 -3.924E-04 A
1.40E+01 -9.9298-04 A
1.45E401 -3.9252-04 3
1.508401 -9.926E-34-A------

+

te+2  OPERATING POINT INFORMATION

NODE =VOLTAGE

P

Pa—

0.

+ .

RODE

+0:2 = 1.351E+00 0:3
+0:100 = 1.500E+01

1.00CE-03 2.0008-03  3.COCE-

4444 BIPOLAR JUNCTION TRARSISTORS

SUBCKT

ELEMENT 0:Q1

MODEL 0:NPN
IB 4.931E-06
Ic 9.513E-04
VEE 6.756E-01
VCE 1.351E+00
VBC -6.757E-01
vs -1.351E+00
POWER 1.343E-03
BETAD 2.010E+02
M 3.832E-02
RPI 5.245E+03
RX 2.000E+02
RO 1.318E+05
BETAAC  2.010E+02

0:Q2
0:NPN

(SR S I R O O S I

-933E-06
.915B-04
.757B-01
.324E+00
.487E-01
-000E+00

316E-03

.010E+02
.833E-02
.243E+03
.000E+02
.317E+05
-009E+02

R S
-
.
.

=VOLTAGE NODE
= 6.756B-01 0:4

0:Q3
0:NPN

o RN W R

L Y- N

933E-06
-865E-04
.756E-01
.756E-01
0.
-756E-01
.6998-04
.000E+02
814E-02
243E+03
000E+02
317E+05
999E+02

a3

>-

+

THOM= 27.000 TEMP= 27.000

=VOLTAGE
= 2.000E+00



et SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/vo = -2.014E-04
INPUT RESISTANCE AT vo = 1.098E+07
OUTPUT RESISTANCE AT V(2) 5.766E+01

WILSON CURRENT MIRROR (BETA REDUCED BY 50 PERCENT)
vee 100 0 15
RBIAS 100 2 13.7K

Q1 2 30 NPR
Q2 ¢ 23 NPR
Q3 3 30 PN
Vo 4 0 2

.MODEL KPN NPN IS=5E-15 BP=100 RB=200 VAF=130 RE=2
.OPTIONS NOMOD NOFPAGE

.WIDTH OUT=80
.OP
.DC VO 0 15 0.5
.PRINT I{VO)
.PLOT I{VO)
JIF V(2) VO
* RESULTS (BETA = 100)
* WHEN VOUT = 10 VOLTS, IOUT = 992.5 MICROAMPS
* WHEN VOUT = 5 VOLTS, IOUT = 991.7 MICROAMPS
* 80 IOUT CHANGES BY 0.8 MICROAMPS OR 0.08 PERCENT
* AS VOUT INCREASES FROM 5 VOLTS TO 10 VOLTS
* ALSO RO = 6.0 MEGAOHMS
-END

ssxeee  DC TRANSFER CURVES TROM= 27.000 TEMP= 27.000

voLT 1(vo}
A ) -1.000E-03 0. 1.0008-03 2.000B-93  3.0C0E-03
+ - + + +

9. 1.031B-03-+------ PR PR FY— S WURR P PO oo +-
5.00B-01 9.923B-04 + + . + A + + + .
1.00E+00 -$.911B-04 & + + + + + + + +
1.50E+00 -9.5128-04 A + . + + + + + +
2.00B+0C -9.513E-00 A . + + + + + + +
2.50E+00 -9.9138-04 A + + + + + + + +
J.00E+00 -9.914E-0¢4 A + . + + + + + v
3.50E+00 -5.9158-04 A . + + + + + . ‘
4.008400 -9.9162-04 A + + + + + + + +
4.50E+00 -9.3178-04 A . + + + + + + -
§.008+00 -9.517B-04-A------ b boeeonn $omeee [EEE PR PO bomoen +-
§.SOEs00 -9.513E-04 A + + + + + + + +
§.00Es00 -9.9192-Cd A . + + + + + + ’
6.5CE+00 -3.5208-0¢ A + . + + + + + .
7.008+00 -5.9202-04 A . + + + + + + .
T.50E+20 -9.9212-04 A + + + + + + + .
§.00R+00 -3.022E-04 A . . + + + + + +
§.S0E<00 -3.9238-04 A . . + + + + + .
3.00B+00 -5.924R-C4 A + + + + + + + +
3,50E+00 -9.5248-04 A . . + + + + + .
1.00B+01 -9.525E-04-A------ L #omeon 4o L $omemee Hoeaman FR— +-
1.05E+81 -9.926E-04 A . . + + + + + +
1.10E201 -5.927E-0 A . . + + + + + +
1.158+01 -9.527E-M A + - + + + + + +
1.20E+01 -3.928E-24 A + . + + + + + +
1.258+01 -9.929E-04 A » . . . + + s -
1.208-01 -5.929E- A - + + + + + + -
1.352+31 -9.930E-T4 A . . + + + + + .
1.4CE+2L -3.931B-04 A . . + + + + + +
1.45E+01 -9.332E-04 A . + + + + + + .
1.50B+D1 -3.232R-04-2------ D et deeee oo FEE— Hommen —— .-

. + + + +

h-15

OPERATING POINT INFORMATION

T3]

NODE =VOLTAGE
+0:2 = 1,353E+00 0:3
+0:100 = 1.500E+01

=VOLTAGE

= 6.765E-01 0:4

¢+++ BTPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1

MODEL 0:NPN
IB 9.811E-06
IC 9.863E-04
VBE 6.765E-01
VCE 1.353E+00
VBC -6.766E-01
vs -1.353E+00
POWER 1.341£-03
BETAD 1.0058+02
e 3.8128-02
RPI 2.636E+03
RX 2.000B+02
RO 1.325E+05
BETAAC  1.005B+02

*esd

v(2)/vo

0:Q2

0:RPN
9.863E-06
9.913E-04
6.766B-01
1.323E+00

-6.469E-01

-2.000E+00
1.319E-03
1.005E+02
3.832E-02
2.622E+03
2.000E+02
1.318E+05
1.004E+02

INPUT RESISTANCE AT
OUTFUT RESISTANCE AT V(2)

0:Q3
0:NPN
9.815E-06
9.815E-04
6.765E-01
6.765E-01
0.
-6.765E-01
6.706E-04
1.0008+02
3.794E-02
2.635B+03
2.000E+02
1.324E+05
9.998E+01

SMALL-SIGNAL TRANSFER CHARACTERISTICS

THOK= 27.000 TEMP= 27.000

NODE =VOLTAGE

= 2.000B+00

-2.055E-04
6.039E+06
5.963E+01



b

= I
90, = _REF i_xf_ = _IREF (0_'02)
Lege dVos  0.82

0-024 Ty

302

Iper (0-04) = 0-049 Ty
0-82

@ In strong inversion,
= 2 '_Pi' X
gm, \f "k(’_‘ﬁ)lI‘KEF
= \
=[2 x 194 x10%x 100 1,

0.82
= 0. 22",IREF
A, = —3m _ _ —0.22 | Lggr

801t 42 0.073 Tgef

= - 3.0

N Teer

A hand calc')
Tegp (HA) v (

1000 -95

100 -300

10 -950
I -3000

B In the last two cases above,

(Ves-W), calevlated by |2Irer <78mv

x’ w/’-eﬁ
Thevefore, M, opz,m%es In weak
inversion for these cases
From (1-253), 9m, = TREF
nv,

= Trer
(1+5)(26 mV)
- Trer )
(1-5)(26mv) 0:0731,, .
= —350

AV = 'QM,

90|+302,

Teer (HA) A, (hand calc.)
1000 - 95
(OO — 300
10 — 350
[ -350
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COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 1 MA AND WITHOUT WEAK INVERSION EFFECTS
VDD 100 0 3

VI 1 0 893.3 AC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
*DC OUTPUT VOLTAGE 18 ABOUT 1 VOLT.

Ml 2 1 0 0 CMOSN W=100U L=1U0
w2 2 3 100 100 CMOSP W=100U L=1U
M3 3 3 100 100 CMOSP W=100U L=1U0
IR 3 0 1

.MODEL, CMOSN MMOS LEVEL=l LAMBDA=0.024 VTO=0.6 KP=194U LD=0.05U
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=0.049 VTO=-0.6 KP2650 LD=0.090
.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.0P

TP V(2) VI

.ERD

*ret OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 8.933B-01 0:2 = 1,004B+00 0:3 = 1.910E+00

+0:100 = 3.000E+00

EE 21 msms

SUBCKT

ELEMENT 0:M1 o 0:8

MODEL 0:CMOSN 0:CMOSP 0:CMOSP

D 1.042BE-03 -1.042E-03 -1.000E-03

IBS 0. 0. 0.

IBD -1.005B-14 1.995E-14 1.089E-14

vGS 8.933E-01 -1.089E+00 -1.089E+00

vDs 1.004E+00 -1.995E+00 -1.089E+00

VBS 0. 0. 0.

VTH 6.000E-01 -6.000E-01 -6.000E-01

VDSAT 2.933E-01 -4.894E-01 -4.894E-01

BETA 2.423E-02 8.702E-03 8.350E-03

GAM EFF 0. 0. 0.

7.106E-03 4.259E-03 4.087E-03

GDS 2.442B-05 4.652E-05 4.652B-05

0. 0. 0.

rewe

SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(2}/VI = -1.001E+02
INPUT RESISTANCE AT vI = 1.000E+20
OUTPUT RESISTANCE AT V(2) = 1.409E+04

COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

¢ WITH IR = 100 UA AND WITHOUT WEAK INVERSION EFFECTS
VDD 100 0 3

VI 1 0 693.4M AC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
*DC QUTPUT VOLTAGE IS ABOUT 1 VOLT.

ML 2 1 0 0 CMOSN W=100U L=1U
M2 2 3 100 100 CMOSP W=100U L=10
M3 3 3 100 100 CMOSP W=100U Ls1U
IR 3 0 1000

.MODEL CMOSN NMOS LEVEL=1 LAMBDA=0.024 VT0=0.6 KP=154U LD=0.05U
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=0.049 VTO=-0.6 KP=65U LD=0.03U
.OPTIONS NOMOD ROPAGE

.NIDTH OUT=80

.OP .

TR V(2) VI

.END

tes+  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 6.934E-01 0:2 = 1.028E+00 0:3 = 2.244E+00

+0:100 = 3.000E+00

++++ MOSFETS

0:M1 0:2 0:M3
0:CMOSH 0:CMOSP 0:CMO8P
1.0578-04 -1.057E-04 -1.000E-04
0. 0. 0.
-1.029B-14 1.971E-14 7.560B-15
6.934E-01 -7.560B-01 -7.560B-01
1.028E+00 -1.971E+00 -7.560E-01
0. 0. 0.
6.000E-01 -6.000E-01 -5.000E-01
T 9.340B-02 -1.560BE-01 -1.560E-01
2.424E-02 B8.692E-03 8.220E-03
GAM EFF 0. 0. 0.
2.264B-03 1.356E-03 1.282B-03
2.477B-06 4.725E-06 4.725E-06
0. 0. 0.

aaaaeevggg

i

gge

bhddd SMALL-SIGNAL TRANSFER CHARACTERISTICS

-3.144E+02
1.000E+20
1.388E+05

v(2)/VI
INPUT RESISTANCE AT VI
OUTPUT RESISTANCE AT V{2)

COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 10 UA AND WITHOUT WEAX INVERSION EFFECTS
VDD 100 0 3

VI 1 0 629.6K AC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
+DC OUTPUT VOLTAGE IS ABOUT 1 VOLT.

ML 2 1 0 0 CMOSN W=100U L=1U
M2 2 3 100 100 CMOSP W=100U L=10
M3 3 3 100 100 CMOSP W=100U L=10

IR 3 0 100

.MODEL CMOSN NMOS LEVEL=1 LAMBDA=0.024 VTO=0.6 KP=194U LD=0.090
.MODEL, CMOSP PMOS LEVEL=1 LAMBDA=0.043 VTO=-0.6 KP=650 LD=0.0SU
.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.OP

TP V(2) VI

.END

#+#+ OPFRATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 6.296E-01 0:2 = 1.039E+00 0:3 = 2.350E+00

+0:100 = 3,000E+00

*EE® msms

SUBCKT

ELEMENT 0:M1 0:M2 0:M3

MODEL 0:CMOSN 0:CMOSP 0:CMOSP

ID 1.062E-05 -1.062E-05 -1.000E-05

IBS 0. 0. 0.

IBD -1.039E-14 1.961E-14 6.494E-15

vGs 6.296E-01 -6.494E-01 -6.494E-01

VDS 1.039%+00 -1.960E+00 -6.494E-01

VBS 0. 0. 0.
6.000E-01 -6.000E-01 -6.000E-01

VTH

VDSAT 2.960E-02 -4.945E-02 -4.945E-02

BETA 2.425E-02 8.6B8E-03 8.179E-03

GAM EFF 0. 0. 0.

e 7.178E-04 4.296B-04 4.045E-04

GDS 2.487E-07 4.749E-07 4.749E-07

GMB 0. 0. 0.

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/VI = -9.918B+02
INPUT RESISTANCE AT VI = 1.000E+20
OUTPUT RESISTANCE AT V(2) = 1.381E+06
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COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 1 UA AND WITHOUT WEAK INVERSION EFFECTS
VoD 100 0 3

VI 1 0 609.3MAC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
*DC QUTPUT VOLTAGE IS ABOUT 1 VOLT.

M1 2 1 0 0 CMOSN W=100U L=1U
M2 2 3 100 100 CMOSP W=1000 L=s1U
M3 3 3 100 100 CMOSP W=100U L=1U
IR 3 0 10

.MODEL CMOSK MMOS LEVEL=1 LAMBDA=0.024 VT0=0.6 KP=194U LD=0.03U
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=0.049 VT0=-0.6 KP=65U LD=0.09V
.OPTIONS HOMOD NOPAGE

WIDTH OUT=80

.OP

LTF V(2) VI

.END

+#¢+ OPERATING POINT IKFORMATION TNOM= 27.000 TEMP= 27.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 6.094E-01 0:2 = 1.001B+00 0:3 = 2.384E+00

+0:100 = 3.000E+00

11221 msms

SUBCKT

ELEMENT 0:M1 02 0:M3

MODEL 0:CMOSN 0:CMOSP 0:CMOSP

ID 1.066E-06 -1.066E-06 -1.000E-06

IBS 0. 0. 0.

IBD -1.001B-14 1.939E-14 6.156E-15

vGs 6.094BE-01 -6.156B-01 -6.156E-01

vDs 1.001E+00 -1.998E+00 -6.156E-01

VBS 0. 0. 0.

VIH 6.000E-01 -6.000E-01 -6.000E-01

VDSAT 9.380B-03 -1.565E-02 -1.565B-02

BETA 2.423B-02 8.703E-03 8.166E-03

GAM EFF 0. 0. 0.

GN 2.272B-04 1.362E-04 1.278B-04

GDS 2.498E-08 4.757B-08 4.757E-08

GMB 0. 0. 0.

hakhd SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/VI = -3,132E+03
INPUT RESISTANCE AT Vi = 1.000E+20
OUTPUT RESISTANCE AT V(2) = 1.378E+07

COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 1 MA ARD WITH WEAK INVERSION EFFECTS

voD 100 0 3

Vi 1 0 9%01.0 AC1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
¢DC OUTPUT VOLTAGE IS ABOUT 1 VOLT.

M1 2 1 0 0 CMOSN W=100U L=10
M2 2 3 100 100 CMOSP W=100U L=1U
M3 3 3 100 100 CMOSP W=100U L=1U
IR 3 0 1M

T0 INCLUDE WEAK INVERSION EFFECTS, MUST CHANGE TO AT LEAST
* THE LEVEL 2 MODEL.

.MODEL CMOSN NMOS LEVEL=2 VTO=0.6 KP=194U LD=0.09U

+ TOX=8E-09 LAMBDA=0.024 NPS=1.35E12 HSUB=5E1S

.MODEL CMOSP PMOS LEVEL=2 VTO=-0.6 KP=65U LD=0.09U

+ TOX=8E-09 LAMBDA=0.049 NFS=1.35E12 NSUB=4El6

IN THE HSPICE MODEL, ID IS PROPORTIONAL TO EXP{(VGS - VT)/FAST]
IN CHAPTER 1, ID IS PROPORTIOMAL TO EXP[(VGS - VT)/(NVT}]
THEREFORE, PAST MUST EQUAL NVT (WHICH IS N THERMAL VOLTAGES)
FROM PAGE 7-19% OF THE HSPICE WANUAL,

FAST IS ABOUT EQUAL TO VT(1 + Q NPS/COX)

THEREFORE N = 1 + Q NFS/COX

SOLVING FOR NFS GIVES NFS = (N-1)COX/Q

* COX SHOULD BE IN FARADS/CM*2 ANKD Q IS IN COULOMBS

FOR EXAMPLE, IF N=1.5, COX = 4.32E-7 (FOR TOX=80 ANGSTROMS)
NFS = 0.5%4.32B-7/1.6E-19 = 1.35El12

L A A

.OPTIONS NOMOD NOPAGE
.WIDTH OUT=80

.OP

.TF V{2) VI

.END

(2237

OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 9.010BE-01 0:2 = 1.077E+00 0:3 = 1.878E+00
+0:100 = 3.000E+00
tthd mms
SUBCKT
ELEMENT 0:M1 0:M2 0:M3
MODEL 0:CMOSN 0:CMOSP 0:CMOSP
I 1.043B-03 -1.043E-03 -1.000B-03
IBS 0. 0. 0.

IBD -1.078BE-14 1,922B-14 1.121E-14

vGs 9.010E-01 -1.121E+00 -1.121E+00

VD8 1.077E+00 -1.922E+00 -1.121E+00

VBS 0. 0. 0.

VTH 6.000B-01 -6.000E-01 -6.000E-01

VDSAT 2.859B-01 -4.595E-01 -4.595E-01

BETA 2.429B-02 8.751B-03 8.38BE-03

GAM EFF 9.438B-02 2.670E-01 2.670B-01

[« 6.943E-03 4.021E-03 3.854E-03

GDS 2.570E-05 5.644E-05 5.185B-05

GMB 3.674E-04 5.414E-04 5.189E-04

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{2)/V1 = -8.452E+01
INPUT RESISTANCE AT vI = 1.000E+20
CUTPUT RESISTANCE AT V(2) = 1.217B+04

COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 100 UA AND WITH WEAK INVERSION EFFECTS
VDD 100 0 3

VI 1 0 696.4M AC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
*DC OUTPUT VOLTAGE IS ABOUT 1 VOLT.

M1 2 1 0 0 CMOSN W=100U L=1U
M2 2 3 100 100 CMOSP W=1000 L=1U
M3 3 3 100 100 CMOSP W=100U L=1U
IR 3 0 100U

* 70 INCLUDE WEAK INVERSION EFFECTS, MUST CHANGE TO AT LEAST
* THE LEVEL 2 MODEL.

.MODEL CMOSN NMOS LEVEL=2 VT0=0.6 KP=194U LD=0.09U

+ TOX=8E-09 LAMBDA=0.024 NFS=1.35E12 NSUB=5El5

.MODEL CMOSP PMOS LEVEL=2 VTO=-0.6 KP=65U LD=0.090

+ TOX=8E-09 LAMBDA=0.049 NFS=1.35E12 NSUB=4E1l6

IN THE HSPICE MODEL, ID IS PROPORTIONAL TO EXP([(VGS - VT}/FAST]
IN CHAPTER 1, ID IS PROPORTICNAL TO EXP[(VGS - VT)/(NVT)]
THEREFORE, PAST MUST EQUAL NVT (WHICH IS N THERMAL VOLTAGES)
FROM PAGE 7-13 OF THE HSPICE MANUAL,

FAST IS ABOUT EQUAL TO VT(1 + Q NFS/COX}
THEREFORE N = 1 + Q NFS/COX

SOLVING FOR NFS GIVES NFS = (N-1)COX/Q

COX SHOULD BE IN FARADS/CM*2 AND Q IS IN COULOMBS

FOR EXAMPLE, IF N=1.5, COX = 4.32E-7 (FPOR TOX=80 ANGSTROMS}
NFS = 0.5%4.32B-7/1.6E-19 = 1.35E12

L T S A

.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.OP

.TF V{2) VI

-END

s¢2¢ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 6.964E-01 0:2 = 1.014E+00 0:3 = 2.233E+00

+0:100 = 3.000E+00
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0:M2 0:3
0:CMOSN 0:CMOSP 0:CMOSP
1.066B-04 -1.066E-04 -1.000E-04
0. 0. 0.
-1,015B-14 1.985B-14 7.670E-15
6.964E-01 -7.670BE-01 -7.670E-01
1.014B+00 -1.985B+00 -7.670E-01
0. 0. 0.
6.000E-01 -6.000B-01 -6.000E-01
9.127E-02 -1.457E-01 -1.457E-01
2.425E-02 8.781E-03 B8.236B-03
9.438E-02 2.670E-01 2.670E-01
2.213E-03 1.279E-03 1.200E-03
2.623B-06 5.787B-06 5.091E-06
1.245E-04 1.866E-04 1.750E-04

TEEELELE

|

:
.
P oBgRg

SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(2)/v1 = -2.631E+02
IRPUT RESISTANCE AT Vi = 1.000B+20
OUTPUT RESISTAMCE AT V(2) = 1.189E+05

* COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

* WITH IR = 10 UA AND WITH WEAK INVERSION EFFECTS

VDD 100 0 3

VI 1 0 618.1M AC 1

*THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR 50 THAT THE
*DC OUTPUT VOLTAGE IS ABOUT 1 VOLT.

ML 2 1 0 0 CMOSN W=100U L=1U
M2 2 3 100 100 CMOSP W=100U0 L=1U
M3 3 3 100 100 CMOSP W=100U0 L=1U
IR 3 0 100

TO INCLUDE WEAK INVERSION EFFECTS, MUST CHANGE TO AT LEAST
¢ THE LEVEL 2 MODEL.

.MODEL CMOSN RMOS LEVEL=2 VT0=0.6 KP=1940 LD=0.090

+ TOX=8E-09 LAMBDA=0.024 NFS=1.35E12 NSUB=5E15

.MODEL CMOSP PMOS LEVEL=2 VTO=-0.6 KP=65U LD=0.05U

+ TOX=8E-09 LAMBDA=0.049 NFS=1.35E12 NSUB=4El6

TN THE HSPICE MODEL, ID IS PROPORTIONAL TO EXP[(VGS - VT)/FAST]
TN CHAPTER 1, ID IS8 PROPORTIONAL TO EXP{(VGS - VT)/(NWVT)]
THEREFORE, FAST MUST EQUAL NVT (WHICH IS N THERMAL VOLTAGES)
FROM PAGE 7-19 OF THE HSPICE MANUAL,

PAST IS ABOUT EQUAL TO VT{1 + Q NFS/COX)

THEREFORE N = 1 + Q NFS/COX

SOLVING FOR NFS GIVES NFS = (N-1)COX/Q

COX SHOULD BE IN FARADS/CM*2 AND Q IS IN COULOMBS

FOR EXAMPLE, IF N=1.5, COX = 4.32E-7 (FOR TOX=80 ANGSTROMS)
NPS = 0.5%4.32B-7/1.6B-19 = 1.35E12

TR T T T S N )

.OPTIONS NOMOD NOPAGE
NIDTH OUT=80

.OP

.TF V(2) VI

.END
sRES

OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 6.181E-01 0:2 = 9,.893E-01 0:3 = 2.347E+00
+0:100 = 3.000E+00
L2223 msms
SUBCKT
ELEMENT 0:M1 0:2 0:M3
MODEL 0:CMOSN 0:CMOSP 0:CMOSP

ID 1.074E-05 -1.074E-05 -1.000E-05
IBS 0. 0. 0.

IBD -9.8938-15 2.011E-14 6.530E-15
vGS 6.181E-01 -6.530E-01 -6.530E-01
vDs $.893E-01 -2.010E+00 -6.530E-01
VBS 0. 0. 0.

VTH 6.000E-01 -6.000B-01 -6.000E-01
VDSAT 3.814B-02 -4.609B-02 -4.609E-02
BETA 2.423E-02 8.793E-03 8.189E-03
GAM EFF 9.438E-02 2.670E-01 2.670E-01
e 2.663BE-04 4.053B-04 3.775E-04
GDs 2.640E-07 5.837E-07 5.062E-07
1.457E-05 6.089E-05 5.671E-05

EE X2

SMALL-SIGNAL TRANSFER CHARACTERISTICS

v{2)/V1 2 -3.141E+02
INPUT RESISTANCE AT Vi = 95.999E+19%
OUTPUT RESISTANCE AT V{(2) = 1.173E+06

COMMON-SOURCE AMP WITH COMPLEMENTARY LOAD

t NITH IR = 1 UA AND WITE NEAK INVERSION EFFECTS

VDD 100 0 3

VI 1 0 525.4¥ AC 1

#THE DC INPUT IS ADJUSTED BY TRIAL AND ERROR SO THAT THE
*DC OUTFUT VOLTAGE IS ABOGUT 1 VOLT.

ML 2 1 0 O CMOSN W=100U L=1U
2 2 3 100 100 CMOSP W=100U L=1U
M 3 3 100 100 CMOSP W=100U L=1U
IR 3 0 10

¢+ T0 INCLUDE WEAK INVERSION EFFECTS, MUST CHANGE TO AT LEAST
* THE LEVEL 2 MODEL.

.MODEL. CMOSN HMOS LEVEL=2 VTO0=0.6 KP=194U LD=0.050

+ TOX=8E-09 LAMBDA=0.024 NFS=1.35E12 KSUB=5E15

.MODEL CMOSP PMOS LEVEL=2 VT0=-0.6 KP=65U LD=0.030

+ TOX=8E-09 LAMBDA=0.049 NFPS=1.35E12 NSUB=4Elé

IN THE HSPICE MODEL, ID IS PROPORTIONAL TO EXP[{(VGS - VT)/FAST]
IN CHAPTER 1, ID IS PROPORTIOMAL TO EXP[(VGS - VT)/(NVT)]
THEREFORE, FAST MUST EQUAL NVT (NHICH IS N THERMAL VOLTAGES)
FROM PAGE 7-19 OF THE HSPICE MANUAL,

FAST 15 ABOUT BQUAL TO VT(1 + Q NFS/COX)

THEREFORE N = 1 + Q NFS/COX

SOLVING FOR KFS GIVES NFS = (N-1)COX/Q

COX SBOULD BE IN FARADS/CM*2 AND Q IS IN COULOMBS

FOR EXAMPLE, IF N=1.5, COX = 4.32E-7 (POR TOX=80 ANGSTROMS)
RFS = 0.5*4.32B-7/1.6E-19 = 1.35E12

T A

.OPTIONS NOMOD NOPAGE

WIDTH OUT=80

.0P

.TF V(2) VI

.END

tte++ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE HODE sVOLTAGE NODE sVOLTAGE

+0:1 = 5.254E-01 0:2 = 9.969E-01 0:3 = 2.437E+00

+0:100 = 3.000E+00

*ERE msms

SUBCKT

ELEMENT 0:M1 0:M2 0:M3

MODEL 0:CHMOSN 0:CMOSP 0:CMOSP

ID 1.078E-06 -1.078E-06 -1.000E-06

IBS 0. 0. 0.

IBD -9.969E-15 2.003E-14 5.629E-15

vGS 5.254E-01 -5.629B-01 -5.629E-01

VD8 9.969E-01 -2.003E+00 -5.629E-01

VBS 0. 0. 0.

VTH 6.000E-01 -6.000E-01 -6.000E-01

VDSAT 3.814E-02 -3.717E-02 -3.7178-02

BETA 2.424B-02 8.790BE-03 8.152E-03

GAM EFF 9.438E-02 2.670E-01 2.670E-01

e 4 2.674E-05 2.521E-05 2.338E-05

GDS 2.651B-08 5.858E-08 5.039E-08

GMB 1.393B-06 3.567B-06 3.308E-06

e SMALL-SIGNAL TRANSFER CHARACTERISTICS

vi{2)/vI = -3.141B+02
INPUT RESISTANCE AT VI = 9.999E+19
OUTPUT RESISTANCE AT V(2) = 1.175E+07



4-20

At bz
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= 263 HA/V
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BJT DIFFERENTIAL PAIR WITHE CURRENT-MIRROR LOAD

ke hd

vee 1000 2.5
VER 2000 -2.5
Q1 2 3 4 NPR
Q2 6 0 4 NPN
Q3 2 2 100 PWP
o4 6 2 100 PNP
TTAIL 4 200 1000
RTAIL 4 200 1MEG

.MODZL NPN NPN RB=200 BF=200 VAF=130 IS=5E-15
.MODEL PNP PNP RB=300 BF=50 VAF=50 IS=2E-15

‘ANMWLMOPWIWNR@SMCOM-M
* YOLTAGE OF Q2 ABOUT EQUAL TO THAT OF Q1.

viIDc 3 5 1

VI 5 0

.OPTIONS NOMOD NOPAGE

.WIDTH QUT=80

.OP

.DC VI -0.01 0.01 0.002

.PLOT DC V(§6)

.TF V(6) VI

-END
etedey

DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000

VOLT V16)
A ) -1.000E-00 0. 1.000E-00 2.0008+00 3.0008+00
+ + + + +
-1.000E-02 -5.47E-0i-¢-----A $oammeot +
-8.000B-03 -5.39E-01 + A+ + + + + + + +
-§.000E-03 -5.298-01 + A + + + + + + .
-4.000£-03 -5.12E-01 + A + + + + + + +
-2.0002-03 -4.63E-01 + +A + + + + + + v
Q. 1.852+00 + + + + + + A+ + +
2.0008-63 2.398+00 ¢+ + + + + + + A+ +
4.000E-03 2.41E+00 + + + + + . B+ +
5.0002-03  2.42E+00 + + + + + + + A +
§.000E-03 2.43E+00 + + + + + . + A+ .
1.0008-02 2.4dE+00-+------ $ooemos Hmeeoo- Hommoo 4omomee bonene denene ) Y +-
+ + + + +
##4+ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
NODE sVOLTAGE NODE =VOLTAGE NODE =VOLTAGE
40:2 = 1.880E+00 0:3 = 1.000E-03 0:4 =-5.951B-01
+0:5 = 0. 0:6 = 1.857E+00 0:100 = 2.500E+00
+0:200 =-2.500B+00

##2+ BYPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4

MODEL 0:NPN 0: 0:PNP 0:PNP

IB 2.5472-07 2.451B-07 -9.939E-07 -9.939E-07

Ic 5.168E-05 4.972E-05 -4.970E-05 -4.972E-05

VBE 5.961E-01 5.951E-01 -6.194E-01 -6.194E-01

VCE 2.475E+00 2.452E+00 -6.194E-01 -6.426E-01

VBC -1,.B79E+00 -1.857E+00 0. 2,318E-02

vs -1.880E+00 -1.857E+00 -1.880E+00 -1.B880E+00

POWER 1.281E-04 1.221E-04 3.140B-05 3.256E-05

BETAD 2.028E402 2.028E+02 5.000B+01 5.002E+01

=} 1.9988-03 1.922E-03 1.920E-03 1.921E-03

RPI 1.015E+05 1.055E+05 2.602E+04 2.602E+04

RX 2.000B+02 2.000E+02 3.000B+02 3.000E+02

RO 2.551E406 2.652E+06 1.006E+06 1.006E+06

BETAAC  2.028E+02 2.028E+02 4.997E+01 4.999E+01

bhhdd SMALL-SIGRAL TRANSFER CHARACTERISTICS
v{6)/VI = 1.398E+03
INPUT RESISTANCE AT VI = 2,853E+05
OUTPUT RESISTANCE AT V(6) 7.294E+05

BJT DIFFERENTIAL PAIR WITH CURRENT-MIRROR LOAD

* (COMMON-MODE INPUT)

(22222

vec 1000 2.5

VEE 2000 -2.5

@ 2 3 4 NeW

Q@2 6 5 4 HNW

+ |CMRR| = 1398/0.0002561 = 5.46E6
@ 2 2 100 PP

o4 6 2 100 PP

ITAIL 4 200 100U

RTAIL 4 200 1MEG

.MODEL NPN KPN RB=200 BF=200 VAF=130 IS=5E-15
.MODEL PNP PNP RB=300 BF=50 VAF=50 I8=2E-15

* A DC INPUT VOLTAGE OF ABGUT 1 MV FORCES THE COLLECTOR-EMITTER
* VOLTAGE OF Q2 ABOUT EQUAL TO THAT OF Q1.

vie 3 5 i
vi 5 0
.OPTIONS NOMOD NOPAGE
.WIDTH OUT=80
.OP
.bCc VI -0.01 0.01 0.002
.PLOT DC V(6)
.TF V(6) VI
.END
*xs+++  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
VOLT V(8
2 \ 1.8578+00 1.8578-00 1.8572400 1.857E+00 1.8578+0C
. . + + .
-1.000E-02 1.ESE+CO-+------ Hoomeeeamooas doooeen 4omemen D L Shhhit +-
-8.000B-03 1.85E+03 ¢+ . B + + . A+ . .
-6.000E-C3 1.85B+00 + + + + + + A+ + +
-4.000B-03 1.85B+00 + . . . + A+ + + +
-2.0008-03 1.85E+00 + B . + +3 . + + +
9. 1.35E+0C + + + + A+ + + + .
2.000E-03 1.BSE+(D + - . + A + + + + .
1.0002-03 1.B5SE+00 + * . A+ + + + + .
§.000E-03 1.B5E+GD + L + . . + .
B.0COE-03 1.85E+00 + + A + + . + + +
1.000E-02 1.858+00-+------ L PR PR P P P -
+ + + + +
s4¢t+ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:2 = 1.880E+00 0:3 = 1.000E-03 0:4 =-5.951E-01
+0:5 = 0. 0:6 = 1.857E+00 0:100 = 2.500E+00
+0:200 =-2.500E+00
s+++ BIPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:03 0:Q4
MODEL 0:NPN 0:NPN 0:PNP 0:PNP
IB 2.547E-07 2.451E-07 -9.935E-07 -9.9398-07
Ic 5.168E-05 4.972E-05 -4.970E-05 -4.972E-05
VBE 5.961B-01 5.951E-01 -6.194E-01 -6.194E-01
VCE 2.475E+00 2.452E+00 -6.154E-01 -6.426E-01
VBC -1.879E+00 ~1.857E+00 0. 2,318E-02
Vs -1.880E+00 -1.857B+00 -1.880E+00 -1.880E+00
POWER 1.281E-04 1.221E-04 3.140B-05 3.256E-05
BETAD 2.028E+02 2.028E+02 5.000E+01 5.002E+01
GM 1.998E-03 1.922E-03 1.920E-03 1.921E-03
RPI 1.015B405 1.055B+05 2.602E+04 2.602E+04
RX 2.000E+02 2.000E+02 3.000E+02 3.000E+02
RO 2.551E+06 2.652E+06 1.006E+06 1.006E+06
BETAAC  2.028E+02 2.028E+02 4.997E+01 4.939E+01
rane SMALL-SIGNAL TRANSFER CHARACTERISTICS
V{6)/VI = -2,561E-04
INPUT RESISTANCE AT VI = 1.152E+08
OUTPUT RESISTANCE AT V(6) 7.294E+05
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413
—
Romp = 'SPnP( 1+ g (Rell (rrtRe)))
= 1M (14 L (2« || 50(520)+2K)))
520
= im( I+ |867)
520
= 4-59 M
Rope = 452 M || R, = 450 M I 226 m
= [-66 Ma

A, = Roye = & (1-66M) = 3102
v 4m Rout 520(
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BJT DIFFERENTIAL PAIR WITH EMITTER-DEGENERATED CURRENT-MIRROR LOAD

tehste

vec 1000 2.5

VEE 2000 -2.5

Q1 2 3 4 PN
Q2 6 0 4 RPN
(2} 2 2 8 PNP
o 6 2 9 PP
RE3 1008 2K

RE4 1009 2K
ITAIL 4 200 1000
RTAIL 4 200 1MEG

.MODEL NKPN NPN RB=200 BF=200 VAF=130 I8=5E-15
.MODEL PNP PNP RB=300 BF=50 VAF=50 I8=2E-15

* A DC IKPUT VOLTAGE OF ABOUT 1 MV IS REQUIRED TO FORCE
+ ALL THE TRANSISTORS 7O OPERATE IN THE PORWARD-ACTIVE REGION.
viDc 3 5 1M

VI 5 0
.OPTICNS NOMOD NOPAGE
.WIDTH OUT=80
.OP
.D¢ VI -0.01 0.01 0.001
.PLOT DC V(6)
TP V{6} VI
.END
s2et¢s  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
oLt 16}
A 1 -1.000E-09 0. 1.000E-00 2.000E+00 3.000E+50
+ + + v +
-1.0008-C2 -5.50E-01-+----- g L 4eeenn- oemmem poenmee #emm o waenns #oeamn ,
9.0008-03 -5.45E-01 ¢+ A+ + + + + + ’ +
-8.000B-[3 -5.432-01 + A+ + + + + + + +
-7.0002-03 -5.392-01 » B+ . + + + . + +
-6.000B-03 -5.342-01 « A . . + + . + +
-5.000E-03 -5.288-01 « A + + + . . . +
-4.0002-03 -5.21E-01 + A . + ‘ + . + .
-3.000E-93 -5.11E-01 » A + + . + + + .
-2.0008-03 -4.562-01 + A + + + . + + .
-1.0008-03 -4.58E-01 » +A + + + + + . .
2. 1.722400-
1.0008-03 2 282400 ¢ + + + + + ¢ A+ +
2.0008-03 2.30B+00 » . + + + . L WY +
3.000E-03 2.31E+20 + + + + » P Y .
4.C00B-03 2.37E00 » . . B B . oA .
5.0008-03 2.23E+00 + + + + 4 + . A +
§.000E-03 2.33E+00 - * + * + . + A +
T.0005-33 2.34E+00 + + + + + + + A+ +
9.9008-23 2.34E400 + + v . + + A+ +
9.0002-33 2.14E00 + B . B . . PR '
1.0002-32 7 ISEC-s--- - PR F— AR .
+ + - + +
##¢+ OPERATING POINT INFPORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:2 = 1.779E+00 0:3 = 1.000E-03 0:4 =-5.951E-01
+0:5 = 0. 0:6 = 1.727E+00 0:8 = 2.398B+00
+0:9 = 2.398B+00 0:100 = 2.500B+00 0:200 =-2.500R+00
++++ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
MODEL 0:NPN 0:RFN 0:PNP 0:PNP
IB 2.550E-07 2.453E-07 -9.941E-07 -9.932E-07
Ic 5.169E-05 4.971E-05 -4.970B-05 -4.971E-05
VBE 5.961E-01 5.951E-01 -6.194E-01 -6.194E-01
VCE 2.374E+00 2.322E+00 -6.194B-01 -6.713E-01
VBC -1.778E+00 -1.727E+00 0. 5.197E-02
vs -1.779E+00 -1.727E+00 -1.779E+00 -1.779E+00
POWER 1.229B-04 1.156E-04 3.140E-05 3.399E-05
BETAD 2.027E+02 2.026E+02 5.000B+01 5.005E+01
e 1.998E-03 1.922E-03 1.921E-03 1.921E-03
RPI 1.014E+05 1.054E+05 2.601E+04 2.604E+04
RX 2.000E+02 2.000E+02 3.000E+02 3.000E+02
RO 2.549E+06 2.649E+06 1.006E+06 1.006B+06
BETAAC 2.027E+02 2.026E+02 4.997E+01 5.002E+01
e SMALL-SIGNAL TRANSFER CHARACTERISTICS
vi{6)/vV1 = 3.136E+03
INPUT RESISTANCE AT VI = 5.358E+05
OUTPUT RESISTANCE AT V(§€) = 1.636E+06

BJT DIFFERENTIAL PAIR WITH EMITTER-DEGENERATED CURRENT-MIRROR LOAD

* (COMMON-MODE INPUT)

srare

vee 1000 2.5

VEE 2000 -2.5

Ql 2 3 4 RPN
Q2 6 5 4 NPN

* |CMRR| = 3136/0.00124 = 2.53E6

Q3 2 2 8 PNP
Q4 6 2 9 e
RE3 100 8 2K

RE4 1009 2K
ITAIL 4 200 1000
RTAIL 4 200 1MEG

.MODEL NPN NPN RB=200 BF=200 VAF=130 IS=5E-15
.MODEL PNP PNP RB=300 BF=50 VAF=50 ISx2B-15

* A DC INPUT VOLTAGE OF ABOUT 1 MV IS REQUIRED TO FORCE
* ALL THE TRANSISTORS TO OPERATE IN THE FORWARD-ACTIVE REGION.

viDc 3 5 ix
Vi 5 0
.OPTIONS NOMOD NOPAGE
WIDTH OUT=80
.OP
.DC VI -0.01 0.01 0.001
.PLOT DC V(6)
TP V(6) VI
.ERD
sts22+ DO TRANSFER CURVES ™OM= 27.000 TEMP= 27.000
yoLT V{6
@ ) 1.727E+30 1.7278+00 1.727E+00 1.727E+00 1.7278+00
. + . . +
-1.0008-02 1.728+00-4------o- N P
-9.000B-03 1.72B+(9 . . + B . + A+ .
-8.0008-03 1.72E+90 « . . . + + + A + .
-7.000E-03 1.72E+20 . - + . . A . +
-5.000B-03 1.72E«00 + . - + . . A + .
-5.000E-03 1.72E400 + . . + + + A + .
-4.000E-03 1.72E+30 + B . . s + A > . +
-3.CO0B-02 1.72E400 + . + . . A . - +
-2.009E-23 1.7IE3D ¢ + + . . A + . .
-1.0008-03 1.72E+00 « . . + o A+ . . +
0. 1728400+ —— - ——ae pAemamnne s O .
1.0002-03 1.72B+00 + . . + 3 + + - .
2.000B-03 1.71E-00 « . . + A + + N .
3.000E-03 1.72E+00 » + . + A - . . . .
4.9008-03 1.72B+00 + . . - A . - . . +
5.000E-03 1.7IE+00 + + A . » . . .
§.0C0B-03 1.72E+20 » .. A+ + + + + +
7.00CE-03 1.72E+20 ¢ + + A + - . . +
§.000E-03 1.72E+00 + - + A + . + + . +
3.0008-03 1.722+C0 + . A . + + + . +
1.0008-02 1.72E+00-+------o--==~ Aveoeea- [o— o PE— — P .-
*++3 BYPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
MODEL 0:NPN 0:NPN 0:PNP 0:PNP
IB 2.550E-07 2.453B-07 -9.941B-07 -9.932E-07
Ic 5,169E-05 4.971E-05 -4.970E-05 -4.571E-05
VBE 5.961E-01 5.951E-01 -6.194E-01 -6.194E-01
VCE 2.374E+00 2.322E+00 -6.194E-01 -6.713E-01
VBC -1.778E+00 -1.727E+00 0. 5.197E-02
vs -1.779B+00 -1.727E+00 -1.7T79E+00 -1.779E+00
POWER 1.229E-04 1.156E-04 3.140E-05 3.399E-05
BETAD 2.027E+02 2.026B+02 5.000E+01 5.005E+01
GH 1.998E-03 1.922E-03 1.921E-03 1.921B-03
RPI 1.014E+05 1.054B+05 2.601E+04 2.604E+04
RX 2.000B+02 2.000E+02 3.000E+02 3.000E+02
RO 2.549B+06 2.649E+06 1.006E+06 1.006E+06
BETAAC 2.027E+02 2.026E+02 4.3937B+01 5.002E+01
A SMALL-SIGNAL TRANSFER CHARACTERISTICS
vi6)/VI = -1,240E-03
INPUT RESISTANCE AT vI = 1.150E+08
GUTPUT RESISTANCE AT V(6) = 1.636E+06
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In the -Hg.ur& below,
Il' I:_ = I3 = I

4
and

Ro = Top || Toq

= 50 4A

+ 2.5V

(¢
5 IFT Ro
. M
VO
M, M, .
+ ' ‘_:__L
i 100 4 A
-2:5V
From (1.163),
VAn= L‘H:/ dX4
DV, = 1-2(012) |
0.08

0-04

424

'32= q____SV = |90 kn
50 MA
e - 6% = 320k
50 4A "
Cox = 3:9% 8854 %10 | 53,57 ¢
150 x 10 8em emt
Kp = 23x10(250) = 58 4A
VZ.
K, = 2-3):!0'7(550) = 127 YA
V?—
\
g, = 2 Kn (), T
\
=[2(127)_22__ 50
[1-2(0:12)]
v
Ro = Tz Il o =190 knl] 320 k2
= 119 k&
Vo = +6mRy= 0:814m (12K)
Vi

= 109
From SPICE (inserted attheend),

Vo - 142 and R, =138 k2
fi
The difference between the
hand calculations and SPICE
in this case stems {from the
fact that early voltages are
small. As a resull, the expressions

for transcondouctance and
output resistance should be

changcd.
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A
"W
ID; X T (l-"z VDS)
v =0O- vV, -V Th ’ N\
bs, A en, g= X' n f 2Ip (14
, . LI A (1+7AWs)
V= 0-7v (ignering body effect) C

)
Gm = Jj:k’.'% Ty (147 Vig)

=J2(l27) 50 (50)(i+z5)"
|-2(012) 9.5

-
127 (50)/1-2(012)]

Vs, £-0:7-0.1 = 0.8V

= (1-03 n_.vx_x_) (240 k2 || 336 ka)

s

Vpg = Vb = 25 = [ Vgl Vovs

' V+ = -0.7V = [44.2
P .
[V, | = I 2(50) _ o5 my Although these final hand
% 58 (10%/1-2(018) calculations are more accurate
Vp, & 25-0.7-0.1 = [TV than the onginal bhand
: colculations . hand calevlabons

= l'7+0‘8=2'5V

Vs, vsvally vse the original formulac
gy = 151425 _ 24okn for Simplicity .
50 yA
Similarly,
5 = | Vap | + [Vos,|
Ip

4
VD54_= VD53= Vés_g o~ _Dv7—0"='0'6v
Yog = (l6+0-8)V - 336 kn
50 4A
From (1:179),
gm = 3"-?_— (Ves=Ye) (1+ V)

From (.165)
- 32_’ b (Ves=V%)" (14 A V)



M0S DIPFERENTIAL PAIR WITE CURRENT-MIRROR
*ENNEY

vDD 1000 2.5

vss 2000 -2.5

m 2 3 4 200 BMOS W=500 L=1U
|.v] 6 0 4 200 NMOS W=50U0 L=10
) c] 2 2 100 100 PMOS W=100U L=1U
1] 6 2 100 100 PMOS W=100U L=1U

ITAIL 4 200 100U
RTAIL 4 200 1MEG

LOAD

L4-26

*POR N-CHAN, KP = UN*COX = 550*1.38E-7 = 127 UA/V**2
58 UA/V**2
.MODEL KMOS MM0S LEVEL=1 LAMBDA=0.105263 VT0s0.7 KP=127U LD=0.120
.MODEL PMO3 PWDS LEVEL=1 LAMBDA=0.0625 VTO0=-0.7 KP= 580 LD=0.180

*FOR P-CHAN, KP = UP*COX = 250*1.38B-7 =

viDc 3 5 OM

VI 5 0
.OPTIONS NOMOD ROPAGE
NIDTH OUT=80
.OP
.DC VI -0.01 0.01 0.002
.PLOT DC V{6)
TP V(6) VI
.END

ssssevr  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000

VOLT Vi6)
‘A } 0. 1.000E-90 2.000E+00 3.000E+00 4.000E+00
. . - B ’

<1.000E-02 3.413-01-+----A-+------ PO P 4o pommmen b $ommmen +-
-9.000E-03 6.01B-0i1 + " + + B + . + +
-5.000E-03 8.67E-01 + + A+ + > + . + +
-£.000B-03 1.13B+8D + + +3 + + + + + +
-2.000B-03 1.41E+00 + + . A+ . + + + +

9. 1.698+00 ~ + + A e . + + +
2.000B-03 1.588+00 » + + + A + + + +
$.000B-03 2.27E+00 + + + + s A+ + + +
§.0008-03 2.41E+00 + + + + + A+ + + +
8.000B-03 2.42E+00 + . + + A . + +
1.000E-02 2.42B+00-¢------ e 4eeeoan $ocamem boen Ab---- [ e ‘-

- + -

+#++  OPERATING POINT INFORMATION T™OM= 27.000 TEMP= 27.000

HODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:2 = 1.696E+00 0:3 = 0. 0:4 =-7.982E-01
+0:5 = 0. 0:6 = 1.696E+00 0:100 = 2.500E+00
+0:200 =-2.500E+00
reEe msrﬂs
SUBCKT
ELEMENT 0:M1 0:M2 0:M3 0:M4
MODEL 0:KMOS 0:NM08 0:FMOS 0:PMOS
I 5.085E-05 §.085B-05 -5.085BE-05 -5.085E-05
IBS -1.702E-14 -1.702E-14 0. 0.

IBD -4.197E-14 -4.197E-14 8.034E-15 8.034E-15

vGS 7.982B-01 7.982E-01 -8.034E-01 -8.034E-01

vDs 2.494E+00 2.494E+00 -8.034E-01 -8.034E-01

VBS -1.701E+00 -1.701E+00 0. 0.

VTH 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01

VDSAT 9.819E-02 9.819B-02 -1.034E-01 -1.034E-01

BETA 1.055E-02 1.055E-02 9.518B-03 9.518E-03

GAM EFF 0. 0. 0. 0.

¢ ] 1.036B-03 1.036B-03 9.838B-04 9.838E-04

GDS 4.239E-06 4.239B-06 3.026E-06 3.026E-06

GMB 0. 0. 0. 0.

wrer SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(6)/VI = 1.423E+02
INPUT RESISTANCE AT vi = 1.000E+20
OUTPUT RESISTANCE AT V(6) = 1,.379E+05

MOS DIFFERENTIAL PAIR WITH CURRENT-MIRROR LOAD
* (COMMON-MODE INPUT)

*RtteR

vob 100 06 2.5
vss 2000 -2.5

3 4 200 ¥M0S W=50U L=1U0
5 4 200 RMOS W=50U L=1U

+|CMRR| = 142.3/0.0005043 = 2.8285

Ml 2
n §
<] 2
.7} 6
ITAIL 4
RTAIL 4

2 100 100 PMOS W=100U L=1U
2 100 100 PMOS W=1000 L=1U
200 1000
200 1MEG

+POR N-CHAN, KP = UN*COX = 550*1.38E-7 = 127 UA/V**2
+POR P-CHAN, KP = UP*COX = 250*1.38E-7 = 58 UA/V**2
.MODEL NMOS NMOS LEVEL=1 LAMBDA=0.105263 VT0=0.7 KP=127U LD=0.120
. MODEL PMOS PMOS LEVEL=1 LAMBDA=0.0625 VTO=-0.7 KP= 580 LD=0.180

viDc 3 5 oM
Vi 5 0
.OPTIONS NOMOD NOPAGE
.WIDTH OUT=80
0P
.DC VI -0.01 0.01 0.002
.PLOT DC V{§6}
JIF V(6) VI
.END
#s+4++  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
VOLT vi6}
A ) 1.696E+00 1.696E+00 1.6968+30 1.696E+3) 1.696E+00
B + . B +
1.000E-02 1.69B4D0-+mnnnnmommmmm$mnmmmdommosdononsboRooemdo koo
-8.000E-03 1.€9E+00 + * + - * A+ + . .
-5.000E-03 1.69E+09 + + + + R WY + + +
-4.000E-03 1.69E+00 + + + + +A + + + -
-2.000E-03 1.63E<00 + + + + A + + + +
0. 1.69E+00 + + + + A . + + + .
2.000E-03 1.69E+00 . + At + . . + +
4.000E-03 1.69E+00 » + + A+ + . + + +
6.000E-03 1.69E+00 » + A + + . + + +
§.000E-03 1.99E+00 v+ A+ + * - » + +
1.0008-02 1.69E+00-+------ T e demmemdemooo #ommmoe #emmmme AETEEEE *-
+ + + * +
t**+ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE RODE =VOLTAGE
+0:2 = 1.696B+00 0:3 = 0. 0:4 =-7.982E-01
+0:5 = 0. 0:6 = 1.696E+00 0:100 = 2.500E+00
+0:200 =-2.500E400
*2e¢ MOSFETS
SUBCKT
ELEMERT 0:M1 0:M2 0:M3 0:M4
MODEL 0:NMOS 0:NMOS 0:PMOS 0:PMOS
ID 5.085E-05 5.085B-05 -5.085E-05 -5.085E-05
IBS -1.702B-14 ~1.702E-14 0. 0.
IBD -4.197E-14 -4.197E-14 8.034E-15 8.034E-15
vVGS 7.982E-01 7.982E-01 -8.034E-01 -8.034E-01
VDS 2.494E+00 2.494E+00 -8.034E-01 -8.034E-01
VBS -1.701E+00 -1.701E+00 0. 0.
VTH 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01
VDSAT 9.819E-02 9.819E-02 -1.034E-01 -1.034E-01
BETA 1.055E-02 1.055B-02 9.518E-03 9.518E-03
GAM EFF 0. 0. 0. 0.
GM 1.036E-03 1.036B-03 9.838E-04 9.838E-04
GDS 4.239E-06 4.239B-06 3.026E-06 3.026BE-06
GMB 0. 0. 0. 0.
bhbdd SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{6)/VI = -5.043E-04
INPUT RESISTANCE AT VI = 1.000E+20
OUTPUT RESISTANCE AT V(6) = 1.379E+05
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Xp = 23xI67(250) = 58 MA
vﬂ-
Ro = Qnurhq(b+3m4(1K))

dm, = (2(53) _100__ sy

| —2(0:18)
= 952.H¢6
R, = 190k || [320K+ (It (0952)(2))]
= |58 kK&

= G6mR,= 0914 (158) = 144

S|
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MOS DIFFERENTIAL PAIR WITH SOURCE-DEGENERATED CURRENT-MIRROR LOAD MOS DIFFERENTIAL PAIR WITH SOURCE-DEGENERATED CURRENT-MIRRCR LOAD

thesRd * (cm_m m)

VoD 1000 2.5 traees

vss 2000 -2.5 VDD 100 0 2.5

M1 2 3 4 4 HMOS W=50U L=1U vss 2000 -2.5

T 6 0 4 4 FM0S W=S0U LalU ML 2 3 4 4 RS W=500 L=10
+ HOTE THEAT CORNECTING THE BODY TO THE SOURCE ELIMINATES M2 6 5 & 4 O3 W=500 L=10
* THE BODY EFFECT. *|CMRR| = 194.5/0.0015 = 1.30ES

M3 2 2 8 100 PMOS W=100U L=1T * NOTE THAT CONNECTING THE BODY TO THE SOURCE ELIMINATES
M 6 2 9 100 PMOB W=100U L=1U * THE BODY EFFECT.

RS3 1008 2K M3 2 2 8 100 PMOS W=100U L=1U
RS4 1009 2K M 6 2 9 100 PMOS W=1000 L=1D
ITAIL 4 200 100U RS} 100 8 2K

RTAIL 4 200 1MEG RS4 1009 2K

*FOR N-CHAN, KP = UN*COX = 550%1.38E-7 = 127 TA/V**2 ITAIL 4 200 1000

*POR P-CHAN, KP = UP*COX = 250*1.38E-7 = 58 UA/V**2 RTAIL 4 200 1MEG

. MODEL 3OS 1008 LEVEL=l LAMBDA=0.105263 VT0=0.7 KP=127U LD=0.120 *POR N-CHAN, KP = UN*COX = 550%1.38B-7 = 127 UA/V**2
.MODEL PMOS PMDS LEVEL=1 LAMBDA=0.0625 VTO=-0.7 KP= 58U LD=0.180 $FOR P-CHAN, KP = UP*COX = 250%1.38E-7 = 58 UA/V**2
.MODEL HMOS NMOS LEVEL=1 LAMBDA=0.105263 VT0=0.7 KP=127U LD=0.12V

viDc 3 5 oM .MODEL PMOS PMOS LEVEL=1 LAMBDA=0.0625 VTO=-0.7 KP= 58U LD=0.18V
VI 5 0
.OPTIONS NOMOD ROPAGE viDc 3 5 OM
.WIDTH OUT=80 VI 5 0
0P .OPTIONS NOMOD NOPAGE
.DC VI -0.01 0.01 0.002 .WNIDTH OUT=80
.PLOT DC V(6) .OP
JTF V(6) VI .DC VI -0.01 0.01 0.002
.ZND .PLOT DC V(6)
TP V(6) VI
ssax4t DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000 .END
VOLT vi6) sak+4s  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000
A ) -1.00C2-00 9. 1.0008-00 2.000E+00 3.000E+00
+ + + + + VOLT V(6
-1.000E-02 -1.79E-01-+------ L L SRCEESY #mmmeee D $ommeee e $ommme +- 7Y } 1.5548+00 1.594E+00 1.5948+00 1.594E+C0 15948420
-§.000B-03 1.49E-Q1 « + + A + + + . + + + + + + +
-5.000E-03 ¢.90E-01 + + . A + + + + + -1.000B-02 1.53E+00-4------ beomman +
-4.000B-03 B.452-01 + + + I + + + + -2.00CE-03  1.59E+00 + + + + . + Ae + *
-2.000B-03 1.21E+00 + + - + +h . * + -6.0008-03 1.59E+00 + + + + + +A + . +
0. 1.592+00 + + + + + A + + + -4.0002-03 1.59E+00 + + - + + A+ . + +
2.000E-03 1.99E+00 + + + + . + A > + -2.000E-03 1.59E+00 « + + . A + . + +
4.0008-03 2.31E+00 -+ + + + + . LI S + 0. 1.55E+00 + . + A e + . + +
§.000E-03 2.33E+00 + . + + + + + A+ + 2.000E-G3  1.59E+00 - . A+ + + - . -
B.0C0E-03 2.34E+C0 + + + + + + LI + 4.000E-03  1.55E+00 + +A . + + + . +
1.00CE-02 2.35B+00-+------ #emmoe 4oemoe $oee #omoee 4oooe 4----h- toomoes +- §.0002-03 1.55E+00 + + A+ + + + + + .
* + + M + §.0008-03 1.59E+00 + A + . . + + + .
sss2 OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 1.000B-02 1.59E+00-+--A--- yommms 4mmmes $ommoes 4ememee boeooo- toeonen Homeeen +-
NODE =VOLTAGE NODE sVOLTAGE NODE =VOLTAGE . + + + .
+se4 OPERATING POINT INFORMATION TROM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:2 = 1.594E+00 0:3 = 0. 0:4 =-7.9868-01 +0:2 = 1.594B+00 0:3 = 0. 0:4 =-7.986E-01
+0:5 = 0. 0:6 = 1.594E+00 0:8 = 2.398E+00 40:5 = 0. 0:6 = 1.594E+00 0:8 = 2.398E+00
+0:9 = 2.398E+00 0:100 = 2.500B+00 0:200 =-2.500E+00 +0:9 = 2.398E+00 0:100 = 2.500E+00 0:200 =-2.500E+00
232 msms (222 msms
SUBCKT SUBCET
ELEMENT 0:M1 0:M2 0:3 0:M4 ELEMENT 0:M1 0:M2 0:M3 0:M4
MODEL 0: M08 0:NM08 0:PMOS 0:PMOS NODEL 0:NMOS 0:NM08 0:PMOS 0:PMOS
e 5.085E-05 5.085B-05 -5.085E-05 -5.085E-05 I 5.085E-05 5.085E-05 -5.085E-05 -5.085E-05
IBS 0. 0. 1.017B-15 1.017E-15 IBS 0. 0. 1.017E-15 1.017E-15
IBD -2,394E-14 -2.394E-14 9.051E-15 §.0S1E-15 IBD -2.394E-14 -2.394B-14 9.051E-15 §.051E-15
vGS 7.986E-01 7.986E-01 -8.034E-01 -8.034E-01 vGS 7.986E-01 7.986E-01 -8.034E-01 -8.034E-01
vDs 2.393E+00 2.393E+00 -8.034E-01 -8.034E-01 VDS 2.393E400 2.393E+400 -8.034E-01 -8.034B-01
VBS 0. 0. 1.017E-01 1.017E-01 VBS 0. 0. 1.017B-01 1.017B-01
VTH 7.000B-01 7.000E-01 -7.000B-01 -7.000BE-01 VTH 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01
VDSAT 9.860E-02 9.860E-02 -1.034E-01 -1.034E-01 VDSAT 9.860B-02 9.860E-02 -1.034B-01 -1.034E-01
BETA 1.046E-02 1.046BE-02 9.51BE-03 9.518E-03 BETA 1.046E-02 1.046B-02 9.518E-03 9.518E-03
GAM EFF 0. 0. 0. 0. GAM EFF 0. 0. 0. 0.
GM 1.031E-03 1.031E-03 95.838E-04 9.838E-04 GM 1.031E-03 1.031E-03 9.838E-04 9.838E-04
GDS 4.275B-06 4.275B-06 3,026E-06 3.026E-06 GDS 4.275B-06 4.275E-06 3.026E-06 3.026E-06
GMB 0. 0. 0. 0. GMB 0. 0. 0. 0.
thes SMALL-SIGNAL TRANSFER CHARACTERISTICS ebd SMALL-SIGNAL TRANSFER CHARACTERISTICS
V(6)/VI = 1.945E+02 V{6)/VI = -1.500E-03
INPUT RESISTANCE AT A'2¢ = 1.000E+20 INPUT RESISTANCE AT VI = 9.999E+19
OUTPUT RESISTANCE AT V(6} = 1.901E+05 OUTPUT RESISTANCE AT V(6) = 1.901E+05
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Half circuit of the dotted box .

is the CE-CB conﬁ'gumh'on-
the eguivalent circuit 18

+v“ &— I‘3
+ J{ + '
i 3V GmV $ R,;
o— — —0

Where R =1t  6m= gm,

Ros™ Batos = By oy = Roz

} Rour = Roi Il Roz
= : Rey = Ps ¢
| ' :
- : L= L, =Teg= e, 7 Ig" L,
@ITAH_ lr z-I, = -I,. = Igg/z

2anpnp + 4m ﬂm
B By
Av: gm ROUT =

2 nrnr + nntn

Pc P4
Ay =[ yzx 5xf4+ 2x 54) } = 4,8){!04

200
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BJT CASCODED DIFFERENTIAL PAIR WITH CASCODED CURRENT-MIRROR LOAD

vee 1000 2.5

VEE 2000 -2.5
VBIAS 9 2 1.3

Q1 3 1 2 RPN
Q2 4 0 2 NPN
Q3 5 9 3 NPN
Q4 6 9 4 NPN
Q5 5 5 17 PNP
Q6 6 5 8 PNP
Q7 7 7 100 PNP
Q8 8 7 100 PNP
ITAIL 2 200 1000
RTAIL 2 200 1MEG

.MODEL NPN NPN RB=200 BF=200 VAP=130 IS=5B-15
.MODEL PNP PNP RB=300 BF=50 VAP=50 IS=2E-15

* A DC INPUT VOLTAGE OF ABOUT 2 MV PORCES THE VOLTAGE FROM
¢ THE OUTPUT TO GROUND TO BE ABOUT EQUAL TO THE VOLTAGE
* FROM NODE 5 (THE CASCODE CURRENT MIRROR INPUT) TO GROUND.

vIDC 1 10 2M
VI 10 0
.OPTIONS NOMOD NOPAGE
.WIDTH OUT=80
.0P
.Dc VIDC -0.01 0.01 0.001
.PLOT DC V(6)
.TF V(6) VI
.END
s#s#e++ DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
VOLT Vi6)
A t 2. 5.000E-01 1.000B-09 1.500E+60  2.000E+00
+ + - + +
-1.000E-02 1.06B-01-+--A---*------ O #oomenn Soemo- 4mennon L $omnnnn .-
-9.000E-03 1.11B-01 + A + . + . + + + +
-8.000B-03 1.158-01 + A+ - . . B 4 + +
-7.000E-03 1.208-01+ A+ + + + . + + +
-5.C00E-03 1.25E-01 ¢+ A ¢ + . + - + + +
-5.000B-93 1.31B-01 + A + + + + + + + +
-4.000B-03 1.36B-01 + A ¢ + + . + 4+ + +
-3.0008-03 1.43B-01 ¢« & + . + + + + +
-2.0008-03 1.51E-01 ¢+ A . + B + B . +
-1.000B-03 1.60E-01 ¢+ A ¢ B . . B + + +
0. 1.73E-01-¢----A-4------ Hoeme $o e bemoo oS PSR PO +-
1.0008-03 1.938-01 + A+ + + + + + + +
2.000E-03 5.86E-01 + + 13 S + + + + +
3.009B-C3 1.77B+00 + + + > . + + 43 +
£.000E-03 1.79E+00 + + * + * + + +A +
S.000E-03 1.80B+00 + + + + - . + + A +
§.000E-C3 1.81E+0C ¢ + . . . . + A+
7.C00B-03  1.82E+00 + + + . + + + A
8.000E-03 1.B2E+00 + ‘ B . + + + A+
9.000E-93 1.83E+(C + + + + + + B + A +
1.900E-02 1.83B+00-4------ Hoenmen bomoeon PSRN PO JO—— FUSR IS S
+ + . - +
+##+ QOPERATING POINT INFORMATION TNOM= 27.000 TEMP=
NODE =VOLTAGE NODE =VOLTAGE NODE
+0:1 = 2.000E-03 0:2 =-5.950E-01 0:3 =
+0:4 = 1.100BE-01 0:5 = 1,260E+00 0:6 =
+0:7 = 1.880E+00 0:8 = 1.879E+00 0:9 =
+0:10 = 0. 0:100 = 2.500E+00 0:200 =-2.500E+00

=VOLTAGE

1.081E-01
5.857E-01
7.050E-01

#+++ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2

MODEL 0:NPN 0:NPR
IB 2.644E-07 2.447B-07
Ic 5.292E-05 4.899E-05
VRE 5.970E-01 5.950E-01
VCE 7.032B-01 7.050E-01
VBC -1.061E-01 -1.100E-01
vs -1.081E-01 -1.100E-01
POMER 3.737E-05 3.468E-05
BETAD 2.0018+02 2.001E+02
e ] 2.045E-03 1.894E-03
RPI 9.783E+04 1.056E+05
RX 2.000E+02 2.000E+02
RO 2,458E+06 2.656B+06
BETAAC 2.001E+02 2.001E+02
SUBCKT

ELEMENT 0:Q5 0:Q6

MODEL 0:PNP 0:PNP
IB -1.014E-06 -9.613E-07
Ic -5.068E-05 -4.874E-05
VBE -6.199E-01 -6.185E-01
VCE -6.199E-01 -1.293E+00
VBC 0. 6.750B-01
vs -1.261E+00 -1.261E+00
POWER 3.204E-05 6.364B-05
BETAD 5.000E+01 5.067E+01
e | 1.958E-03 1.884E-03
RPI 2.551E+04 2.689E+04
RX 3.000E+02 3.000B+02
RO 9.866E+05 1.039E+06
BETAAC  4.997B+01 5.064B+01
12 221

vi6)/V1

INPUT RESISTANCE AT
QUTPUT RESISTANCE AT V(6)

0:Q3
0:NPN

N 0N

-

[ SN I SERT RN U U]

.621E-07
.265E-05
.968E-01
.152E+00
.558E-01
.260E+00
.084E-05
.008E+02
.0358-03
.B66E+04
.000B+02
.479B+06
.008E+02

0:Q7
0:PNP

-9.
-4.
-6.
-6.

-1.
3.140E-05
5.000E+01
1.9218-03
2.
3
1
4

941E-07
970B-05
194E-01
194E-01
0.

8BOE+00

601E+04

.000E+02
.006E+06
.997E+01

0:
0

2.
4.
5.
4.

1.
-5.
2.
1.
1.
1.
2.
2.
1.

o
NPN

439E-07
874B-05
950x-01
7578-01
192E-01
857E-01
333E-05
998E+02
884E-03
060E+05
000E+02 -
664B+06
997E+02

0:Q8
0:PNP

-9.
-4.
-6.
-6.

1.
-1

- = W N W

941E-07
970E-05
194E-01
208E-01
369E-03

.880E+00
.147E-05
.000E+01
-921E-03
.601E+04
.000E+02
.006E+06
.997E+01

SMALL-SIGNAL TRANSFER CHARACTERISTICS

4.909E+04
2.148E+05
2.611E+07
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A7 - 2-5
= LE g——-ﬂ:r
m MB
=] R
EA S
M3 +
L;j I M
M =v=13v i 2
v;_| —T r—l

100 A

—25
Ro =(9m¢ og Tos ) ” (GmyToy 2)

gm, = .ﬁ(se)é%%(sw - 0.952 MA

v
3m4 = ’\‘E('T’)_E_Q(EO) = 0:914 MVA
. o076
o= hg=_l6. = 320kn
504
"04‘ roz = 95 _ (90K
S50M4

Ro= [(0-252)(320) ] || [(0-214)(120) ]
=24 M
= 6m Ro= ém, RO

= 0.914 (24-7%10°) = 22,600

SR

[ In the figure, in prachce V would
be adjusted so that M, and M,

barely operate in the active region]
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MOS CASCODED DIFFERENTIAL PAIR WITH CASCODED CURRENT-MIRROR LOAD SUBCKT
132222 m
v 100 0 2.5 MODEL
vss 2000 -2.5 pos]
VBIAS & 2 1.3 IBES
u 3 1 2 2 CMOSN W=50U L=1U0 IBD
v] 4 0 2 2 CMOSN W=50U0 L=1U vGs

). <} 5 9 3 3 CMOSN W=500 L=1U VD8

] 6 9 4 4 CMOSN W=500 L=10 VBS
M5 5§ 5 7 7 CMOSP W=100U L=1U0 VTH

M6 6 5 8 8 CMOSP W=100U L=1U0 VDSAT
Ly 7 7 100 100 CMOSP W=100U L=1U0 BETA
us 8§ 7 100 100 CMOSP W=100U L=1U GAM EFF
ITAIL 2 200 100U G
RTAIL 2 200 1MEG GD8
*FOR N-CHAN, KP = UN*COX = 550*1.38E-7 = 127 UA/V**2 GMB

*POR P-CHAN, KP = UP*COX = 250*1.38E-7 =

58 UA/V**2

.MODEL CMOSN BMOS LEVEL=1 LAMBDA=0.105263 VT0=0.7 KP=127U LD=0.120 SUBCKT

.MODEL CMOSP PMOS LEVEL=1 LAMBDA=0.0625

viDc 1 10 O0M
VI 10 0
.OPTIONS NOMOD NOPAGE
WIDTH OUT=80
.0P
.DC VIDC -0.01 0.01 0.001
.PLOT DC V{6)
.TF V(6) VI
.END

*#2e4%  DC TRANSFER CURVES TROM= 27.000 TEMP= 27.000

VOLT V.6
A H -1.090E-20 5. 1.000E-00 2.000E+00  3.0C0E+00
+ + + + +

1.G00B-C2 -7.30B-81-4-m-A-domrmambennnns PR IR PO PR PO .-
-3.000B-03 -7.278-01 + A o . . . . . .
-8.6098-03 -7 ME-JL+ A+ . + + + + +
-T.000B-03 -7U21E-01 e A 4 + + + + + +
-6.0008-03 -T.17E-31 » A + . . + + + +
-5.0002-03 -7.12E-0L + A+ » + . B + +
-4.0008-03 -7.08B-91 + A + . + + + + +
-1.0002-03 -7.01E-01 + A + + + + + +
-2.0002-03 -6 SSE-01 + A e + + + . + +
-1.20€2-03 -4.71E-D1 A + + + + + +

Q. §.938-01-+------ oo L LEREEES Ad------ beeoenn #ommmee L +-

1.9008-03 1.98E+0C + + + + + A + +

2.000B-03 2.28B+30 + + + + > T Y +

3.00(E-03 2.40B+00 + + 4 + + + A+ +

4.000B-93 2.4CE+3C + + + + + + A+ +

3.300B-03 2.4IE-J0 + + + + . . A+ +

§.000E-93  2.41E-09 + + + + B + A+ B

T.I00E-03 2 41E-DC 4+ + + . + + A+ +

8.30(28-03 I.4ZE-00 + + + + + + A+ +

9.03(E-03 2.HZEe30 + + + + + + At +

1.00CB-02 2. 42E#D0-s-v---- P e [ PO J— PN Aboeomn .-

i + + + +
¢+++ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 0. 0:2 =-8.076E-01 0:3 =-3.115E-01
+0:4 =-3,115E-01 0:5 = 8.933E-01 0:6 = 8.933E-01
+0:7 = 1.696E+00 0:8 = 1.696E+00 0:9 = 4.924E-01
+0:10 = 0. 0:100 = 2.500E+00 0:200 =-2.500E+00

0:M1
0 :CMOSN
5.085E-05
0.
~-4.961E-15
8.076E-01
4.961E-01
0.
7.000E-01
1.076E-01
8.7928-03
0.
9.455E-04
5.087B-06
0.

VT0=-0.7 KP= 58U LD=0.18U0 ELEMENT 0:M5

SMALL-SIGNAL TRANSFER

MODEL 0:CMOSP
In -5.085E-05
IBS 0.
IBD 8.034E-15
vGs -8.034E-01
VDS -8.034E-01
vBS 0.
VTH -7.000B-01
VDSAT -1.034E-01
BETA 9.518E-03
GAM EFF 0.
e 9.838E-04
GDS 3.026E-06
GMB 0.

T

v(6)/VI

0:m2
0:CMOSN
5.085E-05
0.
-4.961B-15
8.076E-01
4.961E-01
0.
7.000E-01
1.076B-01
8.7928-03
0.
9.455E-04
5.087B-06
0.

0:M6
0:CH0SP
-5.085E-05
0.
8.034E-15
-8.034E-01
-8.034E-01
0.
-7.000E-01
-1.034E-01
9.518E-03
0.
9.838E-04
3.026E-06
0.

INPUT RESISTANCE AT
OUTPUT RESISTANCE AT V(6)

0:M3 0:M4
0:CMOSN 0:CHMOSN
5.085E-05 5.085B
0. 0.
-1.205E-14 -1.205E
8.039E-01 8.039E
1.204E+00 1.204E
0. 0.
7.000E-01 7.000E
.039E-01 .039E
9.415E-03 .415B
0. 0.
9.785E-04 9.785E
4.750E-06 .750E
0. 0.

"
-

L4

-

0:M7

0:CMOSP

-5.085E-05
0

0:M8
0:CMOSP
-5.085E
. 0.
8.034E-15 B8.034E
-8.034E-01 -8.034E
-8.034E-01 -8.034E
0. 0.
-7.000E-01 -7.000E
.034E-01 -1.034E
.518E-03 9.518E
0. 0.
9.838E-04 9.838E
.026E-06 3,026E
0. 0.

-

w

CHARACTERISTICS

5

-05

-14
-01
+00

-01
-01
-03

-04
-06

-05

-15
-01
-01

-01
-01
-03

-04
-06

2.791E+04
1.000E+20
2.967E+07
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dm, (“_2._@-’%) Vv gD gm, (- ".zr"‘ ~Ve)
r . .
tail Go [dm] = _tout
i L] Vid
1= 6y (Wt %) L { g i |
. = gm; 13 Gt I, i
b = sz(-_’\_f@ -VS)
2

Vo= (hiHl2)r

=[8m: (V=) + g, (%) 1y

+ 9m, | It (3M:‘3M2) Yail
2[ 1 +(Fmtdm,) rm-,l}

(g”“_g'“z)'?-til - (5""|'3"“‘1)
=[(gm,-3mz)“gg = (GmitIm )] Vi H(@mtIm) N Gt G

= S8m
= - Vi -2
® ’\@[ ""(Qmﬁ gm, ) Yu‘,(] = (8m,; 8m,) réail—'zé 2am .
oot = I™4 (1) - I Where, G = gm,  + 2971
9ms * 2
= NV gmz = Fud 2 A—_—gm,,z
87 o (Via-V3)= gm, (F27%) =TI —
Ims * Als = + 44
o 5M3’ 3"‘3,4 ™34
‘ v, 2
oot = 14 [ §mg + Vg [Ams 2,
@ oV > [ __—’“3 Im, gmz] [ ~a ! gm4= 5m3)4— ‘_1_9:_“3,4.
— ém,] 2
P'Ug @ iﬂ to @ ) 6m [dm]‘:
lovs = ‘\ﬁ.‘.l [ M g, t gsz L ! ‘;’_"‘3,4
2 Gms - 2 _& 5m,}l(’+f§~u)("43’“:z)
-— (gm"'gmz) nﬁll —5_— [ 2"\* QM‘— gsz "'1’ AQMJ‘4 zg_m"z 2%'"
gm 29"3,4
I+ (8m,+8m,) L 3 Agn
| I - 2 Lz
2 louk = Vig { Iy g, [ 1= @ Im) ] gm, \ %9"3:':_) U“’m)}
= L gm, 1+ (Grm it Gny ) i b2 )

+ Gmy [ I+ (3""0— 3’“1)\({»4\5' ]
’+(%ml+ 3'“1)'1‘;1




13}

m] -4 gmtz('—%'ﬁ)(l-fasmm.)
2Gm,,2 2 G,z 4
[ — Agm, -
. lQm_M' |
|+ Smg,
- 23m " —d
| - > 2
7 dm | ! (Ag""ﬂ) (
29""»“ |4+ AGm;y,
— zgm.?s"
-l 1.
dmp,z | | —(Aﬁmu,z) ‘
Z8m,2
‘+ 49”‘31"‘
- 23’"3'4 -

( Exact if & = o)

Numerical values .

. .95
dm, . = 105+ 0:%> . | mA/y

2

= ,'05—0'95 = Ol MA/V

o] + 0.9

= | MA/V

Gm [dm] = ’_'_‘ [1-(0+05)’]

o~
~

0-2068 ™A/

without mismatch

Gy [dm] = gm, , = L M4,

DIFFERENTIAL PAIR WITH ACTIVE LOAD WITH MISMATCH
* FPIND GM([IM]

a1
RO1
[e_7]
RO2
RO3
M4
RO4
RTAIL 5 0.5MEG

+ SHORT THE OUTPUT TO FIND THE TRANSCONDUCTANCE
voUT 4 6 0

VI 1 6 O0AC1

.OPTIONS NOMOD NOPAGE

WIDTH OUT=80

-TF I{VOUT) VI

END

V]
w

o

w
OEUIQU!
[
w o
B g g

WO O

W W e W W
o
0
=

oo ocOoOOoWVWLLLuY
Ewg
o

e SMALL-SIGNAL TRANSFER CHARACTERISTICS

9.060E-04
1.000E+20
5.240B+05

I{VOUT)/VI
INPUT RESISTANCE AT vI
OUTPUT RESISTANCE AT I(VOUT)
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- P Y
Aa’g Ll = gm (’Vlc ’\fs) s
@ b= 8m (Ve M) - X G(dp) 9m, fo(dp)
o2
4 ' I -v)-Vz
/Vl (i) tail ( 3‘—""3'_;@?) ‘ ) r
b2 = gm, [Vuc“(‘&* h) *)mn] =1y
— ({14 12) Ve LTI '
T bz 4
b= 1y (1-€d) én_.,r;(dP)
_ . . . . | )
. . iy ‘
— (-t EdT L) Tial | -+
by [T 8m, Ty (2-€4) + (2-€eD) Yaai | L
v L
= gmz’\qc °* g"‘g';(dP) ‘
‘ This result is consistent with
..L’; = Fm, _
€ 14 gmy iy (27€d) H(2-Ed) Tt & 173)
foz
=_@ma (¢) Next, assume _9’___=O and
m
I+ @m, M, (2-€4)+2 Tail 3
dmalhaif r:: o= ¥y - Find &4 from gmﬁ” Gma
= me done.

29m, " 2T

(b) First suppose mismatch=0.Fnd

€d from _L_ #0 alone.
8’“3

g—"-’ +'\G & 'L = ' ’\f=r Vg
] L = - -
Im( ) 3o ) Tl i) Im Me?¥) =% >0

I3
r: b2 = 8my WVie-v) — V5
+ail r

(|

= gm (l,+'\§)..'.—'\_£ (from(®D)
Va3 — ro gM| rO
L= gm (Vi-%) + 377
Y;(AP) - 3""; L‘ +’Y-;- ( gmz_l)
g'mp TE’ 3m,
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'V5 = (l’l"' l‘:’_) Q.,‘[ w [l — §m, ) [H— 2 ail
b= Gma oy (W) B <9m2_,) - 43
Im, A G - gma [ I+ ZQ.UJ
. : dm e
lg = L([_g_n:l—t-rlmil (sz__:)] *
o Nm L [H- z'z.nJ
+ 2 Bl (Ema—i) Gm~ AGm n
e I 2
iz[l+_"ﬂ(l—3nu)] % = Agm (14 ogm\ 142 al
o\ Em am \ 2gmll
= L' [ Iy 4+ r'h” (Sm,__,)]
gy T R 3 e L) [|+ 1%:}
1 T (1= 8 dm o
—L = s 5M|)
L2 g . 4) Next assume _L_=o. Find
M 4 il ( sz—l) ( _
2m| rs gm,, 3 l
m - r alone .
- I+ Vol (l*'_?_'l‘_z-_) é4 -Fl’O Ol+ 02
o 3m
Y
ma (I + "un>_ Vel = 4
7 F |
9""‘! ° o smm%) ra‘ 5
Ed= 1— 4
P2 L ¥
= dms + Feail (sz —9—"" E‘”(’-emz i|+£2¢ é—q“'l
vy o \m T "9'::") &
__.sm; (l'f‘ "tail | — r-h” b= 8m (’V‘C-,V;) _Tf_
3"\3 T) I ol
2= 9m ('Vlc-'\é) "E_
;i’l‘_—f-t-?-'}nil(ﬁm;_! oz
gm, o gm .
9m, = gm('vlc‘ 5)'/‘_2 +YL‘Y§-
3 Tor Yo Fez
M) —
~ (9!“:.__,) (,+ zr“;l) i_'
dmi o iz_ = l‘| + (l|+ ‘L) tail (—:_—— :
9m oy Toz

am



4-37

i I — I- = ’ - Y.
b Ui (77,) ] € Em + (Bmg78m )
D (+9m,o3 |+ Gmg fos
= L [ P+ r{:-al, (?—_,: )] ~ [
el ‘oz = + dmy—Im,
' L .
_:L = - q:au'l( ol ?,'z) gm_; o3 dms
la
I+ Vil ("lr— "r.l) = _1 + Aam_,m
o o2 | | JmsTo3 Gy +2qms
L -1\ L - 3,4 >
Ed= |- “l = |t q’ml( o1 Gz) HE!”("B. T';) <
{ | | = { + Aam&"
2 I+ Ny ('r_ -4 ) -
o SR dmszlos gm_“’(H' Grws,.,
= zrfaut(—":g—r_;',_) ~ 2T | ’ 2Gm;
L Teail (-‘_?:c--f;; ~ + S, (! A"".m)
aes Gy \ Tim,
o = T (dp) + A% (4P)/y | g
~ + a MJJQ
e () o |

= ! - | ( Same 45 4-187)

1
oo (dp)tan(dp)  r(dp)-2n(dp)

—

L
Tor

2 2
_ £
= — an(dp) (8) Gm[cm]= “-;: ™
4, Numeri cal values :
ianore
= —ar,(dp) Ed = _1 -0 [|+z.0_'§]
. kim(i000) | ‘
- (4p) = — 0. 00|
Ed 2 —2 Nl Al (dp) -
R S = ) +_0°2 - 0.2009
ro(dp) 17 (4P) M Tmgom) 1
(¢) Total & = __| — 2N oGP 6m [cm] = -0.09914 0.2009
gmya(dp)  B(d) () 2(0.5 M)
-7
— 4gm (4P {H— Um‘;] = -1:02x10" Ay
§m(dP) (P cmRr = 6m[dm] = seg0

(same as 4+186) em [em]
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DIFFERENTIAL PAIR WITH ACTIVE LOAD WITH MISMATCH [',-'2.0 v 30V
* PIND GM[CH] =

@ 3 5 1 5 1.0 — c

ROI 3 5 0.95MBG

@z 4 5 1 5 0.95M

R2 4 5 1.05KQ Izl sR,=30kn _

@ 3 0 3 0 1.1 J/ID. BHA
R3 3 0 1ES

@ 4 0 3 0 0.9

R4 4 0 1S

RTAIL 5 0  0.5MEG Ql Rz

* BHORT THE OUTFUT TO FIND THE TRANSCONDUCTANCE

VOUT 4 o 0

VI 1 0 0AC1

-OPTIONS NOMOD NOPAGE RZ
WIDTH OUT=80
.TP I(VOOT) VI
-END

neee SMALL-SIGNAL TRANSFER CHARACTERISTICS

Ig = VCC‘VBE(on) = 30-0-7_. 0.97TmA

I(VoUT)/V1 = -9.237E-08
INPUT RESISTANCE AT VI = 1.000E+20 R 30 k
OUTPUT RESISTANCE AT I(VOUT) = 5.240B+05 l
From SPICE, I I,
-3 ,.,IORZ=VTZI\___: VTLn
-9.237x10 .
Wi thout misma tkch I, I, 5 YA S MA
From (4+186) =27-4 ks
€, = | Ro=r;,_<|+ dma.R2 )
G, ¥ (dlp) I+ gmyRa
o
im (1L Meg) 1000 5HMA
From &:187), R, = 27 4 K2 .
= h | A
5m3 ro_; o000
= | = | B, = 200 . 5
Im (L Meg) (000 _ -9 %104 27 4 x 10
Meg Rp= 26 (l + — -
From (4'|55)) , | 4+ 1-9x10 x27-4x10
200
ém )= _ _E,"_Lgf_
tail
2 5
_ looo = —2x10 A/V
2 (0:5 Meg)

CMRR ( withoot mismatch)

= 1 mAv  _ 500,000

2 x 102 Al
S0, mismatch reduces CMRR
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These give minimum +otal
resistance for given Y, and I,

For Problem (4-20), V=30V and

I,=5MA.
.. R= 26 mV - 5. 2kn
SHA
Rp = 26mV [ 293 _ 36.5kn
5 MA 0.026

This value of R, is t00 small n

4-21 practice as the currert drawn
- _ ¥ th ly is about
from the su abov
IlNi Rl ¢I° PP y
30-07 = 56 mA Which is quite
o Q. 5.2K
’[A l\%:gz_ high
L 22
I.,= VC-C"VBE _ / /’ , \ ,
IN .___R___("") --’:— circvit as shown in fig (4-31a)
} ! .
Whﬁr& V = v BE(on) N‘!H‘) VCc-‘- ’5V 3 Rl -wkﬂ, RZ- 10 K51
= 15-0.7 _ o.
IR, = v tn Iin IIN o707 0.-72 mA
I, 20 kn .
JoIR, = Vian Vo ToorRe =Vr &n L, o W Lo =N
I°R' Iom IDUT
e Ry = XL Ln _V_'_ IOUT= -‘—% ln_J_::_g_ = l-éxlaé,(n 0.7Z mA
Io TR Tour Tour
Let £ =R +R =R+ l’II- Ln EV_ By +rial and ¢rror we find out,
(~]
af - :+11IR. ( ) Four = 102 44
dR, I,
= |- _\_/L _L = 0
T, R,
." R‘ = _Y_T_ and
IO
= Y e (Y L)
Io Io VT



4-40

59""1% = Iowﬁz-r Vov,

b2
R, R, = SWing —Vou,
| |
‘ e 1 - N 2I
M, R, - ToyrRy = swing — Iz%
L

Ignore BE . Xy=lL,=0 where from @), we can put

N = 29
V., = ‘ 2IN (/L)z /ZR&VM’I:K/
OV‘- x’(N/‘-)‘ I R

= Swing JZIOUT 2-2;\6»'1

i (_w_> = 2N - 200 _ _-25.8
L X' (Yov) 194 (02*
TourRe J——-"__TJ - $Wing =0
JIouT \l \}—-(“}’ +4Rz > %
Which gives
~ ,
2x(), 2 Iour
—\
gmzkz = —| + \rl -+ Z&Vov, (W/ )2_\ 4 “(W,Io + 4 Tour g
___7@ 99
(I+gmz z) ZIM)T

JR, must be greater than 3emn,

02 4 5
e b - 1 -5 JR, " 'fw -2)10
dXafdv,, ©°% 2 %1075 !
02 T —_ y > )
on _g%(o.z) 6%+ 4x16°°(0-2)
Ro = 50 MJsL
2% 1072
gm.R zl0—1=2 — @ = 2.5584x16° _ |28
' -5
Puang@ in(®, 210
R, = 16.36 kR
1+ 2R, Vv, XY\ - 100
2oy (L)z. (___Vi. - 29 =772
Ha2 o 2(16:3¢K) (0D (196 84)

Q_szov' 3(1(_1_’_:_)2 = 99



=1
@) Tour=®

0-) MA When I, =1uA

Lour = Tin exp[ I’"R] (4-206)

4-4

/ Vp, =15V

R

Tindg Ry 137 kn iLI’
& [- ]
C—

nVq 2,
2> R= "Y1 10 I
Lin
& R,=70082
R = (:5)(26 mV) tn 10 = %0kn f
(I 4A) %

To keep transistor in weak inversion

Ves— VY, £ 0 . Input transistor conducts

Assome .
Io=5x 10 '°A

B, = 200
more current, y y e
I, = W I, exp [ Ves,~ Ve] Vae,T V8, T BE; T 2
L hv )
I ! L S N
Ny n _—IN_ = Vos = ¥4 <0 '.
W 1, Iin= 15-2%07_0.993mA
L 13.7 K
. W
o T S Vitn Ty 4 v inte,
* T
W >IN = IT4A _ 0 *
IS
b I,,;,= ©! YA When R=10ks oI, = VT on In = 26mV (‘””X‘O)

tn In = IR

R, I,I, 7o0n (leo °1)

By trial and error , I, = 0.97mA

Rg is the equivalent resistance

Tour nVvy
Trial % Error :
In tn Iin
IDUT
| MA 2-3
10 MA 4-6
20 YA 5-29
2] YA 5.35

50, Ty 2 21 M4A

2> Ino= 208 2 20

. ol

InR looking Into +he base of Qy
n¥r Rg= 2 _ 2% =520 1
0:-25¢ gm IfN
2:56 Where T-'rrsz 2.6 kn .. gmz-:;‘zv
2
> Ro = Tos (""’_3"’—32_‘_ = 3.2 M
5.38 Tk
B
Where, . = % >

03 . A Z 130ksn
ID
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426 427
S VoI5V — Erom (4-245), o
-Y GOVT
R' oKL J/ IDUT vBE(On)= VT Ln I'T EC
&, Put I, = L, [" K'(T'T")]
Q, Wh&r& K|= 1500 x ‘O—é
Ry=lkn
L L . VBE(on)‘ VT[M{I"[’_K'(T_T’)]}
S= Voo 3Ly —a'LnT+LnE+Zg_Q]
I 2V M
r:o}ho‘w ‘ u‘b = V- Vp [TAnT-tnE -2n1,
r this cir '
cireut -Ln{(—K,(T—T;)}]
Tour = VBE,
7. = Voo~ W [ranT-tn EI,]-V,K,(r-T,)
T, = Ve~ VBE,"VBE, 4 Using n(l+2)= X,
Ry Now , Vour = Vee omyt KV7
Vee, = Y tn I
Is S Vour= Voo T nT+ Vo (k4 tnEL)
.. Lot = _:_T- en Vee-VBE,~VBE, -V K (T-T,) — O
2 I
If Vge (on) <LV, then, aT TeT,
2Tt _ v, | Yo (k4 tnEL) - Y rinT, - Yoy
= T, T T
) _ -] ] o
Ve Rz Yoo "Be, Yse, -V k=0
and $ = !‘i A2 ! v S.K+UnET = YUNT, + ¥+ K T—=>®@
I R, V.. —-Vggp — .
our "% T TBET R 5D gives,
I‘I = 15-0.7-0.7 _ 1.36 mA Vout = vGo-i-Vr)’Ln l_;_e_-g- V¥ —vp Kk, (T-2T,)
]o 3 A& T‘T-o N VDUT = VGO+ V'roa,“' VTO K'To
o Vep, ¥ 26 An 36x10°my If T, - 298°k , k,;= 1500 x 168
-5
>x o Vi, = 26 MV V= 1:205V
" V,r=1-20 . )
Iy - 0685 - o.sgsma e oUT 5+332x zexs—o‘
N . ' + 26 X10 " x 150010 x 298
. $=|I5 26xl0_| _= 0.04 = [.2096 V

0. 685 x IO_B o000 13:6
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/ o
For 3er0 Tc, of Yo,y at 25¢

We require Vo, = 1:262V
Vour = Ve, + -%2- (Vae,~ Ve,
3

= Vgg, t 0-1 Rz
R
3

I+ I, = 200 YA , then

=t
VBE'= VT Ln 200x 10 =

0.635V
S, 1262 = 0,635+ 0+ Ra
R3
~.' :K_z_ = 6,27 ——)@
R3
Also, Ry = Vour - Vee, = 1-262-0.435
I 200X 16°*¢
= 3.135 k1L

NOW) VBEZ'_' VBE"—OI,= 0.535Vv

Vi
oI = I e M s 5.

= 5x10

432 44

443

532
{-vT th Ta =V tn Ta
EB2 *s, I52.

( becavse base current is ignorcd)
av
Tg, = 2Ves
Rs
Now double I, and Ig . AV, is

constant. See (4:272) .Therefore,
Tg, and I, are constant. so,
Ves, changes by Vrtn L =—18mv
From (4-2486),

Veg.= Vo~ Vr L(¥-x)enT~ 2n (EG)]

2

AVes, -V (-K)_ [{F-<) (nT Yr+ Y tn(Ec)

ar T T
= -V (%) = Y [0 %) e T-An (6] V55 Y%
T
= Ves,~ Veo ~ Vr(¥-«)
T

under nominal conditions, the slope
of the Vgg, term and the slope of the
AVgg term at the ovtpul are set

' 1+tude and opposite
0. RptRg = 1-262-0.835 _ e 3,0 equal in maghitud PpO

4-32x16°¢
From(D , R, = 6.23R;3

. 6.23 Ry+ Ry =168-3Ka

P 23 = 23.) Ka, RQ_= 145-2 K

n polarity at 25°C tp Set TCp=0.
However,under the sSpecified
conditions, Ve, has fallen by 18 mV,
and its slope has fallen by 16 mV
254273

= 18 _ = A
5.—5-8 60 M%( 60 “V/c
3ince Ves, contributes directly to the
ovtpLt (see 4:2¢6),the ovkput slope
changes by the same amount.
Therefore, dVour | = -60 MYy
47T {1-25% ‘
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4B
With I and Ig, adjusted from
the nominal value but the gan
equal to the nominal value,

SPICE gives

_d__V__DUT l = “O ’qv/.c

dT 1. ,5%

With the gain readjusted so

that V.= target at 25,
oot
a7

=0
T=25°c
Therefore, +he case of I+ romindl
can be corrected by +rimming
the gain to set the output
equol to the target .
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BAND-GAP REFERENCE (CASE 1) #t#¢ OPERATING POINT INFORMATIOR TNOM= 27 TEMP= 25
rreaes NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
* CASE 1: Q1 AND Q2 NORMAL; +0:1 = 8.0368E-01 0:2 = 6.9683E-01 0:3 = 8.0356E-01
* R3 ADJUSTED FOR TC=0 AT 25 DEG C +0:4 = 1.1608E+00
*
* IN CASE 1, D(VOUT)/DT = 0 AT T = 25 DEGREES C: #+2¢ BTIPOLAR JUNCTIOR TRANSISTORS
* VOUT (AT T = O DEGREES C) = 1.1606 VOLTS SUBCKT
* VOUT (AT T = 25 DEGREES C) = 1.1608 VOLTS ELEMENT 0:Q1 0:Q2
* VOUT (AT T = 50 DEGREES C) = 1.1606 VOLTS MODEL 0:MOD1 0:MOD2
IB -3.5359E-06 -4.4213E-07
Q1 o0 1 MOD1 IC -3.5359B-04 -4.4213E-05
Q2 00 2 MOD2 VBE -8.0368E-01 -6.9683E-01
Rl 4 1 1K VCE -8.0368E-01 -6.9683E-01
R2 4 3 8K VBC 0. 0.
R3 3 2 2.395K Vs 0. 0.
El 4 01 3 10K POMER 2.8701E-04 3.1117E-05
BETAD 1.0000B+02 1.0000E+02
.MODEL MOD1 PNP I8=1.25E-17 o 1.37638-02 1.7209E-03
.MODEL MOD2 PNP IS=1E-16 RPI 7.2660E+03 5.8109E+04
RX 0. 0.
.OPTIONS NOMOD NOPAGE RO 2.7965E+15 3.4956E+14
.WIDTH OUT=80 BETAAC  9.9999E+01 9.9999E+01
.OP
.TEMP 0 25 50 *t¥s+ OPERATING POINT INFORMATION THOM= 27 TEMP= 50
* .END NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
+0:1 = 7.7351E-01 0:2 = 6.5771E-01 0:3 = 7.7339E-01
s+++ OPERATING POINT INFORMATION THOM= 27 TEMP= 0 +0:4 = 1.1606E+00
NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
+0:1 = B8.3348B-01 0:2 = 7.3560E-01 0:3 = 8.3336E-01 *##+ BTPOLAR JUNCTION TRANSISTORS
+0:4 = 1.1606E+00 SUBCKT
ELEMENT 0:Q1 0:Q2
#*##¢ BIPOLAR JUNCTION TRANSISTORS MODEL 0:MOD1 0:M0D2
SUBCKT IB -3.8328E-06 -4.7924E-07
ELEMENT 0:Q1 0:02 IC -3.8328E-04 -4.7924E-05
MODEL 0:M0D1 0:M0D2 VBE -7.7351E-01 -6.5771E-01
IB -3.2389E-06 -4.0501E-07 VCE -7.7351E-01 -6.5771E-01
Ic -3.23892-04 -4.0501E-05 VBC 0. 0.
VBE -8.3348E-01 -7.3560E-01 Vs 0. 0.
VCE -8.3348E-01 -7.3560E-01 POWER 2.9943E-04 3.1835R-05
VBC 0. 0. BETAD 9.9999E+01 1.0000B+02
vs 0. 0. e 1.3764E-02 1.7210E-03
POWER 2.7266E-04 3.0090E-05 RPI 7.2652B+03 5.8104E+04
BETAD 1.0000E+02 1.0000E+02 RX 0. 0.
e 1.3761E-02 1.7207E-03 RO 8.4155E+13 1.0519E+13
RPI 7.2670E+03 5.8115E+04 BETAAC 9.9999B+01 9.9999E+01
RX 0. 0.
RO 1.7378E+17 2.1722E+16
BETAAC  9.9999E+01 9.9999E+01
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BAND-GAP REFERENCE (CASE 2}
* CASE 2: ISAT IN Q1 ARD Q2 DOUBLED;

. R3 SAME AS IN CASE 1

»

* IN CASE 2,

* D(VOUT)/DT = (1.1443 VOLTS - 1.1413 VOLTS)/(50 DEGREES C)
. = -60 MICROVOLTS/(DEGREE C} AT T = 25 DEG C:
' VOUT (AT T = 0 DEGREES C) = 1.1443 VOLTS

. VOUT (AT T = 25 DEGREES C) = 1.1430 VOLTS

. VOUT (AT T = 50 DEGREES C) = 1.1413 VOLTS

Q1 o0 1 MODL

Q2 00 2 MoD2

R1 41 1K

R2 4 3 8K

R3 3 2 2.39K

EL 4 01 3 10K

¢ THE SATURATION CURRENTS HERE ARE DOUBLED FROM CASE 1
.MODEL MOD1 PNP I822.5E-17

.MODEL MOD2 PNP IS=2E-16

.OPTIONS NOMOD NOPAGE

WIDTH OUT=80

.OP

JTEMP 0 25 50

.END

*+2+ OPERATING POINT INFORMATION TNOM= 27 TEMP= 0
NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE

+0:1 = 8.1717E-01 0:2 = 7.192BE-01 0:3 = 8.1705E-01

+0:4 = 1.1443E+00

#+#+ BTPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2
MODEL 0:M0D1 0:M0D2

IB -3.2390E-06 -4.0502E-07
IC -3.2390E-04 -4.0502E-05
VBE -8.1717B-01 -7.1928E-01
VCE -8.1717E-01 -7.1928E-01
VBC 0. 0.

vs 0. 0.
POWER 2.6733E-04 2.9424E-05
BETAD 1.0000E+02 1.0000E+02
GM 1.3761E-02 1.7207E-03
RPI 7.2669E+03 5.8114E+04
RX 0. 0.

RO 8.6891E+16 1.0861E+16

w

BETAAC  9.9999E+01 9.9999E+01

*#** OPERATING POINT INFORMATION

THOM= 27 TEMP= 25

NODE=VOLTAGE RODE=VOLTAGE NODE=VOLTAGE
4+0:1 = 7.8587E-01 0:2 = 6.7903E-01 0:3 = 7.8575E-01
+0:4 = 1.1430E+00
++++ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMERT 0:Q1 0:Q2
MODEL 0:M0D1 0:M0D2
IB -3.5359E-06 -4.4213B-07

IC -3.5359B-04 -4.4213E-05
VBE -7.8587E-01 -6.7903E-01
VCE -7.85878-01 -6.7903E-01
VBC 0. 0.

vs 0. 0.
POWER 2.8066E-04 3.0322E-05
BETAD 1.0000E+02 1.0000B+02
e} 1.3763B-02 1.7209E-03
RPI 7.2659E+03 5.8108E+04
RX 0. 0.

RO 1.3982B+15 1.7478B+14
BETAAC 9.9999E+01 9.9999E+01
ts#% OPERATING POINT INFORMATION THOM= 27 TEMP= 50

NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
4+0:1 = 7.5421E-01 0:2 = 6.3841E-01 0:3 = 7.54039E-01
+0:4 = 1.1413E+00

##¢+ BTPOLAR JUNCTION TRANSISTORS
SUBCKT

ELEMENT 0:Q1 0:Q2

MODEL 0:M0D1 0:M0D2
-3.8329E-06 -4.7925E-07
-3.8329E-04 -4.7925E-05
-7.5421E-01 -6.3841E-01
-7.5421E-01 -6.3841E-01

0. 0.

0. 0.
2.9197E-04 3.0902E-05
1.0000E+02 1.0000B+02
1.3764BE-02 1.7211E-03
I 7.2650E+03 5.8103E+04

0. 0.
4.2077E+13 5.2597E+12
9.9999E+01 9.9999E+01

R5IaggEns

BRR
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BAND-GAP REFERENCE (CASE 3) s+42 OPERATING POINT INFORMATION TNOM= 27 TEMP= 25
* CASE 3: ISAT IN Q1 AND Q2 DOUBLED; NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
* R3 ADJUSTED 70 MAKE VOUT = TARGET IN CASE 1 +0:1 = 7.8704E-01 0:2 = 6.8020B-01 0:3 = 7.8692E-01
* +0:4 = 1.1608E+00
* TN CASE 3,
s R3 IS ADJUSTED UNTIL VOUT (AT T = 25 DEGREES C) #¢+#+ BTPOLAR JUNCTION TRANSISTORS
* IS EQUAL TO 1.1608 V (THE TARGET FROM CASE 1) SUBCKT
* UNDER THIS CONDITION, ELEMENT 0:Q1 0:Q2
*+ THE RESULTING D(VOUT)/DT = 0 AT T = 25 DEGREES C: MODEL 0:M0D1 0:M0D2
* VOUT (AT T = 0 DEGREES C) = 1.1606 VOLTS IB -3.7008E-06 -4.6275E-07
* VOUT (AT T = 25 DEGREES C) = 1.1608 VOLTS Ic -3.7008B-04 -4.6275E-05
* VOUT (AT T = 50 DEGREES C) = 1.1606 VOLTS VBE -7.8704E-01 -6.8020E-01
VCE -7.8704B-01 -6.8020E-01
Q1 0 0 1 MOD1 VBC 0. 0.
Q2 0o 2 MOD2 vs 0. 0.
R 4 1 1K POWER 2.9418E-04 3.1791E-0S5
R2 4 3 8K BETAD 1.0000E+02 1.0000E+02
*+ R3 IS ADJUSTED TO MAKE VOUT = TARGET IN CASE 1 1.4405E-02 1.8011E-03
R3 3 2 2.2835K RPI 6.9421E+03 5.5520E+04
E1 4 0 1 3 10K RX 0. 0.
RO 1.3982E+15 1.7478E+14
+ THE SATURATION CURRENTS HERE ARE DOUBLED FROM CASE 1 BETAAC  9.9999E+01 9.9999E+01
.MODEL MOD1 PNP IS=2.5E-17
.MODEL MOD2 PNP IS=2E-16 s##+ OPERATING POINT INFORMATION TNOM= 27 TEMP= 50
NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE
.OPTIONS NOMOD NOPAGE +0:1 = 7.5548E-01 0:2 = 6.3968E-01 0:3 = 7.5536E-01
.WIDTH OUT=80 +0:4 = 1.1606E+00
.OP
JTEMP 0 25 50 #+3* BTPOLAR JUNCTION TRANSISTORS
.END SUBCKT
ELEMENT 0:Q1 0:02
*+++ OPERATING POINT INFORMATION TNOM= 27 TEMP= 0 MODEL 0:MOD1 0:M0D2
NODE=VOLTAGE NODE=VOLTAGE NODE=VOLTAGE IB -4.0116E-06 -5.0160B-07
+0:1 = 8.1824E-01 0:2 = 7.2036E-01 0:3 = 8.1812E-01 IC -4.0116E-04 -5.0160E-05
+0:4 = 1.1606B+00 VBE -7.55482-01 -6.3968E-01
VCE -7.5548E-01 -6.3968E-01
t##* BTPOLAR JUNCTION TRANSISTORS VBC 0. 0.
SUBCKT vs 0. 0.
ELEMENT 0:Q1 0:Q2 POWER 3.0610E-04 3.2407E-05
MODEL 0:MOD1 0:MOD2 BETAD 1,0000E+02 1.0000E+02
IB -3.3901E-06 -4.2390E-07 GM 1.4406E-02 1.8013E-03
Ic -3.3901E-04 -4.2330B-05 RPI 6.9413E+03 5.5515E+04
VBE -8.1824E-01 -7.2036E-01 RX 0. 0.
VCE -8.1824E-01 -7.2036E-C1 RO 4.2077E+13 5.2597E+12
VBC 0. 0. BETAAC 9.9999E+01 9.9999E+01
vs 0. 0.
POWER 2.8016E-04 3.0841E-05
BETAD 1.0000E+02 1.0000E+02
M 1.4403E-02 1.8010E-03
RPI 6.9431E+03 5.5526E+04
RX 0. 0.
RO 8.6891E+16 1.0861E+16

BETAAC  9.9999E+01 9.9999E+01



From (4:265),

Vout = VeB, + K AV
| Rs

Since BVgg X Vr |

8

Voor = Ves, T KV where K < Ra -
R3

Therefore , if Ry is |7 low, then
K is 1% high.
Thus,
Vour = Veur lnom + 0.0l KVy
since NVourlm! = o

aT TeT,
_f\_\_/om ‘ = 0.0l K Vg,
aT 1=, T,

Now , KVT, = Yot |T‘ Tof Veg,

= 1.26-0-6 = 0O.66V

. o AVour = 0.0 2:66
AT 1.7, 298°K

= 22 MV/E

l T=T,

Y- 48
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532 DRy (_T_)%"
@ I, = Vee,~ Veea L JX(298%) 2"‘2"3> 228

y Z back W 21 [ n ]}'T 2(2-)
N ve feed bac rces 2= —
egative f fo L x/(r-206%) L 2m (2932“193)

Make dVgs .o at T-208k
- -V R _—

V = VB;, os

W =_2TI n
Therefore ,the outpu{'-referrcd L X(T-296%) [2m(298)]

offset is equal to -V here 200y [ 1.5 2
From (L.271), 194 [z(o.ooz)(ws)]
i\_)OUT = = VOS(OUT) = 3.265
dr T=To T,
4T |1.206% 296 /e

(b) Vps >0 reduces Vyyr So pick
R, too big.This magmﬁes the

Vg term, 5, dVour 5
aTt

.33
“/_v y
Ves = Yt Yoy

\
Vg = VJC(T.298°I<)—MAT+( 21
x’(T-208'K "w
( ) 98) v
2

Vgs = V, (T=208%) - MAT + V,, (T-298 k)L >”/

dVgs _ =M + Vpy (T-20¢°K) 0. (-T—>7—'._'__= o
-1

K(T-208K) B 2 298/ 208
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30
SinCC M3=M4,lID3, = IID")' 'Ip'=

Tp, = Lpas

2

—-\J Lgias )
S (B),

Ignori ng body effect,

Ve =Yy
Tgias= '}{ 2 Lgas
MnCox
I = 2 \/——\
-+ TBIAS Ly — (L) >
z"u,cox( (w), (w)z
L dIsms o =l dHy 2 AR
Tgias dT M, aT R dT

(4.243), M, K —

o= dMa S50
My dT
(21, Rx 4] <xT"
. 2 4R 5o
R 4T

Here M, I5 +he mobility of the
specific doping material vsed
for the resistor. The above thWo

terms tend to cancel each other.

L L | 3 ‘
(T JBL) = eam)- e

432
/S/ma!l— signal mode)
, Vaa
. ' )
‘xd‘) %’53 'Al% —9;‘4
' t
Sm‘(vu-'\fz) '792
ar
+ 2
+
__l-g _w '\fg R

So,
-1 : : -
'Vdd X o= xR +1x Izz—gmzro;_\f,-r 3,.,\521,2
gm,
Vaa= Ix (Rt 1 gm,p,R + 1 )
amy
- _ﬁ"kroz( ! x —+'\éu/,33)
a It Qn}/gm' Im,t ‘/‘rog
V; :
Ad {1+ Gm o, )= 'X(,k{"%‘f
I+ gm, 1o

r
3m, Moz R -%—3_'?_2 fos )

4 \+5m5r°3

(U g
ASSUmeE 15, = o3 2 -3ms .

o 1+ I, T
- |

Vad  Vad
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4-36
= | _
(£) = “rm () =20

Ignore channel \cngl'h mod v laton
for ‘op mosfet current mirror

hen ,I”s! =|Tp,| and Ip=In,
Also ignore base currents 1Ic,l= |Xc,]
Ts, Isa

Ves," Ves, = Vi n L¢ I, v tnlo
I"z I‘l

Neglect body effeck, Vi = Vi,

S| 2L,
“'n;:x ( (‘,%)2'.‘,-(—_};)\,)=V1Lﬂ 0
chz (V Ln (0 )2 nCox = = 203 M4A
\C} -F 5,

Wk T2 < T

] e 2-
o o IC')Z T
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BIAS CIRCUIT
+ IDEAL CASE: LAMBDA=0 AND IGNORE BODY EFFECT
+ ALSO USE INFINITE BETA AND EARLY VOLTAGE

* AND RB = 0 IN THE BIPOLAR TRANSISTORS
I

vee 1000 3 Ac 1

Ml 3 3 2 2 CMOSN W=100U L=10

nw 5 3 1 1 CMOSN W=50U0 L=1U

_t] 3 4 100 100 CMOSP W=50U L=1U

X4 ¢ 4 100 100 CMOSP W=50U L=10

Q1 0 0 1 PNP1O

Q2 0 0 2 PNP

* THE POLLOWING ELEMENT IS IRSERTED TO MEASURE IBIAS
VIBIAS 4 5 0

MODEL PNP PRP I8=2E-15 BF=1E8 VAF=1ES
.MODEL CMOSN RMOS LEVEL=1 VT0=0.6 KP=134U
.MDDEL CMOSP PMOS LEVEL=1 VT0=-0.8 KP=65U
.OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.OP

TP I{VIBIAS) Vec
D

s++et OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000

NODB =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 = 5.956B-01 0:2 = 6.552E-01 0:3 = 1.398E+00
+0:4 = 1.848B+00 0:5 = 1.848E+00 0:100 = 3.000E+00
SUBCKT
ELEMENT 0:Q1 0:Q2
WODEL 0:PNP 0:PNP

B -2.005B-12 -2.005B-12

IC -2.005E-04 -2.005E-04

VBE -5.956B-01 -6.552B-01

VCE -5.956E-01 -6.552E-01

VBC 0. 0.

vs 0. 0.

POMER 1.194E-04 1.314E-04

BETAD 1.000E+08 1.000B+08

e | 7.753E-03 7.753B-03

RPI 1.2898+10 1.283EB+10

RX 0. 0.

RO 3.599E+11 4.801E+11

BETAAC  5.999E+07 9.999E+07

*ege msms

SUBCKT

ELEMENT 0:M2 0:m2 0:13 0: 04
MODEL 0:CMOSN 0:CMOSN 0:CMOSP 0:CMOSP
bas] 2.005E-04 2.005B-04 -2.005E-04 -2.005E-04
IBS 0. 0. 0. 0.

IBD -7.438E-15 -1.253E-14 1.601E-14 1.151E-14
vG3 7.438B-01 8.033E-01 -1.151E+00 -1.151E+00
VDS 7.438E-01 1.253E+00 -1.601E+00 -1.151E+00
VBS 0. 0. 0. 0.

VTH 6.000B-01 6.C00E-01 -8.000E-01 -8.000E-01
VDSAT 1.438E-01 2.033E-01 -3.513E-01 -3.513E-01
BETA 1.940B-02 9.700B-03 3.250BE-03 3.250E-03
GAM EFT 0. 0. 0. 0.

a 2.7898-03 1.972E-03 1.142B-03 1.142E-03
GDS 0. 0. 0. 0.

B 0. 0. 0. 0.

reer SMALL-SIGNAL TRANSFER CHARACTERISTICS
I(VIBIAS)/VCC = 1.346B-11
INPUT RESISTANCE AT vee = 3.456E+10
OUTPUT RESISTANCE AT I(VIBIAS) = 1.457E+11

BIAS CIRCUIT

* REAL CASE: LAMBDA > 0 ARND INCLUDE BODY EFFECT
* ALSO USE PINITE BETA AND EARLY VOLTAGE

* AND RB > 0 IN THE BIPOLAR TRANSISTORS

(22221

1000 3 A 1

3 2 0 CMOSN W=100U L=1U
3 1 0 CMOSN W=500 L=1U0
4 100 100 CMOSP W=50U L=1U0
4 100 100 CMOSP W=50U L=1U
0

0

1 PNP 10

VIBIAS ¢ 5 ©

.MODEL PNP PNP I3=2E-15 BF=50 VAF=50 RB=300

.MODEL CMOSN NMOS LEVEL=1 VTO=0.6 KP=194U

+ LD=0.090 TOX=80E-10 LAMBDA~0.02439 GAMMA=0.283

.MODEL CMOSP PMOS LEVEL=1 VT0=-0.8 KP=65U

+ LD=0.09U TOX=80E-10 LAMBDA=~(.04878

* CcoX = 3.9(8.854E-14)/(80B-8) = 4.32E-7

* GAMMA = SQRT{2(Q) (EPSILON) (NA}}/COX

* GAMMAN =

* SORT{2(1.6E-19) (11.7) (8.854B-14) (4B16+5815)}/4.32E-7 = 0.283
* GAMMAP DORSN’T MATTER

* BECAUSE THERE 1S NO BODY EFFECT ON M3 AND Md

* LAMBDAN = (DXD/DVDS)/LEFF = 0.02/0.82 = 0.02439 V*{-1}

* LAMBDAP = (DXD/DVDS)/LEFF = 0.04/0.82 = 0.04878 v+{-1}

* CHANNEL-LENGTH MODULATION HAS A SIGNIFICANT EFFECT.

¢ TN PRACTICE, CASCODES ARE USUALLY USED TO REDUCE THIS EFFECT
* WHENEVER * THE POWER-SUPPLY VOLTAGE IS LARGE

* TO ACCOMODATE THE CASCODES. FOR EXAMPLE, SEE FIG. 4.50,

* WHERE CASCODES ARE APPLIED 70 A VBE REFERENCE.

,OPTIONS NOMOD NOPAGE

.WIDTH OUT=80

.O0P

.TF  I{VIBIAS) vCC

.END

s*+s+ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE

+0:1 = 6.104E-01 0:2 = 6.722E-01 0:3 = 1.545R+00

+0:4 = 1.786E+00 0:5 = 1.786E+00 0:100 = 3.000B+00

SUBCKT

ELEMENT 0:Q1 0:02

MODEL  O:PNP 0:PNP

1B -7.046E-06 -7.124E-06

1c -3.523E-04 -3.562B-04

VEE -6.104B-01 -6.722E-01

VCB -6.104B-01 -6.722E-01

VBC 0. 0.

vs -2.114B-04 -2.137E-03

POWER  2.194E-04 2.442E-04

BETAD  5.000E+01 5.000E+01

7] 1.361E-02 1.377E-02

RPI 3.670B403 3.630E+03

RX 3.000B+01 3.000E+02

RO 1.419B+05 1.403E+05

BETAAC  4.997E+01 4.997E+01

(X213 msms

SUBCKT

ELEMENT 0:M1 0:2 0:13 0:M4

MODEL  0:CMOSN  0:CMOSN  0:CMOSP  0:CMOSP
m 3.633E-04 3.594E-04 -3.633E-04 -3.594E-04
IBS -6.722B-15 -6.104B-15 0. 0.
IBD -1.546E-14 -1.786E-14 1.454E-14 1.214E-14
vGs 8.734E-01 9.352E-01 -1.213E+00 -1.213E+00
VD8 8.734E-01 1.17SE+00 -1.454E+00 -1.213E+00
VBS -6.722B-01 -6.104E-01  O. 0.
vTH 7.000E-01 6.921E-01 -8.000E-01 -8.000E-01
VDSAT  1.734E-01 2.430E-01 -4.138E-01 -4.138E-01
BETA 2.416E-02 1.217B-02 4.245B-03 4.198E-03
GAM EFF 2.830E-01 2.830E-01 0. 0.

-3 4.190E-03 2.957E-03 1.756E-03 1.737E-03
GDS 8.677E-06 8.520E-06 1.655B-05 1.655E-05
B 5.257E-04 3.804E-04  O. 0.

XT3}

SMALL-SIGNAL TRANSFER CHARACTERISTICS

I(VIBIAS)/VCC = 8.374E-05
INPUT RESISTANCE AT vee = 5.445E+03
OUTPUT RESISTANCE AT I(VIBIAS) = 3.410E+04
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el
3o V1o
a Qf az
RoL (Ri+Ry), Te= L (Tt o)
R
i Tk
o oI o 9mR (-AR]
I+3mR I 144 R LU R
—
We want &I, _ o.0i
I,
Now AL . avge _ , - 0.077
_ 'IS. VT 26
AR _ 0.005 ‘

Sm—

;. Worst case in (1)

0.0l = _1_ (0.077)+ X_ (0.005)
I+ x I+ X

where X = gmR . Solve for X

A = ng = ’3'4

L q/I‘K = 13'4
KT
o I,R =134 x 26 mV=10.348V
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438
—_—
From (4-315),
Vos = Vi [ 2Lsr - 8L 2 ]
I
sr Isn Be

Worst case is,

Vys = 26 (0.05+0.05 + 2 YmV
I5

= 6.1 mV
.39
L= |
If Qs and @, have em tter
resistors R, ond R, ,+en

g, + Vee, ” T R+ Vae,

%3 %4
From (4'296) the mismatch in
I, and T, Is
AL » | AL, 4+ §mR [—A_R-réﬁ
I, 1+9,R Ic  I+g,.R R
- !
- —7 (0-05)
|+ 50xio (2000)
26xi0>
+ 385 [op.005+ 0]
|+ 3.85 15
(Using ax L 4B )
« P B
™us, AL . [.9¢xl0”

I
Agoin vsing (4315) wWith
_é_I_sp = AL . 196X i
I5P I,
We have ,
V. e20[00196+0.05+2 | mV
Vos = 26 | Z ]
= 53 mV

w42 From (4.339)

Vo = Vo, =V, t v°"~[ sy AL,

> D/%&'_ (w/ L)
24,
Q‘y’—)n ]

AY
Vov, =J7-(Imu/2)
x;" (W/L)N
x, =194 HA/\ 2

(W/L)N = Q'%')l - klrx)z - [0

VOVN = oo 4 = 227 mV
\J 194 4 (10)
[Vovp | = ‘ 2 (Lran/z)
xp (W)p

Xp = 65 MA/™

(N/L)r= ,(W/'-)J-f(w/% - 30
’ 2

] Vovp = [ 10M 229 mv
654 (30)

Worst case is

= jJomV+ 22TmV [20mV +o-05+o.o5J
2 227 mV

= lI0omvV+iI3mV (0.188) = 3l.4 mV



CHAPTER &

EMITTER FOLLOWER OUTPUT STAGE, RL = 2 KOHMS

5. vc::" 100 0 15
4 VEE 200 0 ~-15
— Q1 100 1 2 WPH
@ Tp=Yec-Vor, . 15-07 . 286ma T 1 1M
R3 5K o1 ooom
VI 1 0 SIN O 10 10K 0 0.
n"IUS) IQ = 2.86 mA .MODEL KPN PN RB2200 BF=200 VAP=130 ISs5K-15
.OPTIONS NOPAGE HOMOD
I R = 2:86(2) » 572V e
L Y. .DC VI -16 16 1
A Volts .PLOT DC V(2)
.TRAN 4U 200U
IS5 .FLOT TRAN V(2)
.FOUR 10K V(2)
B

#txee2  DC TRANSFER CURVES THOM= 27.000 TEWP= 27.000
wLr vi2)

43 ) -1.0008+01 0. 1.0008+01 2.0008+01 3.000E+01
+ . + + +

-1.600E+01 -6.02B+00-¢-----Re-- ---

-1.5008+01 -6.028+00 « A+ + + . . + . +

-1.4008+01 -6.022+00 + A + + + + + + .

-1.300B+01 -6.028+00 ¢ A+ + + + - + + +

-1.2008+01 -6.028+00 + A+ + > + . » + +

-1.100E-01 -6.022+00 + A+ + + + . . . .

-1.0008+01 -6.02B+00 » A+ + + + . + + +

-9.0002+00 -6.022+00 + A+ . + . + v + .
-8.0008+00 -6.02B+00 + A + . . + . . .
-7.000B+00 -6.02E+00 + A+ + . + . . . +
-5.0008-00 -6.C2E+00 A

-5.000B+00 -5.62E+00 + A+ + . . . . + +
-4.0008+00 -4 .€6R+00 + A + 3 + + s + .

(b) IGRLz 2.86x10 = 28.6 v 30008400 3ETBA0 e 2R e kb4 ek

-2.000E~00 -2.68E+00 + + A 4 + . . + + +
-1.000E+00 -1.63B+00 + A + . . . . .

hos, the lower “mit on VD I'S (’V‘c“" VCE)‘ b, 6EQls ¢ Re e s e e

1.0008+00 2.96E-01-+ . A . . . B . '
2.0002+00 1.29E+00 + . YA e . . . . .
3.000200 2.28E+00 + . P . . . B B

\Vo 4.0008+00 3.Z8E+00-4------ 4o A -

LC.) 1+ )+ 5.000E+00 £.28200 + . oA . . . R .
'o vo 5 a) (b) §.000E+00 5.27B+00 ¢ + + A + + + . »
4 7.0008¢00 6.27E+00 ¢ + + +A + + + + .
L B.000E+00 7.27B+00 + . ‘ S Y . B B .
9.000E+00 8.26E+00 + . + v A . . . .
1.0008+01 9.26B+00 + . . PO R B R .
fo) - t 1.100E¢01 1.02E+01 ¢ s . . A B . . .
1.2008+01 1.12B+01 + N B . I B . B
1.3008001 1.22E401 » . B . v s ' B B
-5k [2) 1400501 1.32Ee01-9-- Aebeeeoen R PO .
1.500B+01 1.42E+01 + B . . Y B . K
1.600E+01 1.43E+01 « . . + + A + . .
—'Or (b) + + . + I

#t+++ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000

NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:1 = 0. 0:2 =-6.990E-01 0:3 =-1.429E+01
+0:100 = 1.500E+01 0:200 =-1.500E+01

s+++ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2 0:Q3
MODEL 0:NPN 0:NPN 0:NPN
1.240E-05 13.416E-05 1.416E-05
2.765B-03 3.127E-03 2.831E-03
6.990E-01 7.028B-01 7.028E-01
1.569E+01 1.430B+01 7.028E-01
.S00E+01 -1.353E+01 0.
-1.500B+01 6.930E-01 1.429E+01
342B-02 4.473E-02 2.000B-03
230E+02 2.209B+02 2.000E+02
069E-01 1.209E-01 1.094E-01
086E+03 1.827E+03 1.B827E+03
QOOE+02 2.000E+02 2.000E+02
243E+04 4.591E+04 4.591E+04
230E+02 2.20BB+02 1.999E+02

gaagnégagagsa

NN



serene
TE
A

0.
4.0002-06
8.0008-06
1.2008-05
1.6008-95
2.0008-05
2.4008-05
2.9008-05
3.2002-05
3.6002-05
4.0002-05
4.4002-05
4.8008-05
5.2008-05
5.6008-05
6.000E-05
£.4008-05
€.8008-05
7.2008-05
7.6008-05
B.0008-05
B.400B-05
8.8008-05
9.2008-05
9.6008-05
1.0008-04
1.0402-04
1.0808-04
1.1208-04
1.1608-04
1.2008-04
1.2408-04
1.2808-04
1.3208-04
1.3608-04
1.4008-04
1.4408-04
1.4808-04
1.5208-04
1.560E-04
1.600E-04
1.6408-04
1.6802-04
1.720E-04
1.7608-04
1.800E-04
1.8408-04

1.8808-04 -

1.9207-04
1.9602-04

2.0008-04 -

[X11127

TRANSIENT ANALYSIS

-6
1
[}
[
7
L]
3
9
L]
&
H
1
5

-1.
-t
-5

-6.
-6.
-6.
-6.

-5.

5-2

THOM= 27.000 TEMP= 27.000

Vi)
-1.0008+01  -5.0008+00 0. 5.000E+00  1.000R+01
+ + + + +
.998-01 -4 .
JTTEs00 ¢ + + + P + + +
.03B+00 + ’ . + . N + »
J12B000 + + + + . . T W +
CTIEAG0 o + + 4 + + + “w +
708400 » + + + + + + + A ¢
J208500 » + + + + + + TR W
(09E+00 + + + + + . + P
JJ1Re00 ¢ 4 + + + + + + A .
L9TR+00 ¢ + + + + + + A+ +
118400 A +
J932+00 + + + + + + + 3 +
J39B-01 + + + + L3 T + + +
9(R+00 « + + + A - + + + +
32E400 ¢+ + L3 S + + + + +
T4B+00 + + A+ + . + + + +
L02E+00 ¢ + A+ + + + + + *
L02E+00 ¢ LI SR + + + + + +
02E+00 + LI IR + + + . + +
028400 » + A ¢ + + + + + +
028400 A s
028400 + I + B . + . s
028400 + + A . + + + + +
1.3 A+ . + + + + .
(168400 + + LI N1 + + v + +
.992-01 + + + + + + + + +
768400 » + » » + A+ + + -
_06B+00 + + + + + + A ¢ + +
L07B+00 ¢ + + 4 + + O YR +
LTIR+00 + + + + + 1) + A +
108400 PR Y
L20R+00 + + + + + + + + A+
L098+00 + + + + + + + + A+
L3100 + + + + + + + L T
.9TR+00 + + + + + + + A+ +
J112400 « + + + + + A + »
-93B+00 + . + + +A + + +
LI9E-01 ¢ + + . L WY + + +
J94E+00 + . + + A + + + * B
LI2Ee00 ¢ + + A + + + + + +
CMEMD0-4----- A PO - . .
028400 + T S . + + + + +
L02E+00 + L S . . + + + +
J02B400 L “ + + + + .
L02E+00 I SR + + + + + .
_02E+00 + CE WY . » + + + ’
.02B+00 ¢ I + + + + + +
L02B+00 I S + + . + . .
ASE00 + K A + . . D + .
_16E+00 » + L 1 + + + + +
.99B-01-4--- +-
+ + + + +

FOURTER COMPONENTS OF TRANSIENT RESPONSE V(2)

DC COMPONENT =

HARMONIC

[V R Y O X

2.870D-01

FREQUERCY FOURIER

(AZ)

9.999E+03
2.000B+04
3.000B+04
4.000B+04
5.000B+04
6.000B+04
7.000E+04
8.000E+04
9.000E+04

8.159B+00
1.250E+00
6.333B-01
1.5%0E-01
8.093B-02
1.156E-01
4.861E-02
2.064E-02
2.816E-02

TOTAL HARMONIC DISTORTION =

NORMALIZED PHASE
COMPONENT COMPONENT  (DEG)

1.000E+00 -3.476B-02
1.533E-01 -8.984E+01
7.761E-02 -2.819E-02
1.9488-02 8.787E+01
9.919E-03 3.654E+00
1.417E-02 8.832B+01
5.957B-03 1.722BE+02
2.530E-03 1.00BE+02
3.451E-03 1.784E+02

1.739E+01 PERCENT

NORMALIZED
PHASE (DEG)

0.
-8.980E+01
6.576E-03
8.790E+01
3.689E+00
8.835E+01
1.723E+02
1.008E+02
1.784E+402

EMITTER FOLLOWER OUTPUT STAGE, RL = 10 KOHMS

e
vee 100 ©
VEE 200 O
Q1 100 1
Q2 2
Q3 3
R3 0
RL 2
vI 1

.WIDTH QUT=80
0P

.DC VI -16 16
.PLOT IC V(2)
.TRAN 4U 2000
.PLOT TRAN V{
.FOUR 10K V(2
END

200
200
5K

10K
SIN

1

2)
)

0 10 10K 00
.MODEL NPW XPN RB=200 BF=200 VAF=130 I8=5E-15
.OPTIONS NOPAGE NOMOD

vssses  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000

yoLr v
(A ) -2.000E+01 -1.0008+01 9. 1.0008+01 2.000E+01
- + * + +

-1.6002+01 -1.492+01- S
-1.500E+01 -1.49B+01 + A + + + + + . +
-1.400B+01 -1.46R+01 + 2 + + . + + . +
-1.300B+01 -1.36R+01 + I TR + . + + + +
-1.200B+01 -1.268+01 » LI T4 + + + . + -
-1.100E+01 -1.16E+01 L W + + + . . .
-1.0002+01 -1.06B+01 + + A+ + + + B + +
-9.0008+00 -5.688¢00 + + A + + + + + +
-8.000B+00 -B.68B+00 + + + R + + + + + +
-7.000E+00 -7.698+00 + + L S + + . + .
-6.0008+00 -6.692+00----- A
-5.000B+00 -5.692+00 + * + A+ . + . . .
-4.0008+00 -4.658+00 + + + A + + + + .
-3.000E+00 -3.692+00 + + . [ T + ’ . +
-2.000B+00 -2.69B+00 + + + D + + . .
-1.0008+00 -1.70R+00 + * + + A . + + .

0. -7.028-01 + + * . A+ + + . +
1.000E+00 2.378-01 + . + + A ’ + + +
2.000E+00 1.29E+00 + + . + [ T + + +
3.000E+00 2.298+00 » + + + + A+ + + +
4.000B+00 3.29B400-¢------#-comomtonone 4----A
5.000E+00 4.29E+00 ¢ . + + + A+ . - .
§.000E+00 5.29B+00 + + + + + A + + +
7.000R+00 6.29E+00 + + + + + + + + +
8.000B+00 7.28E+00 + + + . . . * + .
9.0008+00 9.282+00 + ¢ . + + + A + +
1.000B+01 9.2B2+00 + + + + + + A+ + .
1.100B+01 1.02E+01 + + + + + . A + +
1.200B+01 1.12E+01 « + . . + + + R + .
1.3008+01 1.228+01 + + + + + + I S +
1.400E+01 1.32B+01 O § .-
1.500B501 1.42B+01 ¢ . . + + + + A+ +
1.6008+01 1.49B+01 + + + + + + + 13 .

#s42  OPERATING POINT INFORMATION

.

+

HODE =VOLTAGE NODE
+0:1 = 0. 0:2
+0:100 = 1,500E+01 0:200
+r#2 BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2
MODEL 0:NPN 0:NPN

IB 1.364E-05 1.416B-05
Ic 3.043E-03 3.127E-03
VBE 7.0178-01 7.028E-01
VCE 1.570B+01 1.423E+01
VBC -1.500B+01 -1.359E+01
vs -1.500E+01 7.017B-01

POWER 4.780E-02 4.472B-02

-nH e

.230E+02 2.209E+02
.176E-01 1.209BE-01
.895E+03 1.827E+03
.000E+02 2.000E+02
.T64E+04 4.591B+04
AAC  2.230B+02 2.208E+02

[T S TN N U VR

[

=VOLTAGE

=-1.500B+01

g%

16E-05
31E-03
28E-01
28E-01

-

0

.429E+01

.000E-03
.000E+02
.0948-01
.B27E+03
.000B+02
.591E+04
.999E+02

TNOM= 27.000 TEMP= 27.000
NODE
=-7.017E-01 0:3

=VOLTAGE
=-1.429E+01



swsesr TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
3.1 v
(A } -2.000E+01  -1.000B+01 9. 1.0008+401  2.000E+01
. + + + +
0. -7.028-01-9----- + $eamoas + A+
£.0008-06 1.78E400 ¢ + + + L W + + +
9.000B-06 4.11R+00 + + + + + A+ + + +
1.2008-05 6.13B+00 « - + + + +A + + +
1.6008-05 7.73E+00 « + + . + + A e + .
2.0008-05 8.72E+00 - + + + + ' X + v
2.4008-05 9.228+00 » + + + + + A+ + +
2.8008-05 9.10E+00 + + + + + + A+ + +
1.2002-05 B.33B+00 + + + + + L + +
3.600E-05 6.99E+00 + . + + + + A+ + +
4.000B-05 5.12B+00-4------ $oooom L 4ommeee $ommeen A------ $amoem Fommmnn +-
4.4008-05 2.54E+00 + + + + + A+ + + +
4.8008-05 5.40E-01 + . + + +A + + + +
5.2008-05 -1.958+00 + + + Y S + ’ + +
5.600B-05 -4.35E+00 ¢ + + ) Y + + + + +
§.000B-05 -6.53E+00 + + + A+ + + + + +
6.400B-05 -8.35R+00 + + [ + . . + .
6.800B-05 -5.73R4C0 + + A + + + + + .
7.2008-05 -1.05B+01 ¢+ * As + + + + + +
7.6008-05 -1.06K+01 + + A+ + + + + + +
8.0008-05 -1.01E+01 e 4= PR +-
§.400E-05 -9.09B+00 + + +A + + + + + +
8.800B-05 -7.53B+00 + + L S . . . + +
9.2008-05 -5.518¢00 ¢ + + As + + + + +
9.600E-05 -3.1BE+00 + + + + A+ + + + +
1.0008-04 -7.028-01 + + + + At + + + +
1.0408-04 1.76B+00 + + + + A+ + + +
1.080E-04 4.07E+00 + + + + + A+ + + +
1.1202-04  6.09%+00 + + + + + [ S + +
1.1602-04 7.73E+00 + + + + + [ W + +
1.200B-04 B.72B#00-+------ $amme $omaen e ol
1.240B-04 9.22B+00 + v + + + + A+ + +
1.2808-04 9.10B+00 + + . + + . A+ + +
1.3208-04 8.33E+00 + + + + + v+ A + +
1.360B-04 6.99E+00 + + + + + + A+ + +
1.400B-04 5.12B+00 + + + + + A + + +
1.4402-04 2.94B+00 + . + + + A+ + . v
1.4808-04 5.40B-01 ¢ ‘ + + +A + + + .
1.5208-04 -1.95E+00 + + + LI S + + + +
1.5602-04 -4.35E¢00 + + + 2 + + + + .
1.600B-04 -6.532+00 + + S
1.640E-04 -8.35E+00 ¢ + L3 . . + + + +
1.6808-04 -9.73E+00 + + A + + + + + B
1.7208-04 -1.05E+01 + + A+ + + v + + +
1.760E-04 -1.06E+01 + . A+ + + + + + 3
1.800B-04 -1.01E+01 + * A + + + + + +
1.8408-04 -9.09E+00 + * +A * + + + + .
1.8808-04 -7.53E+00 + + L S + + + + +
1.9208-04 -5.512+00 + + + A+ + + + + +
1.960B-04 -3.18E+00 + + + + A b + + + .
2.000B-04 -7.028-03-+----- As O .
* . + + +
(T2 222

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(2)

DC COMPONENT = -7.007D-01

BEARMONIC FREQUENCY FOURIER NORMALIZED PHASE
NO

NORMALIZED

-7.121E-03 0.
-4.854E+401 -4.853E+01
1.545B+402 1.545E+02
2.441B+01 2.441E+01
1.394E+02 1.394E+02
-1.650E+01 -1.650E+01
-1,577E+02 -1.577E+02
-2.101E+01 -2.100E+01
-1.996E+01 -1.996E+01

9.999E+03
2.000E+04
3.000E+04
4.000B+04
5.000E+04
6.000E+04
7.000E+04
8.000E+04
9.000B+04

9.950B+00
1.361E-03
5.184E-03
6.781E-05
3.059E-03
9.325B-06
1.951E-03
€.078E-05
1.086E-02

1.000E+00
1.368E-04
5.210E-04
6.815E-06
3.075E-04
9.372E-07
1.961E-04
6.109E-06
1.091E-03

Ve AdRV e WN R

TOTAL HARMONIC DISTORTION = 1.270E-01 PERCENT

PHASE (DEG)

(b) RL'-' 2K
A A
Vom= 572 V, I,,= 286mA

PLI

max

.;:xs-?Z x2.86 mW=82mn




5-4

Vee

At any point the slope of the

hyperbola is
alc = d P = -

P
‘WC¢ dv&d Va Vc,i

= "Ic
Vee

At X, d3e - -1,
dva VCC,

The slope of the tangent is thus
-I_ and thus

(dy For maximom efficiency,

Re= VYec—Vee(sat) . 14-8 cn

Ve,
(© R = 2ka - _ -1
P = 82 = 9-6% Va — Vee, Vee,
%UPPLY 2x42:9 .. VA = ZV,_"
R = lokn .. XI5 the midpoint of the tangent.

I = 12-8%

Maximum dissipation occeurs
2% 429 ® P

at midpoint of the load line
R = 2K . Mid point is Where

Ve = 207 = 10.35V
Ig 2:86 & - —-
= 5.17 K& aorrespandu'nﬂ current is
A2
Ve = 1 {:4.3)‘mw _ 2] mW I, = 1035V _ 5.18 mA
R. 2 5.l8 . . 2K
S Pey| =1035x5.18+- 536 mw

MAX



RL’ IO Kﬂ-

Mid-point IS where
Vee, =L (15+ 286 x 10) =218V

corrcsponah'n@ cvrrent |s

Ia, = 2.86 — 21:8-15 _ »2.18 mA
10

= 2/-8x218= 475 min
MAX

0.0 PC' I
(¢) Since V.. IS constant, the
average power drawn from the

supplies s independent of

signal tevel and al,uals 2V Ia.

Thus, average power dissipated
in &+ average power dissipated in
RL = VecIa: Thus, the average

y_°"' = Pav
R
RL‘; ZK-Q-

Py = 422 - &2 = 347 mW

RL= 'O K.ﬂ.
Pav = 42.9—” = 3]-9 mw
54
P
R =2kn
I, 286mA, Y =572V

.. bose current of & has &

peak signal value =% I, = 00286 mA

since Voltage gain is unity , peak

input voltage = Y,

5-5

P, = 0.082 mW

> o

.". Powcrgain = _PL_[MA)( & .2

-—
- ———

= |00
R, =10 ks
1T =148 _ 00148 mA
B ™ oo
Qm-.- 14-8 V
P, =l x0.0148 x 148 = 6. 11 mW
[ N 4 z '
Power gain = I| = 100
o
55
/,\ "~ ~
V=tV 5.5 Io= Yem = L ma
R 2
IQ= 2.86 mA
Quiescent
R
Aig b - 2000 . 0,095
R+ — 2000+9:I
~mM
V=V T =3.36mA
Ay =__2000 - 0.9962
2000+ 7-7
Vow =V I, z236mA
AV = 2000 = 0'9945
2000 + I

. average signal power delivered is

Pi = %-x 0.0286 x5.72 mW



5-6

5:6 = -0.66906 V
/La) Vss =—-0.668906+2'5=1-8/1024V
IC,I\"“ Ru-o xT= o5 - 0.16l0]
2T 2 \Jo.6 18109
Al - [ = 0.66132
2 | I+ 0.1610]

(b) WhenVi=o0,
From (5:62),

g QBW
1ot 22w

NI Vp= —31 1 (~0:25 +| 0-25-08+0565+31)
o —\ X = —1-11683 V
0 5 5 30 vs:”sv“' Vg = —1-11683+ 25 = |.38317 V
For R, =0, IQ, = BIB' = |00 X0-3 X = 0.5 = 0./7753
MAX = 30O MA & \
2 [06+1-38317
. R IMA; 30x 15 = 450 mW ’ '
Avg = = 0.84923
R = ®@ has max. valve of %, of [+ 0.17753

appYox. Ol W at Ve, =30V

(by From the graph ¥ = Ry, i5 the

(€) When V; = min

From (5-62),

minimum Value of R_ for R,<02W

This has a valve

Ry & 30

5.7
—

AV - 9m |

=

From (J.200), X = S S
2y 24 + Vs \
(@) When V[ = max
From (562),

— \ &
b= =314 (-0.25+]0.2620.5-08+0-506+3.1')
= —1.53767V

v

sg ™ 53767+ 25= 0.96233 V

'X'__,___. 0.5

= 0.20001

2[0.6+0.96233
Ay = - 0.83333
i+ 0.2000l

V = =30 ¢ (—o.zs+\/0-25‘+ 0.5-0-8+ 03

Gersl)



g
22

3
@ V= oI+ GV F AV

2-
Ay=dY% = a +2a,V+3a;V+..

dv,

() Let V- 13,- sin wt

+ .Y
Ay = A +2a,7,+ 3a5V[+ -

A, =4
‘V& t

-— A A2
Ay = a'—zazv;+3031»“'

+ + - A A 2
©) E = Ay-Ay 20,8, +30,%

- Avg 4
T Au - Ava _ _2a,;+305 8
Avg a

!
E'+E - 64,0}

a

!
E'-E - 4a, U
a,
d) From (554), Hp = L Ga 4
(s ( > fby” 3 a"' 1A
= Et-E~
F 557 y
rom (> = s S
> Hpo= L % 2. fLe
-1-
© E'- Av-Avy  0.86132-0.84923
Avé 0.849223
= 0. 01423
E"= Av~%Avq  0.83333- 0.64923
Ay, 0- 84923
= — 0.01872
Hp, = E'-E _ 0.01423+0.01872
8 g

0-00412

5-1

HD3=

E'wE ., 0.014623-0.0/1872
24 24
- -1-87x 107%

Example gives,
H‘DB r_ —l-8X ’0—4
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SN e 2 ) [t )

. (——)(vau,+z¢,,.)' S 4 Vour"“’)

Vint Vin *é__—_'ti vwr ('u> ( >(V 7+2¢F)4

= BZ-M [ Ve (M) +7( m"la:)

Ta,= Lo, + la, = F(Vout) ' r_‘ _;) 24’€
% V (m,_ +X Jout+2¢€ ’\/_\] _ 1—7—1 (ﬂ)( our™

4—
*‘(th)w'( )[Vf(mz)*«rdwrz -5) s -_r(—_(
( y+24¥/ +*."'J<( )( 1-24>F)

F'CVour) ¥ (), [, (ma) + ¥ q/va,gz‘#, “@) i

rlv‘

I,,=Tp,tid,=B,* B Vot By Vgt
1 _, But, Tp = B~ Tg

"X ﬂ)z% (Vour* Z‘PF) So, 'd l4,= B Vyyit B, Voot
I‘,L= By+ B, Vou, T BaVovt - Invert,

. . L . "
Vour= D1 bd, + B, tay 4 ... and g =14,
=f ( Youi= VouT)

) 3:4_( W) [Vl ¥ (i e20c-28)]

Q

Voyt = by bd,t by u,

F\‘nd "A .

/ . - ]
Bi= £ (Vpye= VauT) Id = I, T, =X (%)'(V + Un~ V+(m,))

= 3'(!! [Vfomz)’frm J";]x l4,= x(W)[vw_v,t(m,)-f—Vm

2 |_ A
. °/'(Hl ¥ (Vour 2 F\ + 2 (V=Y (MVin = (Vin~ Ve, )
2 \L
AT [FE 2™ TEE) R
B, = {:‘”(Voue= ouT) ‘
2]




5-9

. , £Iﬂ
ALyg = Bila, Thylatt . a, z(u),

Vour = b { X(%) [ Uit 2 (Y Yeoqmy) Vil } Vie [5/(2 )‘ ¥ (Ypor + 28)%
+ bl{—'k"(—)‘[vm-",'( N Yeo(my) Vi ] } - +{J1'gj'“)l_(v +24>) -Lzs(g) +4)}

W ‘; )
Ot)‘,"= b' (L:_) 2(V:,.-Vﬂ,(m,))vm -E T—-z 7_ r(v +2¥

3
-'-blJ< —UL.i) Vint b, ( ( ]4(V1~ to(m,))’—; * I(L)4Ia
t-... X
’Vout—: al'vl'n"'a'v‘z""" f " FZ( ) -1
, Y 2 '2
= b ):(.(T) 2 (Vin=Y%eo(my) I3, rte
- X (N
= b, f (W)+ b, [_ ]4 (Vin~ fo(m,ﬂz +(‘—”C)'/<&)Y,_ = 2(1-), _
L I, [x 2¢\z
From (5.46)) b'gi_ 2 Q 2(%)lr(vour+ ()
% a, = (N/L)l
, ’ 2
a’l = —12': (—Pl-j‘)' 2 (VIN- Vfﬂ(ml))= :_x’_- (_?_), Z(V,N‘- Véﬂ(m,)) (W/L )1:(’.
B, VRJE(H)Y (it 24)*  From (5:54),
- Gz 1
- %_ f B (Y Veorm)) HD, = 7 _;T v
-1 - L) '?}
,\/_f;\/%‘ (&), ¥ (Vourt24;) 2 "o (w/t.):r‘ ‘
Since {3 - A/s' 3, (= Veorm) LMD g
w/‘—)z.

= 2 ‘ '
v 2
1 4 (Vourt 4’{»‘) HDy = | CANEE s
4 - i

-’£ Wy +b (x >]4(v,~ w(m',)z

?. 1 L_ .
=1 [l00 | |____(0-01)
7 - -8 100 05 | ‘
From (5:47) , b sf? 4 Nico 05 i1 203)
- = 0.4%
a,= z (L) - B ¥ ' ~ y
z £ (1) 2 () (o e
B, B,
x'
a, = 2 (z:_) - B x'( y_) 41
L/




HD2 FOR COVMON-SOURCE AKPLIFIER WITH DEPLETION LOAD
(113224

vID 100 o 3

@™ 2 1 0 0 CMOSNI Ws100U L=1U

o 100 2 2 0 CMOSK2 Wa100U LsiU

.MODEL CMOSN1 EMDS LEVEL=l LAMBDA=0M VTO=0.6
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@

+ GAMMA=0.5 PHI=0.6 KP=2000
.MODEL CMOSN2 MMDS LEVEL=1 LAMBDA=ON VTO=-0.6
+ GAMMA=0.5 PHI=0.6 KP=200U
VIR 1 3 SIN {0 0.01 1K)
voec 3 0 0.9548
* THE DC INPUT 1§ ADJUSTED BY TRIAL AND ERROR
* UNTIL THE DC OUTPUT = 1 VOLT
.CPTIONS NOPAGE NOMOD R o t
.WIDTH OUT=80
0P 10 (]
.TR 100U o Vd(’ §
.PLOT  TRAN v(2)
.FOUR 1K v(2)
.END
e+¢+ OPERATING POINT INFORMATION TROM= 27.000 THOMP= 27.000
NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:1 = 9.5488-01 0:2 = 1.000B400 0:3 = 9.548E-01
+0:200 = 3.000K+00
o4t WOSFETS
SUBCKT
ELDENT 0:01 0:2 (b)
MODEL  0:CMOSN1  0:CMOSN2
™ 1.2592-03 1.259E-03
IBS 0. -1.0008-14 Vo
D -1.000E-14 -3.000E-14 A Yolts |
vGs 9.548E-01  o. o4——— |
o8 1.000E+00 1.999E+00 | |
vBS 0. -1.000E+00 { |
v 6.000E-01 -3,548E-01 ‘ | )
VDSAT  3.548B-01 3.548E-01 (@] ]
XTA  2.000E-02 2.000E-02 |
GAM IFF 5.000E-01 5.000E-01 I '
o 7.096E-03 7.0968-03 : |
-0 —— ——— —_
G038 0. 0.
2.390E-03 1.402E-03 0 ' I
s2swes  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000 Iu _’4_' _L 0.2mA |
e \{t]} A MA - _2__7_ ’ I
[+ } 9.0008-01 9.5002-01 1.0003-00 1.0502+00 1.1008+00
. + . . + | (
0. 1.008+00 + A RN | l
1.0008-04 9.712-01 + » + A+ + + * + + o \,
2.000B-04 9.532-01 + . I S ‘ + + . + | I
3.0008-04 9.532-01 « + A . + + . + » l
1.0002-0¢ 3.712-01 + ’ vooa . . . f ’ ILZ I
5.000B-00 1.00E+00 » + D + A + . . + mA l |
G.000R-00 1.03B00 s s+ s e a . PR A |
7.0008-04 1.042+00 + e + Y R + } >
BOE-DE LOEOO s ¢+ e+ o+ v A e s | l
9.000B-04 1.03B+00 » + + + + +A . . - |
1.0008-03 1.002+00 A S _ '2|
1.1002-03 9.71E-01 » + + A+ . + . + T -1- —_— - I
1.200B-03 9.53E-01 + . +A + + + . . * ‘
1.1008-03 9.538-01 « . A + + + + . . A l
1.4002-01 9.712-01 + + + A+ + + . + + P
1.5002-03 1.00E400 + . [ B Y B . . . Vt =1V
1.6002-03  1.03E+00 « + + + + +A + + +
1.7008-03 1.04B+00 + + + + + + A + +
1.800B-03 1.048+00 + + . + + + A 4 +
190003 L.OJESB0 s ¢ s+ e+ aA s .
2.000B-03 1008800 s vnwmbnmanabrammasboserohemmme o mmm b hes st
+ + + * +

2eerEYy

FOURIER COMPOMENTS OF TRANSIENT RESPONSE V(2)
DC COMPOMENT =  1.000D+00
HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
o] (HZ) COMPONENT COMPONENT  (DEG) PHASE (DEG)
.000E+03 5.038E-02 1.000E+00 .800E+02 0.
.000B+03 1.966E-04 3.3903E-03 -9.135E+01 -2.713E+02
000E+03 8.333B-06 1.654B-04 -7.803E+01 -2.580E+02
.000E+03 5.605E-07 1.113E-05 -1.465E+02 -3.265E+02
.D00E+03 1.724E-05 3.422E-04 -3.464B+01 -2.146E+02
.000E+03 6.125B-07 1.216E-05 -1.233E+02 -3.033E+02
.000E+03 1.065E-05 2.115E-04 -6.563B+00 -1.865E+02
.000B+03 2.798E-07 5.554E-06 1.587E+02 -2.120E+01
.000E+03 4.674B-05 9.278E-04 1.490E+02 -3.096E+01
TOTAL HARMONIC DISTORTION = 4.035E-01 PERCENT

"
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CLASS-B OUTPUT STAGE

yce 100 0 15
. VEE 200 0 -15
Q1 100 1 2
Q2 200 1 2
RL 2 ¢ 2K

(PEAK IRPUT AMPLITUDE = 1 V}

.MODEL RPN NPN RB=100 BP=100 IS=1E-16 RC=20 VAF=130
JMODEL PNP PNP RBx=100 BF=x100 1Ss1E-16 RC=20 VAF=50

.

VIN 1 0 30} 0 1 10KO0 O
.OPTIONS NOPAGE NOMOD
WIDTH OUT=30
.0P
.DC VIR -15 15 0.5
.PLOT DC V(2)
.TR 4U 2000
.PLOT TRAR v(2)
.FOUR 10K v(2)
END
a#sstss DC TRARSFER CURVES THOM= 27.000 TEMP= 27.000
VOLT vi2)
(A ) -2.0008+01 -1.0008+01 0. 1.0008+01  2.000E+01
+ - + + +
-1.5008+01 -1.413+01 A --
-1.4508+01 -1.362401 + L W + + + + + S
-1.4008+01 -1.318+01 + + A ¢ + + . + + .
-1.350E+01 -1.262+01 + L . + . + . .
-1.300B+01 -1.21E+01 + + A9 + . + + . +
-1.2508+01 -1.16E+01 + + A . + . . + +
-1.200E+01 -1.118+01 + + A+ * + + + + +
-1.1502+01 -1.068+01 + + A+ . . + . + .
-1.1002+01 -1.018+01 + + A . + . . 4 N
-1.0502+01 -9.68R+00 + + A + . + + + +
-1.0008+01 -3.188+00 A
-9.5008+00 -8.68E+00 + * +A . + + » . +
-5.000E+00 -8.188+00 . L U . + . + *
-8.5008+00 -7.698+00 + + LI T . . + + +
-8.000E+00 -7.19R+00 + + O + + + . +
-7.500E+00 -6.65%+00 + + ¢+ A + . + + +
-7.0008+00 -6.198+00 + + + A+ + + + + +
-6.500E+00 -5.70R+00 + + . A+ + . + + +
L -6.0002:00 -5.208000 + . PO S . . .
-5.5008+00 -4.70B+00 + + + A . . + + .
-5.0008+00 -4.213+00 A J——
-4.5008+00 -3.71E+00 + + + L S + . + +
-4.000R+00 -3.21R+00 + + + *A + + . + .
-1.500B+00 -2.72B+00 + - » L . + . +
-1.0008+00 -2.22B+00 + . + LI TR + + . +
-2.5008400 -1.738+00 + + + . . . . .
-2.000E+00 -1.242+00 + + + L + . + .
-1.500E+00 -7.572-01 + . + + A + + . +
-1.000E+00 -2.83B-01 + + + + A + + . +
-5.000E-01 -6.452-05 + + + + A + . + +
0 S S S N
5.000E-01 5.57B-05 + + + + 1y ‘ + + +
1.000E+00 2.798-01 + + + A + + + +
1.500E+00 7.53E-01 + + + . D 3 . + . .
2.000E+00 1.24E+00 + + + . *A + + . .
t 2.500B+00 1.738+00 + . . . + A . + . +
3.0002+00 2.228+00 + + + . + A+ . + .
3.500B+00 2.71R+00 ¢+ + + + + A+ + » .
4.000B+00 13.21E+00 + + * + . A+ . + +
4.500E+00 3.71B+00 ¢ + > . L + + +
S.000E+00 &.20B+00-¢------4- Ze- 2 I
5.5008+00 4.70E+00 + + * . . A . + +
€.000E+00 5.20E400 + + + + 3 A . + N
§.500E+00 5.652+00 + > . + 4 . + .
T.000E+00 6.19B+00 « + + + . +A . . .
7.500E+00 6.65E+00 ¢+ + + . . +A . + +
8.0008+00 7.13E+00 » + . + + LI T + .
8.5008+00 7.6BE+00 » . + + . PR Y . .
9.000E+00 B.1BE+00 + ¢ . + + s A s . +
9.500E+00 B.8BE+Q0 + * + . . + Ao . +
1.000E+01 9.18E+00-+------ S, P S JOS— PSR O -
1.0508+01 9.68B+00 o . * + - A . v
1.1008+01 1.012+01 + * + 3 . > A + +
1.1508+01 1.06E+01 . - . - > Y - +
1.2002+3) 1.11E+01 » . » . . . + A + .
1.250E+01 1.162+01 + + . . B . ‘A s N
1.3005+01 1.21E+01 + + + . . . D S .
1.25CE+31 1.26E+01 + . . . . . + A s .
14902401 1.31E+01 + + + . - . L S .
1.450E+01 1.36E+01 + + +
1.5008+01 1 41B#Ql-#---o-odocmaaaoaoo
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setess TRANSIENT AMALYSIS THOM= 27.000 TEMP= 27.000
TR Vi)
1.3 ) -4.0002-01  -2.000B-01 0. 2.0008-01  4.000B-01
+ + . + .
0. 0. A +-
4.0008-06 0. + + . + A + + + +
8.0008-06 2.752-05 + + + + A + + + ’
1.2008-05 2.582-02 + + + * I W + . +
1.6002-05 1.41B-01 + + + + + I + +
2.0008-05 2.298-01 + + + . + + 3 + +
2.4008-05 2.74E-01 ¢+ + + + + + + A i3
2.8002-05 2.63B-01 + + + . + + + A+ +
3.2002-05 1.948-01 + + + + + A + +
3.6002-05 B.182-02 + + + + + A+ + + +
4.0002-05 1.29%-02 + A
4.4002-05 1.388-05 + + + + A + + + +
£.8002-05 0. + + + . A + + . +
$.2008-05 0. . + + + 13 + + + .
5.6008-05 -2.752-06 + + . + A + + . ‘
§.0008-05 -6.898-03 + + + * A + + + +
6.400B-05 -8.878-02 + + + A . + + . +
6.8002-05 -1.972-01 + + A + + + + + +
7.2002-05 -2.678-01 ¢« L S 4 + * + . + +
7.600%-05 -2.818-01 ¢+ " + + + + + + +
8.0008-05 -2.32E-01 A - +-
9.4008-05 -1.438-02 + + + A4 + + + + +
8.8008-05 -2.778-02 + + + LI + + + +
9.2008-05 -3.198-05 + . + + A + . + +
9.600E-05 0. . . + + A . + + +
1.0008-04 0. + + . + A + + + +
1.0402-08 7.92E-07 + + + . A + + + .
1.0808-04 2.06E-03 + + + + A + + + +
1.1208-04 13.428-02 + + + + L S . + +
1.1608-04 1.418-01 + + + + + LI S + s
1.2002-04 2.293-01 - A
1.2008-04 2.742-01 + M + + ¢ . L +
1.280B-06 2.63E-01 + + + + + + + k4 +
1.3208-04 1.948-01 ¢ + + + + + A + +
1.3608-04 8.168-02 + + + + + A+ + + +
1.4002-04 1.292-02 + + + + A + + + +
1.4402-04 1.388-05 ¢ + + + A + + + +
1.400B-04 0. + + + + A + ’ + +
1.5208-04 0. + + + + A . + . .
1.560E-08 -2.752-06 + + + + A + + + +
1.600-04 -6.892-03-+-- A -
1.640E-04 -8.872-02 ¢+ + + DY + + + . ’
1.6802-04 -1.372-01 + + A + + . + . +
1.7208-04 -2.678-01 + L S + . + . + +
1.760E-04 -2.81E-01 + A + + + + + + +
1.8008-04 -2.322-01 + + A+ + + + + + +
1.8402-0¢ -1.432-01 + g L + + + + +
1.880B-04 -2.77B-02 + + + + A+ + - + .
1.920B-04 -3.198-05 + + + + A . + + .
1.9602-04 0. + + + + A + + + +
2.000E-04 0. 4-- + A 4
+ . ‘. . +
Eedeed
POURIER COMPOMENTS OF TRANSIENT RESPONSE V(2)
DC COMPOMENT = -8.739D-04
HARMONIC  FREQUENCY PFOURTER NORMALIZED PHASE RORMALIZED
NO (HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 9.999E+03 1.830E-01 1.000E+00 -4.672E-03 0.
2 2.000B+04 1.020B-03 5.575E-03 9.129E+01 9.129E+01
3 3.000B+04 9.341E-02 5.105B-01 -1.798E+02 -1.798E+02
4 4.000E+04 8.243E-05 4.505BE-04 1.329E+02 1.329E+02
5 5.000E+04 1.1258-02 6.151E-02 1.156E+00 1.160E+00
6 6.000B+04 2.129E-04 1.164B-03 -8.186E+01 -8.186E+01
7 7.000E+04 9.939E-03 5.432E-02 4.287E+00 4.291E+00
8 8.000B+04 6.480B-05 3.542E-04 -4.752E+01 -4.752B+01
9 9.000E+04 B.940E-04 4.B886E-03 -1.399E+02 -1.399E+02
TOTAL HARMONIC DISTORTION = 5.171B+01 PERCENT

s¢+* BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2

MODEL 0:NPN 0:PNP
IB -1.000B-16 1.000E-16
Ic 2.115B-16 -2.300E-16
VBE 3.692B-14 3.692E-14
VCE 1.500E+01 -1.500E+01
VBC -1.500E+01 1.500E+01
vs -1.500E+01 1.500E-09
POWER 3.173E-15 3.450E-15

tes+ OPERATING POINT INFORMATION

NODE =VOLTAGE HODE sVOLTAGE NODE
+0:1 = 0. 0:2 =-3.6928-14 0:100
+0:200 =-1.500E+01

CLASS-B OUTPUT STAGE (PEAK INPUT AMPLITUDE = 10 V)

[YITTT

vee 100 0 15

VEE 200 0 -15

Q1 100 1 2 NN
Q2 200 1 2 PR
RL 2 0 2K

.MODEL NPN NPN RBa100 BF=100 IS=1E-16 RC=20 VAF=130
.MODEL PNP PNP RB=100 BF=100 IS=1E-16 RC=20 VAF=50

THOM= 27.000 TEWP= 27.000

=VOLTAGE
= 1.500E+01

VN 1 0 SIN 0 1010K0 O
.OPTIORS NOPAGE NOMOD
.WIDTH OUT=80
.OP
JIR 4 2000
.PLOT TRAN vi{2)
.FOOR 10K v(2)
.END
ssr2+s  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
THE v{2)
a ] -1.000E+01  -5.0002+00 0. 5.0008+00  1.000R+01
+ + + * +
0. 0. -+ " .
4.0002-06 1.712400 + . + + v A . B N
§.000B-06 &.00B+00 + + + + + + A + +
1.2008-05 6.00B+00 + + + + + + T W +
1.600B-05 7.63B+00 ¢+ + + + + + + A »
2.000E-05 8.62E+00 ¢+ + + . + + + + A+
2.400B-05 9.12E+00 + + + + * + + + 1
2.800B-05 9.00B+00 + + + + + + + LI W
3.2008-05 8.23K+00 + - + + + + + + A 4
1.6002-05 6.89E+00 + + ’ . > + + A s
1.0008-05 5.032+00 A .-
£.400B-05 2.878+00 + 4 + » 3 «A . . +
4.8008-05 8.592-01 + * + + L3 S 3 s -
5.200B-05 -5.758-01 + + + + 1 + . v +
5.600E-05 -2.898+400 + + + A+ + + + + +
6.000E-95 -5.06B+00 + . A + + + . + S
§.400B-05 -6.878+00 + + A . . + + . + +
§.BO0E-05 -8.23B+00 » A+ . + + + + + .
7.200B-05 -9.00B+00 » A+ . . + + + . s
7.600E-05 -9.162+00 + A+ + + + . + + +
§.000E-05 -8.62B+00-+---A--4--o--ob---uen +--- - .-
8.400B-05 -7.60E+00 + A + + + . . + +
8.800E-05 -6.04B+00 + + A+ + . . + + .
9.200B-05 -4.02E+00 + + O W + B ’ + +
9.6002-05 -1.72B+00 + + + +A . . . + +
1.000E-04 0. + + + + A + + + +
1.040B-04 1.71B+00 » + + + + A+ + + +
1.080E-04 3.99E+00 » + + + + + ks + +
1.1208-04 5.998+00 + . + ’ + . O WY +
1.160E-04 7.632+00 ¢ + . + + . . A +
1.2008-04 8.62B+00-+------ $oemen 4mmmee e 4oeann $ommmme bowmman SO W
1.2408-04 9.12E+00 + . + . . . + T
1.280R-04 3.00E+00 » + + + - + . + A .
1.320B-04 8.23E+00 « . 4 + . + + + A .
1.360B-04 6.39E+00 ¢ + + + + + + A .
1.400E-04 5.03R+00 + + + + + + A . .
1.4408-04 2.87E+00 + + . . . Y + + .
1.480E-04 8.59E-01 + + + . + A . + + +
1.5208-04 -5.75E-01 » . + + A+ + + + .
1.560E-04 -2.89E400 ¢ . ’ A+ + . . . +
1.600E-04 -5.06E+00-4------ Seneeem g $ammmas bomenes PR P PR .
1.640E-04 -6.97E+00 » + A + . . » 0 . .
1.68CE-04 -B.23E+00 « A . . . . v . .
1.7208-04 -9.00E+00 + A + + . . . + .
1.760E-04 -3.16E+00 + A . . . . . . . .
1.B00E-04 -5.62B+00 + A . . + . s . +
1.8408-04 -7.60E+CO « A » > + . . . v
1.880E-04 -5.04E+00 ¢ + A + + . B . .
1.9208-04 -4.02E+00 B + A . + . . ’ .
1.9608-04 -1.72B400 » + . + A . . . + .
200080 0. -aoees PR P oeeees F W bomeen PR I .
. + + . .
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FOURIZR COMPONENTS OF TRANSIENT RESPONSE V(2)
DC COMPOMERT = -8.955D-04

HARMONIC FREQUENCY FOURIER NORMALIZED PHASE SORMALIZED
o (B2) COMPONENT COMPORENT  (DEG) PHASE (DEG)
1 9.999B+03 8.945E+00 1.000E+00 -2.161E-01 0.
2 2.000E+04 6.121E-04 6.842E-05 7.039B+01 7.060E+01
3 3.000E+04 3.095E-01 3.459E-02 -1.744B+02 -1.742E+02
4 4.000E+04 1.480E-03 1.654E-04 1.171E+02 1.173E+02
5 5.000E+04 1.651E-01 1.845E-02 -1.708E+02 -1.706E+02
€ 6.000E+04 1.231E-03 1.376E-04 1.133E+02 1.135E+02
7 7.000E+04 1.006B-01 1.125E-02 -1.663E+02 -1.661E+02
8 8.000E+04 8.272E-04 9.247B-05 1.224E+02 1.2272+02
9 9.000E+04 5.414B-02 6.052E-03 -1.558B+02 -1.556E+02
TOTAL RARMONIC DISTORTION =  4.1232+00 PERCENT
ss¢¢  ODERATING POINT INPORMATION TROM= 17.000 TEMP= 27.000
NODE =VOLTAGE HODE =VOLTAGE NODE =VOLTAGE
+0:1 = 0. 0:2 =-3.692E-14 0:100 = 1.500E+01
+0:200 =-1.500E+01
#¢e+ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2
MODEL 0:NPN 0:PNP
B -1.000E-16 1.000E-16
Ic 2.115E-16 -2.300E-16
VEZ 3.692E-14 3.692E-14
VCE 1.500E+01 -1.500E+01
VBC -1.500E+01 1.500E+01
vs -1.500B+01 1.500E-09
POMER 3.173E-15 3.450E-15

CLASS-B OUTPUT STAGE (PEAK INPUT AMPLITUDE = 20 V)

rreres

veo 100 0 15

VEE 200 0 -15

Q1 100 1 2 NN
Q2 200 1 2 PNP
RL 2 0 2K

.MODEL NPN KPR RB=100 BF=100 IS=1B-1§ RC=20 VAF=130
.MODEL PNP PMP RB=100 BF=100 IS=1E-16 RC=20 VAF=50

VIN 1 [ SIN 0 2010K0 O
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.0P

-TR 40 2000

.PLOT TRAN v{2)

.FOUR 10K v(2)

.END -

*¢#+ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE RODE =VOLTAGE NODE =VOLTAGE
+0:1 = 0. 0:2 =-3.692E-14 0:100 = 1.500E+01

+0:200 =-1.500E+01

t++s BYPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:Q2

MODEL 0:NPN 0:PNP

IB -1.000E-16 1.000B-16
Ic 2.115E-16 -2.300E-16
VBE 3.692B-14 3.692E-14
VCE 1.500E+01 -1.500B+01
VBC -1.500E+01 1.500E+01
vs -1.500B+01 1.500E-09
POWNER 3.173E-15 3.450E-15

serter  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
e w2
A ) -2.000B+01  -1.000E+01 0. 1.0002401  2.000E+01
+ + . . s
0. 0. ~#eeemo- $oooen R ¥ + + *-
£.000E-06 4.18E+00 + + + + + A+ + + +
8.000E-06 8.77E+00 + + + + + + A+ . +
1.2008-05 1.28E+01 + + + + + + + A+ +
1.6008-05 1.508+01 + + + + + + . A +
2.000B-05 1.53B+01 ¢ + + + + + + A +
2.4008-05 1.55B+01 ¢ + + . + + + +A +
2.800B-05 1.55B+01 + + + + . + + A +
3.200B-05 1.52B+01 ¢+ + + + + + + A +
3.600B-05 1.45B+01 ¢ + + + + + + A+ +
4.0008-05 1.08EB+01- + + +A +
4.4008-05 6.51B+00 + + + + + [ SR + +
4.8008-05 1.972+00 + + + + + A+ + + +
5.2008-05 -1.74E+00 + + + L W) + + + +
S§.6002-05 -6.55B+00 + + + A+ + + + + +
§.0008-05 -1.09B+01 ¢« + A+ + + + + + +
6.400B-05 -1.458+01 + +A . + + + + + +
§.8002-05 -1.522+01 A + + + + + . D
7.2008-05 -1.54B+01 + A+ D + + + + * .
7.600E-05 -1.55B+01 + A+ . + + + + . .
8.000B-05 -1.53B+01-+ 3 + + + 4
8.400B-05 -1.50B+01 ¢ A + + + + + + +
8.8008-05 -1.28B+01 + L + + + + + +
9.2008-05 -B.76B+00 + + +A o+ + + + + +
9.600B-05 -4.158+00 + + + A + + + B +
1.000E-04 0. + . + + A + + + +
1.0402-04 4.17E+00 + 3 + + + 1 + + +
1.080B-04 B.7(B+00 + + + + . + A+ + +
1.1208-04 1.27E+01 + + + + + + T W v
1.1608-04 1.50B+01 + + + + + + + A +
1.2008-04 1.53E+01- [EEES + A +-
1.240B-04 1.55E+01 + + + N + . + 15y .
1.280B-04 1.55B+01 + + + ) + + + Y .
1.3208-04 1.52B+01 + + + + + + + A +
1.360B-04 1.45E+01 « + + 4 + IS + I +
1.400B-04 1.08E+01 + + + + + + +A + +
1 ¢40E-04 6.51E+00 + + + + + + A + + +
1.480E-04 1.97E¢00 + + + + DI W . . +
1.520E-04 -1.74B+00 + + + + A+ . + + +
1.560E-04 -6.55E+00 + + + I + + + + +
1.600E-04 -1.09B+01-+------ EEREab A+-- Hommmomae domoee
1.6408-04 -1.452+01 + +A + + + + + + .
1.680B-04 -1.52E+01 + A + + + + L + +
1.7208-04 -1.54E+01 + A+ + + + + + + +
1.760E-04 -1.552+01 + A+ + + + + + + +
1.800E-04 -1.53B+01 + A+ + + + + + + +
1.8408-04 -1.508+01 + A + + 3 + + + +
1.8808-04 -1.28E+01 + L + - + + + .
1.9208-04 -8.76E+00 « + [ S . + + ‘ .
1.960B-04 -4.158+00 ¢ + + A + + + + .
2.000E-04 0. -4---e-es AR $omomondonnnan boenaee *-
+ + + + +
YT

FOURIER COMPONENTS OF TRANSIENT RESPONSE V(2)

DC COMPONENT = -1.246D-04
HARMONIC FREQUENCY FOURIER NORMALIZED PHASE
RO (HZ) COMPONENT COMPONENT  (DEG)
1 9.999B+03 1.696E+01 1.000E+00 -1.072E-01
2 2.000E+04 1.866BE-03 1.100E-04 7.729E+00
3 3.000E+04 9.753E-01 5.748B-02 -1.358E+00
4 4.000B+04 1.161E-03 6.840E-05 1.193E+02
5 5.000E+04 6.865E-01 4.046E-02 -1.782E+02
6 6.000E+04 2.384E-03 1.405B-04 1.552E+02
7 7.000E+04 1.539E-01 9.071B-03 -1.693E+02
8 8.000E+04 9.693E-04 5.713E-05 1.271E+02
9 9.000E+04 5.105E-02 5.367E-03 -1.859E+01
TOTAL HARMONIC DISTORTION =  7.108E+00 PERCENT

NORMALIZED
PHASE (DEG)

0.
7.836E+00
+1.251E+00
1.194E+02
-1.781E+02
1.553E+02
-1.692R+02
1.272E+02
-1.848E+01



5'} i-8Vv
Vo= Yee™ Yer (sat )
I i 00

=L Vo _ 1 1.8 =375 mA
supply R A
Supply power = Ps‘upply

= Lppiy* 2V = 375 X 24 mW

= 90.2 mW
Power delivered to R,

Y 2
=l % .1 N8 -s5mW

2 R, 2
M = 626 =772 %
90.2
Mox. device dissipation occurs
when I, = Y% . gma
2R,
" P=IV,=6x6=236 mNW

/Vae,. Vo =11 5V P‘ak
A volts 235V

Peak & occurs for Vgp=6V

54

Vee)
_L31‘./ :
1| ——— — ==
6\{__ |
o t Tt
A MA 16 mA }
N
| |
0 T l ~> t
Pes ' EMmIN '
Armw :‘1—- i
| |
|
|
0o ' >
Veei
A Volts No=3V peak
!
___Isv
I ——
12 =~ l
| I
| |
o} 4+— > ¢
| l
| }
A MmA I_m__ |
|
o) , i > t
I
Py | !
A [27mW |
I |
| c
/o) — >t
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513 Vp= -5V
/
Vo= 0 I, =Y = -5mA
Ry
L, = Team Tz = 1y " 01 mA ;. Vag, = =760 mv
¥ -
Vi = Ve, = -Vp tn /lTo"s 659 mV 1= I, 2 0l mA |
=4
= S Vo =Vo, =26 Un 107 =659 mV
Vo=5V BE,~ 'BE, —s
I‘l = "@’ = SmA ,.’, VBE = 2X659-760'557mv
R. '
3 _15 557
VBE| = 26 tn SX 10~ 2 760 mv ". IC,= 10’5‘ /5“ 2 4A
- ,o"5
=-5-76V
V' = V0+VBE = ’5"0'76' 5
T, ® ,'_55_0_ = 0:033 MA t 2
- ‘I =0.]- 0.033 = 0.066 mA _VQ_’_—_'(_)_V.
T TC G I, = -lomA
2
* v =V = 26 Ln 0.066 x 162 ,64gmv Vg _-.-773mv
e ® BE; 4 ———,0——“5—
= = v
", Vgg, = ~(2%648-760) = - 536 my VBE,— Vag,= 659 M
—1g 536 . _ - » 53 v
1, 6% /26 _ 6.9 uA .. Vpg, = 2x652 776 - 539 m
S
U = Vpt Vg, = 5 0:536 = 446V Sote = 1MA
Vi = Vot Vg, T TIOTE Y
V,= 10V
I, = VO/R = 10 mA Vo voits

L AP
-3
VBE, = 26 4n OXI0~ = 778 mv

™' 1
Tp, =10 . 0.066 mA 5
150

&+ 'lr / — } ;VL
S, Ic, IC 0.l —0.066 = 0:033 MA -0 -5 . 5 10 volts
‘0—15 +4 =0

.. VBEZ" —(21630-778)": —438l mY

1, -16"%.* 2 . 0.1 4A

V=Vt VBI,_z ~ [0-0.48 = 9-52V
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s
(a) R =I10Ka
Vo= = Y%et Yeg (saty Voe,

= ~-154+02407=-141V

+
b = _V‘C_'YEE'__ I5-01

= = I13.8V
I+ R )+20
BIRL 50x 10
R = 2ka
— 141V
v:', I5-07 _ |.9V
I+ 20
100
(b 2L=IOKJL
<L VE _ 1 138 os52mwW
Limax 2 2, 2 o
T =1 U =1 B8 =zo0.44mA
subpl L 38
UPPlY )
- Lh = 132 mW
EUPPly-znsxoaa 3.2 m
n, = 252 - 720 %

13.2 .
Average power dissipated perdevice

= J- (F supply — P) )
=1 (13.2-9.52)= -84 mW
A

| =L 19
Limax 2 5

L 19 - 1.89 mA

= 354 MW

I

supply = p =
PSuppIy =2xI15% -89 = 568 mH
n.= 354 67.3/

56.8
Average power dissipoted per device

=1x (56:8-35¢4)-1 107 mW

19
o5
@) R =10Ka
- +

= -5 4 0-24 o.7+o.7=-—13-4v
A Vee = chlsA(sat.)‘ vbuq.
=15 -0.2-0.7= 41V
R =
V, = —134v
V= l4-1V
R, = 2001
Vo = —13:4V
For positive ouviputs, @, 15 Limited
to a current
Tolpax= Bigx©0-22=200x0222 44 mA

TVt - 44 x0.2 - &8V

1kKa

(b Ry= I k2
Pl =LY LB t . 50.8 MmN
Limax 2 2
I =1 Vp =1 124_ 421mA
sopply ~ = ’é’L L
PSUPPI\/ « 2% VCC x ISUPP”

= 30x4'27 = 128 mWN
'0. 7\C - 89'8 = 70./,
128

Peak dissipation occurs for

V, = Vee=Yee = 725V

2
I =Ye - 7.5 mA
RL
S, B=7-5x7%5=56-3 mW
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5.6
— ' o ‘ .
(2 Peak device dissipation = Yec
4R,
2
Pot Vec . 1001073
4R,
SRL=_18°  .563a
400x 1672
Max. P = L Yo = L B4 _ 0 mw
2 R 2 5,53
T = \70 =1 134 = 758 mA
SO _———ee. T mm
PPy ™R, T 0563

PSUPP"/ = 30x 758 = 227 mW

N, = 160 _ 70.4%
227
%2
() Yee =200xi6"
4R,

S, Ry=2820

However for this valve of R, the
output current is limited
I, {mx= pr 0:22.= 44 MA

* v1-0.282 x44 =12:4V -,

A2
VN -273 mw

o PL = .'_
e, 2 R
50] ™A
| limt=44mA
401 T//\
30t / PL'MAX

/ 778

Max. L occurs as shown above

Where R =134 =304 0
44
(note : Max. device dissipation

is less than 200 mW)

2

0'0 PL =L !o_zz -,— Eﬁ_ 2295mw
2 R 2 304
Isvpp|y= _'.ﬂ_ _:_L = 140 mA

Feupply = 140 X 30 = 420 mW

7\4 = .2'_9.5 = 70%
420
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511
Vo': -IOV, RL’ IK,Q_

* : -—__'__O_g-—meA
® ICZO \ .

-2
v e =V An 10 =-718mv
BE 20 T

= I - .
ICH g = 0"22 mA

) v = —
BE, VBE', 619 mv
S Vgg,, = 2% 619 -718 = 520 mV

ol T 164> %26 . 4.9 A

T,,, = 022 mA +Ig, = 0-42 mA

5-‘8
+ - — -
@) Vo = Ve ek, (at) Ybes™ Vbe,
=12-0.2-0:7-0:7 =10-4 V
V) o= =Vt VCEz(ga(».)-r Vbe|+vpl
=—1240.2+0.7+0.7 =104V
Py = 2X12X2 mW = 48 mW

© P'-lfmx':L:. :

10-4
8

=67 W

=1y
ISUPply" =1 ‘é-,_:?lr '_Qg‘.=4/4 mA

. PSUPP'\/’ 2x12x 414 X 5> 9:94 W

vpply
..0 (’1 - ____6l76 = 67'7 70

9.99 . .
L Y =1 12-45NW
4 R

EIMN--= 4 8

I

vee 100 0o 12

VEB 200 o -12

Q1 5 7 200 NPN

Q2 5 6 7 NPN_SMALL
Q3 * 3 10 100 PXRP

o4 100 3 9 NPN_SMALL
Qs 100 9 B8 NPR

QD1 8 8 5 NFN

QD2 4 4 5 NPE_SMALL
Qn3 3 3 4 NPH_SMALL
RL 3 0 8

+ TN FIG. 5.42, VBIAS COULD BR ADJUSTED BY TRIAL AND ERROR
+ 0 SET THE COLLECTOR CURRENT OF Q3 EQUAL TO 2 MA,

+ BUT THIS PROCESS MAY REQUIRE MANY ITERATIONS.

* g0 IRSTEAD, Q6 AKD IBIAS ARE ADDED TO FORM A

« CURRENT MIRROR TO SET UP THE DC COLLECTOR CURRENT IN Q3.
¢ HERE OMLY TWO ITERATIONS ARE REQUIRED
+ BECAUSE CURRENT MIRRORS ARE LINEAR.

Q6 10 10 100 PNP
IBIAS 10 200 1.523X
.MODEL NPN NPM RBx1 BF=100 IS=1E-15 RC=0.2 VAFa30

.MODEL NPN_SMALL NPM RB=100 BF=100 IS=1E-17 RC=20 VAF=30
.MODEL PNP PRP RBx100 BF=100 IS=1E-16 RC=50 VAF=30
¢ THE DC INPUT VOLTAGE IS ADJUSTED BY TRIAL AND ERROR

* 70 SET THE DC OUTPUT VOLTAGE TO IERO.

VIR 6 200 1.45

.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OP

.bc VIN 1 2.5 0.05

.PLOT DC V(8)

END

ssssvs  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
VOLT vig}
\ ) -2.0008+01 -1.0008+01 0.
+ *

1.000E+00 1.01B+01-¢------ R
1.050E+00 1.01E+01 + +
1.100E+00 1.01E+01 + +

1.150E+00 1.01E+01 +

1.2008+00 1.01E+01 » +

1.250B+00 1.01E+01 + +

1.3008+00 1.01E+01 + +

1.350E+00 1.01E+01 + +

1.4008+00 9.97E+00 + +

1.4508+00 -2.808-03 + +

1.500B+00 -3.31B-02-4------4-----

1.5508+00 -1.128-01 + +

1.600E+0¢ -3.15B-01 + +

.

+

+

+

.

.

+

+

1.0008+01  2.000B+01

+

+
.

+
H
H
+

>

P A R S
PO T T

P

1.650R+00 -8.238-01 +
1.700E+00 -1.932+00 +
1.7508+00 -§.348+00 +
1.800E+00 -8.00B+00 +
1.8502+00 -9.84B+00 +
1.900%+00 -9.878+00 +
1.9508¢00 -9.89E+00 «
2.0002+00 -3.91E+00-9------#------
2.050B+00 -9.928+00 + +
2.1002+00 -3.94B+00 + +
2.150B+00 -9.958+00 + +
2.200E+00 -9.96E+00 + +
2.250B400 -9.97R+00 + +

+

+

+

+

L
Y

1
B T T e
v 1

-
>
F T T O I S 4

J T T

4 e e e »

>

-

2.3C0E+00 -3.99E+00 ¢
2.3508+00 -1.00E+01 +
2.400E+00 -1.00B-01 +
2.450E+00 -1.00E+01 +
2.5008+00 -1.00B+01-4-----mtemmnmm

.

e De v e Dw D B B B

PO
PO T

P T T S

EY

_______________________________

-

+
T

.
+
-
.
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¢4+ OPERATING POINT INFORMATION  TNOM= 27.000 TEMP= 27.000 =
RODE  =VOLTAGE FODE  =VOLTAGE HODE  SVOLTAGE ) V-1- Y, V.
+0:3 = 1.016E+00 0:4 = 1.6348-01 0:5 =-6.5008-01 a = - -
+0:6 =-1.0558+01 0:7 2-1.127E+01 0:8 =-2.7962-03 ¢ ° cc  "BE; CEy(sat)
+0:9 = 5.1128-01 0:10 = 1.1212+01 0:100 = 1.200E+01
+0:200  =-1.200E+01 =15-071-0.2 =141V
seve BIPOLAR JURCTION TRANSISTORS - Vv
Vo= =V + Y, T Vae
o Ce,(sat
0:01 0:02 0:03 0:04 0:05 cc ((Sat) 3
0:5Pn 0:HPN_DNAL 0:PNP 0:NPN_SMAL O:HPN _
1.725E-05 1.289E-07 -1.497E-05 3.096E-11 4.272E-09 = -15+02+07 = =141V
2.333E-03 1.7128-05 -2.001E-03 4.230E-09 5.908E-07
7.2888-01 7.212K-01 -7.861E-0L 5.057E-01 5.140E-01
1.1318+01 1.058E¢01 -1.098E+01 1.148E+01 1.200R+01 (b) IC = 0,15 MA
-1.058E+D1 -9.860K+00 1.019Z+01 -1.098E+01 -1.148E+01 7
6.905E-01 6.904E-01 -1.121E+01 -1.200Es01 -1.200E+01
2.6408-02 1.813E-04 2.198E-02 4.861E-08 7.093E-06 c I; = E ~ 0.15 mA
1.352E402 1.328E402 1.336E+02 1.366K+02 1.3831+02 ’ . 14 4
9.016E-02 6.616E-04 7.730E-02 1.634E-07 2.283E-05 3
1.499E+03 32.007K+05 1.728E+03 8.354E+08 6.054E+06 . Y
1.000E500 1.000E+02 1.000Es02 1.000E+02 1.000E+00 . e VB£5 = VBEG= VT n M = 609 mV
1.739E+04 2.328B406 2.004R+04 9.G8IE+09 7.022R+07

10714

1.351B+02 1.327E+02 1.335E+02 1.365E+02 1.382E+02

I, = 015 mA

gaagaggagggsuggg gaagnggagggsugga

0:QD1 0:QD2 0:QD3 0:Q6
O:NPN 0:KPN_SMAL O:NPN_SMAL 0:PNP -
3.466E-06 1.983E-05 1.983E-05 -1.497B-05 For Q3 44
3.466E-04 1.981B-03 1.981E-03 -1.493E-03
6.873B-01 8.535E-01 8.535E-01 -7.861E-01
6.8732-01 8.535E-01 8.535B-01 -7.861E-01
0. 0. 0. 0.
2.865E-03 -1.238E-01 -9.772B-01 -1.121E+01
2.406E-04 1.707E-03 1.707E-03 1.1862-03
9.999E+01 9.987E+01 9.987B+01 9.975E+01
1.339B-02 7.651B-02 7.651E-02 5.768E-02
7.462E403 1.304B+03 1.304E+03 1.728E+03
1.000E+00 1.000E+02 1.000E+02 1.000E+02
8.655K+04 1.512B+04 1.512E+04 2.004E+04
9.991E+01 9.978E+01 9.978E+01 9.967E+01

I;z(p‘,ﬂ)IsJ

s 1218 Iz
26 10714 x 151 107
ICZ=O.58 mA

2
(C) PC/max.: _\_/ﬁ."' = |OOXIO—3 W

4R
V. R =225 =563
o4
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This res I = |41 .
requires L2 pek) o 25 mA

But P,Xx0+15 =[50 x 0:15 = 22.5 mA
;. Qg cannot supply this current
Max. pOWer OCLUTS when

141 . 22.5 mA
Ri

R e 6272 —then R <I0OmW

A

[ ] ’ z 1
LA R L
RL 2 627

Peak current in Q4 = 225 mA

Peak current in & = 225 . 0.156 mA
150

m;@ﬂenk inQy

l———_ <2780
I PLLVH;RL67
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CZO
2=

Bias If ™M, operotes inthe active
(&) bila

=0

o<

region,

= JOO YA
el = o0m | Ves,~ Vi, | = fi{ffi
| Ze | = 5004A : <),

I = | L + =2 (&0
| Ing| = [ Tagl el ’ (80) ‘= ool v
: = 6004A = 30"4A :26(500)

20 and Vo= -540.7 + 0.1 =—4:19V
[ Ip, | = Vgg 0.8
= = 80 _ N
—3 = —= = G0MA But then Vg, = Vo~ (B Vge)

R
{
= V. —-(- [o P
Ic,= 500-80 = 420 MA b= (-5+0.8)

|Tp,] =V 0.8 A

bD.| = 8, =~ O =

2 e T 8ouA = ~4-19+ 422 = 0.0V
. v

From KvL, since Voo, < | Vas, V4, |,

Vss,f Vae, = Ves, T Vai, M, operates in the triode region

(Where Vg <O and Vg, & °) A quadratic equation could be

Since Lp,=Ip, , Ves,= Ves, solved *o $ind Vep, > but it IS nok
Then Vg =Vge, as expected Worth the trouvble because % is
Then I = I, = 420 HA set mainly by the supply voltage

ond I, = I, -|ZIp,|= 340 uA and Vg,
For simplicity , assome Vgp=0.1V
Then Vo = -5+ Vgg, +Vsp,

= ~5+0.840-]

= —4,' Vv

(b) Maximum sSwing
Ut = 5= Vee, ~Veg, (sapy~ | T iRal
= 5-0.8- 0.1- 5004 ([00)
= 4-05V
Minimom swing
If Vi=-5V,Q is off
Voo = Vit Vs, = Vit | Ves, |

VO = V"+ lv.[.z' + , VGSz- V&z,



BICMOS CLASS-AB OUTPUT STAGE (CHECK HAND CALCULATION) BICMOS CLASS-AB OUTPUT STAGE (PREAK OUTFUT AMPLITUDE = 2 V)
bbbbdd * BIPOLAR PARAMETERS FROM FIG. 2.32 AND

vee 100 0 5 * PMOS PARAMETERS FROM TABLE 2.3

VEB zoo ° _5 L E212 24

Q1 21 7 10 NN 25 vee 100 [

Q2 110 13 200 RPN 25 R VEE 200 0o -5

Q3 7 8 9 MPN 25 Ql 21 7 10 PN 25

Q5 6 4 3 NP Q2 110 13 200 NPN 25

Q6 7 4 5 P 5 Q3 7 8 9 NPN 25

| 8 ] L 7 PMOS1  W=500U Lsl1U Q5 6 4 3 P

w 113 9 10 10 PMOS1  W=5000 L=1U Q6 7 4 5 PHP 5

) <] 0 6 4 4 PMOS2 W=2U L=2U | o8 8 8 7 7 oSl W=5000 L=10

Rl 8 9 10K w 113 9 10 10 PMOS1  W=5000 L=1U

R2 13 200 10K wn 0 6 4 4 PMOS2 W=2U L=20

R3 100 3 500 Rl 8 9 10K

R¢ 100 5 100 R2 13 200 10K

RL 10 0 200 R3 100 3 500

IBIAS 6 0 100U R4 100 s 100

¢ IERO-VOLTAGE VOLTAGE SOURCES TO MEASURE TRANSISTOR CURRENTS RL 10 0 200

vICl 100 21 0 IBIAS 3 ¢ 100U

vID2 113 13 0 * ZERO-VOLTAGE VOLTAGE SOURCES TO MEASURE TRANSISTOR CURRENTS
vica 10 100 VIci 100 21 0

.MODEL NP¥ NPN BP=80 IS=1E-18 vID2 113 13 0

.MODEL PNP PNP BrF=20 ISs1E-18 vIc2 10 110 0

.MODEL PMOS1 PMOS KP=26U VTO=-0.7 LAMBDA=0 LD=0 .MODEL NPN NPN RB=400 BF=80 IS=6E-18 VAFa3S§

.MODEL, PMOS2 PMOS KP=26U VTO=-0.7 LAMBDA=0 LD=0 .MODEL PNP PHP RB=200 BFs20 IS=6E-18 VAP=30

¢ THE DC INPUT VOLTAGE 1S ADJUSTED BY TRIAL AND ERROR .MODEL PMOS1 PMOS KP=26U VTO=-0.7 LAMBDA=0.0625 LD=0.187
*70 SET THE DC OUTPUT VOLTAGE TO ZERO. .MODEL PMOS2 PMOS KP=26U VTO=-0.7 LAMBDA=0.0244 LD=0.180
vI 9 0 -0.8033 * LAMBDA1 = (DXD/DVDS)/LEFF = 0.04/(1-2%0.18) = 0.0625 V~{-1}
.OPTIONS NOPAGE NOMOD * LAMBDA2 = (DXD/DVDS)/LEFF = 0.04/(2-2°0.18) = 0.0244 V*{-1}
.WIDTH OUT=80

-0P * THE DC INPUT VOLTAGE IS ADJUSTED BY TRIAL ARND ERROR
.EED +70 SET THE DC OUTPUT VOLTAGE TO 1ERO.

* THE PEAK INPUT AMPLITUDE IS SET BY TRIAL AND ERROR
ss4+ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 * S0 THAT THE PEAK OUTPUT ANPLITUDE IS 2 V.

RODE =VOLTAGE NopE =VOLTAGE NODE =VOLTAGE Vi 9 0 8IN -0.80%93 2.08 10K 0 O

40:3 = 4.947B+00 0:4 = 4.113E8+00 0:5 = 4.947E+00 .OPTIONS NOPAGE NOMOD

+0:6 = 1.894E+00 0:7 = 7.913E-01 0:8 =-2.225E-02 NIDTH OUT=80

+0:9 =-8.093E-01 0:10 = 3.2552-03 0:13 =-4.218B+00 .0P

+0:21 = 5.000B+00 0:100 = 5.000E+00 0:110 = 3,255E-03 .DC VI -5 5 0.5

+0:113 =-4.2182+00 0:200 =-5.000E+00 .PLOT DC V(10)

*s+¢ BTPOLAR JUNCTION TRANSISTORS .TRAN 4U 1000

SUBCKT .PLOT TRAN I{VIC1l)
ELEMERT 0:Q1 0:Q2 0:Q3 0:Q5 0:Q6 .PLOT TRAN I(VIC2)
WODEL 0:NPN 0:NPN 0:RPN 0: 0:PNP .PLOT TRAN I(VID2)

IB 5.341E-06 4.175E-06 5.135E-06 -5.000B-06 -2.500E-0S .PLOT TRAN V(10)

Ic 4.273B-04 3.340E-04 4.108E-04 -1.000BE-04 -5.000B-04 .POUR 10K V(10)

VER 7.881E-01 7.817E-01 7.871E-01 -8.338E-01 -8.338E-01 .END

vCB 4.996E400 5.003E+00 1.600E+00 -3.052E+00 -4.156E+00

VBC -4.2082400 -4.221B+00 -8.136E-01 2.219E+00 3.322E+00 seseer  DC TRANSFER CURVES TROM= 27.000 TEMP= 27.000
vs -5.000E+00 ~3.255E-03 -7.913E-01 -4.113E+00 -4.113E+00 YOLT v(10)

POMER 2.1398-03 1.674E-03 6.616B-04 3.095E-04 2.099E-03 1} ) -1.000B+01  -5.000R+00 0. 5.0002+00  1.000B+01
BETAD 8.000E+01 8.000E+01 8.000E+01 2.000E+0%1 2.000E+01 + + + + .
on 1.652E-02 1.291E-02 1.588E-02 3.866E-03 1.933E-02 -5.0008+00 -4.06B+00 A---+ #eoee 4omeen +-
RPI 4.842E+03 6.194E+03 5.036E+03 5.172E+03 1.034E+03 -4.5008+00 -3.63E+00 + + T . . . B .
RX 0. 0. 0. 0. 0. -4.0008+00 -3.14E+00 + + . A+ + . . + +
RO 1.683E+17 1.688E+17 3.254E+16 2.219E+18 6.644E+17 -3.500E+00 -2.65E+00 + + + A + . . . +
BETAAC  8.000E+01 8.000E+01 B8.000E+01 2.000E+01 2.000E+01 -3.000E+00 -2.16E+00 + + + " + . + + +

-2.500B+00 -1.67R+00 + + + + A * + + + +

se22 MOSFETS -2.000E+00 -1.18E+00 + + + LI S + . + +
SUBCKT -1.500£400 -7.01E-01 + . . soAe . . ' .
ELEMENT 0:M1 0:M2 018 -1.000E+00 -2.14B-01 + + + . A+ + * + +
MODEL 0:PMOS1 0:PMOS1 0:PMOS2 -5.0008-01 2.58E-01 + . . + +A + . + +
ID -8.384E-05 -8.235E-05 -3.000E-05 0. 7.298-01 ERCRYSY Y +
IBS 0. 0. 0. 5.000B-01 1.21E+00 + + + + L N . . +
IBD 8.136E-15 4.222E-14 4.114E-14 1.000E+00 1.70E+00 + * . - . . . +
vGs -8.136E-01 -8.126E-01 -2.219B+00 1.500E+00 2.19E+00 + ’ + . e . - B
vDs -8.136B-01 -4.221E+00 -4.113E+00 2.000E400 2682400 » + B + . A . + .
VBS 0. 0. 0. 2.5008+00 3.17E+00 « + + + + L ) + + +
VTH -7.000E-01 -7.000E-01 -7.000E-01 3.0008:00 3.56B+00 « + . . + L . +
VDSAT -1.136BE-01 -1.126E-01 -1.519B+00 3.5008400 4.0€2+00 » + + + * L W . +
BETA 1.300B-02 1.300E-02 2.600E-05 4.000E+00 4.07E+00 « + + . . LI S . +
GAM EFY 0. 0. 0. §.500B+00 § 0784G0 + + + + I DI S + +
e} 1.476E-03 1.463E-03 3.950E-05 S.Q00E+00 4.0TE+00-+-—---- beees boooee- tooee- [P R R e -
GDS 0. 0. 0. . » v N .

GMB 0. 0. 0.
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se2¢  OPERATING POINT IKFORMATION TNOM= 27.000 TEMP= 27.000 #eeete  TRANSIENT ANALYSBIS THOM= 27.000 TEMP= 27.000
ROD® =VOLTAGE NODE =VOLTAGE NODB =VYOLTAGE TINE 1VICD)
+0:3 = ¢.947E+00 0:4 = 4.160E+00 0:5 = 4.946E+00 (a ) 0. 5.0008-03 1.0002-02 1.5008-02  2.000E-02
+0:6 = 2.306E+00 0:7 = 7.179E-01 0:8 =-6.835E-02 + + + + +
+0:9 =-§.093E-01 0:10 =-2.920B-02 0:13 =-4.249E+00 0. 6.588-04-+-A B et $omonnn [ I 4
+0:21 = 5,000E+00 0:200 = 5.000B+00 0:110 =-2.920E-02 4.0008-06 7.942-12 A + + + + + + + »
+0:113 =-4.2498+00 0:200 =-5.000E+00 8.000B-06 5.85B-12 A + + + + + + B B
1.2008-05 6.31B-12 A + + + + + + . +
*##+2 BTPOLAR JUNCTION TRANSISTORS 1.600B-05 6.65E-12 A + + + + + + B B
SUBCKT 2.000B-05 6.86E-12 A + + + + + + ’ +
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q5 0:Q6 2.400E-05 6.96E-12 A + + . + + + + s
MODEL 0:NPH 0:NPN 0:NPN 0:PMP 0:PRP 2.8008-05 6.93E-12 A + + + + + . . +
IB 6.547E-06 7.341E-06 5.166E-06 -4.694B-06 -2.280E-05 3.2008-05 6.77B-12 A + + + + + + ¢ +
Ic 5.879B-04 6.581E-04 4.226E-04 -1.000E-04 -5.084E-04 3.6002-05 6.49B-12 A + + + + + + + +
VBE 7.471B-01 7.501B-01 7.410E-01 -7.867E-01 -7.860E-01 4.0002-05 6.09E-12-A .
VCE 5.0298+00 4.970E+00 1.527E+00 -2.741E+00 -4.229E+00 4.4002-05 5.60B-12 A + + + + + + + +
VBC -4.2802E+00 -4.220B+00 -7.862E-01 1.954E+00 3.443E+00 4.8002-05 7.198-06 A + ’ + + + + + +
vs -5.000E+00 2.920E-02 -7.179E-01 -4.161E+00 -4.161E+00 5.2002-05 1.76E-01 + A+ + . + + . + +
POWER 2.961E-03 3.277E-03 6.492E-04 2.778B-04 2.168E-03 5.6008-05 ¢.02B-03 + O WY + + + + B +
BETAD 8.978E+01 9.964E+01 B8.179E+01 2.130B+01 2.229E+01 6.0008-05 6.132-0) + + + A4 + + ‘ + +
- | 2.271B-02 2.543E-02 1.633E-02 3.863B-03 1.964E-02 6.4008-05 7.31B-03 « + . *A * + + B +
RPI 3.950E+03 3.523E+03 5.006E+03 5.510E+03 1.134E+03 6.8008-05 9.22E-0) + + + 4 A+ + + + +
22 4 1.6008+01 1.600E+01 1.600E+01 2.000E+02 4.000E+01 7.2008-05 9.982-03 + + + + A + . B +
RO 6.682B+04 5.959E+04 B.468E+04 3.195B+05 6.578E+04 7.6008-05 1.01P-02 + + + . A + + + +
BETAAC 8.972E+01 8.958E+01 B8.173E+01 2.128B+01 2.227E+01 B.000B-05 9.67B-03-+------+ A+ + + + +
8.400R-05 B.62E-03 + + LI S + + + +
44+ MOSFETS 8.800B-05 7.06E-0) + + A+ . + + + +
SUBCKT 9.2008-05 5.10B-03 + + A + . + + + +
ELEMENT 0:M1 02 0103 D600B-05 2.90B-03+ A ¢+ e 4+ 4 4
MODEL 0:PMOS1 0:PM081 0:PMO82 1.000B-04 6.58E-04 + A+ + + . . + + .
ID -7.926E-05 -8.235E-05 -2.750E-05 + + + + +
IBS 0. 0. 0.
IBD 7.862B-15 4.221E-14 4.161E-14
ves -7.862E-01 -7.801E-01 -1.954E+00
VD8 -7.862E~01 -4.220E+00 -4.160E+00
VBS 0. 0. 0.
VTH -7.000E-01 -7.000E-01 -7.000E-01 stsesr TRANSTENT ANALYSIS TNOM= 27.000 TEMP= 27.000
VDSAT -8.625E-02 -8.010E-02 -1.254E+00 me 1(VID2)
BETA 2.131E-02 2.567E-02 3.493BE-05 A ) 0. 1.000E-04 2.0002-04 3.000B-04  4.0002-04
GAM EFT 0. 0. 0. + + + ’ ’
[« 4 1.838E-03 2.056B-03 4.383E-05 0. 8.238-05-4---—-- D S SRR 4oome + »
GDs 4.722B-06 4.072B-06 6.091E-07 4.0008-06 2.50B-05+ A + D + + + + +
GMB 0. 0. 0. 9.000E-06 6.79E-06 +A + . + + + + . ‘
1.200E-05 1.36E-06 A + + + + + . + +
tesars TRANSIENT ANALYSIS TROM= 27.000 TEMP= 27.000 1.600E-05 5.51B-08 A + + + + . . . B
TIE I(vICYH) 2.0008-05 1.36B-11 A + . + + + + + +
A } -5.000E-03 0. 5.0008-03 1.0008-02 1.5008-02 2.1008-05 1.40E-11 A + + + + + + + +
M + + + 4 2.8008-05 1.392-11a . . + + + + + +
0. 5.888-04-4------ o A 4o +- 3.2008-05 1.36E-11A + + + + + . + +
4.000B-06 2.26E-01 + + + A+ + + + + + 3.6008-05 4.258-07 A + - * + + + + +
8.000B-06 4.53E-03 » + + + A+ + . + + 4.0008-05 3.41E-06-A------ D 4o 4o Heomenn R 4aemmmn #ommmee +-
1.200B-05 6.558-03 + + + + + A+ + + + 4.400E-05 1.358-05 + A  + + + + + + + +
1.600E-05 B8.14E-03 + . . ’ + + + + + {.BOOB-05 5.558-05 + +A + + - + + + +
2.000E-05 9.21E-03 + + + + . ¢« A# . . 5.2008-05 9.74E-05 + + A + + + + + +
2.4008-05 9.688-03 + + + + + + A+ + + 5.6008-05 1.26E-04 + + LI W + + + B +
2.8002-05 9.52E-03 + + + + + LI + + €.000B-05 1.52E-04 + + + A + + + + +
3.200E-05 B.74B-03 + + . + + L Y + . 6.400E-05 1.T4E-04 + + + + A + + + +
3.600B-05 7.40B-03 + + + + + A + * + 6.800B-05 1.90B-04 + + + + A + + + ¢
4.000E-05 5.57B-03-+------ #ommen $emeen A L b Po— ,- 7.2008-05 2.00E-04 » + + + A + + + +
4.4002-05 3.41E-03 + . + + A ¢ . . . + 7.600E-05 2.02E-04 ~ . v - A . . + -
4.8008-05 1.132-03 » + + A4 + + + + + 8.0002-05 1.96E-04-+------ P PO 4ooee ) Hoeeen D dammann .-
5.2008-05 4.45E-04 . +A + + . . + + 8.400E-05 1.83E-04 + . + + A + + + +
5.600E-05 2.743-04 + + +A + + - + + + 8.800E-05 1.63E-04 + . + +h 4 + + + .
6.000E-05 1.81E-04 + . A + + + . + + 9.200B-05 1.39E-04 + - + A + + + + +
6.400E-05 1.29B-04 « . A + ¥ . + + + 9.600E-05 1.12E-04 + + +A + + + + + +
6.9008-05 1.02E-04 + + A + . v + + + 1.000E-04 §.23E-05 + + A+ + + * + + .
7.200E-05 B8.B4E-05 + A + + + + + + + . + + +
7.600E-85 8.57E-05 + + A + + + + + +
8.0C0E-05 9.35E-05-+------ R} + peeeen o +-
§.400B-05 1.13E-O4 « + A + + + + + +
9.B00E-95 1.52B-04 » + A + + + + + +
9.200E-G5 2.22B-0¢4 + 33 + . . + + +
9.600E-25 3.49E-04 + + +A + + + + B +
1.000B-04 5.BBE-04 » + + A + + + + + +
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TOTAL HARMONIC DISTORTION =  4.508E-01

sesese  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
Tme vi10)
[0 ) -4.000B+00  -2.000B+00 0. 2.0008+00  4.0003+00
* + + + +
0. -2.928-0 +-- - A “4eceoood + -
4.0008-06 4.51E-01 + + + + PO S + + +
8.000E-06 §.15E-01 + B + + . A+ . + B
1.2008-05 1.32B+00 + + + + + +A 4 + +
1.6008-05 1.64B+00 + + + + + P + +
2.0008-05 1.86E+00 ¢+ + + + + D A+ ‘ +
2.4008-05 1.95B+00 ¢ + + + . + A + +
2.800B-05 1.928+00 + + + + + + A+ + +
3.2008-05 1.762+00 + + + + ’ + A+ + +
3.6008-05 1.49R+00 » . . + . + A+ + +
1.0008-05 1.128+00 A +
4.4008-05 6.862-01 ¢+ + + + + A+ + + +
4.8008-05 2.158-01 » . . + LY T + + +
5.2008-05 -2.82E-01 ¢+ . + L + + + +
5.6008-05 -7.74B-01 + + + L W + + + .
€.0008-05 -1.222+00 + + LI + + + + +
6.400B-05 -1.598+00 + + L S + + + + +
6.800B-05 -1.86R+00 + + A + + + + + +
7.2008-05 -2.01E+00 + + a + + + + + +
_ T.600E-05 -2.05E+00 ¢ + A + + + + +
§.0008-05 -1.95B+00 A +
9.400B-05 -1.73B+00 ¢ + tA + + + + +
8.8008-05 -1.41B+00 + + + A+ + + + + +
9.2008-05 -1.008+00 » + . A . . + . +
9.600B-05 -5.31B-01 + + + L + + + +
1.0008-04 -2.92E-02 ¢+ + + + A + + + +
+ . * + +
tearst
FOURIER COMPONENTS OF TRANSIENT RESPONSE V(10)
DC COMPOMENT = -4.333D-02
EARMONIC FREQUERCY PFOURIER NORMALIZED PHASE NORMALIZED
o] (HZ) COMPOHENT COMPONENT (DEG) PHASE (DEG)
1 9.9992+03 2.004E+00 1.000E+00 4.267E-04 0.
2 2.000B+04 4.438E-03 2.215E-03 9.067E+01 9.067E+01
3 3.000B+04 6.157E-03 3.072E-03 -1.799E+02 -1.799E+02
4 4.000E+04 3.486E-03 1.740E-03 8.912E+01 8.912E+01
5 5.000E+04 1.974E-03 9.851E-04 1.794E+402 1.794E+02
6 6.000E+04 2.250E-03 1.123E-03 9.093E+01 9.0393E+01
7 7.000E+04 6.148E-04 3.068E-04 1.744E+02 1.744E+02
8 8.000E+04 1.536E-03 7.664E-04 9.086E+01 9.086E+01
9 9.000E+04 4.136E-04 2.064E-04 -1.251E+01 -1.251E+01

PERCENT

BICMOS CLASS-AB OUTPUT STAGE (PEAK OUTPUT AMPLITUDE = § V)
+ BIPOLAR PARAMETERS FROM FIG. 2.32 AND
* PMOS PARAMETERS FROM TABLE 2.3

1223243

vee 100 [ -]

VEE 200 0 -5

Q1 2l 7 10 WPN 25

Q2 110 13 200 NPN 25

Q3 7 8 9 PR 25

Qs 6 4 3 PRP

Q6 7 4 5 PRPF 5

n 8 8 7 7 PMOS1  W=500U L=1U
7] 113 s 10 10 PMOS1  W=5000 L=1U
16 0 6§ 4 4 PMOS2 W=2U L=2v
R1 8 $ 10K

R2 13 200 10K

R3 100 3 500

Ré 100 5 100

RL 10 0 200

IBIAS 6 0 1000

* ZERO-VOLTAGE VOLTAGE SOURCES TO MEASURE TRARSISTOR CURRENTS
vICl 100 1 0

vin2 113 13 0

vica 10 110 0

.MODEL NPN NPN RB=400 BF=80 I8=6E-18 VAF=35

.MODEL PNP PNP RB=200 BF=20 I8=6E-18 VAF=30

.MODEL PMOS1 PMOS KP=26U VTO=-0.7 LAMBDA=0.0625 LD=0.13U
.MODEL PMOS2 PMOS KP=26U VTO=-0.7 LAMBDA=0.0244 LD=0.180

* ‘LAMBDAL = (DXD/DVDS)/LEFF = 0.04/(1-2¢0.18) = 0.0625 V*{-1)
* LAMBDA2 = (DXD/DVDS)/LEFF = 0.04/(2-2%0.18) = 0.0244 V*{-1}

* THE DC INPUT VOLTAGE IS ADJUSTED BY TRIAL AND ERROR
* 70 SET THE DC OUTPUT VOLTAGE TO ZERO.

+ THE PEAK INPUT AMPLITUDE IS SET BY TRIAL AND ERROR
* SO THAT THE PEAK OUTPUT AMPLITUDE IS 4 V.

vI 9 o 8IN -0.8093 4.14 10K 0 O
.OPTIONS NOPAGE MNOMOD

.WIDTE OUT=80

.OP

.DC VI -55 0.5
.PLOT DC V(10)

.TRAN 40 1000
.PLOT TRAN I(VIC1)
.PLOT TRAN I(VIC2)
.PLOT TRAN I(VID2)
.PLOT TRAN V(10)
.FOUR 10K V{10)

-END
#+#¢+ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:3 = 4.947B+00 0:4 = 4.160B+00 0:5 = 4.946E+00
+0:6 = 2.206E+00 0:7 = 7.179E-01 0:8 =-6.835E-02
+0:9 =-8.0938-01 0:10 =-2.920E-02 0:13 =-4.249B+00
+0:21 = 5.0002+00 0:100 = 5.000B+00 0:110 =-2.920R-02
+0:113 =-4.249B+00 0:200 =2-5.000E+00
*+¢¢ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q5 0:06
MODEL 0:NPN 0:NPN 0:NPN 0:PNP 0:PNP
IB 6.547E-06 7.341E-06 5.166B-06 -4.694E-06 -2.280B-05
Ic 5.879E-04 6.581E-04 4.226E-04 -1.000B-04 -5.084E-04
VBE 7.471E-01 7.501E-01 7.410E-01 -7.867B-01 -7.860E-01
VCE 5.029E+00 4.970B+00 1.527E+00 -2.741E+00 -4.22S5E+00
VBC -4.282E+00 -4.220BE+00 -7.862E-01 1.954E+00 3.443E+00
vs -5.000E+00 2.920E-02 -7.179E-01 -4.161E+00 -4.161E+00
PONER 2.961E-03 3.277E-03 6.492E-04 2.778E-04 2.168E-03
BETAD 8.978E+01 B8.964E+01 8.179E+01 2.130E+01 2.229E+01
oM 2.271E-02 2.543E-02 1.633E-02 3.863E-03 1.964B-02
RPI 3.950E+03 3.523E+03 5.006E+03 5.510E+03 1.134E+03
RX 1.600E+01 1.600E+01 1.600B+01 2.000E+02 4.000E+01
RO 6.682E+04 5.959E+04 8.468E+04 3.195E+05 6.578E+04
BETAAC 8.972E+01 8.958E+01 8.173E+01 2.128E+01 2.227E+01
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e+ MOSFETS ssstss TRANSIENT ANALYSIS ™MOM= 27.000 TEMP= 27.000
SUBCKT TINE 1V}
ELEMENT 0:M1 0:02 0:33 1Y t 0. 1.000%-04 2.0002-04 3.0008-04  4.0008-04
MODEL 0:PMO81 0:PMO81 0:PM082 + + + + .
oo -7.926E-05 -8.235B-05 -2.750E-05 0. 6.238-05- A +- +
iB8 0. 0. 0. 4.0002-06 7.58B-06 +A + + + + * + . +
IBD 7.8622-15 4.221B-14 4.161E-14 §.000B-06 6.61E-08 A + + + + + ‘. B .
ves -7.862B-01 -7.801E-01 -1.954B+00 1.2008-05 1.558-i1 A + + + + + + + +
vos ~7.8628-01 -~4.220B+00 -4.160E+00 1.6002-05 1.688-11 A + + + ‘ + + + +
VB8 0. 0. 0. 2.000B-05 1.778-11 A + + + + + + . +
VTH -7.000E-01 -7,.000E-01 -7.000E-01 2.400-05 1.80B-11 A + + + + ‘ ’ + +
VDSAT -8.625R-02 -8.010E-02 -1.254E+00 2.8002-05 1.79%-11 A + + + . . + + +
BETA 2.131B-02 2.567E-02 3.493E-05 3.2008-05 1.73E-11 1 + + + + + + + +
GAM EFF 0. 0. 0. 3.6002-05 1.62B-11 A + + + + + + + +
1.8382-03 2.056E-03 4.383E-05 4.0002-05 1.478-11-2 .-
GDS 4.7228-06 4.072E-06 6.091E-07 4.4008-05 1.14E-06 A + + . + + + + .
0. 9. 0. 4.800B-05 2.88B-05 ¢+ A ¢ . + * + + + .
5.2008-05 1.12E-0¢ ¢ + +A + + + + + .
seesse  TRANSIENT ANALYSIS TROM= 27.000 TEMP= 27.000 5.60028-05 1.698-04 + + + + A e + + + +
e 1(VIC) 6.0008-05 2.243-04 + + + + + A 4 + + +
[ ) 0. 5.0008-03 1.0008-02 1.5008-02  2.0008-02 6.4008-05 2.71E-04 ¢ + + + + At + +
+ + + + + 6.8008-05 3.078-04 + + + + + v +A + +
0. 5.888-04-4-A----+ + 7.700E-05 3.29E-04 + + + + + . LI Y +
1.0008-06  4.668-03 + + A+ + + . + + + 7.600B-05 3.32B-04 + + + * + . A +
£.0002-06 9.298-03 + + + + A+ . + + + 8.000E-05 3.20B-04 + A
1.2008-05 1.332-02 + + + + + L S + + 8.4008-05 2.912-04 + + + + ¢ + A+ + +
1.6008-05 1.66K-02 + . + + + + L + 8000205 2.492-04 + + + . 3 A + . +
2.0008-05 1.878-02 + + + + * + + LI SR 9.200B-05 1.97E-0¢ + + . + A + + + +
2.4008-05 1.962-02 + + + + + + + . A+ 9.6008-05 1.412-04 + + . A+ . + + + +
2.900E-05 1.%32-02 » + 3 ¢ + + + L 1.0002-04 8.232-05 + + A + + + + + +
3.2008-05 1.788-02 + + + + + + + 23 + + + + v .
3.600B-05 1.518-02 ¢ + + * + + A + + sesess TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
4.0008-05 1:142-02 A TN v
4.4008-05 7.025-03 + . + A+ + + + + + a ) -1.0008+01  -5.000R+00 9. 5.0008+00  1.000B+01
§.8008-05 2.27P-03 + A+ + + + + + + + + + + + +
$.2008-05 3.468-04 A + . . + . + + + 0. -2.928-02 A +
5.6008-05 1.398-04 A + + + + + + + + 4.0008-06 9.412-01 + + + + LI T + + +
6.0008-05 6.292-05 A + + + + + + . + 6.000E-06 1.87R+00 « + + . LI + . .
6.4002-05 3.273-05 A + . + + + + + + 1.200E-05 2.70B+00 + + + + + “A . + +
6.8008-05 2.042-05 A + + + + . + + + 1.6008-05 3.358+00 ¢ + + + + +A ¢ ’ +
7.2008-05 1.345-05 A + + + + + + + + 2.000E-05 3.78B+00 + + + * + LI T + +
7.6008-05 7.173-06 A + + + + + + + + 2.4008-05 3.97E+00 + + + * + LI S + +
B.0008-05 1.728-05-A------ +-- - - 2.800B-05 3.508+00 + + + + * + A+ . B
8.400E-05 2.53B-05 A + + + + + + + + 3.200E-05 3.59B+00 ¢+ + + + + + A+ + +
§.8008-05 4.S1E-05 A + + . + . + + + 3.6008-05 3.05E+00 + . . + + +A ¢ . +
9.2008-05 9.342-05 A + + + + + + + + 4.0008-05 2.308+00 4-----k +
9.6002-05 2.208-04 +A + + + + + + + + 4.400B-05 1.42E+00 + + + + LI + * +
1.000E-04 5.88E-04 + A + + + + + . + + 4.800B-05 4.54B-01 ¢ + + . Y + + + +
M * + + + 5.2008-05 -5.342-01 + + + + A+ + + + +
5.6008-05 -1.518+00 + + + LI S + 3 + +
#sesss  TRANSIENT ANALYSIS TNOM= 27.000 TEMP= 27.000 6.000E-05 -2.40B+00 + + * A . + . + +
™NE HVICY) 6.4008-05 -3.14E+00 « + + A+ + + B + +
23 } 0. 5.0002-03 1.0008-02 1.5008-02  2.0008-02 §.800B-05 -3.67B+00 + + [ + + . . +
+ + + + + 7.2008-05 -3.982+00 » + L S . . > + +
0. 6.5BE-04-+-) -+- + 7.600B-05 -4.04B+00 + + A + + + ’ +
4.0002-06 5.91E-12 A + + . + . + + + 8.000B-05 -3.B6B+00-+------4- A -- D L S e +-
§.000B-06 6.88E-12 A + + + + + + . + 8.4002-05 -3.43B+00 + + + A+ + + + + +
1.2008-05 7.708-12 A + + + + . + + + 8.800E-05 -2.7BE+00 + + + A+ + + + + .
1.6008-05 8.352-12 A + + + * + + + + 9.200E-05 -1.37E+00 + + + *A * + + ¢ +
2.000E-05 B.7BE-12 A + . + . + + + + 9.600E-05 -1.03E+00 + + + + A+ + + + .
2.4008-05 8.37E-12 A + + + + + + + + 1.0008-0¢ -2.522-02 + + + . 1 . . + .
2.8008-05 §.91E-12 A + + + + + + + + + + + + +
3.2008-05 B.598-12 A + + . + + + + +
3.600B-05 B8.05B-12 A + . . + + . + + teaeae
4.0008-05 7.31E-12-a +- POURIER COMPONENTS OF TRANSIENT RESPONSE V(10)
4.400E-05 6.41E-12 A + + . . + + + + DC COMPONENT = -4.173D-02
4.800E-05 1.162-10 3 * + + + + . + . HARMONIC FREQUEXCY FOURIER NORMALIZED PHASE NORMALIZED
§5.2008-05 2.918-03 ¢+ +A + + + + + + + NO (HZ) COMPONENT COMPOMENT  (DEG) PHASE (DEG)
$.500B-05 7.54E-03 + + ¢ A . + + + +
§.0008-05 1.18E-02 + . . . I + + + 1 9.999E8+03 4.014E+00 1,.000E+00 -6.743B-04 0.
6.4008-05 1.558-02 + + . + + + A + + 2 2.000B+04 1.806B-03 4.499E-04 -9.748E+01 -9.748E+01
5.8002-05 1.81E-02 + + + . + ’ . I 3 3.000E+04 7.591E-03 1.891E-03 1.795B+02 1.795E+02
7.2008-05 1.382-02 + + + + . + + . A 4 4.000E+04 3.882E-03 9.670E-04 8.902E+01 8.902E+01
7.6008-05 1.99E-02 + . . * . + + + ) 5 5.000E+04 6.219E-03 1.549E-03 1.783E+02 1.783E+02
3.000B-05 1.90B-00-0----oesnnmmmmbo oo de b obe R b 3 6.000B+04 7.583E-04 1.839E-04 9.088B+01 9.088E+01
8.4008-05 1.69E-02 « » B . . . [ W + 7 7.000E+04 7.987E-04 1.990E-04 1.702E+02 1.702E+02
8.800E-05 1.372-02 » + * . + L + + 8 8.000E+04 2.919E-03 7.272E-04 8.969E+01 B.969E+01
9.200E-035 9.75E-03 . + . A + + + + 9 9.000E+04 1.627E-03 4.052E-04 -1.753B+02 -1.753E+02
3.6008-05 5.23E-03 » . *A > . » + + +
1.000E-04 6.SBE-08 + A ¢ . B . . + + + TOTAL HARMONIC DISTORTION =  2.807E-01 PERCENT

* » + . ’
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5.2l
— ‘
The negative Limit on Y, 15
reoched when M, reaches the
edge of the active region
Vc,_ - -VSs'f' VOV"f’ ngz
= 'Vss t VDV‘ - Vgsz

and Ve < 0 ,When M, conducts

becavse M, s an enhancement -

mode PmMoOs +ransistor.

Vpp =25V

RL-‘?‘
ikn Vo
4>Fn KT ¢n =323 mV
9 |45 x10'°
b, = KL tn 3x10" = 375 mV
4 145 x10'°

Z_Lb = 650 mV
n
2 ¢FP = 750 mV
Table (2:3)

K = 127 UA, 5 Xp =58 44y,
an= 0.1V ] V+P=-o.7v

L =39x8854x16"%

150 x 10~°

C

23 fF
Mmz’

(]

¥ =|2016x1071%) 11.6x 8-86xi5"% 4 x 165

2.3x 1077
= 0.158 4 v
- - \
¥o =12 0-6x16"%)11.6 x 8.86x16™ 3 x16°
2.3x1077

0.432 v
For Vp=1V , Vgp=1+25=35V
V_h: 0.7+ O.16 (’\,Ov65+3'5 —40'65)

=0.9V

’ 2('0“) = 83 mV
58 (50)

At peak output, we want

Vov, =

Vgs, =25 -0.083-1 =147V
Iy = X (WY (Ve -V

D, z(L),( 65 V)

IV = mA

P AV

maxn - T
(_W__) = 2TIp, . 2(l000) = 59
i k'(\/“‘.vé)‘ 127 (1'41-0-2)2
For Vy=—1V 5 Vgge -1-252-3.5

Vi, = -0.7~043 (\Jor5y 3¢ - (—‘ons)

= —-f.21V
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#e*xas+ DC TRANSFER CURVES THNOM= 27.000 TEMP= 27.000

oLt TS
V 2 (IO) 79 v @ Vo -2.000Es(0 -1.000R-52 0. 1.0008-00  2.060B+C0
oV = — e = 0:0 . N . N .
(4 127 (25) ERT TR L 30, SO RSP SRE SRS S WU S-S
7.61E-01 1.05E+80 + . . . . + PPN .
7.620E-01 1.05E+00 + . . . . . a . .
At Pcak oufPUf , W nt TA0E-01 L.OSES0D e+ 4+ 4 e e s
7.640B-01 1.05E+00 + N . + + 44 + s
7.650E-01 1.05E+00 » . B . B . @ .
- —f - = 7.660E-01 1.04E+00 + + + + + + A - +
v65 - 2|5 + O' 0-79 ( |> " 42{ V 7.870E-01 1.04E+QD + + + + + + 4 + +
2 7.680E-01 1.04E+30 » + + + + 3 > + +
7.6308-01 1.03E+00 + . B B . . a .
7.700E-01 1.03B+00-0------ emnn onanen bemmene PO P F YN f— -
(_w_) = 2 ( IODO) = 775 7.7108-01 §8.89E-01 » . . . . ¢ A . +
2 7.7208-01 7.03E-01 ¢ - . . . I Y . .
L 2 58 (_' 1 421+ ,’2') 7.730E-01 5.252-01 + . ' . D T . N
7.740E-01 3.56E-01 ¢ + + + + A + + +
I I ‘ I 7.7508-01 2.002-01 + + + + LN SRS + + N
4 = l d , = — +d 16001 29B-02¢ ¢ >+ A4+ 4 s
4 -5 lo ! 7.7708-01 -1.568-01 + B . R ’ + . .
7.780E-01 -3.428-01 + . . PR . N . R
W (N/ ) 7.3902-01 -5.278-01 « . . A . . ' . B
: — 1.8008-01 -7.108-91-e------ bemennn [ P PR S P .-
( /L) - . ___L ! = 5. 9 7.8102-21 -8.31E-01 + . D3 S + + + B +
4 | 7.8202-01 -3.87E-01 + . A . . . . . .
0 7.8302-01 -9.328-01 » . A N . ' + . .
W (W ) T.84JE-01 -9.958-01 + + A . + v + + +
= 7.8502-01 -9.97E-01 + . A . . . . . N
\ /L)S ____/L_l_. = 775 T860B-01 9.PE0L .+ A+ e+ e+
10 7.§796-01 -1.00B+00 + * A . . B R . .
7.8808-01 -1.00E+30 + . A . . . . ' .
7 8908-01 -1.00B+00 + B A S B + B R .
7.9002-01 -1.00B#00-+-----~ poennn S S PRS- O P ORI PO .
R . . R R
s2¢¢  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:2 = 1.718E+00 0:3 = 1,025E+00 0:4 = 1.048B-02
+0:5 = 9.746E-03 0:6 =-1.177E+00 0:7 =-1,723E+00
+0:100 = 2.500E+00 0:200 =-2.500E+00
EE L] msms
SUBCKT
ELEMENT 0:M1 002 0:0 0:N4
COMPLEMENTARY SOURCE FOLLOWER CMOS OUTPUT STAGE MODEL  0:RKMOS 0:PMOS 0:PM08 0:NMOS
reaeve fur} 1.139E-04 -1.041E-04 -1.017B-05 1.017E-05
VDD 100 0 2.5 B8 -2.510B-14 2.490B-14 ° 0. -2.510B-14
vss 2000 -2.5 IBD -5.000E-14 5.000B-14 1.474E-14 -3.526E-14
RL 5 0 1K ves 1.016E+00 -1.187E+00 -7.814E-01 1.015E+00
n 1003 5 200 RMOS W=60U L=1U vDs 2.490B+00 -2.509E+00 -1.474E+00 1.015E+00
M2 2006 5 100 PMOS W=780U L=1U vBS -2.509E+00 2.490E+00 0. -2.510E+00
w3 3 2 100 100 PMOS W=50U L=1U VTR 8.582E-01 -1.122E+00 -7.000E-01 8.582E-01
.11 3 3 4 200 MNMOS W=6U L=1U VDSAT 1.579B-01 -6.468E-02 -8.137E-02 1.571E-01
s 6 6 4 100 PMOS W=78U L=1U BETA 9.138B-03 4.978E-02 3.071E-03 8.239E-04
M6 6 7 200 200 NMOS W=25U L=1U GAM EFY 1.600E-01 4.300E-01 4.300E-01 1.600E-01
e 4 1.443E-03 3.220B-03 2.499B-04 1.294E-04
* IN FIG. 5.31, THE BIAS VOLTAGE COULD BE ADJUSTED GDS 7.596E-06 3.785B-06 3.840B-07 7.522E-07
* BY TRIAL AND ERROR TO SET THE DRAIN CURRENT OF M3 QB 6.544E-05 3.938E-04 6.936E-05 5.871E-06
* EQUAL TO 10 MICROAMPS, BUT THIS PROCESS MAY REQUIRE
* MANY ITERATIONS. SO INSTEAD, M7 AND IBIAS ARE ADDED SUBCKT
* TO FORM A CURRENT MIRROR TO SET UP THE DC DRAIN ELEMENT 0:M5 0:M6 0:M7
+ CURRENT IN M3. MODEL  0:PMOS 0:NMOS 0:PMOS
M7 2 2 100 100 PMOS W=50U L=1U D -1.017E-05 1.017E-05 -9.500E-06
IBIAS 2 200 9.9U IBS 2.490B-14 0. 0.
IBD 3.678B-14 -1.322E-14 7.814E-15
* THE DC INPUT IS ADJUSTED SO THAT vGS -1.188E+00 7.761E-01 -7.814E-01  ~
* THE DC OUTPUT IS APPROXIMATELY ZERO. VDS -1.188E+00 1.322E+00 -7.814E-01
VI 7 200 0.7761 VBS 2.489E+00 0. 0.
VTH -1.122E+00 7.000B-01 -7.000E-01
.MODEL PMOS PMOS KP=58U LAMBDA=0.04 GAMMA=0.43 VT0=-0.7 LD=0 VDSAT -6.550B-02 7.610E-02 -8.137E-02
_MODEL NMOS NMOS KP=127U LAMBDA=0.08 GAMMA=0.16 VT0=0.7 LD=0 BETA 4.739E-03 3.511B-03 2.991E-03
.OPTIONS NOPAGE NOMOD GAM EFF 4.300E-01 1.600E-01 4.300E-01
.WIDTH OUT=80 e | 3.104E-04 2.672E-04 2.433E-04
.OP GDS 3.882E-07 7.355E-07 3.840E-07
.DC VI 0.76 0.79 0.001 @B 3.797E-05 2.759E-05 6.7S4E-05
.PLOT DC V(5)

.END
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5-23
/
Assome ™M, = off

I, =V
Kcl Id G/RL
z
From (5-112), X' w (Vgst Vo) = VD/RL

0b in (5:119), & %{ %V+A[V (vi- VOSP)]}
20 (AU )] 280 [ (o]} =
£ 1 (GG ] 24 e [t
2 L = V%L
(% WA
z 2 -1

0 K 8 [2uA A 24
+X W { U+ VA Vg A =2 Vi Vogp A4 2AVoy Vi =

2t A Vov\é‘P} =0

2a
a-= .35_’ N A%
z T
’ iy
b= X W AT (-2V;+ Vg, —2Vov) - L
2 r (Z2U Tose A ) Re
’ 2 (vt Voy 4 U2 Vst 2 Yoy Vi -2 Vo Y
c= £ ﬁ A (VL 'f'_gv =+ VO‘P—ZVLVOSP oV L~ OV“’)
< t A+ A A
b=-X W A" (V;+ Yov - Yosp) -2
L A Re

b (x’)‘( )A (Vi lov - Vosp) L 4-7.xw (v+v,v o)

4—aC <= (.‘k) (ﬂ A (y}(“’ 7&"’ 7$P- ZV%S -+ 2\53!9; 2 Vov g )
First 'l:e,rm in b* /
(3‘) A ()"‘* Ve k%V -Z%osp Vb‘é Vov+(%+ \%

b= -4ac = (RL)-;- 2Xx'N " (Vr" Vov - VasP)

V=V¢+Vov_Vas+ ' pa ' ' zwa V+Vov )




V, must be less than V;

V, = MJ*’fE!-—V35f+

A X' WA
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5.25
standby power
In Fiq.(5-35),
,IDW} + I IDB, +l ID|4| Hows 'From

to M, in Problem (5 24)

In Problem (5:24),
- Ipy,t Ip, + In,, flows from
Vop to =Yg . Ip, flows from M, in .
19 (5-35) to —Vgs

Tnerefore, the standby power
dissipation 15,

(1ol + [Ips]t (Iogl] [Vos~ ¢ %) ]
+ [ IDZ'I + ID23+ IDZQ-) [VDD - ("Vss)J

+|To,| [ Vop— (-Yss)] ¢ 7O mW

From (a) and (€),

[’IDI 4+ Tal 4 1Iod 4+ Tos 4 Iny

10 10 loo T1o

i-fllp"]s < 70 mW
%)

Also in standby V.=V,=0, S0 Ig =0

and fID' | = ID:.
| Ip,| ['*0-4+0-02]5 < 70 mW

[Ip,f € 29 mA = 1o MA

Use max standby corrent to
mirumi3e distortion

| Ip, | = |ID |- "1'”A=‘710A{A"lmA

Trai” ° Teias © 500“1A

Io,,= Ioa = 99 44 = 100 ya- Taiasp
100

IDz; ID?A- - 1 ;mA = 104A = I mA

Tray = 5Tpiag, = 20O HA

Gain Evror £ 1'%

From (5'”7)) < 0.0]

ZAQMRL

o minimize distortion, use the
maximum allowed ertor-amplifier
gain =5

| _ |
2AR (001} 2(5) (100) (o-01)

dm 2

100,000 MA
v/

m = ,\/;KP' (&) (Tl

From Table (23,
-4
Cox = ’.3'9 x8.86xi0 "7 _ 2.3 x I57_£
150 % 10”8 em®

oA =
v

Xp=23x 10 'x 250 M- = SE4AL,

V.8
\fZ(SS)

(toooo HA) > 100,000

(."i) 8620 = 8700
(W> (M), = 87
17 100

= (W/L>I

(%)B: (%)'4 _l_o—: 57

[Tp, | = 1Ipl = 99 yA =100 HA = Tg,,¢

100
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similavrly,

gm, = ,\/ 2 X, (—'f):_ID,1 '

K =23x10"%550 em”
V.$

,\[2(127) (W) (loooonA)* > Ico,000

= 127 A
M/V"

(-VE) > 3940 =~ 4000
2

), o

: 100
W
(), = (£)," %), f;)‘ - o0
v

BIAS = let—age across IB!AS

= 40

Let

M3

VBias_

Veias= Yoo~ (- Vss)-| Vasni“(vas;ﬂ 2 0.5

— —

2.5-(-2'5) | v¢|7| + ‘ZINM
""";" *p(%),,
Or

L———V——-—’

2(100) =0.2
\153(37)

| Ve | 18 Max. When ‘ID,§| is max
That 1s when Ip =0
$0, | Inis ),y = | Ipyl = | A

(t s

Note: +his worst case condition
may hot occur in prachice
becavse m,, may not turn off
completely

= I )
'VG‘IS ,m&x lv*:s\ + ’ 2! :lslmax
0.7 *p (‘E)IS

\._———\r—"’
’ 2 (1000)
58("L)is
5-071-02-01- (100
58 (Mi)is
/M £ 2:9v
14 (N/L)IS
W
(%).e

Sirmilarly,

> 0.5V

> ?_(IOOO)
58 (2-9)*

Lad
—

= 4= 4

Vop

'®
VBMSP S IBM‘p

M39
|
|

Ar

(’ Vet Vst Vo5, | 305V

= Vgs

\%

BlASp =V,

>3

2 (100)

———

Vovn., = = 0.2V
127 (40)

2(10) Isias when I, |0
(WY, !27 22

5'0'7“0'2'0‘7‘F (lood » 0.5V
127 (W/._),s

> 2.( 1000)
127 (29)*

Votns

.)=

= |9 220
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Error amplifier gain
From (5'141) for the +op amp

A = &my (fgnorc body effect)
Qm,‘

A=5 '-'-\/ 3 (ITMVZ) IA(WI{-)" '
Z (‘IDu"_' ITAILA‘).‘k" (‘?_")‘

= | 250(127) (W/L)u\ < o.73(”k)., )
\ 750 (58) (w'f-)u f (N/L)l(
BU{:7 (WA_)!‘ = LN/L)IE:- +

2
so, (w/L)“= A - 25(4) 1372100

0.73 ©.73
similarly , for the bottom amp,
A= Gmay
dma(

N

A = 53'\/2 (ITAILP/Z) x,,’(”/,_)z,

. 2 ( IDZQ.— ITNLP/;) ‘ZO'( (‘v&")z‘

= | (250)(57) (W/L)z: \;__ 0-15 (W/L)zl\
(750) (127) (W), J W

But, (W/L)z(,= (b\k)z; 2

S0, (W/L)z, = AL (N/L)Zé = 25(2) - 33323
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CMOS CLASS A/B OUTPUT STAGE savsst DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
teeene vour vi2)
viD 100 0 2.5 (A } -4.0008+00 -2.0008+00 0. 2.0008+00 4.000E+00
vas 200 0 -2.5 + + + + .
n 2 14 100 100 CMOSP L=1U W=87000 -2,500B+00 -2.2BB+00-4------4----A-+ + + + + +
m1 14 1 18 18 CMDSH L=1U W=1400 -2.400B+00 -2.27R+00 + L + + + + + +
m2 13 2 18 18 CMOSN L=1U W=1407 -2.300R+00 -2.25E+00 + + A+ + + + + + .
m3 13 13 100 100 CMDOSP L=1U W=870U -2.200E+00 -2.178+00 + + A+ + . . + + +
M4 14 13 100 100 CMOSP L=1U W=870U -2.100E+00 -2.072+00 + + A + + + + ’ +
ms 200 17 13 13 CMOSP LI=1U W=4U -2.000E+00 -1.982+00 + . A + + + + + »
me6 200 17 14 14 CMOSP L=1U W=4U -1.9008+00 -1.882+00 + + A + + + + + +
w7 17 13 100 100 CMOSP L=1U0 W=87U -1.800B+00 -1.78E+00 + + I3 S . + + . ’
-1.700E+00 -1.68E+00 + + +A + + + + +
7] 2 24 200 200 CMOSN L=1U W=4000U0 -1.6008+00 -1.582+00 + + + A+ . + + * +
mi 24 1 28 28 CMOSP L=1U W=330U ~1.500B+00 -1.48B+00-4-occoboocoobomchombooomot bt .
n22 23 2 28 28 CMOSP L=1U W=330U -1.4002+00 -1.38E+00 + + ¢ A+ + + + + +
M3 23 23 200 200 CMOSN L=1U W=400U -1.3002+00 -1.28B+00 + + [ . + + . .
24 26 23 200 200 CMOSN L=1U W=400U . -1.200R+00 -1.18E+00 + + + A+ + + + + +
m25 100 27 23 23 CMOSN L=1U W=20 -1.1002400 -1.08E+00 + + + A+ + + + + +
me 100 27 24 24 CMOSK L=1D W=2U -1.0008+00 -9.908-01 + + + A + * . » +
w27 27 23 200 200 CMOSN L=1U W=40U -3.0008-01 -8.912-01 + + + A + + + . .
-9.0008-01 -7.92B-01 + + + +A + + + + +
.MODEL CMOSN NMOS LEVEL=1 LAMBDA=0M VTO=0.7 KP=127U -7.000B-01 -6.938-01 + + + 3+ + . + .
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=0M VTO=-0.7 KP=58U -6.0008-01 -5.94B-01 + + + + A+ + . 4. +
) -5.0008-01 -4.35R-01-+------ 4o +ooooo- R O $oomeon $oemne $ononen +-
IBIASN 17 200 950 -4.000B-01 -3.96E-01 + + + + A+ + + + +
IBIASP 100 27 99U -3.0008-01 -2.978-01 + + + + A+ + + + +

-2.0008-01 -1.98%-01 + + + + A + + + +
ITAILN 18 200 4950 -1.000B-01 -9.908-02 + + + + A+ + + + +
ITAILP 100 28 495U 0. 0. + + + + A + + + +

—_

1.000E-01 9.90B-02 + + + + +A + + + +
VIN 1 00 aAc1l 2.000E-01 1.98E-01 + + + + D) + + + +
3.000E-01 2.97B-0L + + + + + A + + + +
RLOAD 2 0 100 4.000B-01 3.96E-01 + + + + + A 4 + + +
5.000B-01 £.958-01-4------ #eoonen $emmnan e T R $ommeee $ommman +-
.OPTIONS NOPAGE NOMOD 6.0008-01 5.94E-01 + + + + + A+ + + +
WIDTE OUT=80 7.0008-01 6.93B-01 + + . ’ + A+ + + +
.OP 8.0002-01 7.92B-01 » + + + + A+ + + +
.DC VIN -2.5 2.5 0.1 9.0008-01 8.91B-01 + + * + + A+ + + +
LPLOT DC V(2) 1.0008+00 9.90E-01 + + + + + A + + +
1.100B+00 1.08E+00 + + + + + +A + + +
* PRINT VOLTAGES ACROSS IDEAL CURRENT SOURCES 1.200E+00 1.182+00 + + + + + +A + + +
.PRINT V(17, 200) V(18, 200) V{100, 27) v(100, 28) 1.300B+00 1.28B+00 + + + + ‘ +A ¢ + ‘
1.400E+00 1.38E+00 + + + + + LI S + +
TP V(2) VIN 1.5008+00 1.48B+00-4----—- $ommeon demmeee $ommmee F— O WS- $ommmnn +-
ACDEC 1110 1.600B+00 1.58E+00 + + + + + I W + +
JPRINT AC VM(2, 1) ¥M(2) VM(1) 1.700B+00 1.68E+00 + + + + + + A+ + +
.ERD . 1.800B+00 1.78E+00 + + + + + + A+ + +
1.900B+00 1.83E+00 + + + + + + A+ + +
2.000E+00 1.98E+00 + + + + . . A + +
2.100B+00 2.07E+00 + + + + + + A + +
2.200B+00 2.17E+00 + + + + + + +A + +
2.300B+00 2.25E+00 + + + + + + + A + .
2.400E+00 2.27E+00 + + + + + + ¢« + +
2.500E+00 2.2BE+00-+ + + PO P

+ + + + +



VOLT

-2.5000E+00
-2.4000B+00
-2.3000E+00
-2.2000R+00
-2.1000E+00
-2.00002+00
-1.9000E+00
-1.8000B+00
-1.70002+00
-1.6000E+00
-1.5000E+00
-1.4000E+00
~1.3000E+00
~1.20008+00
-1.1000E+00
-1.0000E+00
-9.0000E-01
-8.0000E-01
-7.0000E-01
-6.0000E-01
. =5.0000E-01
-4.0000E-01
-3.0000R-01
-2.0000E-01
-1.0000E-01
0.
1.0000E-01
2.0000E-01
3.0000E-01
4.0000E-01
5.0000E-01
€.0000E-01
7.0000E-01
8.0000E-01
9.00008-01
1.0000E+00
1.1000E+00
1.2000E+00
1.3000E+00
1.4000E+00
1.5000B+00
1.6000E+00
1.7000B+00
1.8000B+00
1.9000E+00
2.0000E+00
2.1000E+00
2.2000E+00
2.3000B+00
2.4000E+00
2.5000E+00

VOLTAGE VOLTAGE VOLTAGE
17 18 100
200 200 27
1.3278400 -7.218E-01 9.252E-01
1.181B+00 -6.929E-01 9.280E-01
9.983E-01  -6.404E-01 9.327E-01
9.274E-01  -5.556E-01 9.3112-01
9.247E-01  -4.562E-01 9.3342-01
9.221B-01 -3.567E-01 9.3582-01
9.196E-01 -2.572B-01 9.383E-01
9.1712-01 -1.578E-01 9.407E-01
9.1452-01  -5.827x-02 9.431E-01
9.120E-01 4.1212-02 9.4558-01
9.095E-01 1.407E-01 9.480E-01
9.070E-01 2.402E-01 9.504B-01
9.0442-01 3.397E-01 9.528E-01
9.019E-01 4.3922-01 9.5528-01
8.994%-01 5.386E-01 9.577x-01
8.969E-01 6.3812-01 9.601E-01
8.944E-01 7.376B-01 9.626E-01
8.9198-01 8.371E-01 9.650E-01
8.894R-01 9.3662-01 9.6758-01
8.869E-01 1.036E+00 9.699B-01
8.844E-01 1.135E+00 9.7238-01
8.8192-01 1.2358+00 9.748E-01
8.794E-01 1.334E+00 9.773R-01
8.769B-01 1.434E+00 9.797B-01
8.744E-01 1.533E+00 9.8228-01
8.719E-01 1.633E+00 9.846E-01
8.694E-01 1.7328+00 9.871E-01
8.670E-01 1.832B+00 9.896E-01
8.645B-01 1.931E+00 9.9208-01
8.620E-01 2.031E+00 9.945E-01
8.555E-01 2.130B+00 9.970B-01
8.571R-01 2.230E+00 9.994R-01
8.5463-01 2.329E+00 1.001E+00
8.521E-01 2.429E+00 1.0042+00
8.497E-01 2.528E+00 1.006E+00
8.472E-01 2.628E+00 1.009E+00
8.448E-01 2,72TR+00 1.011E+00
8.423E-01 2.827E+00 1.014E+00
8.399E-01 2.926E+00 1.016E+00
8.374E-01 3.026E+00 1.019B+00
8.350E-01 3.125E+00 1.021E+00
8.325E-01 3,225E+00 1.024B+00
8.301E-01 3.325E+00 1.026E+00
8.277E-01 3.424E+00 1.029E+00
8.252E-01 3.5248+00 1.031E+00
8.228E-01 3.623B+00 1.034E+00
8.204E-01 3.723E+00 1.036B+00
8.180E-01 3.822E+00 1.039E+00
8.197E-01 3.894E+00 1.109E+00
8.147B-01 3.921B+00 1.288E+00
8.1138-01 3.933B+00 1.424E+00
te+r OPERATING POINT INFORMATION THOM= 27.000
=VOLTAGE NODE =VOLTAGE NODE
= 0. 0:2 =-1.697E-08 0:13

+0:1

+0:14
+0:23
+0:28

= 1.601E+00 0:17
=-1.602E+00 0:24
= §.608E-01 0:10

=-1.628E+00 0:18
=-1.602K+00 0:27
] = 2.500E+00 0:200

VOLTAGE
100
28
3.938B+00
3.927B+00
3.900E+00
3.828E+00
3.7292+00
3.6292+00
3.530B+00
3.430E+00
3.331B+00
3.2318+00
3.1328+00
3.032B+00
2.932E+00
2.833B+00
2.733B+00
2.634B+00
2.534B+00
2.435E+00
2.335E+00
2.236E+00
2.1368+400
2.037B+00
1.937E+00
1.838E+00
1.738E+00
1.639E+00
1.539E+00
1.4402+00
1.340B+00
1.241B+00
1.141E+00
1.042E+00
9.427B-01
8.432B-01
7.437E-01
6.442E-01
S.447E-01
4.452E-01
3.4578-01
2.462B-01
1.467E-01
4.723E-02
-5.225B-02
-1.5178-01
-2.5128-01
-3.507E-01
-4.502E-01
-5.496E-01
-6.344E-01
-6.870E-01
-7.150B-01

TEMP= 27.000
=VOLTAGE .
= 1.601B+00
2-8.669B-01
= 1.515E+00
=-2.500E+00
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(1113

v{2)/VIN
INPUT RESISTANCE AT

(212311

1.0000E+00
1.0000E+01

o:M
0:0M089
-9.900B-03
0.
2.500E-14
-8.9812-01
-2.5008+00
0.
-7.000E-01
-1.981E-01
5.046E-01
0.
9.996E-02
0.
0.

0:M14
0:CM082
-9.900B-04
0.
8.981E-15
-9.981E-01
-3.991E-01
0.
-7.000E-01
-1.931E-01
5.046E-02
0.
9.996E-03
0.
0.

0:2
0:CMOSN
9.9008-03
0.
-2.500B-14
8.974E-01
2.500B+00
0.
7.000E-01
1.974E-01
5.080E-01
0.
1.003E-01
0.
0.

0:M24
0:CHMOSK
9.900E-04
0.
-8.974E-15
8.9742-01
8.574E-01
0.
7.0008-01
1.974E-01
5.080E-02
0.
1.003E-02
0.
0.

0:M11
0:CHOSN
2.475B-04
0.
-2.469E-14
8.669E-01
2.468E+00
0.
7.000E-01
1.669E-01
1.778E-02
0.
2.967E-03
0.
0.

0:m15
0:CMOSP
-7.4252-04
o.
4.102E-14
-3.230E+00
-4.101E+00
0.
-7.0002-01
-2.530E+00
2.3202-04
0.
5.870E-04
0.
0.

0:021
0:CMOSP
-2.475E-04
0.
2.463E-14
-8.608E-01
-2.463E+00
0.
-7.000E-01
-1.608E-01
1.914E-02
0.
3.078E-03
0.
0.

0:M25
0 :CMOSH
7.4258-04
0.
-4.103E-14
3.117E+00
4.102E+00
0.
7.000B-01
2.417E+00
2.540E-04
0.
6.1428-04
0.
0.

0:M12
0:CMOSN
2.4752-04
0.
-2.469K-14
8.6692-01
2.4632+00
0.
7.000E-01
1.669E-01
1.778E-02
0.
2.9678-03
0.
0.

0:M16
0:CMOSP
-7.4252-04
0.
4.102E-14
-3.230E400
-4.101E+00
0.
-7.000E-01
-2.530E+00
2.320%-04
0.
5.870E-04
0.
0.

0:M22
0:CMDSP
-2.4758-04
0.
2.463E-14
-8.608E-01
-2.463E+00
0.
-7.000E-01
-1.608E-01
1.914E-02
0.
3.078E-03

7.425E-04
0.
-4.1032-14
3.117E+00
4.102E+00
0.
.000E-01
.417B+00
-540E-04
0.
6.142B-04
0.
0.

ST S )

0:mM3
0:CMOSP
-9.900E-04
0.
8.981E-15
-8.981E-01
-8.981K-01
0.
-7.000E-01
-1.9818-01
5.046E-02
0.
9.996E-03
0.
0.

0:M17
0:CMOSP
~9.900B-05
B
4.128E-14
-8.981E-01
~4.128E+00
0.
-7.000E-01
-1.9818-01
5.046E-03
0.
9.996E-04
0.
0.

0:M23
0:CMOSN
9.900E-04
0.
-8.974E-15
8.974E-01
8.974E-01
0.
7.000E-01
1.974E-01
5.080B-02
0.
1.003E-02
0.
0.

0:M27
0:CMOSK
9.900E-05
0.
-4.015B-14
8.974E-01
4.015E+00
0.
7.0008-01
1.5742-01
5.080B-03
0.
1.0038-03
0.
0.

SMALL-SIGNAL TRANSFER CHARACTERISTICS

= 9.502E-01
VIN = 1.000E+20
OUTFUT RESISTANCE AT V{(2) = 9.825E-01
AC ANALYSIS TNOM= 27.000 TEMP=
FREQ VOLTAGE M VOLTAGE ¥ VOLTAGE M
2 2 1
1
9.825E-03 9.902E-01 1.000E+00
9.8258-03 9.502E-01 1.000B+00

27.000



CHAPTER

é

For ideal opamp,
I

L= Yin = Tpyr
R
> Tour ™ -—-v:

lkn

Ik W +
+ oA Vour

Vl'n \‘Z
I 1 r =

For V;, positive, V, i5 neqahve,
diode (s reverse biased and

Vour = Vin
For Vin nNegative, V, is positive,
After the diode turns on, We

hove Voyr= — V,’n
Mour

€6-l

R,% 1’,,@ '__Voout

Y
3 > R,'f?z
_E_=__V, - Your »O

Vy = VY—V3 -

VZ—_- Vx = v)("VOUT __,@
R, R,
Eliminakng Vyx from (1) *(2),

Ay = YouT = Your
Vo=V Vin
= -Re/g, —s 3
| R
|+ a-( [+ _éz’)



Keﬁ{ul're , Av 2 999 when a change @ I, = 0-Vy _ Ip,+1,
Rl

—50% . From (@ the rew gain value S I,. % 1,
R

after a change 15,
@ Vo=Vy-I2R,

—R
A'[l} = Z/R} - Vx+(l{ + I32> R,y
I+ (1+ Rafe,) R,
’/20 =vx(\+%)+13222
~ —R - 2 R 4
RZ‘ [' =+ 2)] = —IB[ RfRz (RI+24+I3222
R+R,\ R», /
1t R2 !
¢thange from nommal is, B
Rz - (IBZ-IB‘> Ry = —Lg Ry
R /] - - R
A, = bA,= 1 ([I+R2) 2
Av Av Av Z ( R‘ R' {'ID_S, = 100 nA

for Rz = 1000, we require V, = (I00NnA)Ry £ 10 MV

I .
AA, €L V. a > 10° Rz & 10mV _ 100Kkn
100 nA
Also, gain = -Ra - -10
6-2 - R)
—— C.MRR = AVOS
- Ry=_Ra ¢ 10kn
4V 5
( from (6'46)) Oone solvtion :
For AV, = 10V —(-10V) =20V, R,=10kn R, =looka
We reguire OV € 1 my
-3
J. ©MRR >[_’°_] = 86 dB
20
—>Ig Mgll ]

z.vy

> wn _u">—i
— I, + ¥
é v’ Vo
Ro l

With V,=V¥,=0
O v, = —Ig (RilR2) = Yy (Virtval no)




6.7
—
origmAI connection :

VUP
G
- Sup
]+

T

-‘H|°d .LJ

+
UB:-A 1§UP

The same ovtput can be oblained
‘in the following configuration

Vsoppspgt  YSUP
=0t T
: = '*
Vv,

-

From (65l), PSRRY = Agm
At
=V
'Vo Sup Adm
PsrRt

In the voltage follower configurahon,

Adm= 1;

So, vV, = Vs op (1)

PSRR*

Therefore, peak ovkput = Ysup - 20 Ly

PSRR*

=2mV

V,

S

a

(¢ +¢2)

From charge conservation,
&l = QZ .

v, (¢1+&) = vo( Si4Cp+c,t

a

C, + ¢+CptC2

qﬂ
a’



1

Each cycle on &s
R=CV =1pF(lv)-1pc
transfer to ¢
Q=<
ipc=5pFl,
0e2V= (per step)
Tww

15

10

(b) conhnuovs time

l._._.

=1

6-4

(V)
AN
4"
2_.-
0 ) 20 t(us)
© finite @ain
Jél
1
] v,’_’ Vv,

4

Initial charge on s capacitor

discharge ¢, into ¢;

Yo _ —i000

Yi
#inal charge on ¢ = -V Cg
final charge on ¢ = (%o~ V)¢

charge conserva tion

(Vo= V) Cz-Vicg = S (1Y)
Vo -+ vo -+ VO (0'2) = 0,2
1000 1000
|+ 1.2
1000
C error term
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v
R same as (6'56)
+ Av‘ -2 2 (VAZ‘VNJ )(WM' V“7)
l— fvo Vov" ' Vav‘, vAz"' | VA" , VA‘I"'\/A,
T .
W (b) ovtput swing
= Ves+ Vs Yov, ~ Ves € Vo € Vop~ Yoyl
Yo = -3, (RI%) (©) If (6-66) is Satisfied
£
Vo= Vop — Vsp,
Yo = ¥ v
Vig R, = Yoo~ Vs
(4
From (6-51), PSRR = Rir, |
. = Note |,, <O
R+ T, Also V,, <0 for enhancement
Ve =(?rm+-’_) (RIY,) mode
Vs %o

= Vop 4+ Vet Voy,— 20~ Yss
iy el BewT 2T TTPE TE
From (6.51), PSRR = (@mt4)(RII%) A
v
_ ~9m (RII%)
PSRR = _<|+ ’ ) 4 CcMRR
gmTe From (6-71),
il ) CMRR = (2 g, Teait) Gms ( oz | Tou)
Db
'_‘ Where Vool = o5
D1 Ma | M4 MF @ cm Input range
BlAS , - .
M M, To keep Mg In active region,
v t—+ Ve > Yoy t+ Vet Voy, - Vs
tvL . _ V4 U,
- 1~ To keep M in active region,
My Mg M7 =

| v <V,
fl I, i e

Vee = (VppT Vet Yovg) < 4,



@) Por Simplicity, replace Mg in
Note VDV3 <0 . . )
y ) A Fg (6:16) with an ideal current
IS O for enhanCemen :
Also 4 ¢ fo . source..A-Hhough this change
modc..SO. the &M nput makes Hhe commen mode g.afn
range s, of the op amp 3erv, this change
Vovs'f Vg, + Vov, — Vss < Vre does not affect the characteristics
< Vopt Vgt Vi, T Vou, of the circuit for differential
mode inputs
6°) From an argument similar VoD
to that leading to (6:66),
A =0 ,
S0, PSRR —>» oo for low
frequencies wtth perfect matching . v ™ My *
- v_e
AMso, 1 T
+ V - M3 Ma e
AaVo o o | b
Vg hetler  1ValtVa,
+ - Vs
Then PSRR = A . X
_5_-,_"'- In the circutt above, the
2 2 ( VA:_'VA4I>< | Va, | VA7> gate of M, is grounded and
_ Vou [Vow] \ VaitIaJ/\ | Val+Y¥,/  the input is applied to onlythe
Vs, gate of M, . The resulh'ng
Vo 1+ Va, differental-mode input is the

2 same as in Fig 6-16 . The common
= < 2 vAz l VA4' [ Va ’ . .
Yor, Toul T 6 mode [nput above may differ
oy,

SERCUR SR from Hat ip Fig 6.16 . Infact e
cormmon hmode input in Fiq 6.16
is not SFca"ﬁ'cd . However, the
effect of a common mode input

in Fig 6.16 is Small as long as
Mg operates as a cyrrent sovree,
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k150, a common-mode input in for pchannd input devices.

the drawing obove has no effeck  Assvme at first that

on ’che ovkput as !or?g 05 all the C_Nf)_; = ((V_:L , Then o\How(ij_).3
t‘r::;:ﬁ)s.fors operate in the active 1o increase when V,'=O,Tb‘;'5
_ ‘ . change decreases Vpy,,Which

The fn'st term in (6-69) predl'c,(-s in turn decreases Vg becavse
that if the only misrmatch is “4

Ve, > Vi, 5 Vpg >0 . ASSUMe at first
Vg, = ¥, . Then allow Y, to increase
while V; =0 Since M, is a
p-channel device, increasing Vi,
Increages Ip, which decreases v,
Since the gain from V; to V, is positive, The last term in(662)

V; must be increased to increase V, predicts that If <%)'>(%>z.)
s0 that Vps, = Vos, - Therefore, Yos >0 | 50 becouse V.50 for

Vess Va%': Vit Vo . As a
result, \p Increases when Thi)_,
increases , and V; mustk be
decreased to decrease b,

Therefore, Ypos <O In this case.

in thie case. p-channel input devices.
The secord +erm in (6:69) predicts that ASSUME at frst that

I ] W\ = (W | W
if V¢3> V(.4 , Vpg >0 Assume at firsd (_:>' (_L:_)z Then allow ( . )l

v,c3 = Vf4,Thcn allow Ve, tO increase 1o increase while V;=0.
while Vi =0. Since Vg, = Vog,= Vist Yoy, This change increases Ip,
increasing V¢ increases Vo, and decreases Vp As a
Which decreases V- Since the gain result, v; must be increased
from Vi to Vo 15 positive , ¥, must be +p increase Vp Therefore
iNncreased +to increase V, so that Vpg >0 in this case.

Ybs,, = VDS_3 .Therefore, V,s >0 inthis

case.

The third term in (6:63) predicts that

'f (TV!-)S>(_V£_>+, Vo €O becavse ¥, SO
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Ip, becavse the tail corrent
is constant . As a result ¥
?_ﬂ J| }5 increases . Therefore , V; must
) t——— be decreased to decrease Yy,
Vo and Y,z <0 in this case.

®

In proctice,he polarty of the
mismatches is not psvally
Kknown . The main value of this
problern 1S in developing &
physical insight about the

v bich behaviour of a difterential
[ =0 decreases ID, , Which decreases bair With @ current mivror

e

~ Ve

First term : Increasing \ while

\, .50 Vi must be increased to increase  foad.
VD and {orce vosag VD‘4_ .Thtre‘Fore,

Vos >0 In this case.

second term & Increasing Vi, while V=0

decreases \g6+ becavse Y, = Vsc3 =
Vi~ Vovg « SO, this change decreases
U, . Therefore, Vi must be increased

to Increase V, , and Vpg>0 inthis case.

Third term @ Increasing (W/L)s while
Vi=0 decreases [Vsy,|, A decreasing
Vse, and V, . Therefore, V; must be

increased 4o increase V, ,and
Vg >0 In this case.

Lost +erm ;. Increasing (W) while
Vi =0 increases Ip, , in turn decreasing
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6:13 From (6-69), @ PSRR is improved:
/
V. = AV 8my : .
05 = ¥ (3.4 2 @) e Wi of the input transis-
m
From (1-180) with (_y_d_) . (TW_') -tors needed to obtain & given
4 . 3 ! transconduvctance s reduced.
and Iy = | Tl As a resvlt, the input capacitance
gm.B = _Aﬁ_ ¥y erUCZd'
M
#m o ' (5) The input-referred thermal
M3 = mobility of Ms roise Yoltage is reduced - (see
M, = mobility of M, chapter 11)
@) Vps= AV+(3,4) /450 = 1omv(3")
150
= 173 mV
I50 = [0 v
) Vog= BVyy }450 Y (7)
= 5,8 mV

(€) The offset is smaller in(b) because
the mobility of p-channel transistors
is 1ess than that of h—<chanpel
transistors.

o .
With an n-channel input pair

() The input-referred offset voltage
reSu!Hng, from the mismatch
between the thresholds of Mz and
Mg 1 reduced .

@) Vpp can be included in the

common mode input range using.
ohly enhancement mede transistors
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6.‘5
—

fols] MA ‘ID"-* ID;_= I.D3= ID4

-]
Cox = ff_’_‘ = 3.9 (8.85x16 "FZM)
-to)‘ 80 A
= 43| nF/.Cm,_
HnCox = 450cm 431 nF
V.s em®
= 194 MA/Vg
Kn = 194 MA/ .
XKp = 647 HAjys
Yo -‘—"ﬁmz( foa Il toq) 4m (Voc |l )
v
L= Ip, axy = |OOHA (0.041)=5:56 4
‘Bl LC’FF des 072 ym

rog = |80ksr = ro4
6’06': ‘iOk.S'L= \67
L¢#= L- Xd"'ZLd
- |-0.1-2(0.09)
= O0+72AM
3mz=fiké':!v_ IDz
\ ¢ft

- \/ 2 (647 4) ( 150) (1004) "

0.-72

dm =Jz(194/4) ( _OLO_I_%) (20044) \

610

Y (. 64m) (20 K) (3.26m) (45K)

2

=-2.18 x |0%
common mode mnge:
From (675),

Vie > Vg, + Vit Vou,~ Vss

-\
VOV3 = ZUOOZ =

a.l2v
%4 (9572)
Vie 2 -0.840.6+0-12 -1:5

From (6:77),

Vovs = — | _2(200) = —0 17V

64'7('5%-72) -

V0V| - - 2( ‘OO) \=
647 (ISO/O'.,Z)

Vig ¢ =0:8-0:12=0:17+1-5
Vlc < 0‘4, V

—0.2V

From (6:86),

2e. = 0

Vad
From §-87),
22_ = 3’07 = 0,5
Vg Toc+ 1oy
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TWO-STAGE CMOS AMPLIFIER (MAXIMOM COMMON-MODE INPUT VOLTAGE)

i 21111

VDD 100 0 1.5 VoD 100 0 1.5

vss 200 0 -1.5 Vvss 200 0 -1.5

n 75 4 4 PMOS W=150U L=1U n 75 4 4 PMOS W=150U0 L=1U
mn 8 6 4 4 PWOS W=1500 L=1U n 8 6 4 4 PWOS W=150U0 L=1U
) o] 71 200 200 MMOS W=50U L=10 | c] 717 200 200 NMOS W=500 L=1U0
L1} 8 7 200 200 MMOS W=500 L=1U | [} 8 7 200 200 HMOS W=50U L=1U
| ] 4 3 100 100 PMOS W=1500 L=1U ] 4 3 100 100 PMOS W=150U L=1U
3 9 8 200 200 MMOS W=100U L=1U M6 9 8 200 200 MMOS W=100U L=1U
7 9 3 100 100 PMOS W=1500 L=1U w 9 3 100 100 PMOS W=1500 L=1U
) 1] 33 100 100 PMOS W=1500 L=1U us 3 3 100 100 PMOS W=1500 L=1U
IBIAS 3 200 2000 IBIAS 3 200 2000

* T0 SET THE OUTPUT TO IERO.

* THE DC OFFSET IS ADJUSTED BY TRIAL AND ERROR

VIl 5 2 4.60 Vil 5 2 13.70
vi2 6 2 0 vi2 6 2 0
vic 2 0 0 ¢ THE MAYIMUM VALUE OF VIC IS ADJUSTED BY TRIAL AND ERROR

*LEFF = LDRAMN - 2LD -XD = 1 - 2{0.09) - 0.1 = 0.72 UM
*LAMBDA= (DXD/INDS) /LEFF = 0.040/0.720 = 0.0555

JNODEL MMOS MMOS LEVEL=1 KP=194U VTO=0.f LAMBDA=0.0555
.MODEL PMOS FPMDS LEVEL=1 KP=64.7U VI0=-0.8 LAMBDA=0.0555
.OPTIONS NOPAGE NOMDD

.WIDTH O00T=80 .MODEL HMOS EMOS LEVEL=1 KP=194U VTO=0.6 LAMBDA=0.0555

.OPTIORS VNTOL=1X ABSTOL=1F RELTOL=1U MODEL PMOS PMOS LEVEL=1 KP=64.7U VT0=-0.8 LAMBDA=0.0555

OF OPTIORS NOPAGE HOMOD

TP V{9) VI WIDTH OUT=80

END .OPTIORS VRTOL=1N ABSTOL=1F RELTOL=1U
.op

#e4¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 TP V{9) Y1

NoDR =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE JEND

+0:2 = 0. 0:3 = 5.0242-01 0:4 = 9.357E-01

+0:5 = 4.600E-06 0:6 s 0. 0:7 =-7.609B-01 t#e¢¢ OPERATING POINT INFORMATION TNOM= 27.000 TEMPs 27.000

+0:8 =-7.602B-01 0:9 = 3.0268-04 0:100 = 1.500E+00 NODE =VOLTAGE oD =VOLTAGE none =VOLTAGE

+0:200 =-1.500E+00 +0:2 = 3,600E-01 0:3 = 5.024E-01 0:4 = 1.293E+00
+0:5 = 3,600E-01 0:6 = 3.600E-01 0:7 =-7.622E-01

SUBCKT +0:8 =-7.602E-01 0:9 = 1,329E-04 0:100 = 1.500B+00

ELEMENT 0:)M1 0:m2 0:13 0:M4 +0:200 =-1.500E+00

MODEL 0:PMOS 0:PMOS 0:RM08 0:NM08

ID -9.772B-05 -9.7728-05 9.772E-05 9.772E-05 sees YOSFETS

IB8 0. 0. 0. 0. SUBCKT

IBD 1.697B-14 1.696R-14 -7.391E-15 -7.398E-15 ELEMENT 0:M1 0:M2 0:13 0:M4

vGs -9.357B-01 -9.357E-01 7.391E-01 7.391E-01 MODEL 0:PM08 0:PM08 0:1M08 0:NMOS

VDS -1.696B+00 -1.695B+00 7.391E-01 7.398E-01 pas) -9.584B-05 -9.585E-05 9.584E-05 9.585E-05

VBS 0. 0. 0. 0. IBS 0. 0. 0. 0.

Ve -8.000E-01 -8.000B-01 6.000B-01 6.000E-01 IBD 2.055E-14 2.053E-14 -7.378E2-15 -7.398E-15

VDSAT -1.357BE-01 -1.357B-01 1.391B-01 1.351E-01 vGs -9.331x-01 -9.332B-01 7.378E-01 7.378E-01

BETA 1.062B-02 1.062E-02 1.010B-02 1.010B-02 VDS -2.055E+00 -2.053E+00 7.378E-01 7.398E-01

GAM EFF 0. 0. 0. 0. vBS 0. 0. 0. 0.

aM 1.441E-03 1.441B-03 1.405E-03 1.405E-03 VTH -8.000E-01 -8.000E-01 6.000E-01 6.000E-01

GDS 4.957R-06 4.957E-06 5.210E-06 5.210E-06 VDSAT -1.3318-01 -1.332E-01 1.378E-01 1.378E-01

0. 0. 0. 0. BETA 1.0812-02 1.081E-02 1.010E-02 1.010B-02
GAM EFF 0. 0. 0. 0.

SUBCKT GM 1.440E-03 1.440E-03 1.391E-03 1.391%-03

ELEMENT 0:M5 0:M6 0:M7 0:M8 GDS 4.7742-06 4.775E-06 5.110E-06 5.110E-06

MODEL 0:PMOS 0:NM08 0:PMOS 0:PMOS QB 0. 0. 0. 0.

o] -1.954E-04 2.053E-04 -2.053E-04 -2.000E-04

B8 0. 0. 0. 0. SUBCKT

IBRD 5,643E-15 -1.500E-14 1.500E-14 9.976E-15 ELEMENT 0:M5 0:M6 0:M7 0: X8

vGs -9.976E-01 7.398B-01 -9.976E-01 -9.976E-01 MODEL 0:PMOS 0::M08 0:PMOS 0:PMOS

vDs -5.643B-01 1.500B+00 -1.499B+00 -9.976E-01 pav) -1.9178-04 2.053E-04 -2.053B-04 -2.000E-04

VBS 0. 0. 0. 0. IBS 0. 0. 0. 0.

VTH -8.000E-01 6.000E-01 -8.000E-01 -8.000E-01 IBD 2.068E-15 -1.500E-14 1.500E-14 9.976E-15

VDSAT -1.976E-01 1.3%8E-01 -1.976E-01 -1.976E-01 YGs -9.976E-01 7.398E-01 -9.976E-01 -9.976E-01

BETA 1.001E-02 2.102B-02 1.0518-02 1.024E-02 VDS -2.068B-01 1.500E+00 -1.499B+00 -9.976E-01

GAM EFP 0. 0. 0. 0. VBS 0. Q. 0. 0.

oo 1.978E-03 2.937E-03 2.078E-03 2.024E-03 VTH -8.000E-01 6.000B-01 -8.000E-01 -8.000B-01

GDS 1.052B-05 1.052E-05 1.052E-05 1.052E-05 VDSAT -1.976E-01 1.398E-01 -1.976E-01 -1.976E-01

o. 0. 0. 0. BETA 9.816E-03 2.102B-02 1.051B-02 1.024E-02
GAM EFF 0. 0. 0. 0.

thee SMALL-SIGNAL TRANSFER CHARACTERISTICS e 1.940B-03 2.937E-03 2.078E-03 2.024E-03
GDS 1.052E-05 1.052B-05 1.052E-05 1.052E-05

v(9)/VIl = -1.975E+04 e i ] 0. 0. 0. 0.

INPUT RESISTANCE AT vIi = 1.000B+20

OUTPUT RESISTANCE AT V(9) = 4.754B+04 tead SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{9)/v1il = -2.029E+04
INPUT RESISTANCE AT VIl = 1.000E+20
OUTPUT RESISTANCE AT V($8) 4.753E+04

* UNTIL M5 BARELY OPERATES IN THE ACTIVE REGION

* (WHERE |VDS| > |VDSAT| FOR N5)

vIcC 2 0 0.36

*LEFF = LDRAMN - 2LD -XD = 1 - 2(0.09) - 0.1 = 0.72 UN
*LAMBDA=(DXD/DVDS) /LEFF = 0.04U/0.720 = 0.0555
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TWO-STAGE CMOS AMPLIFIER (MINIMUN COMMON-MODE INPUT VOLTAGR)

122421

VDD 100 0 1.5

vss 200 0 -1.5

x 75 4 4 PNOS W=150U L=1U
n L ] 4 4 PNOS W=150U0 L=1U
| c] 77 200 200 WMOS W=500 L=1U
| ] 8 7 200 200 MMOS W=500 L=1U
| ] ¢ 3 100 100 PMOS W=150U L=1U
M6 9 8 200 200 NMOS W=100U L=1U
wn 9 3 100 100 PWOS W=150U L=1U
] 3 3 100 100 PMOS W=1500 L=1U
IBIAS 3 200 2000

vi2 6 2 0

¢ THE MININUM VALUE OF VIC IS ADJUSTED BY TRIAL AND ERROR
* UNTIL M1 BARELY OPERATES IN THE ACTIVE REGION

* (WHERE |VDS| > |VDSAT| FOR K1)

VIC 2 0 -1.55

SLEFY = LDRAMN - 2LD -XD = 1 - 2(0.09) -~ 0.1 = 0.72 UM
*LAMBDA= (DXD/DVDS) /LEFF = 0.04U/0.720 = 0.0555

. MODEL MOS8 LEVEL=1 KP=194U VTO=0.6 LAMBDA=0.0555
.MODEL PMOS PMOS LEVELal KP=64.7U VIO=-0.8 LANBDA=0.0555
.OPTIONS NOPAGE MOWOD

MIDTH OUT=80

.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U

.oP

TP V(9) VI

.END

#et+ OPERATING POINT INFORMATION THOM= 27.000 TEWMP= 27.000
NODE =VOLTAGE WOIE =VOLTAGE NODE =VOLTAGE

40:2 =-1,.550E+00 0:3 = 5.024E-01 0:4 =-6.030E-01

+0:5 2~1.550E+00 0:6 =-1.550B+00 0:7 =-7.5528-01

+0:8 =-7.6028-01 0:9 = 6.068E-04 0:100 = 1,500E+00

+0:200 =-1.500B+00

t*tedd mm

SUBCKT

ELEMENT 0:M1 0:M2 0: 0:m4

MODEL 0:PMO3 0:PMO3 0:NM08 0:KMOS

o) -1.058E-04 -1.0582-04 1.058E-04 1.058E-04

IBS 0. 0. 0. 0.

IBD 1.5238-15 1.572E-15 -7.448B-15 -7.398E-15

vG8 -9.471E-01 ~-9.470B-01 7.448B-01 7.448E-01

vD8 -1.523B-01 -1.572E-01 7.448B-01 7.398E-01

VBS 0. 0. 0. 0.

VTH -8.0008-01 -8.0008-01 6.000E-01 6.000E-01

VDSAT -1.471E-01 -1.470E-01 1.448E-01 1.443R-01

BETA 9.787B-03 9.790E-03 1.010E-02 1.010E-02

GAM EFF 0. 0. 0. 0.

[« 1.439E-03 1.439E-03 1.462B-03 1.462E-03

GDS 5.824E-06 5.821E-06 5.640E-06 5.640E-06

0. 0. 0. 0.

SUBCKT

ELEMENT 0:)5 0:M6 0:37 0:M8

MODEL 0:PMOS 0:NM0S 0:PMOS 0:PMOS

hoe] -2.116B-04 2.053E-04 -2.053E-04 -2.000B-04

IBS 0. 0. 0. 0.

IED 2.103B-14 -~1.501E-14 1.499B-14 9.376E-15

vGs -9.976BE-01 7.398E-01 -9.3762-01 -9.376E-01

vos -2.103E+00 1.500E+00 -1.4998+00 -9.976E-01

VB8 0. 0. 0. 0.

VHH -8.000B-0% 6.000R-01 -8.000E-01 -8.000E-01

VDSAT -1.976E-01 1.398E-01 -1.976E-01 -1.376E-01

BETA 1.084E-02 2.102E-02 1.051E-02 1.024E-02

GAM ET? 0. 0. 0. 0.

2.142B-03 2.937E-03 2.077E-03 2.024E-03

GDS 1.052BE-05 1.052B-05 1.052E-05 1.052E-05

GMB [ 8 0. 0. 0.

hhbdd SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(9)/VIl = -1,750E+04

INPUT RESISTANCE AT Vil = 1.000E+20

OUTPUT RESISTANCE AT V(9) = 4.754E+04

TWO-STAGE CMOS AMPLIFIER (GAIN FROM VID)
[TIITTs
VDD 100
V88 200

1.5

-1.5
4 4 PMOS W=1500
4 4 PMOS W=150U
200 200 NMOS W=500
200 200 MMOS W=500
100 100 PMOS W=15007
200 200 NMOS W=100U
100 100 PMOS W=1500

L=1U
L=10
L=1U
L=1U
L=10
Ls1U
L=1U
L=1U

EEREENNNA
WD W o -3 o -]
W oW oo

vic 2 0 0

*LEFF = LDRAMN - 2LD -XD = 1 - 2(0.09) - 0.1 = 0,72 UM
*LAMEDA= (DXD/DVDS) /LEFF = 0.04U/0.72U0 = 0.0555

.MODEL MMOS NMOS LEVEL=1 KP=154U VTO=0.6 LAMBDA=0.0555
.MODEL PMOS PMOS LEVEL=1 KP=64.7U VTO=-0.8 LAMEDA=(.0555
.OPTIONS NOPAGE ROMOD

.WIDTH OUT=80

.OPTIORS VNTOL=1N ABSTOL=1F RELTOL=1U

.op

TP V(9) VDD

.END

*+2+  OPERATING POINT INFORMATION THOM=  27.000 TEMP= 27.000

NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE

+0:2 = 0. 0:3 = 5.024%-01 0:4 = 9.3578-01
+0:5 = 4.600E-06 0:6 = 0. 0:7 =-7.609E-01
+0:8 =-7.602E-01 0:9 = 3.026E-04 0:100 = 1.500+00
+0:200 =-1.500E+00

seee SMALL-SIGHAL TRANSFER CHARACTERISTICS
v(9) /vDD = -1.6478-02

INPUT RESISTANCE AT VoD = 4.723E+04
OUTPUT RESISTANCE AT V{9) = 4.754R404

TWO-STAGE CMOS AMPLIFIER (GAIN FROM VSS)

i 22202
VDD 100 0 1.5
V83 200 0 -1.5

M 7 5 4 4 DMOS W=1500 L=1U

M2 8 6 4 4 PMOS We1500 L=1U
M 7 7 200 200 5MOS W=500 L=10
WM& B 7 200 200 KMOS W=50U L=1U
M5 &4 3 100 100 PMOS W=1500 La1U
M6 9 8 200 200 KMOS Wxl00U LalU
W 9 3 100 100 PMOS W=1500 L=1U

M8 3 3 100 100 PMOS W=150U LaliU

IBIAS 3 200 200U

* THE DC OFPSET IS ADJUSTED BY TRIAL AND ERROR

* TO SET THE OUTPUT TO ZERO.
VIL 5 2 4.60
vIZ 6 2 0
vic 2 0 0

*LEFF = LDRAWN - 2LD -XD = 1 - 2{0.09) - 0.1 = 0.72 UM

*LAMBDA= (DXD/DVDS) /LEFF = 0.04U/0.72U = 0.0555

.MODEL HMOS RMOS LEVEL=1 KP=194U VT0=0.6 LAMBDA=0.0S55

.MODEL PMOS PMOS LEVEL=1 KP=64.7U VT0=-0.8 LAMBDA=0,0555

.OPTICNS NOPAGE NOMOD

.NIDTH OUT=80

.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=10

.OP

TP V(9) vss

.END

#s++ OPERATING POINT INPORMATION  THOM= 27.000 TEMP= 27.000

NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE

+0:2 = 0. 0:3 = 5.024E-01 0:4 = 9.3578-01
+0:5 = 4.600E-06 0:6 = 0. 0:7 =-7.609E-01
+0:8 =-7.602E-01 0:9 = 3.026E-04 0:100 = 1.500E+00
+0:200 =-1.500E+00

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(9)/vss = 5.063E-01

INPUT RESISTANCE AT vss = 1.865E+05

OUTPUT RESISTARCE AT V(9) = 47542404
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/
N Vop N
% " }‘J O v+ 1V, 1+ ] oyl
d Mg | = Vie+h2v
Inias 4 \
Ad e
M, Mg \ My
M' ' 2 p= ® Therefore
@ To operate m, in th A Maa Vspg > 1+ 4V
active region, T = | Vigl t]Vovel
Vgp, 702V ® 30 Vpu.>0.4V
® S0 this node voltage —Vg, M4 l:; %
must be lesg than
Vie+ ll.OV M4
@ There fore this node

/
i

Volt-agc, mUStH be less

than _v
= Vie-002V

- For all transistors except Vs iy Viet IV= (-Vgt 2.4 V) >02V
My , [ Vl= 1V and [Vy|=o02v vy  —lea+ Vg D 0.2V
= To operate Mg in the achve Vie 2 =Vsg+ Ir6V
region, To $imultaneously satsfy
Vie < Vp — | V4, | =1 Vo, | = | Vovs] both constraints on VU, , the
Vie & Vpp= 114 V minimum supply difference

. : = Vpp= (-Vsg) = Vpap+ Ve = 3V
= To operate M|, in the active oo~ (-Vse) = Voot Vs

region, Vep (1a) > | Vov,, | = 0-2v This value can be reduced

Ve (1ay = Vie + 1V With smaller threshold and

overdrive magnitudes .
Vo (14 = e t Vet Youst Visa™ Yovs, &

= Vg + 224V
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611 using a sooch-cascode current mirror,
Yop
+
kvl
e |-
Mga
0
: -+
Ypp v,
I, s
- i
I_TFI « (@ A+ least
Mg Vlc-“/
VIC
Igias r:“—
”l'e M" N
-

= Vs

Maximom SWing :
v < Vop— I Vovgl = Vov|= Vop—0-4V
Minimum swing :
v, > VIC"W"" Vov,_Ag Vig-0-8V
To keep Mg in the active region,
Vie > =Vss + Vet Vou+ Vovg= —Vgt 114V
Minimom swing :
Vo DVie =018 >=Vgg+1-4-0.8 = ~V+0.6V

For example , 1 Vo= Vo= 15V

—0:9V &V, < el
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6-18 | consider U 4 variokions through
To operate Ms in the active Mg with Vg7 0. Ms can be
region, modeled simply as I in the
Vie < Vppt Vi, T You, + Voug following small signal model
VIC & Vpp =V —0-2v- 0.2V At firsk, 'ﬁnor‘ Vad Vanahir;i
Vie < Vop=I-4V & \
Vad
To operate M, in the active —%T;,s I:H
M3
region, ™
o, > Yo f5 mbh A
] ! . MI Mz , ‘H Mq
S0 a channel does not exist Ly n Mia |4 M2,
at the drain of M, J:H'j]\“ 1
VGD, 2 V‘ft P-I Miz
Ve, = VYic : In
VDI - "Yss-’i' Vov“ .— - =
Here , the VY4 Varation appears
Vie = (Vs + Yov, ) > Ve, as a common-mode input to
Ve O Ves + Vov, + Vg, the differential pair, causmg

a common mode change in the
drain currents of m, and M, (i),
Since the drain currents of M,
and m, are constant, the sovrce

Vi >=Vegg—0-8V

619 ‘
- . . . currents of IV and mZ.A are L
In the bias circuit, (a5 labeled). since the gate current

V3s(io2) =0 becavse I ncomstant  or M, is zero, the small-signal
current in the drain of M, is also
i . This small-signal current is
mirroréd to the drain of Mga bg
the cascode corrent mirror.
Therefore | |, =[-(=0

In other words, Va5 (102) Ves(mz.;
= constant . There fore, v 4
variations also appearon Vg,
As a resulk, Ve =0



My

S0,the gain from U, to the
output s 3ero here. Now,

consider v,, variahons on
the sources of M; and M,

Tos
MZ.
d
-
I}
4 ISA"'
%
Mia
*
QE}\ v,
My N2 iz $ L
{;-{ Iﬂ ;‘{ I|2
I, =I5, = constant because
M, and M, act as current
r . So =D, =0
souvflces s 9%!) 5;(3@

Since Vge f

S(nce vd‘(s) -

= 0
Toa= Tsa becavse I, =L

and I, =1,

Therefore, v, (4

ovtput Vv, _ 1
VAd
In the bias cireuit,

12 =0
953y , Yscay

= U,
Vasiay, Vascaay s

= 1 =
Yas(305 Aam°
and v,, Variations appear at the
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M1 sMiog, Mipg and M, form

a cascode current mirror

Therefore, Ve Fo
(o7

Similarly, Vqg,o=©

Therefore ,wariabions in =Yg
also appear 0N Vg, and

VBias,
o

4

Since Vasg,y = Vaspa= Vasgo 5y
My and Mz can be modeled

simply as 1, and ¥,

12
Va4
'35 M‘:—
= ", "
L
Maa 1

ss

Ves Variations cavse equal

or common -mode variations
in the drain currents of

M, and M, which cancel

at the oubput becavse of

the cascode current mirror

I:D (108)

IBlAs

D constant becauvse

= constant and becavse

Theretore Yo _p

Vge



u108
umos9
IB
vi

.0P

106
13
13
109
101
10

101
i1
1
101
12
12
13
101
11
200
0

TP V(6) VI

sRed

OPERATING POINT INFORMATION

2.5
-2.5

8 8
8 8

CMOSP W=200U
CMOSP W=200U

1 200 CMOSN W=100U
2 200 CMOSK W=1000
100 100 CMOSP W=2000
100 100 CMOSP W=200U
3 100 CMOSP W=2000
4 100 CMOSP W=200U
100 100 CMOSP W=200U0
200 200 CMOSH W=100U
200 200 CMOSN W=1000
1 100 CMOSP W=2000
100 100 CMOSP W=200U
100 100 CMOSP W=200U
103 100 CMOSP W=200U0
106 200 CMOSN W=100U
200 200 CMOSN W=20U

200 200 CMOSN N=100U
109 100 CMOSP W=200U0
100 100 CMOSP W=2000

1000

[ AC 1
.MODEL CMOSN MMOS LEVEL=1 LAMBDA=s100K VT0=0.7 KP=200U
JMODEL CMOSP PMOS LEVEL=1 LAMBDA=100X VTO=-0.7 KP=100U
-OPTIOHS NOPAGE NOMOD
WIDTH OUT=80

=-2.3128+00 0:2
= 1.739E+00 0:5

0:11

=-1.703E+00 0:100
= 1.694E+00 0:106
=-2,500B+00 0:8

NODE =VOLTAGE
+0:1
+0:4
40:10 = 0.
+0:13
+0:103
+0:200
ks MOSFETS
SUBCKT
ELEMENT 0:M1
NWODEL 0:0M08P
D -5.435B-05
IB3 0.
IBD 3.077E-14
ves -7.645E-01
VDS -3.077E+00
VB8 0.
VTH -7.000E-01
VDSAT -6.447E-02
BETA 2.615E-02
GAM EFF 0.
o 1.686E-03
4.156E-06
GMB 0.
SUBCKT
ELEMENT 0:Mé
MODEL 0:CHOSP
ID -4.009B-05
IBS 0.
IBD 7.610B-15
vGS -7.610E-01
VDS -7.610B-01
VBS 0.
VTH -7.000BE-01
VDSAT -6.104E-02
BETA 2.152B-02
GAM EFF 0.
o 1.3148-03
GDS 3.726E-06
0.

0:2
0:CMo8P
-5.435B-05
0.
3.077E-14
-7.645E-01
-3.077B+00
0.
~7.000B-01
-6.447E-02
2.6158-02
0.
1.686B-03
4.156B-06
0.

0:M3A
0:CMOSP
-4.009E-05
7.610E-15
1.522B-14
-7.610B-01
-7.610E-01
7.610B-01
-7.000E-01
-6.104E-02
2.152E-02
0.
1.314E-03
3.726R-06
0.

L=10
L=10
L=10
L=10
L=10
L=1U0
L=10
L=1U0
L=1U
L=1U0
L=10
L=10
L=10
L=1U
L=10
L=10
L=1U0
=10
L=1U0
L=10

=VOLTAGE

=-2.312E+00
= 9.779B-
= 1.703E+00

= 2.500B+00 O:

RODE
0:
01 0:
0:12

3
6
101

=-2.354E+00 0:109

= 7.645B-

0:MIA
0:CMOSN
4.0098-05
-1.871B-15
-3.478E-14
7.549E-01
3.290E+00
-1.871E-01
7.000E-01
5.492B-02
2.658E-02
0.
1.460E-03
3.017B-06
0.

0:MEA
0:CMOSP
-4.009E-05
7.610E-15
1.522E-14
-7.610E-01
-7.610E-01
7.610E-01
-7.0008-01
-6.1042-02
2.152B-02
0.
1.314E-03
3.726E-06
0.

01

0:M2A
0: CMOSN
4.009E-05
-1.871%2-15
-3.478E-14
7.549E-01
3.290E+00
-1.871E-01
7.000E-01
5.492E-02
2.658E-02
0.
1.460E-03
3.017E-06
0.

0:M5
0:CMOSP
-1.0872-04
0.
1.736B-14
-7.962E-01
-1.735E+00
0.
-7.000B-01
~9.624E-02
2.347E-02
0.
2.259E-03
9.262B-06
0.

THOM= 27.000 TEMP= 27.000

=VOLTAGE

= 1.739E+00
2 9.779E-01
=-1.557E+00
= 9.075B-01
= 1.694E+00

7.610E-15
-7.610E-01
-7.610E-01
0.
-7.000E-01
-6.104E-02
2.152E-02
0.
1.314E-03
3.726E-06
0.

0:M11
0:CMOSH
9.444E-05
0.
-1.871E-15
7.963E-01
1.871E-01
0.
7.000E-01
9.629B-02
2.037E-02
0.
1.962E-03
9.271E-06
0.

SUBCKT
ELEMERT 0:M12 0:M101 0:M102 0:M103 0:M104
MODEL 0:CMOSN 0:CM08P 0:CMOSP 0:CMOSP 0:CMOSP
Ip 9.4442-05 -1.000BR-04 -1.000B-04 -1.001E-04 -1.001E-04
IBS 0. 7.962E-15 0. 0. 8.056E-15
IBD -1.871E-15 1.592E-14 7.962B-15 B8.056E-15 &.058B-14
vGs 7.963E-01 -7.962E-01 ~7.962E-01 -7.962E-01 -7.869E-01
vDs 1.871B-01 -7.962E-01 -7.962E-01 -8.056E-01 -3.252E+00
VBS 0. 7.961E-01 0. 0. 8.056E-01
VTE 7.000E-01 -7.000B-01 -7.000E-01 -7.000E-01 -7.000E-01
VDSAT 9.6292-02 -9.624E-02 -9.624E-02 -9.624E-02 -8.690E-02
BETA 2.037E-02 2.159B-02 2.159E-02 2.161E-02 2.650E-02
GAM EFF 0. 0. 0. 0. 0.
a 1.962E-03 2.078E-03 2.078E-03 2.080X-03 2.303E-03
GDS 9.271E-06 9.262B-06 9.262E-06 9.262E-06 7.552E-06
GMB 0. 0. 0. 0. 0.
SUBCKT
ELEMENT 0:M105 0:M106 0:M107 0:4108 0:M109.
MODEL 0:CMOSN 0:CHMOSN 0:CMDSN 0:CMO8P 0:CMOSP
ID 1.001B-04 1.001E-04 1.001E-04 -1.001E-04 -1.001E-04
IBS -1.458E-15 0. 0. 8.060E-15 0.
IBD -9.421E-15 -1.458E-15 -7.963B-15 4.204E-14 8.060E-15
vGs 7.963E-01 9.421B-01 7.963E-01 -7.864E-01 -7.962E-01
vDs 7.963E-01 1.458E-01 7.963B-01 -3.337B+00 -8.060E-01
vBS -1.458B-01 0. 0. 8.060E-01 0.
VTH 7.000E-01 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01
VDSAT 9.628B-02 1.458B-01 9.629E-02 -8.643B-02 -9.624E-02
BETA 2.159E-02 4.058B-03 2.159E-02 2.680E-02 2.161E-02
GAM EFF o. 0. . 0. 0. 0.
[ ] 2.079E-03 5.916E-04 2.079E-03 2.316E-03 2.080E-03
GDS 9.270B-06 4.006E-04 9.271E-06 7.471E-06 9.262E-06
B 0. 0. 0. 0. 0.
hhbbd SMALL-SIGNAL TRANSFER CHARACTERISTICS
V(6)/VI = 4.403E+04
INPUT RESISTANCE AT vi = 1.000E+20
OUTPUT RESISTANCE AT V(6) = 2.635E+07
FOLDED-CASCODE MOS OP AMP (GAIN FROM VDD)
teeres
VoD 100 0 2.5 A& 1
vss 200 [ -2.5
)+ 1 0 ] 8 CMOSP W=200U L=1U
nw 2 4 -] 8  CMOSP W=200U0 L=1U
MiaA 5 12 1 200 W=100U L=1U
M2A 6 12 2 200 W=100U L=1U
| «] 3 3 100 100 CMOSP W=200U L=1U
| 4 3 100 100 CMOSP W=200U L=1U
M3A 5 5 3 100 CMOSP W=200U L=1U
MAA 6 5 4 100 CMOSP W=200U0 L=1U
M5 s 11 100 100 CMOSP W=200U0 L=1U
183 1 13 200 200 CMOSN W=100U0 L=1U
2 2 13 200 200 CMOSN W=100U L=1U
M101 101 101 11 100 CMOSP W=200U L=1U0
Mi02 11 1 100 100 CMOSP W=200U L=10
M103 103 11 100 100 CMOSP W=200U L=1U
M104 12 101 103 100 CMOSP W=200U L=1U
M105 12 12 106 200 CMOSN W=100U L=1D
M106 106 12 200 200 CMOSN W=200 L=1U
M107 13 13 200 200 CMOSN W=100U L=1D
M108 13 101 109 100 CMOSP W=200U L=1U0
M109 109 11 100 100 CMOSP W=200U L=1U0
IB 101 200 1000
VI 10 1] 0 AC 1

.MODEL, CMOSN NMOS LEVEL=1 LAMBDA=100M VT0=0.7 KP=2000
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=100M VT0=-0.7 KP=100U
.OPTIONS NOPAGE NOMOD
WIDTH OUT=80

.OP

.TP V(6) VDD



t#s*  OPERATING POINT INFORMATION

o- 18

THROM=  27.000 TEMP= 27.000

noDe =VOLTAGE NoLe =VOLTAGE RonE =VOLTAGE

+0:1 =-2.312E+00 0:2 =-2.312E+00 0:3 = 1.739E+00
+0:4 = 1.739E+00 0:5 = 9.779E-01 0:6 = 9.7798-01
+0:10 = 0. 0:11 = 1.7038+00 0:12 =-1.5572+00
+0:13 =-1.7038+00 0:100 = 2.500E+00 0:101 = 9.075E-01
+0:103 = 1.694K+00 0:106 =-2.354R+00 0:109 = 1.6942+00
+0:200 =-2.500E+00 0:8 = 7.645E-01
raee SMALL-SIGMAL TRARSFER CHARACTERISTICS

v(¢)/vmD = 1,006B+00

THPUT RRSISTANCE AT VoD = 4.710R+06

OUTPUT RESISTANCE AT V(6) = 2.635B+407

FOLDED-CASCODE MOS OP AMP (GAIN FROM V88)

rreRee

VIO 100 0 2.5
vss 200 0 -2.5
1 1 0 8
w 2 0 8

| :B .Y 5 12 1
A 6 12 2
] 3 3 100
4 3 100
oA L 1 3
1V 6 5 4
s 8 11 100
nl 1 13 200
m2 2 13 200
w01 101 101 i1
wmoez 11 11 100
K03 103 11 100
K04 12 101 103
M5 12 12 106
M106 106 12 200
w|o7 13 13 200
o8 13 101 109
mos 109 11 100
1B 101 200 100U
Vi 10 0 0

AC 1

8 CMOSP W=200U L=1U
8 CWOSP W=200U L=1U0
200 CMOSN W=100U L=1U
200 CMOSM Ws100U L=1U
100 CMOSP W=200U L=10
100 CMOSP W=200U0 L=1U
100 CMOSP W=200U L=1U
100 CMOSP W=200U L=1U
100 CMOSP W=200U L=1U
200 CMOSHN W=100U L=10
200 CMOSN W=100U L=10
100 CMOSP W=200U L=1U
100 CMOSP W=200U L=10
100 CMOSP W=200U L=10
100 CMOSP W=200U L=1U
200 CMOSN W=100U L=1U
200 CMOSN W=20U L=lU
200 CMOSN W=100U L=1U
100 CMOSP W=2000 L=1U
100 CMOSP W=200U L=1U

AC 1

.MODEL CMOSN NMMOS LEVEL=1 LAMBDA=100M VT0=0.7 KP=200U
.MODEL CMOSP PMOS LEVEL=1 LAMBDA=100M VTO=-0.7 KP=100U

.OPTIONS NOPAGE NOMOD
-WIDTR OUT=80

.0P

.TF V(6) vss8

.END

ss2¢  OPERATING POINT INFORMATION

THOM= 27.000 TEMP= 27.000

e =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:1 =-2.3128+00 0:2 =-2.312E+00 0:3 = 1.739B+00
+0:4 = 1.739E+00 0:5 = 9.779R-01 0:6 = 9.779E-01
+0:10 = 0. 0:11 = 1.703E+00 0:12 =-1.557E+00
40:13 =-1.703E+00 0:100 = 2.500B+00 0:101 = 9.0752-01
+0:103 = 1.694E+00 0:106 =-2.354B+00 0:109 = 1.694E+00
+0:200 =-2.500E+00 0:8 = 7.6458-01 .

b SMALL-SIGHAL TRANSFER CHARACTERISTICS
V(6)/Vss = 5.4298-05
INPUT RESISTARCE AT vss = 6.493B406
OUTFUT RESISTANCE AT V(§) = 2.635B+407

620
e

For Loimax)”
I

+ 100 qA,

py= Ip, = 10044

Then half of I, Shsuld come
from M, and the other half from
from M,

so, |Ip,l= '.IDJ =|Tp,|= Ip,,= 50 MA

s0, |Ipzal =|Tp,) = | Tn,) = | In,,|=504A

For the output swing reguirement,

concentrate on the output branch
VDD-'.SV

+
_ lVDS", ‘ = VS%’ v563 = I V.ePH' , val

+
Atleast \,, +100 mV

ub— +
&

_'55= —I-SV

Ve Vop = V) = | Vip | = 4 Yoy - 300my

(p-p)

Requirement Vpo ) > 15V

1.5 ¢ 1+5=(=1.5)-0.6~4 V= 03

-0.4 (-4 Voy Vov(D-lV

21
X' v

T=x% W v2 35 W =
-ZLOV L

(ﬁ) = 2(l00)
Lz a4 (o)t
W

{‘L') = 2! 50) ~ 50

A lag (on*

100



(!i) =(.V_V.> = 2(50) ~ (50 BIAS CIRCUIT:
Lig \Llan cg7(0-

for the common-mode range

requirement : To operate Miin Al
)

the active rcgu'on Y

V6D| > V£.| =-0.8V _

Ver = Vic

Vp, = =Ves + Vov,+ 01V

Ve > Vgt oyt 0Vt Y

>"5+o'l+o-l-0-8=-20’v
So, the common mode range

includes —Vgo = -1:5V

To operote Ms in the active region,

Vie € Vop+ Vg, + Vou, + Vovg 5044
check headroom requirements

in the bias circuit . For the
branch includfng M3

Vi & 1-5=0.8 + 2V,

ov = Yoy, ™ Vovs Vp 5~ ( Vo, l+o! v)-vfz; Vov, - Vi, Vov,z©+7
(N ) _ 2(50) 2150 —(-V)= O
647 (o l)" Let | VOVI3l= vDsz"' vons'_' Yo
<W = z(loo) ~ 300 Ve, = Ve = 06V
647 (0-1)* [:5=0:1-0.6=0.6-0:7 = (=1:5) = 3V,

l = 3Voy 2 VW=O-33V

S0, this branch operates with all
transistors in the active region
¥ oy <033V



For the branch including M,
Vop— | Vg | = 1 Vv, 1 = (Vov, gt 0:1V) =
(ot 01V) = Vy In 4-0.7V= (V)= O
LC‘{: lvOV‘4|= VOV:.;' %VI6= VOV
Vi tn4 =36mV¥ (neglect) ; V*M-z -0.8V
I'S '038-0""’00,'0'7'—("'5)’3V0v
[.3 = 3 vav
VOV = 043V
s0, this branch operates with
all trangistors in the active
region if Vpy < 0:43V
S0, this design will use the
previously computed valve of

>3

WY (W) - (W) = - 2(50) =50
KL)” (L)zs L/is (L)fg 194 (0-1)*

ROREC R

M,g fOrces M, to operate in the triode

region.
From ¢13) ):L WY Seks Vg =Vpy=0.V
( )@:7 3(—,:'8 DS'7 oy
To increase s, tO Vy+0.1V=0-2V,
L(PW) =20
reduce (), o about 4 (%),

This choice is confirmed in simulahon T+
blases M" X Mn_ SO t‘qat VD5"= VDSIZ’:.‘. o2V



6-21

FOLDED CASCODE OP AMP
E 22322
vop 100 0 1.5
ves 200 0 ~-1.5
ML 17 9 8 8 PMOS W=1500 L=1U
M2 18 10 8 8 PNOS Wel50U Le1U
MIA 15 2 17 200 MMOS W=50U L=1U
MA 16 2 18 200 MMOS Wa50U Lsl1U
3 13 13 100 100 PMOS W=150U L=1iU
¥4 14 13 100 100 PMOS W=150U L=1U
MBA 15 15 13 13 PMOS W=150U L=1U
MA 16 15 14 14 PMOS W=150U L=1U
M5 8 1 100 100 PMOS W=300U L=1U
Ml 17 3 200 200 MMOS W=100U L=1U
M12 18 3 200 200 MMOS W=1000 L=1U
W3 20 1 100 100 PMOS W=1500 L=1U
M4 1 1 100 100 PMOS W=150U L=1U
M5 4 4 5 200 MMOS W=S50U L=1U
M6 21 & 6 200 ¥MOS W=50U L=1U0
M7 12 2 200 200 MNOS W=10U L=1U
M8 2 2 12 200 MMOS W=100U L=1U
M9 2 1 100 100 PMOS W=x300U L=1U
W20 3 1 100 100 FMOS W=300U L=1U
21 3 3 200 200 EMOS Wx100U L=1U
"M22 20 20 4 200 MMOS Wa50U L=1U
23 1 20 21 200 WMOS W=50U L=1U
Q1 200 200 5 PNP
Q2 200 200 7 PWP 4
RIL 6 7 72t

.MODEL MMOS MMOS LEVEL=1 KP=1940

JMODEL PMOS PNOS LEVEL=1 KP=64.7U
.MODEL, PNP PWP BFs50 I8s2E-15
vii 3 0 0

vi2 10 0 0

.OPTIONS HOPAGE NOMOD

VI0=0.6 LAMBDA=0.024 GAMMA=0.25
VTO=-0.8 LAMBDA=0.048 GAMMA=0.25

.WIDTH OUT=20

.OPF

TP V(16) VI

.END

s##+ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000

NODE =VOLTAGE NODE =VOLTAGE HODE =VOLTAGE

+0:1 = 6.016E-01 0:2 =-5.4798-01 0:3 =-7.971E-01
+0:4 =2-1.0058-01 0:5 =-§.820E-01 0:6 =-8.8238-01
+0:7 =-9.176E-01 0:8 = 8.950B-01 0:9 = 0.
+0:10 = 0. 0:12 =-1.282E+00 0:13 = 5.960E-01
+0:14 = 5.960E-01 0:15 =-3.0818-01 0:16 =-3.081E-01
+0:17 =-1.285E+00 0:18 =-1.285E+00 0:20 a 7.586E-01
+0:21 =-1.010B-01 0:100 = 1.500E+00 0:200 =-1.500E+00
#s¢+ BTPOLAR JUNCTION TRANSISTORS

SUBCKT
ELEMENT 0:Q1 0:02
MODEL 0:PNP 0:PNP

I» -9.542E-07 -9.612E-07

Ic -4.7712-05 -4.806E-05

VEE -6.180E-01 -5.824E-01

VCE -6.180E-01 -5.824B-01

VBC 0. 0.

vs 1.500E+00 1.500B+00

POWER 3.008E-05 2.85SE-05

BETAD 5.000E+01 5.000B+01

a 1.845B-03 1.858E-03

RPI 2.710B+04 2.690E+04

RX 0. 0.

RO 1.293E+13 3.233B+12

BETAAC  5.000E+01 5.000E+01

et mm

SUBCKT
ELEMENT 0:M1 0:2 0:M1A 0:M2A 0:10
MODEL 0:PMOS 0:PMOS 0:NM08 0: M08 0:PMOS

I ~4.836E-05 -4.936E-05 5.479E-05 5.479E-05 -5.479E-05
I1BS 0. 0. -2.150E-15 -2.150B-15 0.

IBD 2.180E-14 2.1B0E-14 -1.192E-14 -1.192E-14 9.040E-15
vGs -8.950E-01 -B.950E-01 7.371E-01 7.371E-01 -9.040E-01
VDS -2.180E+00 -2.180E+00 9.769E-01 9.769E-01 -9.040E-01
VBS 0. 0. -2.150E-01 -2.150E-01 0.

VTH -8.000E-01 -8.000E-01 6.320E-01 6.320E-01 -8.000E-01
VDSAT  -9.498E-02 -9.498E-02 1.051E-01 1.0518-01 -1.040E-01
BETA 1.072B-02 1.072E-02 9.927E-03 9.927B-03 1.013E-02
GAM EFF 2.500-01 2.500E-01 2.500E-01 2.500E-01 2.500E-01
G 1.018E-03 1.018E-03 1.043E-03 1.043E-03 1.053E-03
GD3 2.101E-06 2.101E-06 1.285E-06 1.285E-06 2.521E-06

e 13 1.643E-04 1.643E-04 1.444E-04 1.444E-04 1.700E-04

MODEL

:

g8%g

£5g
5 =

GDS

1221]

0:M4
0:PMO8
-5.4792-05
0.
9.040B-15
-9.040E-01
-9.040E-01
0.
-8.000E-01
-1.040B-01
1.013E-02
2.500E-01
1.053E-03
2.521B-06
1.700E-04

0:112

0: M08

1.032E-04
0.

-2.150E-15

7.0298-01

2.150E-01
0.

0:M3A
0:PMOS
-5.4798-05
0.
9.040E-15
-9.040R-01
-9.0408-01
0.
-8.000E-01
-1.0402-01
1.0132-02
2.500E-01
1.053E-03
2.521E-06
1.700E-04

0:3
0:P¥O8
-4.867E-05
0.
7.414E-15
-8.984E-01
-7.414E-01
0.

EE gggsggaggégggggg ggﬂsggiéiéﬁauggg

EEELELE

-

aaaagevggg

6.000E-01
1.029E-01
1.9502-02
2.5008-01
2.006E-03
2.463E-06
3.237E-04

-8.000E-01
-9.841K-02
1.0052-02
2.500E-01
9.891E-04
2.256E-06
1.5962-04

0:17
0: M08 0: 08
1.032E-04 1.032E-04
0. -2.175E-15
-2.175B-15 -9.521E-15
9.521E-01 7.347E-01
2.175E-01 7.347B-01
Q. -2.1758-01
6.000K-01 6.324E-01
2.1758-01 1.023E-01
1.950B-03 1.974E-02
2.500E-01 2.500%-01
4.2418-04 2.019E-03
2.650E-04 2.435E-06
6.844E-05 2.791R-04

0:M18

0:M22
0:3M08
4.867B-05
-1.400B-14
-2.259E-14
8.590E-01
8.590E-01
-1.399E+400
7.539E-01
9.915E-02
9.900E-03
2.500E-01
9.816E-04
1.144E-06
8.677E-05

0:)23
0:NMOS
4.902E-05
-1.399E-14
~2.102B-14
8.595E-01
7.025E-01
-1.399E+00
7.598E-01
9.970E-02
9.864E-03
2.5008-01
9.834R-04
1.157B-06
8.694E-05

0:M40
0: P08
-5.479E-05
0.
9.040E-15
-9.040E-01
-9.040E-01
0.
-8.000E-01
-1.040B-01
1,0138-02
2.500E-01
1.053E-03
2.521B-06
1.7002-04

0:M14
0:PMOS
-4.902E-05
0.
8.984K-15
-8.984E-01
-8.5842-01
0.
-8.0008-01
-9.841K-02
1.0128-02
2.500E-01
9.963E-04
2.256B-06
1.608E-04

0:M19
0:PMOS
-1.032E-04
0.
2.043B-14
-8.984E-01
-2.047E+00
0.
~8.000E-01
-9.841R-02
2.132B-02
2.500E-01
2.098E-03
4.511E-06
3.385E-04

0:M5
0:PMOS
-9.672E-05
0.
6.050E-15
-8.9842-01
-6.050B-01
0.
-8.000E-01
-9.8418-02
1.9978-02
2.500E-01
1.966E-03
4.511E-06
3.1728-04

0:M15
0:HM08
4.867TE-05
-6.180%-15
-1.400R-14
7.8158-01
7.8158-01
-6.180E-01
6.823E-01
9.925E-02
9.8828-03
2.500B-01
9.807E-04
1.146E-06
1.1118-04

0:120
0:PMO8
-1.0448-04
0.
2.297E-14
-8.9842-01
-2.297R+00
0.
-8.000E-01
-9.841E-02
2.155E-02
2.500B-01
2.121E-03
4.511B-06
3.4225-04

SMALL-SIGNAL TRANSFER CHARACTERISTICS

v{16)/VIl
INPUT RESISTANCE AT
OUTPUT RESISTANCE AT V(16)

vil

0:11
0: M08
1.032E-04
0.
-2.150E-15
7.0295-01
2.150E-01
0.
6.000B-01
1.029E-01
1.950E-02
2.500E-01
2.006E-03
2.463E-06
3.237R-04

0:M16

0: 108

4.5028-05
-6.177R-15
-1.399E-14
7.818E-01
7.813%-01
-6.177E-01
6.822E-01
9.961E-02
9.882E-03
2.500E-01
9.843E-04
1.1558-06
1.115E-04

0:M21
0:308
1,044E-04
0.
-7.029E-15
7.029E-01
7.029E-01
0.
6.000E-01
1.029E-01
1.973-02
2.500E-01
2.029E-03
2.463B-06
3.274E-04

9.290B+04
1.000B+20
9.159E+07
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POLDED CASCODE OP AMP (CONMECTED AS VOLTAGE PFOLLOWER) essss? DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000
* CORMECT THE OP AMP AS A VOLTAGE FOLLOMER TO SEE THE COMMOR-MODE VOLT vil6)
* INPUT RANGE. THIS CONNECTION ALSO SHOWS THE OUTPUT SWING. A } -2.0008+00 -1.0002-00 0. 1.0002-00 2.0008+00
Ty N N R N N
v 100 © 1.5 -1.700B+00 -1.50B+00-+- 3 Y Hommomt + B Aommeee L +-
vss 200 O -1.5 -1.6008+00 -1.438+00 + A + + + . + + +
28 17 9 8 8 PMOS W=150U0 L=1U -1.5008+00 -1.458+00 + D) + + + + + + D
w 18 16 8 8 PMOS Wal50U L=1U -1.4008+00 -1.39B+00 + D) + + + + + + .
KA 15 2 17 200 MMOS Ws50U L=1U -1.300B+00 -1.308+00 ¢+ LI T + + + + + +
A 16 2 18 200 NMOS W=50U0 L=1D -1.200E+00 -1.202+00 + + A+ + + + + + +
) <} 13 13 100 100 PMOS Ws150U L=1U -1.100E+00 -1.108+00 + + A+ + + + . + 4
| 1 14 13 100 100 PMOS W=150U L=1U -1.0008+00 -1.00E-00 + * 2 + ‘ + . . *
WA 15 15 13 13 PMOS W=150U L=1U -9.0008-01 -9.008-01 + + +A + + + ’ + +
MA 16 15 14 14 PMOS W=150U L=iU -§.000E-01 -8.008-01 + + L W . + + + +
| 8 1 100 100 PMOS W=300U L=1U -7.0008-01 -7.008-02-+ L + - +
mr 17 3 200 200 MMOS W=100U L=1U -6.0008-01 -6.008-01 + * + A+ + + + . +
m2 18 3 200 200 MMOS Ws100U L=1U -5.000E-01 -5.008-01 + + + A ‘ + + B +
m3 20 1 100 100 PMOS W=1500 L=1U -4.0008-01 -{.008-01 + ’ + +A B + + + +
wse 1 1 100 100 PMOS W=150U L=1U -3.000B-01 -3.00B-01 + + + O Y + + + +
s 4 4 5 200 NMOS W=50U L=1U -2.0002-01 -2.00B-01 + + . = + + + +
me 21 4 6 200 MMDS W=50U L=10 -1.000E-01 -1.002-01 + + . + A+ + . + ‘
m7 12 2 200 200 MMOS W=10U L=1U 0. -3.338-06 + + * + A + + + +
ms 2 2 12 200 NMOS W=100U L=1U 1.0008-01 1.002-01 + + . + A ’ . + +
ms 2 1 100 100 PMOS W=300U L=1U0 2.0002-01 2.008-01 + » B + + A » + ’
Ko 3 1 100 100 PMDS W=300U L=1U 3.000B-01 3.00B-01-+- + B D S +-
w1 3 3 200 200 MMOS W=100U L=10 4.0008-01 4.002-01 + * B + + A+ + + +
M2 20 20 4 200 MMOS W=500 L=1U0 5.0008-01 5.00B-01 + + + + . A ’ - ‘
w3 1 20 21 200 MMOS W=50U L=1U 6.000E-01 6.00B-01 + + + + ‘ B + + +
Q1 200 200 S5 PNP 7.0008-01 6.88E-01 + + + + + L S + +
Q2 200 200 7 PNP 4 9.0002-01 6.882-01 + + + + + + A+ + +
R1 6 7 721 9.000E-01 6.882-01 + + + + + LI S + +
.MODEL }MOS MMOS LEVEL=1 KP=194U VTO=0.6 LAMEDA=0.024 GAMMA=0.25 1.0002+00 6.888-01 + + + + + N + ’
.MODEL PMOS PMOS LEVEL=1 XP=64.70 VTO=-0.3 LAMBDA=0.048 GAMMA=0.25 1.1008+00 6.888-01 + + + + + A+ + +
.MODEL PNP PNP BF=50 I18=2E-15 1.2002+00 6.882-01 + + + . + + A+ . .
Vi1 9 0 1] 1.300E+00 6.882-01 oo L A A -
vi2 10 0 0 1.400E+00 6.888-01 + + + . + L T + +
.OPTIONS NOPAGE NOMOD 1.500B+00 6.88E-01 + + + + + D Y + .
.WIDTH OUT=80 + + + . .
.OP set+  OPERATING POINT INFPORMATION TROM= 27.000 TEMP= 27.000
TP V(16) VI NODE =VOLTAGE NODE aVOLTAGE NODE =VOLTAGE
.pc vi1 -1.7 1.5 0.1 +0:1 = 6.0168-01 0:2 =-5.479E-01 0:3 =-7.971E-01
.PLOT DC  V(16) +0:4 =-1.005E-01 0:5 =-8.820E-01 0:6 =-8.823E-01
.END +0:7 =-9.176E-01 0:8 = 8.950B-01 0:9 = 0.
+0:10 = 0. 0:12 3-1,282E+00 0:13 = 5.960E-01
+0:14 = 5.967B-01 0:15 =-3,081E-01 0:16 =-3.327E-06
+0:17 =-1.285E+00 0:18 =-1.284E+00 0:20 = 7.586E-01
+0:21 =-1.010E-01 0:100 = 1.500E+00 0:200 =-1.500E+00
bbbl SMALL-SIGHAL TRARSFER CHARACTERISTICS
V(16) /VIl = 1.000B-00
INPUT RESISTANCE AT Vil = 1.000E+20
OUTPUT RESISTANCE AT V(16) = 9.8358E+02
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)
o
_ Vop
Ms
VBias, |e_4
_ Mg
Vld M| MZ E
+ _,{F ﬂ MAAF:
M
p——o
i :
V145, b Veias,— b __T.
m
‘B Maa =
VBias; — & YB1as,— b
3
MlAq‘\
J - MIZ
v, — Varac— b
3M$4 v IA$+ ‘ﬂ
My
— Vg
From Table (2:4), Mp=3 4p. For equal overdrive magnitudes,
Therefore, ‘to produce overdrives (y_ ) N Q_(_W_ )
i+ | +ud ECEERRCY]
with equal magnitudes for

identical dm:’r'x current mlngm'{w\des, (—‘fLV-_)”= Q‘WC);Z'; ;i (%)
Nn-channel transistors rcq,u;rc(h‘_L) (_Vl) W) (w) =(y_)__(w>
-3 times Smaller than corresponding 3p L 44
p-channel transistors . = (‘—)43 - Q’,J_-)|
Let lID; " ,ID2_|=I
Then \Ibgl = ID,, = ID,,_‘ 2T
All other transiStors have |Ipl=1I

Mz, M3p Map, Mae, Map, My M,
and Mg form a double- cascode
sooch current mirror



From (4-73),

(Vﬁ);c < )o- L (#),

From Problem (48),

()= 5 (1), 2(2)

+0 maximi3e ovtput swing.

6'}2
M4 ) M4—A )
all operate in the active
region for a peak to peak
output swing of 25V
Vop — (—Vieg) - l+65- (—1:65)

~2:5
= 0.8V

M,, and M,, should

OCP P)

Divide this amount eq,ually
among My, Ma, , Mgy and My,

40 3&{' ] vDS(min)‘ = 0.2V
o set ‘VDS(m'm)' =|Voy|+ O 1V
choose [Vov|= O+IV

Since all transistors

6-24

= (I"m‘ - 'IDuz}
= ¥p5= IDM. =25 MA

Since Ipz; IID35) = 200 4A

Ip, = To,,m [ Toasl= | Ipy,l =100 4A

|20, [Fo] =

IID,l = \Ipz' = |00 MA
Since Ip, = Ip,, = 200 4A
Ip,= Ip,a
- 125, ) - [y | = | Toy) = Toy5 10044
S 2.
|nCL F:D" k_\’_ VOV
.W_ = Z(Ipl
- Xy

In the bias circuit,

Dl (r ;s )5 0 s

= 2(25) o~ 25
124 (0-1)*

are biGSLd In 'H'WC A| amP“‘ﬁers,

2(200) = 2p0

with equal [Vovl, set [Voy]=0:1V QN z: 194 (0)*

for all the transistors

assume

= ‘ID,os‘ = | Toioel = ,ID/o7’= ’IDIoel

= I’";oe = ‘T‘Dno

N); 2(100) w100
194(0|)

-_2_§I0_0)_~300

6§41 (01)*
In the A, amplifiers,

ey

(”)u

2(200)
647 (O- I)L

= 600




- 2(10)
('V;,', )3,' C’NC).::. ‘6%2;-_';—(0_-!—)" 200
(%)3; (%)3: 2(100) =~ 100

124 (o0:1)*

In the main op-amyp,

2(200) = go0
647 (01)*

W) (W) - 20%9) 5 300
L/t \NL2 g4 (0D
)y (1), 2220, 00
W = = ) o
(‘C),A ("E )ZA .éi_'(of_’;z = 100

—

ri
w—
>

L1

T

r|z
\_/
['Y

From SPICE,

W = + = Ol V
(’C)lo o to set IVDSIO‘,

4

P
I=

L

Yo o~ 35 x 10° with

vy

%"\ = 0.02 = 0.024 V"
}-2(0-09)

|2Apl = 0004 _ 5,049 v
|~-2(0.09)

and ,Vtol = 07V

W'Tl’h Vfo”= 0.6V and Vfops -0.8YV

Yo - a5x0t

')

i . 2(100
(-l e

= 2. \V £ 0.1V
),.4 25 to set Vpg, .

6-25

becavse Vsoz;:. IV¢P|"' [Vove) > Ve,
2s explained in section 6.7
Therefore, increas »'ng, [ vy, | for
p-channel trangistors and
reducing v, for Nn-chonnel

transistors both push M,, closer
to the triode region .

= 300

The gain falls in this case becavse
M,, in the A, amplifrers operntes
in the triode region. This happens



VDD 100
vss 200
* OP AMP
nl 11
mn 12
waA 40
02 10
wn 3
1} 4
DA 40
MA 10
] 5
ml 11
n2 12

11
12
100
100
3

4
100
200
200

100 CMOSP W=3000
100 CMOSP W=300U
200 CMOSH W=1000
200 CMOSN W=100U
100 CMOSP W=300U
100 CMOSP W=300U
100 CMOSP W=3000
100 CMOSP W=300U
100 CMOSP W=6000
200 CMOSN W=2000
200 CMOSN W=2000

* ADXILIARY AMPLIFIER SUBCIRCUITS
.SUBCKT AMP1 (21 22 24 26 100 200)

' 2 0
a1 23 21
w2 2
a3 23
- TR 3

o5 25 26
.ERDS ANP1
.SUBCKT ANP2 (31 32 34
w2 M ]
w1 33 k3
w2 M 32
w3 3 3
ne 34 33
w5 35 36

BDS ANP2

* AUXTLIARY ANPLIFIERS
n s2 3
17 s2 ¢
x3 53 1
b TR 12
¢ BIAS GENERATOR
IBIAS 100 101
woi 101 101
moz 54 54
o3 103 54
moé 105 101
wo5 105 105
xos 52 105
w07 51 51
wi0s 108 108
w09 108 101
W10 110 54
w11 111 51
w12 113 108
w13 113 113
nue 53 113
10 0

a1

22 100

200 CMOSN W=100U
200 CMOSN W=1000
100 CMOSP W=300U
100 CMOSP W=3000
200 CMOSN W=200U

36 100 200)

3
35
35
200
200
100

250
54
200
200
103
52
100
100
51
110
200
100
111
53
200
4P

.MODEL CMOSN MMOS LEVEL=1
+ TOX=0.8E-08 VT0=0.7 KP=1940 LD=0.090 LAMBDA=0.024 GAMMA=0.25
.MODEL CMOSP PMOS LEVEL=1
+ TOX=0.8E-08 VI0=-0.7 KP=64.TU LD=0.090 LAMEDA=0.049 GAMMA=0.25
00AC1

o0

viP 1

YIN 2

.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80

.0P

.TF V(10) VIP

-END

rhtd

OPERATING POINT

NODE

+0:1
+0:4
+0:11
+0:51
+0:54
+0:63
+0:101
+0:108
+0:113
+1:25
+3:33
+4:35

=VOLTAGE

=
= 1.
s-1.
= 8.
=-8.
= 6.
=3
=-3.
3-6.
= 4.
=-8.
=-4.

0.

437E+00
456E+00
598E-01
5892-01
165E-01

.327B-02

128E-02
360E-01
287E-01
563E-01
4578-01

32 100

100 CMOSP W=3000
100 CMOSP W=300U
200 CMOSH W=100U
200 CMOSN W=100U
100 CMOSP W=600T7

5¢ 100
54 100
51 100
51 100

200
200
200
200

200 CMOSN W=250
200 CMOSN W=25U
200 CMOSN W=250
200 CMOSN W=25U
100 CMOBP W=25U
100 CMOSP W=5U

100 CMOSP W=75U
100 CMOSP W=75U0
200 CMOSH W=25U
200 CMOSH W=25U
100 CMOSP W=75U
100 CMOSP W=75U0
200 CMOSN W=25U0

200 CMOSN W=2.5U0

L=10
L=10
L=1U
L=10
L=1U
L=17
1=10
L=1U0
1=10
L=10
L=1U

L=1U
L=1U
L=1U
L=10
L=1U

L=1U
L=1U
L=1U
L=1U0
L=10

L=10
=10
L=1U
L=1U
L=10
L=10
L=10
L=10
L=17
L=10
L=1U0
L=10
L=10
L=1U
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TNOM= 27.000 TEMP= 27.000

INFORMATION
NODE =VOLTAGE

0:2 0.

0:5 = 8.854B-01
0:12 =-1.456E+00
0:52 = 1.436B+00
0:61 =-6.396E-01
0:64 = 6,165E-01
0:103 =-8.584E-01
0:110 =-8.590E-01
0:200 =-1.650E+00
2:23 = 8.587E-01
3:35 2-4.457E-01

=VOLTAGE

= 1.437B+00
= 8.598E-01
8.5588-01
.456E+00
396E-01
6508400
492B-01
5878-01
587E-01
= 4.2878-01
=-8.563E-01

@ w ;e o

ses+ MOSYETS

SUBCKT

-

FEFLTEEEELER)
g

ggaaaaageagg

§

§§gaaaaeaeaggsaﬂe

aaaaeesgggsaﬂ

265
E -

2
7

i

FEEEEEIL

g
3

gge

0:|1
0:CMOSP
-9.988E-05
7.646E-15
3.1072-14
-8.854E-01
-2.342E+00
7.646E-01
-7.9842-01
-8.701E-02
2.6392-02
2.500E-01
2.296E-03
4.390B-06
2.457E-04

0:M4
0:CM08P
-9.730E-05
0.
2.1248-15
-7.902E-01
-2.1248-01
0.
-7.000E-01
-9.020E-02
2.392E-02
2.500E-01
2.157E-03
4.7198-06
3.4828-04

0:M12
0:CHMOSH
1.972E-04
0.
~1.931E-15
7.911E-01
1.931E-01
0.
7.000E-01
9.108B-02
4.7548-02
2.500E-01
4.330B-03
4.711E-06
6.987E-04

0:M105
0:CHOSP
-2.500E-05
2.1322-15
1.101B-14
-8.876E-01
-8.876E-01
2.132E-01
-7.318E-01
-1.559E-01
2.058E-03
2.500E-01
3.208E-04
1.174E-06
4.447E-05

0:M110
0:CHOSH
2.500B-05
0.
-7.910B-15
7.911E-01
7.910E-01
0.
7.000E-01
9.108E-02
6.027E-03
2.500E-01
5.489E-04
5.888E-07
8.359B-05

0:2
0:CMO8P
-9.988R-05
7.646B-15
3.107E-14
-8.854E-01
-2.342E+00
7.646E-01
=7.984E-01
-8.701E-02
2.6392-02
2.500B-01
2.296E-03
4.390E-06
2.457E-04

0:)8A
0:CHOSP
-9.730E-05
2.1248-15
7.902E-15
-8.2112-01
-5.778E-01
2.1248-01
-7.3172-01
-8.9428-02
2.4342-02
2.500E-01
2.176E-03
4.637E-06
3.018E-04

0:M101
0:CMOSN
2.500E-05
-7.9118-15
-1.683E-14
8.9228-01
8.922E-01
-7.911E-01
8.012E-01
9.097B-02
6.041E-03
2.500E-01
5.496E-04
5.874E-07
5.825E-05

0:M106
0:0M08P
-2.500B-05
0.
2.132B-15
-1.1008+00
-2.132E-01
6.
-7.000E-01
-2.132B-01
3.986B-04
2.500E-01
8.497E-05
7.601E-05
1.371E-05

0:M111
0:CHOSP
-2.500E-05
0.
7.913E-15
-7.902E-01
-7.913E-01
0.
-7.000E-01
~9.019E-02
6.147E-03
2.500E-01
5.544B-04
1.179E-06
3.947E-05

0:M1A
0:CHMOSN

9.
-1.
-2.

8.

2.
-1.

T.

8.

2.

2.

2.

2.

3.

730B-05
931B-15
510E-14
1732-01
316B+00
931x-01
290E-01
827E-02
497E-02
5002-01
205E-03
212B-06
094E-04

0:M4A
0:CHMOSP

-9.
2.
7.

-8.

-5,
2.

-7.

-8.
2.
2.
2.
4.
3.

730E-05
124R-15
902E-15
211E-01
778E-01
1242-01
317E-01
942E-02
4348-02
500E-01
176x-03
637E-06
018E-04

0:X102
0:CMOSN

2.

-7.
7.
7.

L IRC RN I SR S R ]

500E-05
0.
911E-15
911E-01
9112-01
0.

000E-01
108E-02
027E-03
500E-01

-490E-04
.888E-07
-8558-05

0:M107
0:CHOSP

-2.

7.
-7.
-7.

-7.
-9.
6.
2.
5.
1.
8.

5002-05
0.

902E-15
902E-01
9028-01
0.
000E-01
015E-02
147E-03
5002-01
S44E-04
179E-06
946E-05

0::112
0:CHMOSP

-2.
.913E-15

2.
-8.
-1.
.913E-01
.0128-01

7

-

[T RSN IR

500R-05
286E-14

900E-01
494E+00

873E-02

.351E-03
.500E-01
.635B-04
.141E-06
.972E-05

0:M2A
0:CHMOSE
9.7308-05
-1.931E-15
-2.510E-14
8.173E-01
2.316E+400
-1.9312-01
7.290E-01
8.8278-02
2.4972-02
2.5002-01
2.205E-03
2.2128-06
3.094E-04

0:M5
0:0M08?P
-1.998E-04
0.
7.646B-15
-7.902E-01
-7.646E-01
0.
-7.000E-01
-9.019E-02
4.912E-02
2.500E-01
4.430E-03
9.435E-06
7.148E-04

0:M103
0:CHOSK
2.500E-05
0.
-7.916E-15
7.911E-01
7.916R-01
0.
7.000E-01
9.108E-02
6.027E-03
2.500E-01
5.490B-04
5.838B-07
8.859E-05

0:M108
0:CHMOSP
-2,500E-05
7.902E-15
1.681E-14
-8.911E-01
-8.911E-01
7.9028-01
-8.011E-01
-8.998E-02
6.1768-03
2.500E-01
5.557E-04
1.174E-06
5.891E-05

0:M113
0:CMOSN
2,500E-05
-1.938E-15
-1.014E-14
8.201E-01
8.201E-01
-1.938E-01
7.291E-01
9.105E-02
6.031E-03
2.500E-01
5.492E-04
5.884E-07
7.704B-05

0:3
0:CMOSP
-9.730E-05
0.
2.1248-15
-7.902B-01
-2.1242-01
0.
-7.000B-01
-9.0202-02
2.3928-02
2.500E-01
2.157E-03
4.7198-06
3.482E-04

0:M11
0:CHMOSH
1.9728-04
0.
-1.9312-15
7.911E-01
1.9318-01
0.
7.0008-01
9.1082-02
4.754E-02
2.500E-01
4.330E-03
4.711B-06
6.587E-04

0::M104
0:CMOSN
2.5008-05
-7.916E-15
-2.199E-14
8.517E-01
1.4078+00
-7.916E-01
8.013E-01
9.043E-02
§.1148-03
2.500E-01
5.529E-04
5.804E-07
5.859E-05

0:3109
0:CHOSN
2.500E-05
-7.910E-15
-1.619E-14
8.9228-01
8.2778-01
-7.910E-01
8.0122-01
$.104E-02
6.0322-03
2.5008-01
5.492E-04
5.883E-07
5.8218-05

0:M114
0:CMOSN
2.500B-05
0.
-1.938E-15
1.014E+00
1.938E-01
0.
7.000B-01
1.938E-01
5.942E-04
2.500B-01
1.152B-04
7-.199B-05
1.859B-05
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1::21
0:CHO8N
1.024K-04
-2.0792-14
-2,.509E-14
1.008E+00
4.3002-01
-2.078E+00
9.155B-01
9.2598-02
2.390E-02
2.5008-01
2.2132-03
2.4348-06
1.690E-04

X2

2:m21

0:CHMDSN
1.0242-04

-2.079B-14

-2.5098-14
1.008E+00
4.300E-01

-2.078E+00
9.155K-01
9.2598-02
2.390E-02
2,.5008-01
2.213E-03
2.434E-06
1.690E-04

X3
3:081
0:CMO8P
-1.0598-04
2.096E-14
2.506E-14
-1.010E+00
-4.106E-01
2.095E+00
-9.1682-01
-9.365E-02
2.4158-02
2.5002-01
2.261E-03
5.086E-06
1.722E-04

X4

4:81

0: 08P
~1,0598-04
2.096%-14
2.5062-14
-1.010E+00
-4.1068-01
2.095E+00
-9.168E-01
-9.365E-02
2.415E-02
2.5002-01
2.261E-03
5.086E-06
1.722B-04

1

1:122

0:CMOSN
1.036E-04

-2.079E-14

-2.267E-14
1.008E+00
1.878E-01

-2.078E+00
9.1558-01
9.3388-02
2.377E-02
2.500E-01
2.219E-03
2.476E-06
1.6958-04

12

2:M22

0:CMOSN
1.036E-04

-2.079E-14

-2.267E-14
1.0082+00
1.8788-01

-2.078E+00
9.155E-01
9.3382-02
2.3772-02
2.5002-01
2.2198-03
2.476E-06
1.6952-04

X3
3:032
0:CMOSP
-1.064E-04
2.0968-14
2.290E-14
-1.011B+00
-1.939E-01
2.095K+00
-9.168E-01
-9.438E-02
2.390B-02
2.500E-01
2.255E-03
5.166E-06
1.7178-04

x4
4:M32
0:CMOSP
-1.064E-04
2.096E-14
2.2902-14
-1.011E+00
-1.939E-01
2.095E+00
~9.168E-01
-9.438E-02
2.3902-02
2.500E-01
2.255E-03
5.166B-06
1.717E-04

X1
1:M23
0:CMOSP
-1.024E-04
0.
7.9138-15
-7.913E-01
-7.9138-01
0.
-7.000E-01
-9.129E-02
2.4592-02
2.500E-01
2.245E-03
4.833E-06
3.6228-04

2
2:M23
0:CMOSP
~1.024E-04
0.
7.913E-15
-7.9132-01
-7.9135-01
0.
-7.000E-01
-9.1298-02
2.459E-02
2.500B-01
2.2458-03
4.833E-06
3.6228-04

13
3:133
0:CHMOSH
1.059E-04
0.
-7.937B-15
7.9372-01
7.937E-01
0.
7.000E-01
9.3728-02
2.411E-02
2.500E-01
2.260E-03
2.494E-06
3.646E-04

X4
4:033
0:CMOSN
1.059E-04
0.
-7.937B-15
7.937E-01
7.937E-01
0.
7.000E-01
9.3728-02
2.411E-02
2.500E-01
2.260E-03
2.494E-06
3.646E-04

1
M4
CMose
-1.0362-04
0.
1.033E-14
-7.913E-01
-1.033E+00
0.
-7.000E-01
-9.129E-02
2.487E-02
2.500E-01
2.270E-03
4.833B-06
3.664K-04

1:
0:

x2
2:M24
0:CHOSP
-1.036B-04
0.
1.033E-14
-7.9132-01
-1.033E+00
0.
-7.0002-01
-9.1292-02
2.487E-02
2.500B-01
2.270B-03
4.833B-06
3.664R-04

n
3:084
0:CMOSN
1.064E-04
0.
-1.0108-14
7.937R-01
1.010E+00
0.
7.000B-01
9.372E-02
2.423E-02
2.500E-01
2.271E-03
2.494E-06
3.6652-04

xé
4:004
0 :CHOSN
1.064E-04
0.
-1.010B-14
7.937E-01
1.010B+00
0.
7.000E-01
9.3728-02
2.423E-02
2.500E-01
2.271E-03
2.494E-06
3.665B-04

SMALL-SIGNAL TRANSFER CHARACTERISTICS

v({10)/vIP

INPUT RESISTANCE AT

OUTPUT RESISTANCE AT V(10)

vip

s
CMOSN
.061K-04
0.
-2.079E-24
7.911E-01
2.0782+00
0.
7.000E-01
9.1088-02
4.968E-02
2.500E-01
4.525E-03
4.711E-06
7.302E-04

pne B

X2
2:125
0:CHOSN
2.061E-04
0.
-2.0798-14
7.911E-01
2.078E+00
0.
7.000E-01
9.108E-02
4.968E-02
2.500E-01
4.525E-03
4.711E-06
7.302E-04

-2.1232-04
0.
2.096E-14
-7.902E-01
~2.095E+00
0.
-7.000E-01
-9.0198-02
5.2208-02
2.500BE-01
4.7088-03
9.435E-06
7.598E-04

x4
4:135
0:CMOSP
-2.123E-04
0.
2.096E-14
-7.902E-01
-2.095E+00
0.
-7.000E-01
-9.0198-02
5.220E-02
2.500E-01
4.708E-03
9.435E-06
7.598E-04

3.488E+07

= 1.000B+20
= 1.519E+10

6-27

ACTIVE FOLDED CASCODE OP AMP

tEEARS

3§

100
200

* OP AMP

BESEEBERE

1
2

EH

11
12
40
10
3

4

40
10
5

1
12

0 1.65
] -1.65

61
62
40
40
63
64
51
54
54

H

5
11
12
100
100
3

4
100
200
200

(NEW ZERO-BIAS THRESHOLDS)

100
100
200
200
100
100
100
100
100
200
200

CMOSP W=300U
CMOSP W=3000
CHOSN W=100U
CMOSN W=1000
CMOSP W=3000
CMOSP W=300U
CMOSP W=300U0
CHOSP W=3000
CMOSP W=600U
CHOSH ¥=2000
CMOSE W=2000

* AUXTLIARY AMPLIFIER SUBCIRCUITS
.SUBCKT AMP1 (21 22 24 26 100 200)

*B1 24 0
w1 23 21
w2 24 22
23 23 23
nd 24 23
ws 25 26
.ENDS AMP1

.SUBCKT AMP2 (31 32 34
*82 34 0
w1 3 31
2 34 32
m3 33 33
34 34 33
_cH) 35 36
.ENDS AMP2

+ ADXILIARY AMPLIFIERS
X1 52 3

b ¢ 52 4
X3 53 11
x4 53 12
* BIAS GENERATOR
IBIAS 100 101
Ni01 101 101
u02 54 54
mo3 103 54
Mio4 105 101
M105 105 105
M106 52 105
mio7 51 S1
M08 108 108
wos 108 101
Mil0 110 54
My 111 51
M2 113 108
i3 113 113
mis 53 113
cL 10 0

21 22 100
25 200 CMOSH W=100U
25 200 CMOSN W=100U
100 100 CMOSP W=3000
100 100 CMOSP W=3000
200 200 CMOSH W=200U0
36 100 200)

31 32 100
s 100 CMOSP W=300U
35 100 CHOSP W=300U
200 200 CMOSN W=100U0
200 200 CMWOSN W=100U
100 100 CMOSP W=600U0
63 5¢ 100 200
64 5¢ 100 200

61 51 100 200

62 51 100 200
250

54 200 CMOSN W=250
200 200 CMOSN W=25U
200 200 CMOSNH W=25U
103 200 CMOSN W=250
52 100 CMOSP W=250
100 100 CMOSP W=5U0
100 100 CMOSP W=750
S1 100 CMOSP W=75U
110 200 CMOSN W=250
200 200 CMOSN W=250
100 100 CMOSP W=750
111 100 CMOSP W=75U
53 200 CMOSN W=25U
200 200 CMOSK W=2.5U
4P ’

.MODEL CMOSN RMOS LEVEL=1
+ TOX=0.8E-08 VI0=0.6 KP=1954U LD=0.050 LAMBDA=0.024 GAMMA=0.25

L=1U
L=1U
L=1U
L=10
L=10
L=1U
L=1U
L=10
L=10
L=10
L=1U

L=1U
L=10
L=10
L=10
L=10

L=10
L=1U0
L=10
L=10
L=1U0

L=10
L=1U
L=10
L=1U
L=1U
L=10
L=10
L=1U
1=1U
L=10
L=10
L=1U
L=10
1=10

0:3
0:10
0:40
0:53
0:62
0:100
0:105
0:111
1:23
2:25
4:33

THOM= 27.000 TEMP= 27.000
NODE

=VOLTAGE
2 1.4768+00
7.591E-01

7.591E-01
-1.456E+00
-7.390E-01
1.650B+00
4.494B-01
7.591B-01
7.587B-01
5.211E-01
=-9.566B-01

.MODEL CMOSP PMOS LEVEL=1
+ TOX=0.8E-08 VTO=-0.8 KP=64.7U LD=0.09U LAMEDA=0.049 GAMMA=0.25
vIP 1 00AC1E
VIN 2 00

.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OP

TP V{(10) VIP

.END

s+t OPERATING POINT INFORMATION

NODE =VOLTAGE NODE =VOLTAGE

+0:1 = 0. 0:2 = 0.

+0:4 = 1.476E+00 0:5 = 9.751E-01
+0:11 =-1.457E+00 0:12 =-1.457E+00
+0:5) = 7.600B-01 0:52 = 1.436E+00
+0:54 =-9,5888-01 0:61 =-7.390E-01
+0:63 = 5.600E-01 0:64 = 5.600E-01
+0:101 =-1.773E-01 0:103 =-9.582E-01
+0:108 =-2.412E-01 0:110 =-9.589E-01
+0:113 =-7.360E-01 0:200 =-1.650E+00
+1:25 = 5.211E-01 2:23 = 7.587E-01
+3:33 =-9.566B-01 3:35 =-3.537E-01
+4:35 =-3.537B-01
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0:

0 :CMOSP
-9.899E-05
6.749E-15
3.107E-14
-9.751E-01
-2.432E+00
6.749E-01
-9.886E-01
-8.6458-02
2.6498-02
2.5008-01
2.290R-03
4.3342-06
2.535E-04

0:M4
0:CHOSP
-9.866R-05
0.
1.740E-15
-8.909E-01
-1.740E-01
0.
-8.000E-01
-9.091E-02
2.387R-02
2.5002-01
2.170E-03
4.7938-06
3.502E-04

0::12
0:CHOSN
1.9768-04
0.
-1.930E-15
6.912E-01
1.930E-01
0.
6.000B-01
9.119E-02
4.7548-02
2.500E-01
4.335E-03
4.722B-06
6.995E-04

0:m05
0:CMO8P
-2,500E-05
2.133E-15
1.201E-14
-9.873E-01
-9.873E-01
2.1332-01
-8.318E-01
-1.5558-01
2.068E-03
2.500E-01
3.216E-04
1.168B-06
4.457B-05

0:M110
0:CMOSN
2.500E-05
0.
-6.911E-15
.912E-01
.911E-01
0.
000B-01
115B-02
013B-03
.500E-01
.483E-04
.902E-07
.848B-05

an

@ WV VDWW

0:2
0:CMOSP
-9.899E-05
6.749E-15
3.107B-14
-%.751E-01
-2.432E+00
6.749E-01
-8.886E-01
-8.6458-02
2.649E-02
2.500B-01
2.290K-03
4.3342-06
2.535E-04

0:)8A
0:CM08P
-9.866E-05
1.740E-15
8.909E-15
-9.160E-01
-7.169E-01
1.740B-01
-8.263E-01
-8.9742-02
2.4508-02
2.500E-01
2,199E-03
4.670E-06
3.1242-04

0:M101
0:CMDSH
2.500R-05
-6.912E-15
~1.473E-14
7.815E-01
7.815E-01
-6.912E-01
6.904E-01
9.109E-02
6.026E-03
2.500B-01
5.489B-04
5.890E-07
€.038B-05

0:M106
0:CMOSP
-2.500B-05
0.
2.1338-15
-1.200E+00
-2,133E-01
0.
-8.000B-01
-2.133B-01
3.986E-04
2.500B-01
8.504B-05
7.588E-05
1.372B-05

0:mMi11
0:CMOSP
-2.5008-05
0.
8.909E-15
-8.900E-01
-8.909E-01
0.
-8.000E-01
-8.998E-02
6.176B-03
2.500E-01
5.557E-04
1.174E-06
8.968E-05

0:M1A
0:CHOSN
9.8668-05
-1,9302-15
-2.409E-14
7.180E-01
2.216E+00
-1.930E-01
6.290E-01
8.899E-02
2.4928-02
2.500E-01
2.217e-03
2.2482-06
3.1122-04

0:M4A
0:CM08P
-9.866E-05
1.7408-15
8.909E-15
-9.160E-01
-7.1692-01
1.740E-01
-8.263E-01
~8.974E-02
2.4502-02
2.500E-01
2.199B-03
4.670E-06
3.124B-04

0:M102
0:COMOEN
2.500E-05
0.
-6.912B-15
6.912E-01
6.912E-01
0.
6.000E-01
9.119E-02
6.013E-03
2.500E-01
5.4832-04
5.902E-07
8.848E-05

0:M107
0:CHMOSP
-2,500B-05
0.
8.900B-15
-8.900E-01
-8.900E-01
0.
-8.000E-01
-8.998E-02
6.176E-03
2.500B-01
5.557E-04
1.174E-06
8.967E-05

0:M112
0:CMOSP
-2.500B-05
8.9098-15
2.386E-14
-1.000E+00
-1.495E+00
8.909E-01
-9.116E-01
-8.873E-02
6.351B-03
2.500B-01
5.635B-04
1.141E-06
5.765E-05

0:M2A
0:CHOSN
9.866B-05
-1.930%-15
-2.4098-14
7.180E-01
2.216E+00
-1.9302-01
6.290E-01
8.8998-02
2.492K-02
2.500%-01
2,2172-03
2.248E-06
3.11228-04

0:M5
0:CMOSP
-1.980E-04
0.
6.749B-15
-8.900E-01
-6.749E-01
0.
-8.000E-01
-8.998E-02
4.891E-02
2.500E-01
4.401B-03
9.390E-06
7.101E-04

0:2203
0:CMOSN
2.500E-05
0.
-6.9188-15
6.912E-01
6.918E-01
0.
6.000E-01
9.1192-02
6.013E-03
2.500E-01
S.483E-04
5.902E-07
8.848B-05

0:M108
0:CMOSP
-2.500B-05
8.500E-15
1.891E-14
-1.001E+00
-1.001E+00
8.900E-01
-9.115E-01
-8.974E-02
6.208E-03
2.500E-01
5.571E-04
1.168E-06
5.7058-05

0:M113
0:CHOSH
2.5008-05
-1.9388-15
~9.140B-15
7.202E-01
7.202E-01
-1.933E-01
6.291E-01
9.116E-02
6.017E-03
2.500E-01
5.485B-04
5.898E-07
7.696B-05

0:18
0:CMOSP
-9.866R-05
0.
1.740E-15
-8.909E-01
-1.7408-01
0.
-8.0008-01
-9.0918-02
2.387E-02
2.500B-01
2.170B-03
4.793E-06
3.502B-04

0:M11
0:CaOSN
1.976B-04
0.
-1.930B-15
6.912E-01
1.9308-01
0.
6.000E-01
9.119E-02
4.754E-02
2.500E-01
4.3352-03
4.722E-06
6.995E-04

0:M104
0:CMOSN
2.500BE-05
-6.918E-15
-2.0992-14
7.809E-01
1.407E+00
-6.918E-01
6.905E-01
9.043E-02
6.114R-03
2.5008-01
5.529E-04
5.804E-07
6.081E-05

0:M109
0:CHOSN
2.500B-05
-6.911%-15
-1.4098-14
7.816E-01
7.176E-01
-6.911E-01
6.904E-01
9.116E-02
6.0178-03
2.500B-01
5.485E-04
5.898E-07
6.034E-05

0:M114
0:CMOSN
2.500B-05
0.
-1.938E-15
9.1408-01
1.938E-01
0.
6.000B-01
1.938E-01
5.942BE-04
2,.5008-01
1.151E-04
7.205E-05
1.858E-05
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SUBCK? Xi
ELEMENT 1:M21

ELY: H

"E5g

o

Eg B8

BERE

1

:

GAM

azaaaevﬁgg FEEEHTE

FEELELE

=

EEEELLRS

=

0:CHMOSH
1.030x-04
-2.171E-14
-2.4098-14
9.156B-01
2.376E-01
-2.171B+00
8.2252-01
9.305E-02
2,.379E-02
2.500E-01
2.2142-03
2.458E-06
1.6632-04

-3

]

x2

2:121

0:CM08H
1.0302-04

-2.171E-24

-2.409B-14
9.156E-01
2.376E-01

-2.171E+00
8.2258-01
9.305E-02
2.379E-02
2.500B-01
2.214E-03
2.458E-06
1.663E-04

x3
3:81
0:CM08P
-1.050B-04
2.004E-14
2.607E-14
-1.102E+00
-6.0292-01
2.003E+00
-1.009E+00
~9.281E-02
2.437E-02
2.500E-01
2.262E-03
4.995E-06
1.752R-04

X4
4:M31
0:CMOSP
-1.050E-04
2.004E-14
2.607E-14
-1.102E+00
-6.029E-01
2.003E+00
-1.009E+00
-9.281E-02
2.437E-02
EFF 2.500E-01
2,262E-03
4.995E-06
1.752E-04

x1

1:M22

0:CMOSN
1.040E-04

-2.171E-14

-2.210E-14
9.549E-01
3.887E-02

-2.171E+00
8.225K-01
3.887E-02
2.368E-02
2.500B-01
9.205E-04
2.217E-03
6.912E-05

x2

2:M22

0:CMOSN
1.040E-04

-2.171E-14

-2.210B-14
9.549E-01
3.887E-02

-2.171E+00
8.2258-01
3.887E-02
2.368E-02
2.500B-01
9.205%-04
2.217E-03
6.9128-05

I3
3:182
0:CMOSP
-1.0558-04
2.004R-14
2.3898-14
-1.1032+00
-3.8532-01
2.0038+00
-1.009E+00
-9.353B-02
2.4128-02
2.500E-01
2,.256B-03
5.074E-06
1.748E-04

X4
4:M32
0:CM08P
-1.055E-04
2,.004E-14
2.385E-14
-1.103E+00
-3.853E-01
2.003E+00
-1.009E+00
-9.353E-02
2,412E-02
2.500E-01
2.2562-03
5.074E-06
1.748B-04

SMALL-SIGNAL TRANSFER

v(10)/VIP

INPUT RESISTANCE AT
OUTPUT RESISTANCE AT V(10)

p.o§
1:M23
0:CMOSP
~1.030E-04
0.
8.913E-15
-8.913K-01
-8.9138-01
0.
-8.000E-01
-9.1328-02
2.470E-02
2,500B-01
2.2568-03
4.8368-06
3.641B-04

12
2:M23
0:CMOSP
-1.030E-04
0.
8.913E-15
-8.9138-01
-8.913B-01
0.
-8.000B-01
-9.132E-02
2.470E-02
2.500B-01
2.256E-03
4.836E-06
3.641E-04

M33
CMOSN
.050E-04
0.
-6.9348-15
6.934E-01
6.9348-01
0.
6.0008-01
9.342E-02
2.4052-02
2.500E-01
2.247E-03
2.478R-06
3.626E-04

ewH

-

X4
4:183
0:CHOSN
1.050E-04
0.
-6.9342-15
6.934E-01
6.934E-01
0.
6.000E-01
9.3422-02
2.405B-02
2.500E-01
2.247E-03
2.478E-06
3.626B-04

X1

1:mM24
0:CMOSP
-1.040E-04

1.
-8.
-1.

-8.
-9.
2.
2.
2.
4.
3.

12

0.

090E-14
913E-01
090E+00
0.

0002-01
132E-02
494E2-02
500E-01
277E-03
836E-06
6752-04

-2:M24

0:CHMOSP

-1.

1.
-8.
-1.

-8.
-9.
2,
2.
2.
4.
3.

x3

0402-04
0.

090R-14
9132-01
090B+00
0.

0008-01
132E-02
494E-02
5008-01
277B-03
836E-06
6752-04

3:M34
0:CHOSH

1.

-9.
6.
9.

6.
9.
2.
2.
2.
2.
3.

X4

055E-04
0.

110B-15
9342-01
110B-01
0.

000K-01
342E-02
418E-02
SO00E-01
259E-03
478E-06
G45E-04

4:034
0:CMOSH

1.

-9.
6.
9.

6.
.3428-02
2.
2.
2.
2.
3.

0558-04
0.

1102-15
934E-01
110E-01
0.

000E-01

418E-02
500E-01
259E-03
478B-06
645E-04

CHARACTERISTICS

VIP

X1

1:125
0:CHMOSN

2.

-2.
6.
2.

6.
9.
4.
2.
4.
4.
7.

x2

070E-04
0.

171E-14
912K-01
171E+00
0.

000E-01
119E-02
978E-02
500%-01
540E-03
7228-06
326R-04

2:025
0:CMOSH

2.

-2.
6.
2.

6.
9.
4.
2.
4.
4.
7.

X3

070E-04
0.

1712-14
912E-01
171E+00
0.

0002-01
119B-02
978E-02
500E-01
5408-03
722%-06
326E-04

3:835
0:CHOSP

-2.

-8.
2.

-8.
-8.
5.
2.
4.
9.
7.

X4

105E-04
0.

.004E-14

900E-01
003E+00
0.

000%-01
998E-02
1958-02
500E-01
678E-03
390E-06
5498-04

4:M35
0:CHOSP

-2.

2.
-8.
-2.

-8.
-8.
5.
2.
4.
9.
7.

105E-04
0.

004E-14
900E-01
003E+00
0.

000B-01
998E-02
1992-02
500E-01
€78E-03
390E-06
S49E-04

3.492E+05

= 1.000E+20
= 1.525E+08
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6.23

Th/e,l{mih‘ng branch includes these transistors stay intheactive
Mior, Miog, Mg , and Mo because  region as |y,,] is iIncreased .
Therefore, My, enters the triode
region ¢irst becavse its drain-
source voltage is determined by
the power-supply voltages

and the drain-souvrce Voltages

64 Mio7,Mios »and My, as follows

[Vps | for three of these four
transistors includes a |V, |

‘VDSW;I = lV{’Im l T , Vovml

‘VDSwgl = 'v“’loa‘ + l VOVIOB"

if Voo =V,

o1 65!09

=V 4V
'VDSM e Vo2

» s = Vo= (")~ Ygg | = [
- Db S5 & bV,
No other branch includes DS)09 167 o7

more than two [V, | terms . 'lvbnoal - lVoV:oel = Vo, Yoving
To increase the allowed lVavl,

S\ﬂCe. \VDS‘ DG M 07 » Mma’) and M"O
Vse a sooch cascode

are Set +o a [Vy| above [Vl

o . Vop
Taias
vV
Miog BIAS o7 Mt
Py Vaiasz F
0_1 Mios Mog Mz
Mioo

V .
BlAs "’;wt Mio. Moo "
| 1% > “ﬂ%
[ veme
Mio2] Mos | Mo g | Vaiasz
Ly L
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I.F(ﬂ) is adjusted so that
L7100

- v
VDS'OO \/avllo-r ol
Then, Vps,,,= Vov,, 701 Y
instead of

- V . )
osuo= V02T Vo2 " the previous
circult. ASSUM'H‘\% Vavuo= Vov,m ,

the sooch coscode reduces

Vpg, I Vg2 001V

Inturn, this increases Vpg,

for a fixed |Vpyl, which
means that a larger |Vpy | 15

reguired fo push Mgy into
the triode region . The Key
disadvantage of the new
circuit is that it reduces
the voltage across the Lpjas
generotor.

.24

&=

@ Vop

I@ érs v:

¥ : M2l pat Y
o s =v v
Vie Vie —
- _ c. "
L Tk
= Il = 4 ; ' '1’

—Vss

M inpuk range .
To Keep the transistor that
forms I, in the active region,

Vie 7 = Ves =+ Vov,, + Yo, + %,
Vie 7 =Vgg + Vi + 2V,

© Keep M, in the active region,

VGD, < V{_,
Vg, =V

Vp, ==Vt Ves+ Vovt V
= =Vt Vi g+ otV
Ve, — Vb, < Y,
Vie < Vp,+ Ve,
< =Vg + Vgt Vovat Vt Ve
S0 the ¢M input range is :
— Vg Vi, + 2V, € Vie < —Vsst Vi
+ Vov,+ V+ V+,
ovtput swing !

—Vg + Vov, € Vs < Vppy= | Voup

becavse Vpg > Vov,, s required

éprz to OPera{'e MB in the achive

region ond V, > | Voup| 1s required
to operate the transistor
forming I, in the active region .
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FLOATING LEVEL SHIFT

(b) Sma"’ S'gnal d'agram M 100 0 1.65
200 0 -1.65
100 3 4 4 CMOSN W=100U L=1U
3 4 5 200 CMOSH W=26U L=1U
S 200 0
4 200 1000
3 200 1.5

.MODEL CMOSN MMOS LEVEL=1 VIO=0.§ KP=1940
Vgs
-~ ! .OPTIONES NOFAGE NOMOD

-+ JWNIDTH OUT=80

v U, op
- dm, ¥ ""352 .DC VI 0 20.1

JPLOT DC I(VI2)

l ST V(3) VI
- .END

+
t—©O—r—in
an
3
o7
AUgBBEgEg

tisess  DC TRANSFER CURVES THOM=  27.000 TEMP= 27.000

R, = v vout )
- a , 0. S.000E-04  1.0008B-03  1.5002-C3  2.0008-03

L + + + + *

0. -2.022-28-2

(: _ 1.0002-01 1.008-13 A

- t gm"vssz 2.0008-01 2.008-13 A

.
+
3.0008-01 3.00E-13A

o2 0000801 4.00B-13A o
~ 5.0008-01 S.00B-13A
R

,

N

.

Sl'nCC M| s A& Source"fb“ower '%S"":'U 6.0008-01 §.008-13 A

3.0002-01 7.00-13 A
2

LI T S SR,

§.0002-01 8.002-13 A

O
L
T I
P
O

. PR T T S

9.0008-01 9.00B-13 A

" : v( __l._ + gm ) 1.000R¢0¢ 1.00E-12-A
Y 2 1.1008400 1.10E-12 A B

o2 1200800 1.208-12A o

1.3008+00 1.30B-12 A +

1.400B+00 2.452-05 +A  »
.

Vo~

—_ - l = ! e ' Kn— 1.5008500 9.932-05 + A
1.600E+00 2.25%-04 + A+

L 3m2.+ _Y':- sz 1.7002+00 4.002-04 + ‘oA

02 1.8008+00 6.278-04 » .
1.9C08+00 $.03E-01 + +

P T R
D
R
e e e e e e e .
. b e s e e e e s

e e e e s
R

2.0002+00 1.233-03

gmz-:P (100 4A) (124 HA/y?) ( W/L)z.\ . . : X :

ts2¢  OPERATING POINT INPORMATION TNOM= 27.000 TEWP= 27.000

NODE  =VOLTAGE WDE  =VOLTAGE NODE  =VOLTAGE
\ +0:3 =-1,500E-01 0:4 =-3.515E-01 0:5 =-1.650E+00
1000 ‘-{A _ | (JZ(IOOA{A)(I94 MA) (_Vi) +0:100 = 1.650E+00 0:200 =-1,650E+00
L E— vz L/, SUBCKT
Vv [ KL nomer 0:aa 00

0:CMOSN 0:CNOSN

.000EB-04 9.934E-05
0. 0.

.502E-14 -1.500E-14

.015E-01 7.985E-01
.501B+00 1.500E+00
0. 4

~

g
i

(M’C )z > 25-8

-000E-01

hgddddEEsf

v - V.{; + VOV T i:gg:::g: :.9!5!-01
6$ z 2. 1.940E-02 5.044E-03
z :.m 1.3:103-03 1.3613—03
= 0.6 +| 2( 100) oos 0. 0.
= 0.8V 0. 0.
'94 (26) L2321 SMALL-SIGHAL TRANSFER CHARACTERISTICS
VGS + Vegz = V :':I:t)nmnxsxsnm ar vi j ;:g:g::gg
| OUTPUT RESISTANCE AT V(3) = 0.
y =V“VGs = |.5-0:8=0-7V
és) 2
= V‘g -+ Vov,

(-

0.6V ) , )

so, Vov, = 0.7-0.6=0.1V )'ID'=.2<£ (yl__) Vo‘vl
}

Qﬁ_) - 2Ip, - 2(l00) = l0O
NV xTvE Tea (ot
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.25
/

_ Vee-Veg -2V,
LRep- BE

39 kn

= 0:48 mA

Vrtn Irer _ (5ka) I,
T
BY trial, I, =17 4A and thus

Loy = Te, = 65 MA

The change is a decrease of 1MA

741 INPUT STAGE, VCC = 10 V (INPINITE VAr)

seaaee

yee 100 o 10

* USE A VOLTAGE-CONTROLLED VOLTAGE SOURCE TO SET VEE = -1(vce)

XVEE 200 0 100 0 -1
Q1 7 3 10 NPR
Y] 7 9 11w
Q3 12 6 10 P
[\ 16 6 11 PP
Qs 12 13 14 KPR
Q6 16 13 15 NPW
Q7 100 12 13 NPN
o8 7 7 100 PP
] 6 7 100 PHP
Q10 [ 4 5 KPN
11 4 . 200 NPH
Quz 3 3 100 PRP
R1 u 200 1x

R2 15 200 1x .
R3 13 200 50K

RS 3 4 39K

R4 5 200 5K

vii ¢ 0 0

viz 9 0 0

.MODEL NPN NPN BF=250 I8=5E-15
MODEL PNP PNP BF=50 IS=2E-15
.OPTIONS NOPAGE NOMOD

JWIDTH OUT=80

.OP

.DC vee 10 15 5

.PRINT DC I(Ql) I(Q2)

D
#es2e¢  DC TRANSFER CHARACTERISTIC THOMs 27.000 TEMP= 27.000
VOLT CURRENT CURRENT
o Q2

1.0000E+01 8.724E-06 8.709E-06

1.5000E+01 9.597E-06 9.582E-06

#se+ OPERATING POINT INPORMATION THOM= 27.000 TEMP= 27.000

NODE aVOLTAGE HODE =VOLTAGE NODE =VOLTAGE

+0:3 = 9.322B+400 0:4 =-9.346E+00 0:5 2-9.914E+00
+0:6 =-1.124E+00 0:7 = 9.409E+00 0:8 = 0.

+0:9 = 0. 0:10 =-5.504E-01 0:11 =-5.5038-01
+0:12 =-8,884K+00 0:13 =-9.4418+00 0:14 =-9.991E+00
+0:15 =-9,991E+00 0:16 =-6.970E-01 0:100 = 1.000E+01
+0:200 =-1.000E+01

+##¢ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q1 0:02 0:Q3 0:Q4
MODEL 0:NPN 0:NPN 0:PRP 0:PNP

IB 3.489%-08 3.484E-08 -1.717E-07 -2.017E-07

Ic 8.724E-06 B.709E-06 -8.58TE-06 -8.542E-06

VBE 5.504E-01 5.503E-01 -5.737E-01 -5.737E-01

vce 9.959E+00 9.959E+00 -8.334E+00 -1.467E-01

SUBCKT
ELEMENT 0:Q5 0:Q6 0:Q7 0:Q8
MODEL 0: NPN 0:NPN 0:NPN 0:PNP

1B 3.417B-08 3.417E-08 4.477E-08 -3.352E-07

Ic 8.542B-06 8.542E-06 1.119B-05 -1.676E-05

VBE 5.498E-01 5.498E-01 5.568E-01 -5.910E-01

vCcE 1.106E+00 9.294E+00 1.944B+01 -5.910E-01

SUBCKT

ELEMENT 0:09 0:Q10 0:Q11 0:Q12
MODEL 0: 0: KPR 0:NPN 0:PHP

IB -3.352E-07 6.854E-08 1.907E-06 -9.386E-06
Ic -1.676E-05 1.714B-05 4.767E-04 -4.693E-04
VBE -5.910E-01 5.678E-01 6.539E-01 -6.772B-01
VCB -1.112E+01 8.789E+00 6.539E-01 -6.772E-01

741 INPUT STAGE, VCC = 10 V (FINITE VAF)

(T2 321

vee 100 © 10 -

* USE A VOLTAGE-CONTROLLED VOLTAGE SOURCE TO SET VEE = -1(VCC)

EVEE 200 O 100 © -1
Q1 7 8 10 NN
Q2 7 9 11 N
Q3 12 6 10 PRP
Q4 16 6 11 PRP
Qs 12 13 14 WPN
Q6 16 13 15 HPR
Q7 100 12 13 PN
Q8 7 7 100 PNP
Q9 6 7 100 PRP
Q10 6 4 5 PN
Q11 4 4 200 NPN
Q12 3 3 100 PNP
Rl 14 200 1K

R2 15 200 ix

R3 13 200 50K

RS 3 4 39K

R4 5 200 SK

vIii 8 0 [

vI2 9 0 0

JMODEL NPN NPN BF=250 IS=5K-15 VAF=130
LMODEL PNP PNP BFx50 IS=2E-15 VAF=50
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OP

.DC VCC 10 15 5

JPRINT DC I(Q1) I(Q2)

.ERD
tesetr  DC TRANSFER CHARACTERISTIC THOM= 27.000 TEMP= 27.000
VOLT CURRENT CURRENT
Q1 Q2
1.0000E+01 7.370E-06 7.348E-06
1.5000E+01 7.5548-06 7.534E-06
s#¢¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
RODE aVOLTAGE NODR aVOLTAGE NHODX =VOLTAGE
+0:3 = 9.322E+00 0:4 =-9.346E+00 0:5 =-9.912E+00
+0:6 =-1.109B+00 0:7 = 9.413E+00 0:8 = 0.
+0:9 = 0. 0:10 =-5.442E-01 0:11 =-5.441E-01
+0:12 =-8.894B+00 0:13 =-9.4478+00 0:14 =2-9.992E+00
+0:15 =-9.992E+00 0:16 =-8.534E+00 0:100 = 1.000E+01
+0:200 =~1.0008+01
#+++ RIPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3 0:04
MODRL 0:NPN 0:NPN 0:PNP 0:PNP
IB 2.749E-08 2.T41E-08 -1,2S8E-07 -1.262E-07
Ic 7.370E-06 7.348E-06 -7.272E-06 -7.249E-06
VBE 5.442B-01 5.441E-01 -5.6568-01 -5.657E-01
VCE 9.957E+00 9.957E+00 -8.350E+00 -7.990E+00
SUBCKT
ELEMENT 0:Q5 0:Q6 0:Q7 0:Q8
MODEL 0:NPN 0:NFN 0:NPN 0:PHP
IB 2.881E-08 2.879E-08 3.867E-08 -2.830E-07
Ic 7.233E-06 7.249B-06 1.107E-05 -1.415E-05
VBE 5.454E-01 5.454B-01 5.530E-01 -5.866B-01
VCE 1.098E+00 1.458E+00 1.944E+01 -5.866E-01
SUBCKT X
ELEMENT 0:Q9 0:Q10 0:Q11 0:Q12
MODEL 0:PNP 0:NPN 0:NPH 0:PNP
IB ~2.830E-07 6.539B-08 1.307E-06 -9.3B6E-06
ic -1.713E-05 1.738E-05 4.767E-04 -4.693E-04
VBE -5.866E-01 5.666E-01 6.539E-01 -6.772E-01
VCE -1.111E+01 B8.802E+00 6.539E-01 -6.772E-01



T, = T,= 0 4A  Bp,,~ 59

Ig= Lo
I+ Bonp

/
A P (1+ '39»9) I, = 20 4A

(b

“ Ve
IC|=IC7_= 10 A
IE3= IE|3= IE,4=IE4 _(‘_‘_EC_,-- 54A
‘ 2
Ig," ZlIc3|+4 ‘IB|3‘
=2 (244).50+4. 54
|+50 |+ 50

0.2 HA = IREF

. /
® o 2Ip= O-39HA 2 IB :OP
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741 INPUT BIAS SCHEME (A)

tRAARE

vee 100 0 15

VEE 200 0 -15

_IREF 100 3 200

Q 100 8 10 NEN

Q2 100 9 11 NPN

Q3 12 6 10 PNP

Q4 16 6 11 PNP

Q5 12 13 200 NPN

Q¢ 16 13 200 NN

Q7 100 12 13 NN

Q0 6 ‘ 200 NN

Q1 4 4 200 NEN

Q12 200 4 3 PNP

* WITH VIC = -12.6 V,

* VCE10 = VIC - VBELl - |VBE3| - (-VER)

. = -12.6 -. 0.6 - 0.6 + 15 = 1.2V
* THIS IS ENOUGH TO OPERATE Q10 IN THE FORWARD-ACTIVE REGION.
vii 8 0 -12.6

viz 9 0 -12.6 Ac 1

-MODEL NPN NPN BF=250 I8=5E-15
.MODEL PNP PNP BF=50 I8=2E-15
.OPTIONS NOPAGE NOMOD

WIDTH OUT=80

* VOUT IS USED TO MEASURE THE AC SHORT CIRCUIT OUTPUT

* CURRENT TO FIND GM.

* THE DC VALUE OF VOUT WAS GIVEN IN THE PROBLEM STATEMENT.
VOUT 16 200 1.6

ACDEC 1110
-PRINT AC IM(VOUT) IP(VOUT)

* THE TRANSCONDUCTANCE CAN ALSO BE MEASURED BY ELIMINATING
* THE VOLTAGE SOURCE CONNECTED AT THE OUTPUT AND THE

* AC ANALYSIS ABOVE, FINDING THE VOLTAGE GAIN AND OUTPUT

* RESISTANCE WITH A .TF STATEMENT AS SHOWN BELOW,

* AND CALCULATING GM = (VOLTAGE GAIN)/(OUTPUT RESISTANCE)
* THE RESULT IS GM = 1.736B4/9.237E7 = 188E-6 A/V

*

.TF V(16) VI2

-END

##%¢ OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:3 =-1.393E+01 0:4 =-1.453E+01 0:6 =-1.373E+01
+0:8 =-1.260E+01 0:9 =-1.260E+01 0:10 =-1.315E+01
+0:11 =-1,315E401 0:12 =-1.401E+01 0:13 =-1.444E+01
+0:16 =-1.340E+01 0:100 = 1.500E+01 0:200 =-1.500E+01

*#+¢ BIPOLAR JUNCTION TRANSISTORS

SUBCKT
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4 0:Q5
MODEL 0:NPN 0:NPN 0:PNP 0:PNP 0:NPN

1B 3.945E-08 3.945E-08 -1.942E-07 -1.949E-07 3.883E-08
Ic 9.863E-06 9.863E-06 -9.708E-06 -9.707E-06 9.708E-06
VBE 5.536E-01 5.536E-01 -5.769B-01 -5.769E-01 5.532E-01
VCE 2.815B+01 2.815E+01 -8.651B-01 -2.464E-01 9.813E-01
VBC =~ -2.760B+01 -2.760E+01 2.883E-01 -3.304E-01 -4.282E-01
vs -1.500E+01 -1.500E+01 1.373E+01 1.373E+01 1.401E+01
POWER  2.777E-04 2.777B-04 8.511E-06 2.505B-06 9.548E-06
BETAD  2.500E+02 2.500E+02 5.000E+01 4.981E+01 2.500E+02
[} 3.813B-04 3.813E-04 3.754B-04 3.753E-04 3.753E-04
RPI 6.555E+05 6.556E+05 1.332E+05 1.332E+05 6.660E+05
RX 0. 0. 0. 0. 0.

RO 5.520E+15 5.520B+15 1.441E+14 3.661E+07 8.563E+13
BETAAC  2.500E+02 2.500E+02 5.000E+01 4.999E+01 2.500B+02



0:Q11
0:KPR
1.5568-09
3.890E-07
4.699E-01
4.699E-01
0.
1.453B+01
1.836E-07
2.500B+02
1.504B-05
1.662E+07
0.
5.172B+12
2.500B+02

0:012

0:PRP
-3.9222-07
-1.961E-05
-5.950E-01
-1.065%8+00
4.699B-01
1.453E+01
2.112E-05
5.000E+01
7.5812-04
6.595B+04

0.
2.349E+14
5.000B+01

THOM=  27.000 TEMP= 27.000

SUBCKT
ELEMENT 0:06 0:Q7 0:010
MODEL 0:NPN 0:NPN 0:MPN
IB 3.883E-08 3.094%-10 1.556B-09
Ic 9.708E-06 7.7358-08 3.890E-07
VBE 5.5328-01 4.282E-01 4.699E-01
vCcE 1.600B+00 2.944E+01 1.269E+00
VBC -1.046+00 -2.901E+01 -7.996E-01
vs 1.340E+01 -1.500E+01 1.373E+01
POMER 1.5558-05 2.2788-06 4.947E-07
BETAD 2.500E+02 2.500E+02 2.500E+02
o 3.7538-04 2.991B-06 1.504E-05
RPI 6.660R+05 8.359E+07 1.662E+07
RX 0. 0. 0.
RO 2.093E+14 5.803E+15 1.599E+14
BETAMC  2.500E+02 2.500B+02 2.500B+02
eresss  AC ANALYSIS
FREQ I MAG I PHASE
voUT VOUT
1.0000E+00 1.877E-04 4.1748-23
1.0000E+01 1.877E-04 4.1748-22
741 INPUT BIAS SCHEME (B)
AR RE
vee 100 © 15
VEE 200 O -15
IREF 100 4 10.20
o 100 8 10 NPN
Q2 100 9 11 RPN
Q3 12 6 10 PRP
Q4 16 6 i1 PNP
Q5 12 13 200 NPE
Q6 16 13 200 KPR
Q7 100 12 i3 HPH
Q10 [ 4 200 NPN
Q11 4 4 200 NPN

+ REMOVE Q12 FROM THE CIRCUIT.
« IT WAS ONLY NEEDED FOR PART (A).

Q12
Q13
Q4

200 200
6 &
6 6

200
10
11

* WITE VIC = -12.6 V,
« VCE10 = VIC - VBEl - |VEE3| - (-VEE)

= -12.6 - 0.6 - 0.6 + 15 = 1.2V
'msxsmmomnqmnlmmmm-mmmw.

Vi1
vi2

8 0
9 0

-12.6

-12.6 AC

384

1

MODEL NPN NPN BF=250 IS=5E-15
.MODEL PXP PNP BF=50 I822B-15
.GPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.0P

* YoUT IS USED TO MEASURE THE AC SHORT CIRCUIT OUTPUT
* CURRENT TO FIND GM.

« THE DC VALUE OF VOUT WAS GIVEN IN THE PROBLEM STATEMENT.

VOUT 16 200

LAC DEC 1110

1.6

.PRINT AC IM(VOUT) IP{VOUT)

THE TRANSCOMDUCTANCE CAR ALSO BE MEASURED BY ELIMINATING
THE VOLTAGE SOURCE CONNECTED AT THE OUTPUT AND THE
AC ANALYSIS ABOVE, FINDING THE VOLTAGE GAIN AND OUTPUT
RESISTANCE WITE A .TF STATEMENT AS SHOWN BELOM,
AND CALCULATING GM = (VOLTAGE GAIN) / (OUTPUT RESISTANCE)

THE TRANSCONDUCTANCE IS REDUCED HERE COMPARED
TO THE TRANSCONDUCTANCE IN PART {A) BECAUSE
MCOLLR'NRCURRMOPQIJAR‘DQIIMBMS

IN Q10 AND DOES NOT CONTRIBUTE TO THE STAGE OUTPUT.

JTP V(16) VI2
.END

*

*

.

.

.

+ THE RESULT 13 GM = 1.942E4/2.065E8 = 94E-6 A/V
.

*

*

*

*

634

HODE =VOLTAGE NODE
+0:3 = 0. 0:4
+0:8 =-1.2608+01 0:9
+0:11 =-1.315E+01 0:12
+0:16 =-1.340E+01 0:100

OPERATING POINT INFORMATION

=VOLTAGE
=-1.444B+01 0:6
2-1.260B+01 0:10
=-1.405B+01 0:13
= 1.5008+01 0:200

uEEE Eéagﬂézagag

eee+ BTPOLAR JUNCTION TRANSISTORS

SUBCKT
ELEMENT 0:Q1
0:NPN
3.954E-08
C 9.884E-06
5.5368-01
2.8158+01
-2.760E+01
-1.500E+01
2.783E-04
2.500B+02
3.8228-04
6.541E+05
0.
5.520E+15
2.500E+02

“f

(=]

0:06
0: RPN
1.946E-08
C 4.865E-0€
5.353E-01
1.600E+00
-1.064E+00
1.340B+01
7.794B-06
2.500E+02
1.881E-04
I 1.329B+06
0.
2.1298+14
2.500E+02

[

ﬂggﬁiaa

"R

0:Q13
0:PNP
-9.729E-08
-4.865E-06
-5.590E-01
-5.5908-01
0.
1.371E+401
2.774B-06
5,000E+01
1.881R-04
2.658B+05
0.
1.293E+13

Eeagnggagagsugsa éa

2RAPEY

5.000B+01

0:Q2
0:NPN
3.9542-08
9.884E-06
5.536B-01
2.8152+01
-2.760E+01
-1.500E+01
2.783E-04
2.500E+02
3.8228-04
6.5418+405
0.
5.520B+15
2.500E+02

0:Q7
0:MPN
1.550%-10
3.876B-08
4.103E-01
2.946B+01
-2.905E+01
-1,500B+01
1.142E-06
2.500E+02
1.499E-06
1.668E+08
0.
5.810B+15
2.500E+02

0:014
0:PNP
-9,730E-08
-4.865E-06
-5.590E-01
-5.590E-01
0.
1.371B+01
2.774B-06
5.000E+01
1.881E-04
2.658E+05
0.
1.293E+13
5.000E+01

0:Q3
0:PNP
-9.7298-08
-4.865E-06
-5.590E-01
-9.008E-01
3.418E-01
1.371E+01
4.437E-06
5.000E+01
1.881E-04
2.658B+05
0.
1.709%+14
5.000E+01

0:0Q10

0:NPR
4.048B-08
1.0128-05
5.542E-01
1.287E+00
-7.332B-01
1.371B+01
1.305B-05
2.500E+02
3.912E-04
6.390B+05

0.
1.466E+14
2.5002+02

0:
0:PNP
-9.765E-08
-4.864E-06
-5.5908-01
-2.4642-01
-3.126E-01
1.3718+01
1.253E-06
4.981E+01
1.881E-04
2.658E+05
0.
7.290E+07
4.999E+01

0:Q11
0: PR
4.048E-08
1.012E-05
5.542B-01
5.5428-01
0.
1.444E+01
5.631E-06
2.500B402
3.5128-04
6.390E+05
0.
5.1728+12
2.500E+02

FREQ

1.0000E+00
1.0000B+01

AC AMALYSIS

1 MAG
VOUT

9.4058-05

9.405E-05

TROM=

1 PHASE
VouT
8.873E-23
8.873E-22

THOM= 27.000 TEMP= 27.000
NODE

=VOLTAGE

=-1.371E+01
=-1,315E+01
=-1.446E401
=-1.500E+01

0:Q5
0:NPN
1.9462-08
4.865E-06
5.353E-01
9.456E-01
-4.103E-01
1.4058+01
4.6108-06
2.500E+02
1.881%-04
1.3292+06
0.
8.205B+13
2.500B+02

0:012

0:PRP

0.

0.

0.

0.

0.
1.500E+01

0.

0.

0.
6.466E+14

0.
1.293E+13

0.

27.000 TEMP= 27.000



6-35

Vee= 10V
9
% Q 00 yA L“IBM‘
' I/QS(Sx)
y 5
Qz —0 +
W Vo
Q“’(S") 3;_
—~Vegg=-10V |

Neglect current flow through
R, and R, from 200 uA source,

s, Tey = 200M4A, Vg = Vp n Tz
Ts2

Vee, + VBe; = Vee, + VBea Ry
Ry
= YT (R+Rz) tn '_rqL

!

v en Ic;|1c4|>
154

i\

Areas of Q,,Q, are 5 times
of @, and Q,. Therefore,

-5 , _
-IS,SIS = SX|D A-5I$

V. Q,n TIaias I+ R I,
T 251*> “ 7> (if)
S TIgas= o5 ( _i_‘_z;)%'(“ %)
l/z(l-fskz -’5_("%)

= 5 (L, )" ®)(x) o

R - an(%:-) -1

R, o

T SOUA, Is™ '0-‘;A,I¢Z=ZODHA

.c. -2_7_ = 0-77
R)

From (D , If we choose %_=1

i
(H'Rz
then Igag= 5(Le)ys' 7™

= (000 A = | mA
ond Igas IS independent of

temperature.In gereral, if Ra x4
Ry

then IBIAS iS dcpendent
on &mpem{'orc becavse Is
depends on temperature.



741 OUTPUT-STAGE BIAS SCHEME
* BP=LARGE TO CHECK HARD CALCULATIONS

arnaee

vee 100 0 10

VEE 00 0 -10

IREF 100 3 2000

Q2 3 4 5 KPH
Q3 100 3 6 WPN 5
o4 200 H) 6 P 5
R 4 5 100K

R2 3 4 77K

vI 5 200 9.404
.MODEL NPN NPN BFs=10000 IS=1E-15

.MODEL PP PNP BF=10000 ISs1E-15
.OPTIONS NWOPAGE NOMOD

.WIDTH OUT=80

.0P

.END

#s++ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
HoDR =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

40:3 = 5.952E-01 0:4 = 7.614B-02 0:5 =-5.960E-01

+0:6 =-4.124E-04 0:100 = 1.000E+01 0:200 =-1.000E+01

+2¢+ BIPOLAR JUNCTION TRARSISTORS

SUBCKT

ELEMENT 0:Q2 0:Q3 0:Q4

MODEL 0: 5PN 0:NPN 0:PRP

IB 1.9338-08 5.008E-09 -5.008E-09

Ic 1.9332-04 5.008E-05 -5.008E-05

VEE 6.7212-01 5.956E-01 -5.956B-01

vee 1.191B+00 1.000E+01 -9.999E+00

BETAD 1.000B+04 1.000E+04 1.000E+04

vee 00 o0 10

VEE 200 0 -10

IREF 100 3 2000

Q2 3 4 5 RPN
Q3 100 3 6 NPN 5
o4 200 H) 6 PNP 5
Rl 4 5 100K

R2 3 4 77K

VI 5 200 9.404

.MODEL NPH NPN BP=250 I8=1E-15
.MODEL PNP PNP BF=50 I8=1E-15
.OPTIONS NOPAGE HOMOD

.WIDTH OUT=80

.0P

JTEMP -55 -35 -15 5 25 45 65 85 105 125
JERD

#t¢¢+  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= -55.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:3 = 8.957E-01 0:4 = 2.135E-01 0:5 =-5.960E-01
+0:6 = 1.497E-01 0:100 = 1.000E+01 0:200 =-1.000E+01
st¢¢ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:Q2 0:Q3 0:04
MODEL 0:NPN 0:NPN 0:PNP

IB 7.640B-07 1.301E-07 -6.403E-07
Ic 1.910E-04 3.253E-05 -3.202E-05
VBE 8.095E-01 7.460E-01 -7.457E-01
VCE 1.491E+00 9.850E+00 -1.015E+01
BETAD 2.500E+02 2.500E+02 5.000E+01

ss*+  OPERATING POINT INFORMATION THOM=  27.000 TEMP= -35.000

NODE  =VOLTAGE NODE  =VOLTAGE NODE  =VOLTAGE
+0:3 = 8.375E-01 0:4 = 1.806E-01 0:5 =-5.960E-01
+0:6 = 1.206E-01 0:100 = 1.000E+01 0:200 2-1.000E+01
++++ BTPOLAR JUNCTION TRANSISTORS
SUBCKT
ELEMENT 0:02 0:Q3 0:04
MODEL  0:NPN 0:NPN 0:PNP

1B 7.650E-07 2.086E-07 -1.027E-06
1c 1.9138-04 5.215B-05 -5.134E-05
VBE 7.766E-01 7.169E-01 -7.166E-01
VCE 1.433E+00 9.879E+00 -1.012E+01
BETAD  2.500E+02 2.500E+02 5.000E+01

6-36

*¢s+  OPERATING POINT INFORMATION THOM= 27.000 TEWP= -15.000

NODE =VOLTAGE NoDE =VOLTAGE NODE aVOLTAGE
40:3 = 7.786E-01 0:4 s 1.4732-01 0:5 =-5.960B-01
+0:6 = 9.110E-02 0:100 = 1.000E+01 0:200 a2-1.000E+01

###* BIPOLAR JUNCTIOH TRANSISTORS

SUBCKT
ELEMENT 0:Q2 0:Q03 0:Q04
MODEL 0:NPN 0:NPN 0:PNP

B 7.660B-07 3.116B-07 -1.533E-06

Ic 1.915B-04 7.790B-05 -7.667B-05

VBE 7.433B-01 6.875B-01 -6.871E-01

VCE 1.374E+00 9.90BE+00 -1.009E+01

BETAD 2.500B+02 2.500E+02 5.000E+01

¢t4+ OPERATING POINT INFORMATION TROM= 27.000 TEMP= 5.000

NODE =VOLTAGE NoDE =VOLTAGE NODE SVOLTAGE

+0:3 = 7.189E-01 0:4 = 1.135B-01 0:5 =-5.960R-01
+0:6 = 6.1258-02 0:100 = 1,000B+01 0:200 =-1.000E+01

++¢+ BYPOLAR JUNCTION TRANSISTORS

Q4

1PNP

-2.166E-06
-1.083B-04
6.576E-01 -6.573E-01
9.938E+00 -1.006B+01
2.500E+02 5.000E+01

©
w
o o

:Q2

: KPR
7.668E-07
Ic 1.917E-04
7.0958-01
1.314E+00
2.500E+02

4.4012-07
1.100E-04

*+++ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 25.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:3 = 6.585E-01 0:4 = 7.939E-02 0:5 =-5.960E-01
+0:6 = 3,1078-02 0:100 = 1.000E+01 0:200 =-1.000E+01

#++¢ BIPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:Q2 0:03 0:04
MODEL 0:NPR 0:NPN 0:PNP

IB 7.675B-07 5.944E-07 -2.925E-06
Ic 1.9198-04 1.486B-04 -1.463E-04
VBE 6.754E-01 6.275E-01 -6.271E-01
VCE 1.254B+00 9.968E+00 -1.003E+01
BETAD 2.500E+02 2.500E+02 5.000B+01

OPERATING POINT INPORMATION THOM= 27.000 TEMP= 45.000

RODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE
+0:3 = 5.9768-01 0:4 = 4.492E-02 0:5 =-5.960E-01
+0:6 = 5.7258-04 0:100 = 1.000B+01 0:200 =-1.0008+01

s+¢+ BTPOLAR JUNCTION TRANSISTORS

SUBCKT
ELEMENT 0:Q2 0:Q3 0:04
MODEL 0:NPN 0:NPN 0:PNP

IB 7.682B-07 7T.741E-07 -3.810E-06

Ic 1.9208-04 1.935B-04 -1.905R-04

VBE 6.409E-01 5.970E-01 -5.966E-01

vce 1.193E+00 9.999E+00 -1.000E+01

BETAD 2.500E+02 2.500E+02 5.000E+01

*+#++ OPERATING POINT INFORMATION TROM= 27.000 TEMP= 65.000

NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGE

+0:3 = 5.360B-01 0:4 = 1.0128-02 0:5 =-5.960E-01
+0:6 =-3,021E-02 0:100 = 1.000B+01 0:200 =-1.000B+01

#¢++ BYPOLAR JUNCTION TRANSISTORS

BUBCKT

ELEMENT 0:Q2 0:Q3 0:Q4
WODEL 0:NPN 0:NPN 0:PNP

1B 7.688E-07 9.782E-07 -4.814E-06
Ic 1.922B-04 2.446E-04 -2.407R-04
VBE 6.061E-01 5.662E-01 -5.658E-01
VCE 1.132E+00 1.003E+01 -9.963E+00
BETAD 2.500E+02 2.500E+02 5.000E+01



¢ees OPERATING POINT INFORMATION THOM= 27.000 TEMP= £5.000

RODE =VOLTAGE NODE =VOLTAGE HODE =VOLTAGE
+0:3 = 4.739E-01 0:4 =-2.498E-02 0:5 =-5.9602-01
+0:6 =-6.1278-02 0:100 = 1.000B+01 0:200 =-1.000E+01
++¢¢ BIPOLAR JUNCTION TRAMSISTORS
SUBCKT
ELEMENT 0:Q2 0:Q3 0:04
MODEL 0:NPN 0:NPN 0:PNP

IB 7.693E-07 1.205E-06 -5.933E-06
IC 1.923E-04 3.014E-04 -2.9662-04
VBE 5.7102-01 5.352E-01 -5.347E-01
VCE 1.069E+00 1.006E+01 -9.938E+00
BETAD 2.500E+02 2.500E+02 5.000E+01

m™HOM= 27.000 TEMP= 105.000
NODE sVOLTAGE

see* OPERATING POINT INPORMATION
ROIE =VOLTAGE NODE =VOLTAGE

+0:3 = 4.113B-01 0:4 =-6.037E-02 0:5 =-5.960E-01
+0:6 =-9,259E-02 0:100 = 1.000E+01 0:200 =-1.0008+01
*#¢+ BTPOLAR JUNCTION TRANSISTORS

SUBCKT

ELEMENT 0:02 0:Q3 0:04

MODEL 0:MPN 0:NFN 0:PNP

po:} 7.657E-07 1.454E-06 -7.158E-06

Ic 1.924E-04 3.636E-04 -3.579E-04

VBE 5.3568-01 5.039E-01 -5.034E-01

VCB 1.007E+00 1.009E+01 -9.907B+00

BETAD 2.500K+02 2.500E+02 5.000B+01

THOM= 27.000 TEMP= 125.000
NODE =VOLTAGE

#ees  OPERATING POINT INFORMATION
RODE sVOLTAGE WO =VOLTAGE

+0:3 = 3.482E-01 0:4 =-9.6048-02 0:5 =-5.960B-01
+0:6 °~  =-1.242B-01 0:100 = 1.000E+01 0:200 =-1.000E+01
+22+ BIPOLAR JUNCTION TRANSISTORS
BUBCKT
ELEMENT 0:Q2 0:03 0:04
WODEL  O:NPN 0:NPN 0:PNP
B 7.6998-07 1.723E-06 -8.480E-06
c 1.925B-04 4.308E-04 -4.240B-04
VER 5.000E-01 4.724E-01 -4.718E-01
veE 9.442E-01 1.012E+01 -9.875E+00
BETAD  2.500E+02 2.500E+02 5.000E+01
TEC (DEG C) IC3 = IBIAS (A) TP IC3 = IBIAS (A)
-55 3.253E-05 45 1.935E-04
-35 5.215E-05 65 2.446E-04
-15 7.790E-05 85 3.0148-04
5 1.100E-04 105 3.636E-04
25 1.486E-04 125 4.308E-04
- Ieias (A
———40000E-04 /

o

6 37

6-28
— ‘
If the bias current (evel of 14|
input stage Is doubled, then

from (6.134),

27 K

From (6.138)
Rot = Kwr!% ” Rou'rlas
= 2 gl Tog (14 gm, (1k2) )
Using 7,.,.= leo—fnrn; sxiot

and [Ic|l= 10 4A, We have

og * —— = 0% 26 _274ma
" §m 5 loxip™3

- ot
e = 107 26 .6.84Ma
2 19xi10

S Ry = (5-48) ] (6-84 x1:73) Mo
= 3.75 Mo

74| equiyalent

1.35M0 375 M0 5 TMa ELO- AR

:’ & “+ +
?},'4} ' W,
27k 147
375 57 2.26 Ma ; 83k|{aIM=82Ka
A, = 2260 82 836 x 558
2.7 0.147
= 4¢8,000
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6-38

6-29 6.30
/ /
If the (000 emitter resistor Minimom CM inpout Vo!fage:

of Qy s removed,then in The circuit ceases to fonction
(6.142 ) We have

correctly when @3 and @,

Rea,, = r'"w + B .25 x26 = 1.8 kn Satvrale.
o My Q 4 Q rote in the F.A.R
’ an open AR,
Ri, = et (11 Bo) (¥ry5 [l 50 k2) Wgh&n 4 op
= 406 KL + 25| x 9.55 kSL '
' VEC-S > VCE(‘G*)
= 2.8 M
Ve = V..~V
From (6:146) Esz lc— YBE, neglect
. = - V, v I (Ik
VECS‘ Vie™ VBE, - ("VEE) _VBES- VBE7> VCE(SM)
From ( 6-147)

Roz = rOI;, ” a'o'T

Maximom ¢m input vo!ba&e_:

oy = L= 0% 26 - o45ka ‘
7 &m 5 o055 Q) and @, operate in the F AR When
Yoy = 1= lof 26 :-236 k& Vee, > Vee (Sab)

M9m 2 055

;. Rop = 67:5 ko
27Mn 68Ma  28Ma  675kA O 1MA

VC.I = VCC" \VBEK\

VE‘ = V)¢ - Vgg,

Vce' = VCC —, vBE’g I—V|C+ VBEI> VCE(“L)
+ & - T Assume Vag, = | Veeg)
v“d% CD rv".z (b g - é ’vb- ’ BE\ = e
/] - n - Ten Ve & Ve - Veg(saty
Via / va’
5,4 K 4‘7'3
6'8 “ 2:8 - '098 M
Av= 1280 x 671 . 67.5K||2.1M= 61k
5.4  0-047

= 523,000



741 AS A VOLTAGE FOLLOWER sasess  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000

b VOLT V9

*+ POMER SUPPLIES (A } -2.0002+01  -1.000B+01 0. 1.0000+01 2.000E+01

vee 100 0 15 + + + + .

VEB 200 0 -15 -1.500B+01 -1.31E+01-4------ O e et $ommame O PO P O 4=
-1.4508+01 -1.312+01 + LI R + + + + > .

* INPUT STAGE -1.400B+01 -1.31R+01 + + A 4+ + + + + + B

Q1 7 8 10 RPN -1.3508+01 -1.31E401 ¢ L W . + . + + B

Q2 T 9 11 NPR -1.300B+01 -1.308+01 + + A+ + + + + + +

Q3 12 6 10 NP -1.2508+01 -1.25E+01 + I Y + . + . + +

4 16 6 11 PRP -1.2008+01 -1.20B+01 ¢+ L W + + + + + +

Q5 12 13 14 NPR -1.150E+01 -1.158+01 + + A+ + + + + + +

Q6 16 13 15 NPN -1.100E+01 -1.108:+01 + + A+ + + + + + +

Q7 100 12 13 15 -1.050E+01 -1.05B+01 + + A . + . + N +

08 7 7 100 NP -1.000+01 -9.998+00 PU boeeoen R oo ibeenes .-

Q9 6 7 100 PNP -9.500E+00 -3.50E+00 ¢ + +A + + + + . +

Q10 [ 4 5 NPN -5.000E+00 -5.00B+00 + + +A + + + + + +

Q11 4 4 200 MNPW -8.500E+00 -8.508+00 + + % + . + . .

Q12 3 3 100 PNP -8.000B+00 -8.008+00 + + +d e + B . * +

Rl 14 200 1X -7.5008+00 -7.508+00 « + 4+ A+ + + + + +

R2 15 200 1K -7.0008+00 -7.00B+00 + + + A+ + + + v +

R3 13 200 50K -6.500R+00 -6.508+00 + + T + + + + B

RS 3 4 39K -6.000B+00 -6.00E+00 + + + A+ + + + + +

R4 5 200 5K -5.5008+00 -5.502+00 + + - A+ + + + + .
-5.0008+00 -5.00E+00- A + -

* DARLINGTOM GAIN STAGE -4.5008+00 -4.50%+00 + + + +A + + . ‘ +

Q13B 19 3 100 PNPB -4.000B+00 -4.002200 + + + +A + + + + >

Q16 100 16 17 NPN -3.5002+00 -3.50B+00 + + + % W + + + +

Q17 19 17 18 NPN -1.0008+00 -3.00%+00 + + + T S . + + +

RS 13 200 100 -2.5002+00 -2.508+00 + + + + A + B B ‘

R9 17 200 50K -2.0008+00 -2.00E+00 + + + LI S + + + +
-1.500E+00 -1.50B+00 + + + + A + + + +

+ OUTFUT STAGE -1.0008+00 -1.002-00 + + + + A+ + + + +

Q13a 20 3 100 PNPA -5.0002-01 -5.008-01 + . + + A+ + + + +

Q14 100 20 a5 HPN 3 0. 2.748-04 A $ommenben caete

Qis 20 21 22 PN 5.000E-01 5.00P-01 + + + + +A + + + +

Q19 20 20 21 HPR 1.0008+00 1.00E+00 + + + + A + + + »

Q20 200 22 23 PRP 3 1.500E+00 1.50B+00 + + + + A+ s + .

Q23 200 19 22 PRP 2.0008+00 2.00E+00 + + + + + A+ + + ’

R6 25 9 27 2.5008+00 2.50B+00 + + + + + A+ + + +

R?7 23 9 22 1.0008+00 3.008+400 + * + + + A+ + + .

R10 21 22 40K 3.5008+00 3.50B+00 + * + + L + + +
4.0008+00 4.00R+00 + + + + + A + + +

vii 8 0 0 1.500E+00 4.50B+00 + + + + + A + + .

JMODEL NPN NPN BF=250 IS=5E-15 VAF=130 5.000B400 5.00B+00-#-—--omdmmemmboonen A-----

MODEL PNP PNP BF=50 IS=2E-15 VAF=50 5.500E+00 5.50R+00 + + + + + +A + ’ +

_MODEL PNPA PNP BF=50 I520.5E-15 VAF=50 §.0002+00 6.008+00 + + + + + 2 + + +

.MODEL PHPB PNP BFs50 IS=1,.5E-15 VAF=50 6.5008+00 6.508+00 + + B + B P + +

.OPTIONS NOPAGE NOMOD 7.0008+00 7.00B+00 + + + + + LI W + +

.WIDTH OUT=30 7.5002+00 7.50B+00 + + + + + LI S + +

.OP 8.0002+00 B.00B+00 + + . + + L S + +

.DC VI1 -15 15 0.5 8.500E+00 8.50B+00 + + . + * LI W + +
9.0008+00 9.00E+00 + + * + + . A + ’

« ASSUMING VCE{SAT) = 0.2 V AND VBR(ON) = 0.7 V, 9.5002+00 9.50B+00 + + + + + . A+ + ‘.

* THE HAND CALCULATIONS PREDICT A COMMON-MODE RANGE OF 1.000E+0% 1.00E+01-+----

* 12,7 V<VIC < 14.8V 1.0508+01 1.05B+01 + + + + + + A . +

* I3 THE VOLTAGE-FOLLOMER CONFIGURATION, VO = VI = VIC 1.100B+01 1.108401 + > + . . +A . +

* AS LONG AS THE AMPLIFIER IS WORKING CORRECTLY. 1.150B401 1.158401 + + + + + + I T +

¢ THE RESULTS OF THIS SIMULATION SHOW THAT 1.200E401 1.208+01 + + + . + B O W B

¢ VO = VI FOR THE POLLOWING RANGE: 1.250E+01 1.25B+01 + + + ’ + . T +

* .13V <VIC1LS5Y 1.3002+01 1.30E+01 + . * . + . DI WS .

+ THEREFORE, THIS SIMJLATION SHOWS THAT THE 1.3508+01 1.358+01 + + + - + + PR W +

* COMMON MODE INPUT RANGE IS: 1.4002+01 1.40B+01 » . + + . S . A+ B

s -13 V< (VO=VI=VIC) <145V 1.4508401 1.458+01 + . + + + v + A+ .

* WHICH IS CLOSE TO THE RESULT 1.500E+01 1.46E+01- +- A ’-

* PREDICTED BY HAND CALCULATIONS. + + . . N

.PLOT DC V{(9) ##4¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000

.END NODE =VOLTAGE NODE =VOLTAGE NODE =VOLTAGB
+0:3 = 1.431B+01 0:4 =-1,433E+01 0:5 =-1,490E+01
+0:6 =-1.107B+00 0:7 = 1.441E+01 0:8 = 0.
+0:9 = 2.744E-04 0:10 =-5.439E-01 0:11 =-5.4372-01
+0:12 =-1.3898+01 0:13 =-1.444E+01 0:14 =-1.499E+01
+0:15 =-1,499E+01 0:16 =-1.370E+01 0:17 =-1.426B+01
+0:18 =-1.493E+01 0:19 =-1.260B+00 0:20 = 5.904E-01
+0:21 = 2.345E-02 0:22 =-6.088E-01 0:23 =-2.361B-03
+0:25 = 3.509B-03 0:100 = 1.500B+01 0:200 =-1.500B+01
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First consider the bipolar
differential pair with tail
current sovrce and resistive
loads by itself. Let Vog,
represent the offset of that
circuit veferred to the input
of that circuit (the bases

of @ and Q)

From (6-164),

— 4T _ AR
Vos, = Vr ( T )
S
Where I¢ = Ig, + Is,
2
AIS - IS[—ISZ
R = R *+Rz
2
AK = R’-—RL

Second , consider the MOS

source followers by themselves.

Let Vo, represent the offset

of the source followers only
‘m{t rred +o the input of the
enkre circuit

( the gates of Mz and M,)

Mg

o —

V\D

-+
Teias, v, Lgias,

oD,

‘Vss =—Veg

Vopz_ = Vip~ ( Vcs,- Vas4)
Vip = o0, t Vas,- Ves,

v0$3= VID for which VOD;-“O

Vos, = Yes;~ Ves,
V“3= Vt - Vov3
Ves, = 4= 4-4 - Vov4
Vov3= 2 Tayas,

¥ (1),

V0V4 = / 2 Igias,
()

A}

A Y
Vasz = v&—_{ Vﬁ.’j _2;3%"_- 2 Tgias,
XA ;
s o x (B)e
Let Tp e ™ Ipias, +I814s,

2
ATgias = TBiAs, — TBias,

. Tias, ™ IBias S1Bias
2
IBIAS,_ = Ipjag— 4Isias

2



6-4)

2(4)- B, (1,

Finally , AVp = Vi, — Vg,

)]

Y
. \
Vas, = AV, [ 2(Taias) (14 2ZBuAs 2 (Taias) (1= 3Tou4s )
2154 _ 2T IS
vy [ 1+ f(Lﬂ) k()2 a(W) ]
- 2(%) - 2 (W)
Wy \ \
Vos, = & Ve + Vor TTeims | 2Tsue
I+ A (W) (- a(")
2W4) N 2(WA4) -
Since Ax' I+ X for x=1
Algjas
~ v | + AIpias | — B8l
V°57_ aVe ¥ ;-v 2Igias  _ 22848
a("i ! -‘A(W/Q
2(") 2 (")
since _| =2 -y for ye<d,
I+
’ T AW _ (1 - “TBias
Vog'-"AV++V_0‘_/[’+A BIAS _ (9 . -+
2 2 2Igas  2(W[) 2Tgas
n AVt You [ OTg6 _ A(WY
Vos, ® ©% =z [ ( L)J

Taias (W)

(W)
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Let Vps represent the total
offset irmludl'ng both Vug, and
Vos, .

Vos
VOS - |

-+ Vas 2
sovrce-follower gau'n

Since the source-follower gain= 1

)

Vpe & Vi (_ AT __éé)—y— AV + Vo [AIBIAs _ AC"’/‘_)]
I = ! Igias WL




CHAPTER 7

7.1
@Transistor parameters are

Y= €;=200X52= 10. 4K

|
TT-.-. 2‘-f~r = 318 PS
Cn+C»=3..:cT= #x%\?:c,lz PF
0'0 Cm=6,“003 = 5‘,? PF
= 3 oo0 =
) 3 xe.3 (9.6 PF

In €7.12)and (19)
£ — ! Swo+300+l9400 10"
-318 2T (%900+300)x10400 53+1.b
=1.94Muz Hz

(b) From ('7.2'7)
B=—(os + =+
=-(%e. Rcx R g, %)
R=(RstTo)/ M
= ¥300)10400 = 3511 ST
2 \2
s R=—f_0?% 10 10
2 (Boooxo.3+ 3511x58 * 300053
42T x500x10%)

= *(u.\+0.4-7+0-'57+3'-“‘)“g%
= -43.6 x10° ®d4Lec
=-693 MHz




AC DEC 10 100K 1GIG

.MODRL NPN NPN 18=1E-16A BF=200

+ RBx300 CJC=0.3PF CJS=0 TF=302PS
* ASSUME CJE SMALL COMPARED TO CB
.OPTIONS NOPAGE NOMOD

.NIDTH OUT=80
.OPTIONS SPICE
.OP

texees  OPERATING POINT INFORMATION THOM=
+0:1 = 5.000B+00 0:2 = 3.497B+00 0:3
+0:4 = 7.696E-01

#t+¢ BTPOLAR JUNCTION TRANSISTORS

5.009E-04
7.5712-01
3.497E+00
~2.740E+00
-3.497E+00
1.754E-03
2.000E+02
1.9378-02
1.0328+04
3.0002+02
2.741B+16
5.849E-12
1.806E-13

0.

0.
2.000E+02
5.112E+08

ng;agagaugs

geag

: =§§ES

SMALL-SIGNAL TRANSFER CHARACTERISTICS

s
B
3

OUTPUT RESISTANCE AT V(2)

27.000 TEMP= 27.000

= 7.571E-01

-3.8398+01
1.562R+04
3.000E+03

7-2

3

=

P R I I R e el ol il ol ol el el sl o

O e e R R e i v

J N TV S T

(222221

7REQ

000E+053
.2588+05
.S8UE+0S
L995E+05
S11E+05
1628405
9818405
011E+03
.309E+03
JS43E+05
000B+06
155B+06
S8UE+06
995E+06
S11E+06
162E+06
3B1E+06
011E+06
309406
9438406
J00E+07
L258E+07
S84E+07
.995B+07
511E+07
162E+07
.9B1B+Q7
011E+07
3098+07
943E+07
000E+08
25BE+08
584E+0B
9958+08
.511E+08
162E+08
.981E+08
011R+08
.109E+08
S43E+0B
0008409

FREQ
)

000E+05
.2588+05
SBAE+0S
995E+05
5112405
162E+05
9812+05
011E+05
3092405
JH3E4D5
0002406
2585405
584z+06
2952405
S11E+65
162E+06
9812406
011E+08
L303E406
LB43E+08
000E+07
2582407
LSBUEDT
.9958+07
5112407
1628-07
981E4Q7
L011E+07
3032407
93IEGT
L000EeC8
L2SBE+08
.584E-08
.2952+08
.511E-03
162208
L981E+08
LG11E4(08
L309E+28
543E+08
.00CE«28

AC ANALYSIS TNOM= 27.000 TEMP=
VDB:2)
S4.000ES01  -2.0002+(1 0. 2.0002401  4.COCE#0L
+ + + B .
3 +
3.162+C1 o . + + . . - “A s
J.16E+01 + + . + + +A +
3.16E401 + + + . . . . +A .
3.158+01 + . . . + . + 5y .
J.16E4CL ¢ - + + + + . A .
3158501 + . R ' . . . A e
3.15R01 + + + + . . . A .
3148401 » + . . R . a e
J.13E+01 + . . + + . + “A .
3.11E+01-+-- B R STt EEP $omanm A .
3.08E+01 + + . . + > + A .
J.04R+01 « + + . . . . A +
2.998+01 . + + . s + 2 .
2.902+01 B . . B . . A .
2.808+01 - . N . . . . A .
2.67E401 . . . . . PR Y +
2.52E+01 + . + . + + PO Y .
2.368+01 + . + . + . O S .
2.19E+01 + + + - . . 5y . .
2.018+01 boooee - YR P .
1.82E+01 + . . . . + A+ . +
1.52B+01 ¢ + . + + DR S + s
1.43B+01 + . . - . DN Y . +
1.23E+01 « + + + + . A . . -
1.038+01 + . + . + 2 + + +
B.39E+00 « . + + D A+ + . .
£.398+00 » - + + D S + + +
4 38E+00 + + . . I WY . + +
2.37B+00 » . + + + A + . + +
3.56E-01-+ Aewnm A PO,
-1.878+00 » + + . A+ + + + .
S3.TIEO0 « . + ¢ A+ + + + +
-5.82E+00 ¢+ + + LI S + + . .
-7.958400 ¢ + . " . + . - +
-1.01E+01 + + + A . + . + +
-1. 248401 + + LI ) . . + . +
-1A9B+01 4 + LI U . + . + .
-1.758+01 + + + X - + + . + .
-2.03B+01 + + A + + - - + +
-1.148+01 A +-- e +-
+ . B ‘ .
VEi2)
2. 5.000E+01 1.000E+02 1.500B+02  2.000E+02
+ + + B .
1.778+02-4------ 4aemmmn ommenn [ po.
1.778402 » . . . +
1.76%+02 + + . N .
1.758402 ¢ . - . +
1.T4B002 + . . . +
1732402 + . . . . . . Py .
1.718+02 + . B . . . . A .
1.632+02 ¢ . . . . . . A +
1
1
1
1
! +
+
1378407 + . - . . PO » .
1.30E452 + - - - + YA . .
1.04E02 + . . . . N R . .
1.1BE.LD + . B . PO Y B + .
1.13E402 + . . . I S + . .
1.088402 + . . . eA . + - .
DT T . aatd PR PP PN +-
1. . . . A - . + +
9.868+01 ¢+ . + . 3 . . - B
3630 ¢ . + B A . - . ‘
UE01 B . P . . . .
28201+ . - + A - . . .

27.000
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0 CMOSH W=100U L=2U

1z .
= [] _W- -- _6 loo _b .ﬁhmmn WMOS LEVEL=1 LAMEDA=0 VTO=0.7 KP=60U LD=0.2U TOX=500E-10
Q’M ykh LID‘bQW‘(O XWXWQ -QPTIONS BOAD

.AC 10 142G 100
-0 LOT AC VK(4)

:\‘11140‘3 AlV .WIDTH 0UT<80
A":-%"’\RLF" "‘ﬁ 7“0-3’( gxl&" =-9. g seeses  OPERATING POINT IKFORMATION THOM=  27.000 TOG= 27.000

= 5.000K+00 0:2 = 1,216K+00 0:3 = 1,2168+00

Cﬁ-$= 2—5' WLQ(-GCQX "'V\) LJCOX :g: = 2,503E+00
=Z (00X b X 07 +100%0.2X0] e TS
=84¢F

Gd =WLd Cx=looxv. 2007 =l TF

PUse the Miller effect.

Rls
RsLCqs+Cad(1-Av)]
- [
~ ok [ 84 +u1+4.5)] X

=T e vadis

o:xl
0:CcM08M
4.9928-04
0.
-2.504K-14
1.2162+00
2.503K+00
0.
7.000R-01
5.160E-01
3.750K-03
0.
1.9352-03
0.
1.410KE-14
1.050E-13
8.7488-14
3.3492-15
8.7482-14
1.4182-14

aaggggsaisggaaaaaavggg

ssteer  AC ANALYBIS THOM= 27.000 THOMP= 27.000

[} ) 1.0008-02 1.0002-01 1.000R+00 9.9998+00  9.999Re01

+ + .

(b) Do not use the Miller effeckto ot ¥
econ d e. um:oc 9.51::00:

caleulate the second pol e

From By, (126), e
‘ 6.309R+06 9.62R+00 +

T.9438+06  9.60E+00 +
1.000E+07 9.56B+00-¢------

4
lpl\‘ ‘P\\ RLRSC:ed C%S 1.2508407 9.493400
| |

= Wll - ng va{L)
$osp 7 =GTMiz

I R
P
P
P I I
P
P I T
P I

-
v
'
H
1
H

+
H

1.5B4B+07 9.39B+00 +
1.9958+07 9.24B+00 +
- 2.511Es07 9.01R+00 +
- 3.1628+07 B.68E00 ¢
mog S k X (Dk)‘ \‘H'X%Qf 39818407 8.238900 +
8‘ \0 o\d 5.011K+07 7.G4E+00 +
= 6.3098507 6.91R+00 +
3‘ XIO r IS 7.9430+07 6.092+00 +
. 1.0008+08 5.24B400-+------
L‘: {3 ecLuiooiey\t -eo 6\' Gl‘kf_ 1.250T008 4418400 +
1.584E408 3.64B400 +
1.9952+08 2.97E+00 +
2.5112+08 2.40E+00 o
3.1628+08 1.53E+00 +
3.9B1E+08 1.54R+00 ¢
5.0113¢08 1.23R400 +
6.3098+08 9.79E-01 ¢
7.9438+08 7.71E-01 ¢
1.0002¢09  6.158-01-4------
1.2588008 4.86B-01 +
1.5845+09 3.82E-01 +
1.9958009 2.902-01 +
2.5112409 2.312-01 +
3.1628+09 1.772-01 ¢
1.981R009 1.332-01 +
S.0118+09 9.872-02 +
§.309B+09 7.162-02 ¢
7.9432409  5.092-02 ¢+
1.0008+10 3.582-02-4-----

+

e
COEEE I R B O R

B I L R

P I I T
-
-

S T T T e

Py
>

P . T T T e A
>
P T T T T e S e

P I T T T T e P A
B T T e e A T R

1
e e e e e
P R A I T
D T T P L T

s .
»
-

R -

.
h
'

+
7

-+
.
.
-
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—

R=Rs+0) Il Y=

Zrx .
U= TV _—R_
z*-*c_“s s here Zx I+RCS
3 U‘"ﬁm RY , {
mH R +(1+RCxS) <us
ImRCuS

- H‘Rcls + QCJAS

. W
L _ i _ e, @YU
.°ZO—U—U+ V
in ImRCuS

But ."_;a_‘f- 2 CuS becwse Cg>>Cy.

Cp.=0.3PF

9wRCu= 31 x0.3 =203 PF

(1+ c“)g =(1+£2 ) pa= 1057

lo"ﬂ.

10%t

5

10t

ot}

\0” , .
1K (0K 100K (M (OM (oM 4z

R5=O R Cu=0.93 PF
R=Yi l/Yx = 300 Il ID400 = 292 &L
mRC, = ﬁi xo,3 = {,69pF

O+ S )—!,; =\1051 %

|69 pF ? _[_ N

los % T >3

|Z.|
KR

10°

1o

— : f
K WK 100K M 1oM 100M HZ
RS"‘ Cp." o.3 PF

R=Yx = lo4 00 %

9 RC;.,= to;noo x0.3=6opF

O
a'4

60pF

105 2 % T s

lZol

(X
lo't

IK 10k 100k 1M oM ooy H2
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Cgs =% WLettCoxt Wl Cox

:Zgloo(z—zxo.z-o)xv‘%\oomzxoj
=84F

Cat=WLd Cox=100x0,2x0.7 =14 F
l— 2k, P Tos|z rboxiot 2208467

—Hx((sz-HmAN
i
R N
5’“*5%? % i—mEm %?_u
RSI Cﬁs H'st%
R

Vac =V H-S Tr5RCes Y Rs
% —_— 4 ___E}—— F‘S*’ {+S ngs
SCQ"’ HSRSc%s sCd

' CaeeGg and g Rk o

(""aﬂ')’ 39xiL

S\ —
QM(HEL) (q 3

ERsCou = L‘lxlo‘x(ox(o’xw =Z]ofF

—

oS % ] ¢
(+=) 3-%—“-% [ -
g: ha "C‘id";o 45F Zo
o HofE T | <

GmRs ol —[-——4

k(o o

look. 1M oM oM



-6
16

" Acm=-— Z%f (4w CrRY)
= - a;(l-i-jw;go;(dxuliu)
= -;‘,uo"(njb))(bmlio-.')
Using dominant pole

- % _ '
- _ 3000 10-4k /
- %:o&l«-smsk, 1+ E—
_ 38.2 144nd®
1+ 44x0*
Acm= —0.005 ( \1-5—5——2‘5 x\o‘)
dB
A
40 |Adw)
30¢
2071 1:\
10 $ |
o} i
{
..lo b :
-20% =
~30} !
~40t ‘ACM :

- . f
IK 0K (o Y oM 100M WZ
ALV I
80 |
71
601
”b
+°d.
301
207
(ot
o 1 $ v ; '4’?
IK WK ook M oM (00M Hz




f%

vee 1 0 5V
VEE 9 0 -5V
IEE 7 9 1A
REE 7 9 300K
CEE 7 9 2FF
RL1 1 2 3K
RL2 1 8 3K
01237 NPN
RS1 4 3 5K
Q2 8 6 7 NPN
RS2 5 6§ 5K
VIC 4 0 OV AC
EVIC50401
TF V(2) VIC

.AC DEC 10 10K 20MEG

.MODEL NPN NPN IS=1E-16A BF=200

+ RB=300 CJC=0.3PF CJ3=0 TP=302PS
.OPTIONS HOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS SPICE
.0P
.END
#s222¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000B+00 0:2 = 3.486E+00 0:3 =-1.261E-02
+0:4 = 0. 0:5 = 0. 0:6 =-1.261E-02
40:7 =-7.699E-01 0:8 = 3.486E+00 0:9 =-5,000E+00
*22¢ BIPOLAR JUNCTION TRANSISTORS
ELEMENT 0:Q1 0:Q2
WODEL 0: 0P8 0:NPN
IB 2.523B-06 2.523E-06
IC 5.0458-04 5.045E-04
VBE 7.5738-01 7.573E-01
vcE 4.256E+00 4.256E+00
VBC -3.499E+00 -3.499E+00
vs -3.486E+00 -3.4B6E+00
POMER 2.1492-03 2.149E-03
BETAD 2.000B+02 2.000E+02
o 1.951K-02 1.951E-02
RPI 1.025E+04 1.025E+04
RX 3.000E+02 3.000E+02
RO 3.499E+16 3.499E+16
CPI 5.8918-12 5.891E-12
o 1.693E-13 1.693E-13
CEX 0. 0.
ccs 0. 0.
BETAAC  2.000E+02 2.000E+02
r 5.122E+08 5.122E+08
bl SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2}/VIC a -4.974B-03
INPUT RESISTANCE AT vVIC = 1.206B+08
OUTPUT RESISTANCE AT V(2) = 3.000E+03
s#eeee  AC ANALYSIS TNOM= 27.000 TEMP= 27.000
FREQ 0B12)
b3 Vo -6.000E+01 -4.000Bs0l  -2.000Es0L 0. 2.000E+01
§.399E03 -4 EDBALI-e-eoo- L AR L 4omeoes eemmees demnooo +-
1.258E+04 -4.60E+01 + O S . . . + . B
1.384E¢04 -4.858+01 + + A4 . + - + + .
1.3952+04 -4.63E+01 « L S + . + + . .
2.S11E+04 -4.60E+0] » LI S . . + . s +
3.162E+04 -4 .60B+C] v A e + - . . + .
3.9B1E-04 -4.60E~0 ¢ L S + . . + + .
5.0128+04 -4.59E-01 + L S + + + + + B
63092004 -1.59E-01 + LI T . + . . B .
T.HIEL -4.3BE01 LI SR . + + + . .
1.000E+23 -4.55E+01- 02~ L ro-ens boooee- boeene- #oomos beenoes .-
1.2565005 -4.54B401 ¢ vA e . . . B -
1.3842035 4. e + A . . . + + . +
1 9332405 -4.48E+01 ¢ A + + + + * B
2.S11E405 -4.29E+C1 . . . . + + . +
3.I5IES05 4318401 4 I B * . + . . +
3.5312035 -4.27E000 . A+ . . + + + +
<. S4.6END] + A . ‘ . + + +
5. -3.91E401 + 3 . . B ' + +
. 3 - . . + » .
1.8 U1 5 O TONRRP SRR L - [ECRE. PO OB ‘-
1. 3 . + . + . .
1.3 A . » + - +
1. A + + + . -
i +A + N ‘ . .
3. A e . + . +
3. D W + + . .
3. + Ar . . . .
] + A + . . .
- . By , . . +
1 PO, PR VP PR RN, .
1. + P . - v
1. + 3 Ae + > .
1. + . A + . .
2. . . Py . . .

*ERRR
DIFFERENTIAL AMP, DIFFERENTIAL MODE
vece 1 0 5V
VEE § 0 -5V
IEE 7 9 LA
REE 7 9 300K
CEE 7 9 2PF
RL1 1 2 3K
RL2 1 8 3K

Ql 237 NPN
RS1 4 3 5K

Q2 8 6 7 NPN
RS2 5 6 5K
VID 4 0 OV AC
EVIDO0 S 401
.TP V(2) VID
.PLOT AC VDB(2)

.AC DEC 10 10K 20MEG

.MODEL RPN NPN IS=1E-16A BF=200

+ RB=300 CJC=0.3PF CJS=0 TF=302PS
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS SPICE
.OP
.END
raee SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(2)/VID =
INPUT RESISTANCE AT vID =
OUTPUT RESISTANCE AT V(2) =
seseee  AC ANALYSIS TROM=
FREQ vDB{2}
[+ ) 1.000E+01 2.000E+01 3.0008+01 .0002+01
+ . + .
9.999+03 3.178+01 P +- A e
1.258E+04 3.17E+01 + . . I — +
1.584E-04 3.17B+01 + + . . I T ’
1.9958+04 3.17B+01 ¢ . + + I .
2.511E+04 3.178+01 + + + + I .
3.162B+04 3.17B+01 + . + . I +
3.981E+04 3.17B+01 + + . . + A + +
5.0112+04 3.178+01 + + + . ¥ .
§.3092+0¢ 3.17E+01 + + . + I WS .
T.943B¢04 3.17E+01 + + . . I .
1.000B+05 3.17B+01-+------ e $mennn R O WUV P
1.258E+05 3.17E+01 + + + . I T +
1.584E+05 3.17B+01 + + + + vA 4+ .
1.99SE+05 3.17B+01 B . . O T +
2.511E+05 3.16E401 . + + I +
3.162B+05 3.16E+01 ¢ + + . [ S -
3.981E+05 3.16E+01 + + + + B T -
5.011E+05 3.15E+01 + - + + I T +
§.309E+35 1.15E+01 + . + B L T +
T30S JEeDL . . B I Tt .
1.000E+06 3.12Es0L-4------ docmeee bommmen $mmmmen PO AP -
1.258E+36 3.09E+21 « . . 5y . .
1.584B+06 3.05E+01 . + . -3 .
1.995E+C€ 2.99E+C1 ¢ B + + A B .
2.511E+06 2.9ZE+21 . . . A . .
31528406 2.B2E+0i + + . + A . .
3.981E+GE 2.TUB+CL + . + 3 U . .
5.011E+058 + . .
6.3032+08 + ‘ .
7.943B+06 - . +
1.00CE+C7 . .

1.5B42+07

7

-3.857E+01
1.555E+04
3.000E+03

27.000 TEMP=

5.000E+01

-
}
+

R T

P R

P
+

.
.

27.000
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79

DIFFERENTIAL AMP, COMMON MODE srree
VDD 1 0 5V DIFFERENTIAL AMP, DIFFERENTIAL MODE
vss 9 0 -5V VoD 1 0 5V
IsSS 7 9 1A vss 9 0 -5V
RSS 7 9 300K 188 7 9 1MA
€SS 7 9 2PF RSS 7 9 300K
RL1 1 2 3K CcssS 7 9 2PF
RL2 1 8 3K RL1 1 2 3K
M1 2 3 7 7 CHOSN W=100U L=2U RL2 1 8 3K
RSt 4 3 5K ML 2377 CMOSH W=1000 L=2U
M2 8 677 CMOSN W=100U L=2U RS1 4 3 5K
RS2 5 6 5K M2 8677 CMOSHN W=100U0 L=2U
VIC 4 0 -3.514V AC RS2 5 6 5K
EVIC50401 VID 4 10 0 AC
JTF V{2) VIC EVID 10 5 4 10 1
.PLOT AC VDB(2) VBIAS 10 0 -3.514V
.AC DEC 10 10K 20MEG TP V(2) VID
s COX‘'=0.7FF/UN**2=EOX/TOX => TOX=500 ANGSTROKS .PLOT AC VDB(2)
. MODEL, CMOSN MMDS LEVEL=1 LAMBDA=0 VTO=0.7 XPa60U LD=0.2U TOX=500E-10 .AC DEC 10 10K 20MEG
.OPTIONS NOPAGE NOMOD * COX'=0.7FF/UM**2=EOX/TOX => TOX=500 ANGSTROMS
.WIDTH OUT=80 .MODEL CMOSN MMOS LEVEL=1 LAMBDA=0 VTO=0.7 KP=60U LD=0.2U TOX=500E-10
.OPTIORS SPICE .OPTIONS NOPAGE NOMOD
.0P .WIDTE OUT=80
.END .OPTIONS SPICE
.oP
s2¢¢4s  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 .END
+0:1 = 5.000E+00 0:2 = 3.498B+00 0:3 =-3.514B+00
+0:4 =-3.514B+00 0:5 =-3.514E+00 0:6 =-3.514E+00 eaw SMALL-SIGNAL TRANSFER CHARACTERISTICS
+0:7 =-4.730E+00 0:8 = 3.498E+00 0:9 =-5.000E+00
v{2)/vID = -5.812E+00
[ X223 msms
ELEMENT 0:M1 0:M2 #ss2er  AC ARALYSIS THOM= 27.000 TEMP= 27.000
MODEL 0:CMOSN 0:CM0SH
bad] 5.004R-04 5.004B-04 TREQ VI812)
IBS 0. 0. (A ) 1.5158+01 1.520E+01 1.525E+01 1.5308+01 1.5358+01
IBD -8.2298-14 -8.229E-14 . . . . .
vGS8 1.216E+00 1.216E+00 9.9992+03 1.52B401-¢-----é- - A bomenen .-
VD8 8.229E+00 8.229E+400 1.258E+0¢ 1.52E+01 + . . . . I . .
VBS 0. 0. 1.584B+04 1.52E-01 + + + + + A+ . *
VTH 7.0002-01 7.000E-01 1.9958+04 1.528+01 + + . . * I SR . +
VDSAT 5.166B-01 5.1662-01 2511804 1.528401 + + . + . L + +
BETA 3.750B-03 3.750E-03 3.162B+0¢ 1.52B401 + + + . ‘ L W + +
GAM ETT 0. 0. 3.981B+04 1.52B+01 + + + . + L SR . +
[« | 1.937E-03 1.937E-03 5.011E¢04 1.52B+01 + + + + B + A . +
GDS 0. 0. 6.3092+04 1.52B+01 ¢ + B + + L WY + +
0. 0. 7.943B+04 1.528+01 ¢+ . + + + A . +
coToT 1.503E-14 1.5038-14 1.0008+05 1.52B+01-4------ 4meenen emoeoee 4mmann banenn D T oennnn +-
CcGToT 1.058E-13 1.058E-13 1.2588+05 1.52B+01 + . + B . L . .
CSTOT 8.748E-14 3.748E-14 1.584E405 1.52B+01 » . . . + L S . .
CBTOT 3.3448-15  3.344E-15 1.995B+05 1.52E+01 » B + + + L S + +
CGS 8.748E-14 8.748E-14 2.511R+05 1.52B+01 ¢ . . + + + A+ + .
6D 1.503E-14 1.503E-14 3.162R505 1.52E401 ¢ + + + + v A . .
3.981E405 1.52E401 ¢ + + + + LI S * .
eute SMALL-SIGNAL TRANSFER CHARACTERISTICS 5.0112+05 1.52E+01 + . + . . R U + +
£.309Bs05 1.52E+01 + + + . + + A4 + .
v(2)/viC = -4.996E-03 7 G43E¢0S 1.52E401 + + + B . LA e R +
1.000B+06 1.52BeQl-4------ 4ommee- AR #ommes R R B O bt R +-
teress  AC ANALYSIS THOM= 27.000 TEMP= 27.000 1.25BE+06 1.52E<01 + . - . . L B -
1.5848¢06 1.52E«(1 ¢ . + + . L SR . +
FREC VDBIZ} 1.8958406 1.52E-(1 » . + . + ¢« A+ . +
A 1 -6.000E+01 -4_0CO0E+01 -2.000E+91 9. 2.0C08.01 2.5118+06 1.52E43% . + + + « A ¢ . +
' N , . . 31628406 1 . . . . PRI . .
9.99GEs03 4.608801-0-mnmnn P S O S PUS boeemen [N .- 31.3818406 1 . . ‘ . c A . .
1.258Es04 -£.608+01 + ¢ A ¢ + + * . + * 5.011E+06 1. N . + + + + A . .
1.SEABSO4 -4.60B401 » LI WS . + . + . 6.3098+06 1.32E+31 * + + + +3 . . .
1.995Es04 -4.60Bs0 D S + * . . . . T.M3E.06 1.52B-L0 ¢ . . + + A . . +
2.S1GEs08 -4.53Be31 4 LI S » + . + + . 1.000E407 1.32E+ll-¢------ 4mmmee 4mann R . -
31528074 -4.59E401 ¢ L S + + . + . . 1.258B+07 1.572411 + . + L W . + +
3.3B1Ee3d -4.59E030 4 + A + * - + + + 1.5B4E+07 1.522401 ¢ + . + A + . . .
S.Q11E+04 -4.58E+25 « A e + + . + + + 1.995E.07 1.52E+20 + + . A+ . + + + .
§.303B0 0 -4.38Ee31 o + A + + . + . . 2.511B¢07 1.51E+31 L S . + + . + .
" SUIES0L -4.56E01 ca s . B . . . . . . . . .
1.0)3E+05 ~4.54Ee31-em-m-o P S PO P S P P .
1 259E05 -4.51E+01 PO B . . . B .
1.564R405 -4.47 P . f . B . .
1.9358015 -d. . oA s . [ B . . .
2511485 4. P . . . . f .
31628425 -4 © A . . . . . -
3301565 -4 . e B . . . . .
5. 011E403 . A + + + . . .
g . . + B . B .
T, * . + + . .
1¢ TS . PO, PR O
1728 . . . . .
1 . + + . ’ .
+ + + A 4 + + . -
. . A . . . .
. . . A . . . .
. . . 5 . + . .
. . . A . . .
PO PR bommnnn B $omeeen 4eenn .
. B + . A . s .
. . . . A . . .
. s + . Y . .
. . . . + A . . .
B + N . .
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PRP EMITTER POLLOWER, REISTIVE LOAD .PLOT TRAN V(5)
* DC VO=0V, 30QUA*4K=1.2V=VCC .MODEL, PNP PNP 1S=1E-16A BF=50
vee 10 1.2v + RB=200 CJE=0 CJC=0 CJS=0 TF=39.8NS
VEE 2 0 -1.2V .OPTIONS NOPAGE NOMOD
RE 15 4K .WIDTH OUT=80
Q1 245 PNP .OPTIONS SPICE
RS 3 4 250 .0P
RLOAD 5 ¢ 1K .END
VBIAS 3 6 -0.745V AC
VPULSE 6 0 PULSE OV 1MV INS ONS ONS 100NS #++¢+ BTPOLAR JUNCTION TRANSISTORS
.TRAN 0.25NS 10NS
.PLOT TRAN V(5) ELEMENT 0:Q1
.MODEL PNP PNP IS=1E-16A BF=50 MODEL 0:PNP
+ RB=200 CJE=0 CJC=0 CJS=0 TF=39.8NS I8 ~-5.882E-06
.OPTIONS HOPAGE NOMOD Ic -2.941E-04
.WIDTH OUT=80 VBE ~7.437E-01
.OPTIONS SPICE VCE -1.200E+00
.OP VBC 4.565E-01
.END vs 7.4248-01
POWER 3.574E-04
#esser  OPERATING POINT INFORMATION TROM= 27.000 TEMP= 27.000 BETAD 5.000B+01
1.137B-02
+0:1 = 1.200E+00 0:2 =-1.200E+00 0:3 =-7.450E-01 RPI 4.396E+03
+0:4 =-7.435E-01 0:5 = 1,8198-04 0:6 = 0. RX 2.000E+02
RO 4.576E+15
+#¢¢¢ BTPOLAR JUNCTION TRANSISTORS CPI 4.526E-10
oo 0.
ELEMENT 0:Q1 CBX 0.
MODEL 0:PNP ccs 0.
I3 -5.878B-06 BETAAC  5.000E+01
Ic ~2.939E-04 FT 3.998E+06
“VBE -7.437E-01
vCE -1.200B+00 ##exee  TRANSIENT ANALYSIS TROM= 27.000 TEMP= 27.000
VBC 4.565B-01
vs 7.424E-01 E vis)
POMER 3.571E-04 @ ) 9. 5.000E-08 1.0008-03 1.500E-93  2.0008-03
BETAD 5.000E+01 . + + + +
1.136E-02 A SRR
RPI 4.4008+03 + + + . +
X 2.000E+02 + . + . +
RO 4.576E+15 + + + . .
CPI 4.522E-10 + . . . .
on 0. + + . . +
CBX 0. A+ + . . .
ccs 0. N Y . . .
BETAAC  5.000B+01 + A+ . ’ +
rn 3.998E+06 + Y + . .
S A PR .
sesets  TRANSIENT ARALYSIS THOM= 27.000 TEMP= 27.000 + T Y . .
+ + A + +
THE V{5} + . A+ + +
[h) yo -5.000R-04 0. 5.000E-04 1.000E-03  1.500E-03 ‘ I + .
+ + + + . . A e . .
0. 1.82E-Md-+------ emmmme P ) oot 4 + R e . +
2.5008-10 1.82B-04 « . + A+ . + + . + . T S . .
$.000B-10 1.82B-C4 + + A . + + + + ‘. . A . . .
7.5002-10 1.62E-04 ¢ + + A+ + + . . + . A + - .
1.000E-09 1.B2E-04 + f P B . ' . . ooean IR VR O .
1.250B-09 B.232-04 + . + . . +A + + + + A . . .
1.5008-09 8.24E-T4 + . + + - +A B » . . A . . .
1.7508-09 8.25B-04 « . . + + +A . . . . A . - .
2 09CE-0% 9.26E-04 + + + + + +A + . - . A . . B
2.250E-09 B8.27B-04 + + * + + + A + + + . A B . .
2.5002-09 8.26-Cd-+------ PR boeeonn [EN—- FEN. [ T PO ’- v oA . . .
2.7508-09 9.29E-04 + . . . . va . . . . oa - . . .
3.000E-09 8.31E-04 . + + . + A N P . . .
3.230E-09 B.3ZE-O4 o . . . + » . P T . . .
3.500B-C% E.I3E-04 + - . . . . . FCIPP W PO O .-
3.75CE-09 E.ME-M ¢ + + . . + . o A . . .
4.0002-09 E.33E-O4 ¢ . . ‘. - + + + A . . +
4.250E-09 B.36E-04 + 3 ’ . . . + . A+ . . .
4.5008-09 8.37E-04 ¢+ + * . + . . . A . + +
4.7508-09 8.38E-04 ¢ + * . + . . + A . . .
5.0C0E-09 8 3GE-(4-+------ Soenann b b + . P + A- . - .
§.230B-09 5.408-04 » . . . . . » . Ae . . .
5.500E-09 8.42E-04 . + + + . . - A . . .
£.783B-05 B.43E-C6 ¢ . . + » . . B
§ J002-09 8.4dE-C4 . . . + + .
6.250E-23 €.45B-04 ¢ + . . + + A . + . . . . .
§.500E-C3 B.48E-04 . + . . + A + . Tk
§.75CE-03 B.47E-04 ¢ + . + . s A . + + CAPACITIVE LOAD RESULTS IN SOME PEAKING [V(5) JUMPS BY > 1MV]
7.000B-09 B 492-04 ¢ + + . . R . +
7.2938-09 8.4%E-l4 - . . - N A . +
7 S0CE-CY B.SCE-Qd-e------eo-o-o- i #enemmneo g N b #oomeen +-
TUS0E-09 S.S1E-C4 4 . . . . L SR ‘ .
et s
PNP EMITTER FOLLOWER, CAPACITIVE LOAD
vee 1 0 1.2v
VEE 2 0 -1.2Vv
IEE 1 5 300UA
Q1 245 PNP
RS 3 4 250
CLOAD 5 0 400PF
VBIAS 3 6 -0.745V AC
VPULSE 6 0 PULSE OV 1MV INS ONS ONS 1300NS
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7-13

4 CMOSH W=100U0 L=20
0

4

1

3

IAS 3 6 1.716V AC

VPULSE 6 0 PULSE OV 1MV 1NS ONS ONS 100NS

.AC DEC 10 10K 20GIG

.PLOT AC VDB(4)

JPLOT AC VP(4)

.TRAN 0.25NS 10N8

.PLOT TRAN V(4)

* COX‘=0.7FF/UM**2=E0X/TOX => TOX=500 ANGSTROMS
. MODEL CMOSN NMOS LEVEL=1 LAMBDA=0 VT0=0.7 KP=60U LD=0.2U0 TOX=500E-10
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OPTIORS SPICE

.oP

.END

e+s29+  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000

+0:1 = 5.000E+00 0:2 = 1.716EB+00 0:3 = 1.716B+00
+0:4 = 4.9978-01 0:6 = 0.
st MOSFETS
ELEMENT 0:M1
MODEL 0:CMOSH
D 4.997E-04
IB8 0.

IBD -4.5002-14
vGs 1.216E+00
VD8 4.500E+00
VBS 0.

VT 7.000E-01
VDSAT 5.163E-01
BETA 3.750E-03
GAM EFF 0.

[« 1.936E-03
0.

0.
CoTo0T 1.4488-14
©GTOT 1.053E-13
CSTOT 8.748R-14
CBTOT 3.347B-15
cGs 8.748E-14
CGD 1.448E-14

A

9
1
1
1

[ L L o ol o T e e e A R N T N A A e T S N

(331113

FREQ
i

-999E+03
L258B04
.5BLB«0¢
.9952+04
S11E+04
162K+
J91E+04
DL1E+04
I03E04
JS3E04
0008405
25BE+05
SBLE+DS
9958405
S11E+05
162E+05
981E+05
9112405
I0IEL05
34IE405
000E+08
.258E+06
SBUE+DS
.995E+06
.S11B+06
162E+08
.981B+06
011E+06
-J09E+06
J943E+06
000E+07
258E+07
S84E+07
3358407
5118407
1628407
991E+07
011B+07
3098407
J943E+07
000E+08
2588408
SBUE+08
.995E+08
.S11B+08
162E+08
9818+08
0112408
109E+08
943E+08
00GE+09
L258E+09
SB4E+03
-995E+03
S11E+59
162E+02
981E-09
T11E+09
J309E+0%
HIE0?
Q00E+10
.258Es12
LSB4E+]D
L995E-10
$11E-10

-3.
-3.
-1
-3
-3,
-3.
-3,
-3,

-3

-3
3.
-3,
-3,
-3.
-3
-3
-3,
-3,

-]
-1
-3
-3

-3.
-3
-3,
-1,
-1
-3
-3,
-3,
-3.
-3.

-3
-3
-3
-3

-3,
-3
-3,

-1
-3

-3
-1,
-3

-3
-3
-3
-3

-3.

-3
-3

-1,

-3
-3

-3,

-2
-2

AC ANALYSIS

DB}
-1.0002+00
+
S1E+00-4------
§1E+00 »
S1E+00 »
61E+00 «
S1E+00 ¢
S1E+00 +
S1E+00 +
61E+00 +
LB1E4Q0 +
S1E+00 »
S1E+0Q-4------
G1E+00 «
612430
612400 +
61E+D0
G1E+00 +
§1E+00 +
612400 +
JG1E+00 +
L61E+00 +
B1E+00-9------
JBLECO +
S1E+00 +
S1E+00 +
S1E+00 »
S1E+00 +
61E+00 +
S1E+00 +
B1E+00 +
61B+00 +

-3.500E+00

P

P T TP

A

Be DM De Be e Dw 2w e 2w

D e 3w Do 3w 3w Be D De B De e 3v Do e Do Dv B Dw

+

+

+
+
+
+

P T

P

-3.0002+00

-2.500+00

T Y

.o .

[ Y

-

e

27.000 TEMP=

-1.0008+0¢

618400

61E¢00 +
L61E+00 *
L61E+00 +
B1E+00 +
L61B+00 ¢
GIE+00 +
61E+00
G1E+00 +
L61E+00 +

P )

»

. e e .

O

P B

P B Y

e e e e s

L61E+00
618400 +
61B+00 +
61B+00 +
-61B+00 +
L6DE+00 +
LB0E+CO +
JS9E4D0 +
5TE+00
(558400 ¢
LSIE+QQ-+- -
46E+00 +
JIBEG0 4
L2BE+00 +
158400 +
L95E+00 +
L83E.00 ¢+
§7E+00 +
552400
45E+00 -
A3E+QD-4-- oo~
ALEDD ¢
S2E+00 +
LBBEL0D ¢+
LOIENDD

.

O T Y

PR

Do e e e Dw Dw 3w D Dd 3 Do Dw De 3¢ Do v Dw Dw

b

P I B e

e e e s

N

O

P

.

.

>

.

e e e e e e e

+

P Y

27.000



3

L9998+03
.2582+04
SBAE+Q4
L995R«08
5118+04
162804
98104
(GL1E+0¢
JJ09E+ 4
J943R+04
Q002405
L2588+05
SEER+05
L995E+05
BYN A0
162E+05
981E+05
011E+05
ke 28]
J943E405
Q00E+06
.258E+06
LSBAE+06
.995E+06
5112406
1628406
981E406
L011E«06
3098406
J913E+06
0008407
258E+07
S8IE+07
995E+07
5112407
1628407
3.981E+07
5.011E+07
§.3098+07
1.9438+07
1.0002+08
1.258E408
1.9B4E+08
1.995E+08
2.511E+08
1.1628+08
981E+08
.0112+08
-309E+08
J943E-08
-C00E-03
.15BE+09
SBAE09
935E+09
S11E+09
162E+09
9812409
C1LEe(2
209E+09

[

s s st s

w o s e

b eh o Uh L B3 ba ks s e O LN W

2008410

SEAE+1R
395E+12

SLIESLD

TR

S43E-D9 -

28310 -

VPi4)
-31.000B+01  -2.000E+01  -1.000EsQ1 ¢. 1.0008+01
’ + + + +

1.67B-05-4------ #ommmm e P e D D A= P -
2.10E-05 + + + + . + A + +
2.64B-05 + v + + + + A + +
3.328-05 » . . . + + A + +
1.188-05 + N . + + . A N +
5.278-05 + B . + + B A + +
§.6E-5 + + + + + + A + +
§.35E-05 ¢ + . + + . A . N
1.058-04 + + . . + . A + .
1.328-04 » + + + + B A + +
1.67B-Q4-4------4-- A +
2.10B-H . + + + + A + +
2.04E-04 + . + . + . by + .
1.328-04 4+ . + . + + A + »
4.188-04 + . + + + . A > >
5.278-00 + + . . . . A + +
6.6E-04 » . . + + . A + +
B.ISE-04 » » + + B + A + +
1.058-03 + . + + + + A . .
1.328-03 + B + + + . A + +
1.672-03-¢--- #eun —4eenn A +-
2.1CE-03 « + . + . + A + .
2.64E-03 ¢ + + * . + A . »
3.328-M3 + . . + + A . +
4.13E-93 ¢+ + + . + + A + +
§.272-03 + + . B + B A . +
6.63E-03 + + + + + + a + +
8.35E-0) + + + + + + A . .
1.058-02 + + + + + . A . .
1.328-02 + + + . + . A + +
1.67E-02-4-----~ 4omoees 4nonee 4mmmeen #moees D A-m--e bonmes +-
2.108-02 ¢ + + + . . A + +
2.648-02 ¢ + + + . + A s +
3.328-02 + + + + + + A + +
£.19E-02 + + + + . . A + .
5.278-02 + + + + + . A . .
§.632-02 « » + + . - A . .
8.34E-02 + + + + + B A + +
1.058-01 + + + + . + A + +
1.328-01 + + + . + + A + +
1.66B-01-4-----~ P boeeee RS foeooae PO S WORUIN $ooneen -
2.098-01 ¢ 3 + + + - A + +
2.63B-01 + + + + + - A + +
3.318-01 + . + . + . A + +
4.152-01 » . + + + + Iy . 4
5.208-01 + + . . . + +A + B
6.51B-01 + + + + + + A + +
8.10E-01 + + + + + + DY . +
1.00E+00 + . + + + » A . .
1.22B+00 + - + + . + +A + .
1.ABE+00-+----- bonnn S SO A e-
1.748-00 + . B + + . I T .
1.97E+00 ¢+ + B . + . I W +
2.10E400 . . + + . LI S .
2.08E400 + . . + + . P +
1.675+00 » . . . . N ‘A N
§.858-{1 + . . . . . A » +
J1.688-71 ¢ . . + . + A+ . R
-2.038400 o + . . . I . .
4.262400 »
-5 87BL0-4-----
9.9EE+00 + + + * A + . . .
-1.35EsEL * + +A + . + ‘
-1.7BEs0L ¢ - A s + + + . .
-2.28Es0L L + . . . + .

.
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s+ee2s  TRANSIENT ANALYSIS

TNOM= 27.000 TEMP= 27.000

TIME i)
WA i £.9308-01 4.9952-21 5.000B-01 5.005E-01 5.0108-01
B B + + .
9. 5.00B-01-4------ $emooo- beooean A---ee- € Haemn P PO .
2.5008-10 5.00E-01 ¢ + + A + + + . .
5.000E-10 5.00E-01 + + + 2 + * + . +
7.500B-10 §5.002-C1 « + . A + ’ . . +
1.000B-09 5.002-01 + » + A + + + . .
1.250B-0% S5.00B-01 + + + . . + A+ + +
1.500E-09 5.00B-01 + + + . . + A+ + .
1.7508-09 5.00E-81 » * + . . CE + .
2.000E-09 5.09E-01 » . + . . O TS . +
2.2508-09 5.002-01 . s . . T . +
Z.500B-09 5.00B-0l-4------ 4mmn e 4en- 2 Fy— 4.
2.750B-09 5.00E-01 + + + + . L S + .
3.000E-09 5.00E-01 « + + + + + A+ + +
3.250B-09 5.008-01 + + + + + P . +
3.500E-09 S5.00E-01 + . + . . P + +
3.750B-09 5.00E-01 + B - . . P Y B .
4.000E-03 5.008-01 « + + . + + A4 B .
4.250E-09 5.00E-01 + + + - . + A+ . .
4.500E-09 5.00B-01 « » . . + PR S . .
4.750E-0% 5.00E-01 + + + + . P Y N N
5.0008-09 5 Acbomenn PO .
5.2508-0% S A+ . +
5.5002-09 5.00B-01 « + + + + s+ A+ + .
S.750E-03 5.00B-01 + * . + + + A+ . .
5.000E-09 5.00E-01 + + . . . + ko4 + +
6.2508-09 5.00E-01 + + + . . PO U v +
6.5008-09 5.00B-01 + + . . + LI S . +
§.750B-09 S.00B-01 « + + + . + A + +
7.000E-03 5.00E-01 + + + + . L S O +
7.2508-09 5.00E-01 + . + + . LR WY + +
7.500E-09 5.00E-01-4------ eannan PR PR [ RN VR PR .-
7.750E-09 5.00E-01 + + . + + LI S . +
B.000B-09 5.00E-01 + . + > + O S . .
B.250E-09 5.00B-01 « + + + + L ) . .
8.500B-05 5.008-01 + . . . . + 3+ + +
8.7508-09 5.002-01 + + + + + + A + B
9.0008-09 5.00E-01 » + + + + s A+ + -
9.250E-09 5.00E-01 + + . + + E Y + .
9.500B-09 5.00E-01 + B . + + I + .
9.7502-09 5.00E-01 + + + + + + A e + .
1.0008-08 5.00E-01-+----- .ot A
. + + + .
redes
SOURCE FOLLOWER, CAPACITIVE LOAD
VDD 1 0 5V
IL 4 0 0.5MA
CL 4 0 400PF
M1 124 4 CMOSH W=100U L=20
RS 3 2 250
VBIAS 3 6 1.716V AC

VPULSE 6 0 PULSE OV 1MV 1NS ONS ONS 100NS

.AC DEC 10 10K 20GIG
.PLOT AC VDB(4)
.PLOT AC VP(4)

.TRAN 20NS 80ONS
.PLOT TRAN V(4)

* COX’=0.7FP/UM**2=E0X/TOX => TOX=500 ANGSTROMS
.MODEL CMOSN KMOS LEVEL=1 LAMBDA=0 VTO=0.7 KP=60U LD=0.20 TOX=500E-10

.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
.OPTIONS SPICE

.OP

.END

taa¢sx  OPERATING POINT INFORMATION

1 = 5.000E+00 O
4

:2 =
= 4.996E-01 0:6 =

0.

1.716E400 0:3

THOM= 27.000 TEMP= 27.000

= 1.716E+00
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eesees  AC ANALYSIS TROM= 27.000 TEMP= 27.000 FREQ VR
[ ) -1.5008+02  -1.002E40  -5.00CEs01 9. 5.0008+01
FREQ VDB({) + + . v .
(A i -1.5008+02 -1.0008+02 -5.000E+01 9. $.000B+01 9.9598+403 -7 44E-01-v------ b Amnenns eeee 4o $omeenn, 3 T P .-
. . ’ + + 1.2582+04 -9.36E-01 + * + + + A + .
9.9998+03 -7.32B-04-4------ #ooome- demeans +-- A .- 1.584E+04 -1.17E+00 + . i ¢ . . A + .
1.258E+04 -1.162-03 + + + + + + A + + 1.995E+0¢ -1.48E+00 + + . . + A . .
1.584E+04 -1.B4E-03 » + + + + + A + + 2.5118+04 -1.86E+00 + + » . . + A+ + +
1.9958+0¢ -2.91B-03 + + + + + A + + 3.162B+04 -2.358+00 + : . . + Ae + +
2.511E+04 -4.618-03 + * + + + . A + + J.9B1E+04 -2.95E+00 + + » . + . A+ + +
3.162B+04 -7.31E-03 + . + + . * A + + 5.011B+0¢ -3.72B+00 . + + . . A+ . .
3.991E+04 -1.16B-02 + + + + + + A + + 6.309E+08 -4.6EE+00 ¢ + 4 . . . A+ + .
S.OL1E+24 -1.83B-02 » * » + * . A + + 7.943E+04 -5.88E+00 + + * + . + A + +
§.309B+04 -2.902-02 + + + . + + A + + 1.000E+05 -7.39E+00-
7.943E+¢4 -4.598-02 + + + + + » A + + 1.258E+05 -9.28E400 + + . . + + A e + +
1.000E+05 -7.268-02 $omon R A----- e 4emmoes +- 1.5B4E+05 -1.15E+01 + + . + + C Y . B
1.258E+05 -1.14E-01 » + . + . + A + + 1.995E+05 -1.45E+01 + + » + . L S + +
1.5B4E+0S -1.B0E-0L + + + + + + A + + 2.511E+05 -1.808+01 + + + + + A + .
1.995E+05 -2.82E-01 + + + + + . A + + 3.162E+05 -2.238+01 + + + . B +A + + .
2.511B+05 -4.398-01 » + * + + + A + + 3.981E+05 -2.73E+(01 + ¢ . > Ar + + +
3.162B+05 -6.76E-01 + + + + + + A + + 5.0118+05 -3.308+01 . . . + A . . .
3.9B12+05 -1.02E8+00 + . + + + A + + 6.309E+05 -3.33E+01 » + . . L + + +
$.0118+05 -1.53E+00 + . + + + + A + + 7.943E+05 -4.5BE+01 + + + + +A . + + +
6.309B+05 -2.228+00 ¢ . + + + + A+ + + 1.000E+06 -5.23E+01 4--- boooen As-
7.943E+05 -3.14E400 » + ¢ + + + A+ + + 1.258B+06 -5.BSE+0L + + . . A + > + .
1.000E+06 -4.20E+00-4------ poeooo- +- +- A 1.584B+06 -6.408+01 + + . L S + . + +
1.258B+06 -5.64E+00 + + + * . + A+ + . 1.995E+06 -6.8BE+01 + * . + A . . + . +
1.584E+06 -7.188+00 + + + + + + A 3 + 2.511E+06 -7.29E+01 + . + *A . . s + +
1.995E+06 -B.B6E+00 + + + + + LI 1 . + 3.162E+06 -7.62E+01 + + + A . + + + +
2.511B+06 -1.06E+01 ¢+ . + + + + A+ + + 3.981E+06 -7.902+01 « . - A + . + * .
3.162B+06 -1.252+01 + + . + + LI W . + 5.011E+06 -8.12E+01 » . 4 A . . . + +
3.981B+06 -1.44B+01 ¢ + + + + + A . + 6.3092+06 -8.292+01 + + L + + . + +
S.0112+06 -1.63B+01 + + + * + + A + . + 7.943B+06 -8.4dB+01 + . + A e . + + + +
6.309E+06 -1.838501 + + + + + + A + + * 1.000B+07 -8.55B+01-4------#-mmmmodoiiRonbanonn [
7.943E+06 -2.03B+01 + ¢ + + + A + + 1.258R+07 -8.64E+01 « + + A + + + * +
1.0002+07 -2.228+01 A + -4 1.5848+07 -8.71B+01 + . L R . + + + +
1.2568+07 -2.42B+01 + + . + A + + + 1.9958+07 -B.T6E+01 « + L S . + + + +
1.5B4E+07 -2.62B+01 + + + + + A + + . 2.5118+07 -B.80B+01 + + + A + + . + .
1.9958+07 -2.82E+01 ¢+ + + + + A+ + . + 3.1628+07 -8.B3E+01 + + LR T + + + + +
2.511E+07 -3.02E+01 + + + . + A+ + + . 3.981E+07 -8.86E+01 + . L S + + . + .
3.162E+07 -3.228+01 + + + + + A + + + 5.0118+07 -8.87E+01 + + L SR . + + . .
3.981E+07 -3.42B+01 + . 3 + LI S + + + £.3092+07 -8.88B+01 + L WY + . + + .
5.0112+07 -3.62E+01 ¢+ . . + ¢ A+ + + + 7.9438+07 -8.88E+01 + + L S + + + + +
6.3092+07 -3.028401 + + + . + A+ + + + 1.000E+08 -8.88E+01- +
7.9432407 -.028+01 + + + + + X + + . 1.258E+08 -8.878+01 +
1.0008¢08 -4.222+01-+---- $omeme A 4 1.584E+08 -8.85E+01 +
1.258E+08 -4.428+01 + + + . L3 S + + + 1.995E+408 -8.832¢01
1.584E408 -4.62E+01 + + + + + + + + + 2.511E+08 -8.798+01
1.9952+08 -.828+01 . + + A + + + + 3.162B+08 -8.758+01
2.511B+08 -5.02E+01 + + + A + + . . 3.981B+08 -B8.63E+01
3.162E+08 -5.22E+01 + + + . A+ + + + + 5.011B+08 -B.62E+01
3.981E+08 -5.42E+01 + + . A+ + + + + §.309E+08 -B.53E+01
5.0118+08 -5.62B+01 + . + . A+ . + . + 7.943B+08 -8.42E401
§.309E+08 -5.B1E+01 ¢ + . + A + + + * 1.000B+09 -8.29E+01-
T.943E+08 -6.012+01 + + + LR S + + + . 1.258E+09 -8.13B+01
1.000E+03 -6.20E+01- - R -4 1.584E+09 -7.968+01
1.25BE+09 -6.38E+01 + ¢ + A S . + + + 1.9958+03 -7.772+01 « + . A+ + . . + +
1.SBAE+09 -5.57E+01 « . + LI SR + . + * 2.511E+09 -7.60E+D1 + + .
1.9958+09 -6.T4E+C1 + . + + A . + + + + 3.162E+09 -7.46B+01 + . .
2.511E+09 -6.30B+01 + + + + A + + + + + 3 9B1E+09 -7.37B+01 . .
3.162E409 -7.08E+0L + + B 4 + + + + + S.011B+09 -7.37E+01 . +
3.981E+09 -7.20E+01 + + A + + + + . 6.309E+09 -7.44E+D1 - + +
5.011E+09 -7.35E+01 + + A . . . + . T.943E+09 -7.58E+01 « + .
§.309E+09 -7.498+¢01 + + + A . + + + + 1.000E+10 -7.75E+Q1-4---nmre-n--
7.9438409 -7 85EC1 . + A + . + . + 1 258E+10 -7.94E+01 + > . A+ + . . + .
1.0008+10 -7.81Ee01-4---n-- $o--o- 1 384B+10 -8.12E+(1 » . . A » . . . .
1.258E+10 -7.98E+01 + . 1.995B+10 -8.27B+01 » . . A . . . > .
1.5842+10 -8.16E+01 + 2.511E+10 -8.41E+01 » . I W . . . . +
1.9558+1C -8.35E401 + . . . N +

2.511E+10 -8.54E401 + . L WY + . + + .

N . + + .
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swxess  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
TINE Vi

1A ) 4.996E-01 4.998E-01 5.000E-01 5.0028-01 5.0042-01

. + + . B

0. 5.00E-01-A--

2.000E-08 5.00E-01 + XA+ + + . + . + +
4.0002-08  5.00B-01 + + A . + + + + + +
6.0002-08 5.00E-01 + + +A + + + + + .
9.0008-08 5.00E-01 + ¢ + A+ + + + + +
1.0608-07 5.00B-01 + + + + A+ + + + +
1.2008-07 5.00B-01 + + + + +A + + + +
1.400E-07 5.002-01 » + + + L S » + +
1.600B-07 5.002-01 » + + + A+ . + . +
1.8008-07 5.002-00 + + . A, . . + .
1.000E-07 5.00B-01 A B +-
1.2008-07 5.00B-01 ¢ + . A+ + - . + +
2.40CB-07 5.00E-01 + + L W + + + + +
2.600B-07 5.00E-01 + + L S . + . + +
2.8008-07 5.00E-01 + . +A . + + . + +
3.0002-07 5.00E-01 + + A + . . . +
3.2008-07 5.002-01 « LR 1 + . + + . .
3.4002-07 5.00E-01 + L S + + > . + +
3.6008-07 5.00E-01 « L S + + + + +
3.800E-07 5.00B-01 + <3 + + + + . + v
4.0002-07 5.00E-01-------+-A $euen e +-
4.2008-07 5.00E-01 + *A + + + + . + .
4.4002-07 5.00B-01 + i + + + + + + .
4.6008-07 5.00B-01 ¢+ 1. + + + . + + +
4.8002-07 5.00B-0) + A . + . v . + +
5.000B-07 S5.00E-01 » A+ + + + . + + +
5.2008-07 5.00E-01 «+ A+ + + + + + + +
5.4008-07 5.00E-01 + A + + + + + + +
5.6002-07 S5.00E-01+ A + + + + + + + .
S.BOOE-07 5.002-31 ¢ A ¢+ . + + + + + +
6.0008-07 5.008-01-+--A +-
6.2008-07 5.008-01 + A ¢ + . + . + + .
6.4002-07 5.002-01 ¢+ A+ . + + . + + +
§.600E-07 S.00E-01 + A ¢ + + + + + + +
6.800E-07 5.00B-01 + &  + + . + + + + +
7.0008-67 5.00B-01 + A ¢ + + + + . » +
7.2008-07 S5.00E-01L + A ¢ 3 + + + + + +
7.400E-07 S.00E-01 + A+ + + . + . + +
7.600B-07 5.008-01 + 2  + + + + + + + .
7.8008-07 5.002-01 +A + + + + + + + +
9.0008-07 5.00B-01-+A +-

+ + + + +

CAPACITIVE LOAD INTRODUCES PEAKING.
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24
At low freg.

Yo _ _ _Ys
VT Ye+Rs R

=_ 52K 500 __
K410k 26 5.3

Zevo value time eonstant
Rro= Yl CRs+TV)
=5,2K|| 1ok =3.42K R
Ruo = Rgo+RL + $mRL Rxo
=3.4245+.3%0 4342
=666 K2
Reso=RL=5kQ
Cn+CM= 2lf1- |
2% x26Xxbo0x10°
:. Cn:‘ ‘OPF
S CnRygo=10%x3.42= 34.2 n3
CpR»,=0.1Xb6_6= 13%.2 S
CC’RLso-. |xs =5ns

s ST, =34,2+133.245 =112.¢4 ns
. 1
X A T o723 MHz

= (0,2 PF

705
G 7 TaRe
= ':zLG T'a._}%—=3‘.0'[;ur33 A
Re=Yr {1+ 3mRe)
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5 Ruo=8.67+5+3.07r5x8.49 b 'L'sz—?;: lgé%&_
=147 ks . U
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Re L
+ +
Ra A 3"'0; _'U'
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12V = Pm RA*?FU
‘U _ | RatRe
eq ) ?'nl pA

—- 3.42+30 _ -
= 2275035~ 2542 Res

. CC32C$0= (x0,254.= 0.26 nsS
T =(|."12 +5.94+0.35)="1.7ns
. -f-__us.—.ﬁ =20.6 MHz

V(g =Vt
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J ==9mR_= -l&xlg>xExIp° = -9
L
Rgen = Rs =l0x|0*ML
CsRgsp = IR%(07 x 0xig" =4 § X515
Rado = Re+ R +4mR< RL

={0NO* +SP+ L8 % {OXIP K S X Ip®

= oS xIg?SL =loSk L

Cod Rado =4rx |6 x (oS xi o> =1.Sx 155
2T = 48x 150 +1.Sx(cT =2.5x1p™s
L | _ .
TT, 6zgxzSxgd X0 he

=64 MHz

-

%s ! awi&
Ry Rl
i &xlg? 3,
_-—- = — : X Sx|
Ve \+3MR, \+.8x6 >x9p0 °

V= (Rsl'R\)(%m"‘)V%s
L= RS[(RSHRD(?M-—WJU% ‘*ﬁ”‘R'

Raso= Rs+Rt _ [oxlo>+ 900
3R~ TF 1 8xIc3x%00

CqsRaso =98xIo'S x 2 x|p> = Ix (5°S

Rado = Rs+R + RsKe

\\%XIO%

1+ L8xlg3xq00
loxiFxExio®

=49xx> L

CadRgdo= 14X (g7 x 4% 10> =69 x5

2Tp= Cf:{X{o""-l—é“}xio""f—l\lxlo"‘s
v
ST T L g e

=|4oMHz

=4 zxi0* L

Y
H'%le
=loxlg +5%* +




724

\)%S— Uo RL+R]
(KLURD('L ‘gm) RL(‘ dmRp)
Rs Ri

= R o R

: RLfR Rs 2 K‘
RLC-GmR)° ™ Rst Klvo Rs+ R Re+ Ry OV
R

R1+Es

Yo _
v RrR
RLU-9mRL) R‘
‘S[%}ﬁu&sz@
=T Sxpxoxig® __ loxlo®
ExigCl-[Sxig>ASx|F) Soxls*+loxip®
=-7
il R(
%ﬂs uaéc,, %:ws %ﬁu
Ri
T +
Rs \13:; q Gwgs TRLVI
R, F =
\
V‘-(&llkl)('é'-%m)"%s "
- _Vgs “U 1LV RUIRAR
1 Rs+\5i— U3 *"—'T—L’—]
%{:{s Fami]
\‘\‘ RL.
RQW R;;g, O;RS“——%
— Sxo’+ 5%l -
—bkuhl&wq Sxoxo - SHodL

(g5 Raso =910 "X 3.5Xp> =3 4xi5\%s

Rado=R{ l[( R +R+FmRsRL) =S0x3 | (05|
=¥l
CtRgdo =14XI6™ X34 x( 3 =K 8x10™°s

ZTo=34xo P+ gxgie = g.2x151%s
—3 ‘ =
5T, (Bxiaigo (T

=HoMHz

Saup=

O'S



722

oo Ruo= 93.9+3 + E’;—x 3000 §3.9

= 4.,9% ML
< CuRuo = 0. 4%x4.9310°= (972 ns
Cx2 =11.8 pF

Rroz = ‘ﬁ;,“( 7, -pé-)

= 2.6k||(2.6k+ 1225

= 2. 6k|| 3.6k =1.51 k{2
& Ctanpz-"-'lr)o% nsS

R: 2V (14 i) = 2¥5g = 2%‘ =1. S|+5+.Mxns'l

=179k
=2%100x 2,6k =520k N . '
o CuaR g2 = 0.4x119 = I ns
—both Cireuts | 2T O 1=1
oV R s ZTe=6+90+1902 +18 +7
VT T Reaks R 4 = 2157 ns

=_520 1 x )34~ =13, ¥ kdz

G20 & 52 3000 2T

|

~49.4 —both circuits Cemmen= Collactor ~Common enitter

ResoCes2 = 3 ns

(L) DaﬂIMtON Rcso Cc“ =0
cho-“-'RL’ 3k for Q| and Rz Cny qu =90.| ns
" Reap (Cesy+Cesa) =3x2 = 6 NS Cx2Rxp2=178nS
Rrxop = Vi f| Rs+Re = ]| et T2 CuzRuoz ="1Ins
Xo| 1“" " o
1+3uRe 9 Y2 Ruo=R:|lRs =83.9 K

= aéo\dl %ﬁﬁ =42.9kQ v CatRuol= 0.4 x93.9<33.6 "Se
o ZT,=3+90.1 +17-8+7 +33.
Cx+C M= ‘11(?1- 2‘ 2‘:‘;0?“0‘ = 2|5.5ns
=12.2pF atI.=|mA =132 kHz
5 Cx=11-8pF ar Ic=ImA
Cy= 1.8 pF 3z
W Cy= olpF, Cu=2IpF (@
2. CriRro; = 2.|x42.9=90. nS
Ru.ol= Rx+RL + Gny Rx R ¥
Ry = RillRs=5aoklliook = 3.9k %

. = \
T ez,




Effective value of fr2=15kll2.6k

i Q =2.2k&
m=—3N &l €
Ue &lge*l K%MZ
Re =2.2kQ
LG = ﬂ’g.xzzaa (
(+2 °sxzzoo 26
26
= 3'-2 y'\A/\/ fo\'l’oﬂ\ .
Girenits
Ri =i (1+%m Re)
“"-——-6-‘:,"025 (H 2.05 2200) = 2742
oy ——o"'"
v 2.,+r2 Gm R
= <27 31255%3000
2)4+4100

= ~68.6 —for both corcuits
® T =souA - G, = 0-SPF
Cx1=2.5pF

varlinston
Reso =RL= 3Kt
e RcsoCCcs“"Ccsz) 3¥2=6h5
—_ Rs + RE
Rlol Y'm“ ‘:?'m R&
= 102.,2K
52“"7_;4—.”} =14.] k&L

< GuRror= 2.5x (4¢.] = 35.3 ns
R#o‘ = Qﬁ‘fpt.“' GMQK Q\-

Ry = R; || Rs =274 lloo = 3.3 K2

o’ Rum = ')3.3"‘3*‘ 3'-2*"3.; x3
=é. 94 ML
oo Cui Ryor = 0.4 %6940 =21% ns

R.
Ryoa= rta"<3Lm ‘F"")

= 2, ék”(no-l-“'g—'s)
= 2.6k|l1-52k =9572

723

& CaRyon =11.8X0.95F = lI.3 s
thz=pto1 *pL"’?mz pl.prtoz
=095943 + 2222, 0,959
= ll4, 6 kK
v+ CuzRuo2 = 0.4x114-, § =45. B ns
L ET, =6+ 35.3 +2776 1. 3+458
= 2974ns
. B R
LA I s = £54 vz
Common- Collector ~ Common amitteyr
Reso Cesz = 3n5
Reso Cesy =2
CuiRyo =35.31n8
CraRnoz2= o2 NS
CA[ZRMOI = 45.8nS
Ruet = Rill Rs = 2ng]| 100 = 3.3k
':QAl RM°I= 0.4'77;.; = 2?0 3 ns
CZT.=3+35-3 1.3 +45.8 4243

= l24|--"l ns .
oo -f.;JB:Qtz_r; = l"z? M“z
723
@
+
i REV

In both cases
U:"" —fpP, R=—1dox100%3k = ~30ML
‘21 ‘TQCH'?M,'GL:) =820 kKLIL

(b) Darlington
Reso(Cey) +Ces2) =6NS



lalas
R =Vt Rs+Re
wol I"—H,NQE
=¥ = 260K
e« CtiRxe) = 2.| X260 =54bns
Ruol = Rx+Ro+ Gm Ry Ru
Rx= R:||Rs =R: = 520kn
. RJ“. =520 +3 +%x520

=30,52 Mo
o C,m 9M0| = 0.4x 30520 =Iz,2°8"n5
= 4 Rs
o=t | (3, * 31) Rew
=Ygx2 = 2.6 kL
2 CraRyo2 =11.3X2.¢ =30.7ns
R;uz =Ryxoz + R+ Ima R, Rxo2
=2.6+34 3002
26 x2.6
= 305.6 kR
o Ca2Rue2= 0.4%305.6 =122 S
S Z T =(+546 +12208 +307+123)
=12,9 MS
-l2.3kH2

=t
Son= 22T,
Common ~ Collactor- common 2mitter
Reso Cesa =3NS
Rc’o CC’I =0
Cx) Rxo = 54bns
CraRxp2=3%0."ns
Guz Ruoz = 122 ns
Ruoi=Rt||Rs = R: =520k2
e C}M RM.I = 0'4"‘520:208“5
& 2T =3+54L+3a ) H22+208
= 9o nS

X f"“8= ) =
22T, \15 KHZ
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iRkt

X) In both wmses
Gin=%me = 2k (D), Toz
ﬂmowax—f‘lg x5
=2.7x(6>AIV
—t’,—; = GmR = -2 453X 3xl0>= 3.

®

l_.I"

[[Cdbl Loge
—L—}RL

Py, S?t'\

UTHT Pm

b

IL

1%rﬁklhmqyurﬁw¥5
Cge=395F, Cad =14 £F.
Gmi= )Zxéoxlo“’x—gxsoxlo" =6 %15 *Al

(Capi +Cap) RL={z00+ 2005 X 3x10°
=|, leo“"s

C&sm‘\:-—-?"lxl Z‘T"'_ Hm*"s
(C%$1+CSH)§E; (8('{*"80)340

=g
Caat (Re+ Rk 9mz RsR)
=\‘+Xl0"s(looxlo3+3%\034-7..’]%[67’7(\00"‘03"3*'3)
=305 TS
Coe(g, +RL+9m R

2Ix15
=i’ (aﬁ'@? +sn9+zl—l%;sxt

=25x|s?
2=\ §Mo’*$
|
S48 2:721; 628 xISKIs¥
=\oMH=

ém"*

=\0x|o’ Hz

C‘”I"’ V~_°“;4
C“‘IC‘“I e

Forthe (D-CS sta%e,

CapeR =200x(6"%3xle*=bxlo'%s

Gasrq;‘ =%« “s—m =14xlot°s

(GgsarCaniyg = =( 8005 iy

NETS
=L xlo 10

CauiRs =\xl5*Sx(ooxin’ = | 4xis s
S Cw +Ru~9mgm R)

= xls (g : l T #+3x(°~>+_~31b 4(;,(3)
=2 5x(o1

2 Tp=t3xip?

§-ug=5xlo™He = &6MHe

While. the CD~CS stage s the s
DC gain as 'bhe“Dou\‘ngtoxs‘DQe, the
CD-CS stoge has better frequenty
response.,



7.5
@ Icszl%o'e= 3) B)AA=IC:=' Tey

G Vep= ~l010.6 = -9.4V
Cuo

[+ Sl

(-4

oo C)“=

|
= = 0.24 PF
e 0.24 P

OOSS
Vos=20-0.6 =|9.4V
. 2
e Cpgy = —=—— =0.33
bs) » :,‘1;; PF
Cbﬂ 4 C‘KI"‘ C,u.l= _i'n_

\ e £,
T 2xxsardxiob | 45 FF
at Te=a5mA

. Cx1 =764 PF at Ic=o.5mA

Col =61 PF ot Tc=0.5mA
wal Iy =o0.313mA

Cb’ = 477 PF

Cx; = 980 PF

= Va _ 5o
Yo = YA = =
\ T, o313 lbok2

‘- =_6& = 24x50 -

(i_.z-cvce=7'4'g.v
S Cua = J,_.‘,—_—Jg_godé pF

0.55
Vcs=-|ov 2
= Cesa = Tis do - “otbrF
°.5%
Y;z =!A_a_= t20
IC! 005'3

= 383ka

7-26

‘%%’ %%%Q%

Caf Gy dly i 5, (geZé)
(CutCos) )y = 4%0x4.15 =1.99 us
Ruoi= Yoy + Yo+ ?m YuYe

Yo= Yall Yoz = 160|323 =113 k12
oo Rya= 4.5 +|I%+%2m5‘ox "3
=5.7% M
.- C)“ RMI = 0.24%%,76 = |38 4S
Yo (Cesa+2Cy2) =1 3¢ 0.78=pFps
2 To=1.99 +1-38 to.of= 3,44 s

. - ‘ -
e f.ua“ ztz_r' - 4—6\("‘2

&b _g% =Bro=50XI3=5.65M"
Cpu Ryt = 20. 24x$-'l&=(l‘,§‘s
e ZTe= 99+ 1.6+ 0.0T= |18,

. = [} -
% FYR s = |-34 KWz

q»s




Tze
Ibemte to §ind the bias current
Stort with Noys =0

_lo-Ve__ 9 _
L= =Tok = 300kh

- Zr300 = v
Vot jeoxlool(z—ot-} =) n2t

o X
Tz ——_Z)Ok —Z90 A

Still Voyz = 0,24V, so this Ts close-
endowgh.
Now Vbsz=lov, Voss =124/
- OUps =88V,
L=T,= zqo(|+9 Sy 2ASUA
Gm={D XZox(zool ab)xsxg =2mAN
o, =59315 = \cokfl
Gwe =\ Lxo0x(|00]0,6) X315 =25 MAN
Foe.= 100/ 315 =3 ZokdL
Yz = JZx60x(100f 0.6)x290 =24 MAIV
ros=l00(290"3‘+0k.ﬂ—

@A=-2- 7., $mi (oillToz) =~\eok 320k

=- l o kﬂ_
Cgs1= %W L Cox +WLa Cox
= ZX200K(Z-02x 2-) X0 ]+
Z00X0.ZX 0]
=8HF
R (C‘a‘il) = é;' =SvoJdL
Tas1= 0084 X0.5 =004 N
Cdbo| =ApCy0+Pp Cswo=S*200 %02 +Z00xaZ
=UtosE
Cdeoz =5x100x04 +H00X0Y = 24p§F

G —7'%::5
qubzr\W_)r% 5F

R(Can) =R (Gan) =To)ll To. =110 L
Tdbl-2=2x0057(l0 =|zEns

-2y

Cady =Wy Cox =loox0.2%0.7=I4 §F
RCgae) =3 Il oslizok + faill oy
+walZ_ 11031l 30k ][ or 1162
X UToy HYor) =2 Zoks)L
&2 =00l4x 220 = 3vng
Cad =WLd.Coy =100X02x0.]=28fF
R@Ca)=g;, *+Toull oz-+ iz o)

= Z(\’oﬂlroz,) =2Z0k{L
Tgdy=0028x220 =6.2ns
| (

Fatg= 2T, :er(o»tfflzs+3 +62)
=73 MHz

1) Caay = Zopr+284F = ZoPF
Still R(Cga)) =220k

T=20x220 T‘HOO"S (dowinant!)
8™ Tiaons — S ke




7.27
Half - civauits (ac)
o
QR
‘UZ;+ 20K R [ 3
Egauvdcn,t

S S THL

x| Cat I Yo c C»a
L= S = 490 MA
z!’_ Ie - «70
Les R‘A'—I':i -2.‘1.—17’ MA
=l0)lA
ICt=Ic;=Ics/2 = 5,“A
a‘.m Va_l120 _a4un
Y‘;.=.E. Q.oox—-é- =|.04 Mt
C}”___o.'?__ =0.22 fF
\‘ I+ o.ss
2
CC5|= =0,38 PF
o.sSL |
C Cu= M=
o W 2 Yudpoxitt
=12.2PF ot ImA
o Co=12PF ot ImA
C“ QPF ok~ 'MA
~p ot BMA
Ga
Yo3=’%°-— oMt

=Ll <o 33 PF
»3 F_a'ss P

e

LW

xy
Tm*'“s ’Mln
o= Yol Yo3 = 24|li0 =7.06 MS2

1‘?‘ o |.o°t °°°5x').o£,x 108
=-1332
Rxo1 =¥ | Rs = [ull20k =|T.k
% Cx\Rye) =w19.6= 5In%
RMﬂ:Rtol 'f'na‘i'?m Rxol Yo

1}.-—
1)1—

Ruoi=19. bk+71.06M + %2 x[qpo0x .26

= 33, IM8
oo gu RJ-“' = 9.27-!(33.7 = '7-44 }ls

(Ceat Cua)Vo= 0471 x 7,06 = 5.0 45
NZT= o-o‘-«-') 41+ 5 =12,4) Ms

“Fan= g = 129K Hz



7-29
7\2 2 2T -"—"Q\S")‘ (o~ %s
Halg cirenit S-uap =55 5T =53 Xl Hz = 2,3MHz

Ct)
CS:(:'C&}': 5 IUQS‘%QH the‘%\%_r%rﬁ
%m\=j;k:\(¥5l

:jzxeoxb-bl ,(}g’z_, x0.5% (g3
-12x(o‘3 Alv

_ loo
Yo =3 = ‘bs-leoUL
% Nliosl 0.5%jg3

Vollfo3 = x5l | (oS =6.7x Io*
A= ~Fm (1o I1To3) =~ 32453 x4, xIp*
=-Zl0

Cap = £ Wikegg.Cox +WLa Cox
=2100x(2-02%2 )X 0,7 HO0X0 2% 0.]
=425F

Cadi=WLd Cox = 00X 0, 2% 0.7 =IH§F

oy = ApCipt PoCswg =5 %100 X084 + Looxo

=Ix(gffL

=2fofF
Qo3 = 5XSDX0.24-50x0,2 = 0 §E
o _ 210 et
Vo s
T s v
S __
Cal!»s—&_--—l i-LOSF

Cau1Ra =lzx ¢S x Zoxinr = 8.2xI5 1%
C‘d'd" l:% +(r0\‘ ‘TOS) +%m) Ra(Yoll 'ro‘s)l

= Wxis™ (20X (0% 6 Tx 0 +3 2015 3 x 20X l0°
NP

=6UxlgEs

(Cdbﬁ Cdiz XTo| Hﬁ,;)-: (78+ZD)X lo"rx
6.7 X't

=bbxlo s



7-30

7 Z' ‘ = _};__‘__ = -
. %—H}R“ C%Sz%;_ 84x16 (\Q)ﬂo.; lh’lx‘o ||S
f v; 1 CodeR = (4x15 X 2010 = 2.8 x 5105
= W Mz ST, =15xig4s
4. 100 b _a_
ﬁ"\ .lLkA 10%7907\\0 )‘7:02?(2 S————xXS0xlp ?—W—Z\_mf—lﬂo%\'{z—
= Lyto AN tr=\i?(°0§ =3.5xlo s
“45= % Wlet-Coxt+ WLd Cox
_g\?wxi bx0T+ | The ascode has o wider badwidth.
=3 bX07+ looxvzx 07
=615F

Cao=Walox =loox0.2%0.7 = 14$F
(“) 2 =-%m.RL= “4AXSx 2okl = 38
(b)The Cs Stoge.

“11

‘ﬁsT"' D3my E Re
Cas1Rs = 8Ax(5' X [px |5 =4I 15

Cai(RoTRL+ 3wy Rs RL)
=45 0k +20k + | qmx bk x Zok )
=57x5%s
-4
S-348= . Faig 04 & riod ~ & X0 He
_035 035

= =14x(oFs
$agp  HX [/

Rs ) Gz
+
| T @0, cpurtve Took SR

The ascode

G5y Ry =3%(5"5x loxis = §4x (5
ForM|, the loond resismmoeisg‘lm‘:_

C‘H\ (R$+ %‘WL{’%‘"KS%W\ )

=Caal ('Lﬁs’f@‘)
=\4x 15 (2xlox | +

u
e "o Tx1o™s
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%0 Rygor = 111 Ho.026+ 3k x26x .71
= 3,45k
o) C,ulRA.‘ =0,4x3.45 =1.38 nS
CsiRy = 1%0.026= 0.026 1§

L =25
dm2

ov CraRyge2 =1.8%X0026 =0.3]ng
(GuatCs, ) Ra= [.4X3 = ¢.2ns

Z2To= 26241.39+0.03 +0.3) +2
= 24.l nsS

o T‘JJB =é.I MHz
This (s 4 times kijker than the
Common ~ emitter Stoge , because
Miller offect ¢n @, is eltmindted
(¢) Common - emitter

2102 =

730 p ‘
CI ‘I‘CM"-‘ m =
atf,  2xx26%boox (0

=(2.2pF at L=ImA
< Cx= 1.8 pF

Y‘.:%":zoékn‘ ’Y‘o'_‘ L
(2) For each cirwmit
v,

0 — Y=<
vy Yo+ Rs R tylo-90%) = ‘;—35 = "l—ﬁ =229ns
- 2.6 3000 = -39.5 V. -348 ’
2.c+5 26 = 3 AmV
b) Common emitter 401
Ryo=TYrl[|Rs=2.6]5 = .01 k2
Rue = Rro +RL +3mR, Rxo 207
=\.n| + 300
l 3 +T‘° xl-"”
= 202 K2 +
CrRuo= .3 XM= 20,2 ns \oo 200 BlD:Oﬁ‘_“s
CuRuo = 0-4x 202=90.8 ns Cascode
=Ix3y= 3 0-35
GsRL=1x3 ns v, \'tr(lO-?D%): o = ENws
ST, = 20.2+480.84+ 3 =logns "2{)‘-
. -1\
Cascode ~ Fue= 7wET, =5z
=20.2 ns
CﬂRROI n 20
RMDI = p"lol +Rq+9..,|Ru R‘lol
Ru=—5 = LY A
U %a 26 . ‘ . "f.'
100 200 3'00 ns
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73]
@ Holf - circuit
ok
R T
¥ R
V; 2 RL%E Y,

Qi 1,=104Tpz= 12.5 MA

= 26 = K¢ R
Te = 200x 70 = 416K

3
w3k

Cri+Cuy =

Cany =0.14pF

G |

2nf;  2exi3xSooid
= 24.5 pF ot 2mhA

S Cp=20.4 PF ot 2mA
=o. PE of (2.5 uA

o Cri=4.l PF

Q& ICQ=O.SMA

Yn'L:Qoon—‘-.-wAk-ﬂ

Vea = 6-5)(—2'-:3.5' Vv

.‘, C - =0, F
M2 P
Jiv2l
t °.5%
\
Cesa= A =o0.23 pF
0.5§
Cpz =51 PE ax o5 mA
. Cxa= q.1 PF

R = rey (14 Gm Yna)

= 4+ &;-_'Z—"'xaom) ko

=2,5SM

Voo R _gmlnz

VT R Wt

PwaRe

vy~ 2.5\ 6 26

=-19.%

Lb) Rm|=R$"R‘\.' ~lokn

< Coy Rt = 014X (0= 1.4 1S

- Rs+Re _ Rstlxa
Reo —Ym" H+&m Re —Y'u" Vtdmlr2

20,4K

+ °",’;:‘5'xlo4oo

= abk| 3.4k = 337k
S GuRro=41%x3.31=13.8ns

R‘Koz-’-‘Y-x.zn(’g.;“ ""%T)

= 4wk

ooo
= aid Gas +45

= 10.4Kk| 2. 13K =[.T KL

o CraRroz=9.1%1.77= 16.] ns
Ruo2 =Rxo2 +R. +Imz2 Rxoa Ko
=IMMKk+ 5K+ %Exmooxgk
=7 KL
cs C-p,znuoz =0.l')xl')’] = 30.l n$S
CesaRL=0,23 X 5= [,15 ng
2T, =14+ 138 4161 430.] 4.2
=62.6ns
2.54 Mz

. |
- -f“"s‘nrr..
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AMPLIFIER, RB=0
Ve 1 0 6V FREQ VP(3,4)
VEE 2 0 -6V 7y ) Q. 5.000E+01 1.0008+02 1.500B+02  2.000E+02
RL1 1 3 5K ‘ . . . N
RL2 1 4 5K 9.9998403  1.79Be02-4--room0mmnnos $oooeen 4omees bomeeen bomeeen PR [
Q1195 NPN 1.25BE+04 1.79E+02 + + + . + . + 5y .
Q2357 KN 1 SBAE+OL 1.79R+02 + . B + + . . Y .
Q3 4 67 RPN 1.995E+04 1.79B402 + + + + . + B .
Q4 110 6 KPN 2.511B+04 1.79E+02 + + . + B + B A +
IBIASL 5 2 10UA 3.1628+04 1.79E+02 ¢ . + + . B . A
IBIAS4 6 2 10UA 3.9818404 1.78B+02 » ’ . + . . + +A .
IBIAS23 7 2 1MA 5.011Bs04 1.78E+02 + + . + + . . A +
RS1 8 9 10K §.309E+04 1.78E+02 + . + . + + + +A +
RS4 10 ¢ 10K T.SU3E-00 1.77E402 + . . . B . B Y +
VI8 0 O0VAC 1.000B+05 1.772+82 - s WU,
.PLOT AC VDB(3,4) 1.258E+05 1.T6E+02 + + + . + + + 2 .
.PLOT AC VP(3,4) 1.584B+05 1.75E+02 + + + + + + + A +
.AC DEC 10 10K 100MEG 1.9358+05 1.74E+02 + + . + + ’ + A .
.MODEL, NPN WPN 18=1E-16A BF=200 RB=0 2.511E+05 1.73B+02 » + + + . + + A +
+ CJE=4PF CJC=0.5PF CJS=2PF TF=208PS 3.162E+05 1.71E02 + + + . + + . A+ +
+ WIE=0.5 MJC=0.5 MI8=0.5 VJE=0.55 VJC=0.55 VJS=0.55 3.981E+05 1.69E+02 « + + + + + v A +
.OPTIONS NOPAGE NOMOD 5.011E+05 1.66E+02 + . - . . . P B
WIDTH OUT=80 63098405 1.62B+02 + + . . + + L S B
.OPTIONS SPICE 7.9438+05 1.37B+02 ¢ + + + + . L S +
.OP 1.000B+06 1.50E+02-+- P PO .-
.ERD 1.258E+06 1.408+02 + + + . . PO . ‘
e2eess OPFRATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 1.5840+06 1.278402 + + + + + +A . + »
+0:1 = 6.000E+00 0:2 =-§.000E+00 0:3 = 3.512E+00 1.99SE+06 1.10B+02 + + + - L S + + 0
+0:4 = 3.512B+400 0:5 =-6.613E-01 0:6 =-6.613E-01 2.511E+06 9.23E+01 + . + L 1 . + + +
+0:7 =-1.417E+00 0:8 = 0. 0:9 =-6.212E-04 3.1628406 7.75E+01 + + + " ‘ + + . .
+0:10 =-6.212B-04 1.981B+06 6.76B+01 + + LI . . + + +
¢rv+ BTPOLAR JUNCTION TRANSISTORS 5.011E+06 6.20B+01 + B + A . + . . +
ELEMENT 0:Q1 0:02 0:Q3 0:Q4 £.309B+06  5.96B+01 ¢« . L W . - + + +
MDDEL 0:KPN 0:MPH 0:NPN 0:NPN 7.9432+06 5.92E+01 ¢+ 3 O W + . + + +
IB 6.213E-08 2.488E-06 2.488E-06 6.213E-08 1.0008+07 5.98B+01 A +
Ic 1.243B-05 4.975E-04 4.975E-04 1.243E-05 1.258E407 6.078+01 + + « A . . . . .
VBE 6.607E-01 7.562E-01 7.562B-01 6.607E-01 1.584E+07 6.138401 ¢ . L3 S . . + + .
VCE 6.661E+00 4.929E+00 4.929E+00 6.661E+00 1.395E+07 6.128+01 + L S + . . + .
VEC -6.000E+00 -4.173E+00 -4.173E+00 -6.000E+00 2.511B+07 6.01E+01 + + L Y . . + + .
vs -6.000K+00 -3.5122+00 -3.512E+00 -6.000E+00 3.1622+07 5.79B+01 o + [ T . + . + .
POMER 8.281E-05 2.455E-03 2.455E-03 8.281E-05 3.981E+07 5.45B+01 + 3 + . » . B .
BETAD 2.000E+02 2.000E+02 2.000E+02 2.000E+02 5.011E+07 5.028+01 » + A + + . . + +
4.804B-04 1.924E-02 1.924E-02 4.B304E-04 §.309E+07 4.50B+01 + + A+ + + + + + +
RPI 4.163B+05 1.039E+04 1.039E+04 4.163B+05 7.9438+07 1.93B+01 ¢ I S + . . . + +
b0 4 0. 0. 0. 0. 1.000E+08 3.35E+01-+-- A +-- —eme-
RO 6.000E+16 4.173B+16 4.173k+16 6.000E+16 . + + » »
CPI 9.724E-12 1.4612-11 1.461E-11 9.724E-12 senee
o 1.449E-13 1.706E-13 1.706E-13 1.449E-13 AMPLIFIER, RB=200
CEX 0. 0. 0. 0. veC 1 0 6V
ccs §.795E-13 7.359B-13 7.359E-13 5.795E-13 VEE 2 0 -6V
BETAAC 2.000E+02 2.000E+02 2.000E+02 2.000E+02 RL1 1 3 5K
T 7.747E+06 2.071E+08 2.071E+08 7.747B+06 RL2 1 4 5K
#4204 A0 ANALYSIS TNOM= 27.000 TEMP= 27.000 0119 5NPN
FREQ VDB (3.4) Q2357RNR
i V20008401 0. 2.000B+01  4.000E+01  6.000E+01 Q3 4 6 7 NPN
+ . . . + Q4 1 10 6 NPN
9.9952+03  3.B0B401------- emoeen pemomee $enaen eoeens D Lkt #emnoee - IBIAS1 5 2 100A
1.2582+04 3.B0ES01 + . + + . ) . . IBIASE 6 2 10UA
1.584E+04 3.B08401 + . . ’ . . O + . IBIAS23 7 2 1A
1.9352+04  3.80E+01 + . + + + + As + . RS1 8 9 10K
2.5118+04 3.BJE+01 ¢+ . + . + . A + . RS4 10 0 10K
3 162B+04 3.B0E+01 ¢ + . . . ¢ A + . VI 8 0 OV AC
1.981840¢ 3.808+01 ¢ . . . . + A+ + B .PLOT AC VDB(3,4)
5.011E+0t 3.B3E+01 + . - . + . A . + .PLOT AC VP(3,4)
5.209E+04 3.822+01 + . + . . + A+ . . .AC DEC 10 10K 100MEG
T.943E+04 3.80E+01 + + + + > . A+ + + .MODEL NPN NPN IS=1R-16A BP=200 RB=200
1.0002+05 3.B3E+01-4------ LREEES R e #oooann 4mmomen LEELLeS g 4eoomes .- + CJE=4PF CJC=0.5PF CJS=2PF TF=208PS
1.258E+05 3.B0Re0L ¢+ + . . . . Av + + + MJE=0.5 WJC=0.5 WJS=0.5 VJE=0.55 VJC=0.55 VJIS=0.55
1.584B+05 3.BOE4O0] « . + + + . A+ + + .OPTIONS NOPAGE NOMOD
1,995E405 3.80E+01 + + . . . . .WIDTH OUT=80
2.511E+05  3.80E401 + . . + . B .OPTIONS SPICE
3.162E409 J.B1EDL ¢+ + + + . . .OP
3.9818+05 3.81E¢C1 » . . ' . .END
S.OLIE+0S 3.81B+01 + . . . ' .
§.309E¢05 3.31E+0: + . + + + + s#2ee22  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
143605 3.82E401 » B + . . .
1.000E-06 3.93EsCl-e------ 4onoe- . boemeen .- +0:1 = 6.000E+00 0:2 =-6.000E+00 0:3 = 3.512E+00
1.258E406 3.83E+Q1 ¢ + + . . +0:4 = 3.512E+00 0:5 =-6.613B-01 0:6 =-6.613E-01
1.5848+06 3 30E#01 + + . B +0:7 =-1.418E+00 0:8 = 0. 0:9 =-6.212E-04
1.995E406  3.70B40% + ‘ . + . +0:10 =-6.212E-04
2.511E+06 3.50E4C1 o . . . .
3 1528406 3.20BC1 . + . + +¢¢+ BIPOLAR JUNCTION TRANSISTORS
31.981B+06 2.B6E+0Y « - , . .
S.0112+06 2.S1E+01 + . + + + + ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
53098606 2.17Es01 + . + . . . MODEL 0:NPN 0:NPN 0:NPN 0:NPN
T 9432426 1.BSEQL ¢ . » + . + 1B 6.213E-08 2.488E-06 2.488E-06 6.213B-08
DR LT TG T T 13 28 D e R SRR AL Rt L EEEEERS S i Ic 1.243E-05 4.975E-04 4.975E-04 1.243E-05
1.29BEeCT 1 29401 ¢ . . I S + . + + VBE 6.607E-01 7.566B-01 7.566E-01 6.607E-01
1.SBEEeGT 1.C3Ee0L ¢ + + A + . . + + VCE 6.661E+00 4.930E+00 4.930E+00 6.661E+00
1 3958407 T.6BEe0] + . ‘ Av . . . . + VBC -6.0008+00 -4.173E+00 -4.173E+00 -6.000B+00
2.511E07 5 BTS00 + + D + . . . + vs -6.000E+00 -3.512B+00 -3.512E+00 -6.000E+00
3 162E407 3. . + +A . + + + . + POWER 8.281E-05 2.455E-03 2.455E-03 8.2B1E-05
3.9812+07 6. . A . . + . . + BETAD 2.000K+02 2.000E+02 2.000E+02 2.000E+02
& 0112407 -1. . A . . + - . . (e 4.BO4E-04 1.924E-02 1.924E-02 4.804E-04
§.303E407 + + . + + » . . RPI 4.163E+05 1.039E+04 1.039B+04 4.163R+05
7 33507 . . . . . . - . RX 2.000B+02 2.000E+02 2.000E+02 2.000E+02
1 GLOBe0R FRRS PR PEE——— PR $omneen PR, . RO 6.000E+16 4.174E+16 4.174E+16 6.000E+16
. . . . - CPI 9.724E-12 1.461B-11 1.461E-11 9.724E-12




(o 1)
CEX
ccs
BETAMC
T

(1331123

FREQ
[t )

5.9998+03
1.2588+0¢
1.584E+04
1.995E+04
2.511E+04
3.162E+04
1.981E04
5.011E+04
§.3092+04
T.93E400
1.000E+05
1.258B+05
15848405
1.9958+05
2.511E+05
3.152E+05
3.981E+05
5.011E05
§.309E+05
T.943E+05
1.000+06
1.258B+06
1.584B+06
1.995E+06
2.511B+06
3.162B+06
3.981B406
5.0112+06
§.3092+06
7.9435+0%
1.0002+07
1.2588+07
1.584E+07
1.9958+07
2.5118+07
3.1628+407
39818407
5.0118+07
6.3098+07
7.9438+07
1.000E+08

FREQ
[ty )

9.9992+03
1.258E+04
584204
L935E-04
SUIE-04
162804
981B«04
J11E+C2
303B+04
G4IE+04
000205
2582405
SE4E+DS
995R+05
5112405
162405
981E~05
C11E+05
LI28E05
3432405
-000E+06
L258E+06
584E+06
395E+06
511B+06
162E+06
312436
Q11E+36
E+06
3B+ 26
GLIE+07
.238E+07

L I VS VIR VPR SR

T e L e

THOM= 27.000 TEMP= 27.000

1.449B-13 1,706E-13 1.706B-13 1.449E-13
0. 0. 0. .
5.7958-13 7.359B-13 7.359E-13 5.795E-13
2.000E+02 2.000E+02 2.000E+02 2.000E+02
7.747E+06 2.071E+08 2.071E+08 7.747B+06
AC ANALYSIS
voB(3, 4}
-2.000B+01 9. 2.0008+01 4.000B+01  6.000E+01
+ + + . +
3.75E+01 $omnnn Ab-- .
3.75E401 ¢ + + + + + Y . .
3.792401 + + + + + . A+ . +
3.79E401 + . . + + + I . v
3.75E+01 ¢+ + + + + . A + +
3.79B+01 + + + + + + A + +
3.I5E+0) + + + + + Ad + +
3798401 + . ¥ . . . A+ . +
L7080 + 4 + + + A+ + »
3.732+01 + B + + . . A + +
1.79E401-+- A #---- A +-
3.79E+01 + + + + » Ae . +
3.752+01 + + + + . A + +
3.798+01 . . + + + A+ + .
3.79401 « - + + - + A+ + +
3.79E+01 + B " . + + A+ + B
3.75E401 ¢ . . . v A+ + +
1.79E+01 + + + + + + A+ + .
3.B0B+01 + - + . + » A+ - +
3.50B+01 + + » + + + A . +
3. B0B#0]1-4--~--- . PO, $ommnnn . bomenn, F SR PO .-
3.80E+01 + . . + + + 1 + +
3.T6B«01 + . + + + + A+ N +
3.65E+01 + + + . . P Y . +
J.UE0L + + + + + A s + +
3.15B+01 ¢ . + + . DY + + +
2.81E+01 « + . + . A+ * . +
2478401 ¢ + + + + A e + + +
2.13E401 ¢ + + + +A + . + +
1.822401 + . . + A + + . +
1.528+01 A .-
1.252401 ¢ + + [0 T . + + +
9.978+00 + + + A + . . + +
1.538+00 » + LI + . + + .
5.13R+00 + LI W . + + + +
2.73E400 ¢ + +A + + + + + +
2.7132-01 + + A + + + + + +
-2.31B+00 + L 1 + + + + + +
-5.07B+00 + T T . + . + . +
-8.04E+00 « +A . + + + + . +
-1.128+01 A 4eee ‘-
+ + + + +
VR(3, 4}
9. 5.000E+01 1.000E+02 1.500B+402  2.0002+02
+ + . +

JTOEH02-4-n -
T9Es02 ¢
TREDZ
JT9EA02 ¢
T9E402 ¢
T9R+40Z
TBEAD2 ¢
TER+0Z
TEE+02 «

4BE#0Z-+------
18E07 »
252402 ¢
QBE+G2 +
17E+01 »
“SE+0L »
T9Ee0L ¢
28E401
QOE+CL +
952401 «
01EeQl-9-0o--
298401
142461 »
10E+01 +
JJ0EeEL 4
TR -
4201 -
LBIE . .
BT - +
J95E4Q] .
{10 BUEEREEE

A +
A .
Y +

. .
. »
. +

. B +
. + +
. s .

7-3%
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gm—iubox lT‘f%xsoo—l gmAlY

Ml 1S o source follower with a perfect
Current Source, A=0 and ho body_effect.
Tts gamn 15 1.

= =%meX6k=-%6

(b) Since M1 is on idead source follower,
its gain is |, Therefore, the voltoge
0cross Ggsi does Mot change . So Tgnore G,
Caay =WldCox =(00x 22K 0.7=14-§F
RiCg)=lokL
Tl =00WxI0= 2.41S
Gsboy = AoCo+Po Ciswo

=Sx looxo 4 +loox oY =240 §F

*O
VW' jéoxum/l ) =007V
V(=—-Lo7y 2o
Csu-—*l‘ = =% F

j Vo i -197-0-6)
N q)o 0. b
RCs)=73;, =37k

Top = 00§x3.7=03n5
cﬁsz = % WLe(f Coxt+WLd Cox
=% x|\ b X 0.7 + loox 0,2%0.]
=qo§F
L
RGey=g =37kl

Tgs2 = 004 %3.7=033n$

Cdioz =A'Dcio+ PoCiswo
=5xlooxol4 + 0o x0 4 =2404F

Voz= &-5kx o.SmA=3.5V
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Qi Vo ’ 356
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1-26

AMPLIFIER
VDD 1 0 6V s#eesr AC ANALYSIS THOM= 27.000 TEMP= 27.000
vsSS 2 0 -6V
RL1 1 3 5K FREQ V8{3, 4}
RL2 1 4 5K [ i 1.9208+01 1.340E+01 1.980B+01 1.980E+01 2.000E+01
ML 1955 CHOSN W=100U L=2U AD=500E-12 PD=100U . + . . .
M2 35 7 7 CMOSK W=100U L=2U AD=500E-12 PD=100U 93998403 1.97Be01-4------ ————— SRR P P— I UORN +
M3 4 6 7 7 CMOSN W=100U L=2U AD=500E-12 PD=100U0 1.2588+04 1.97R+01 + + + . + A . . +
M4 110 6§ 6 CMOSN W=100U L=2U AD=500E-12 PD=100U 1.584B+04 1.978+01 ¢ + + B B Y + . .
IBIASL 5 2 10UA 1.9958+04 1.978+01 « * + + + A + + +
IBIAS4 6 2 10UA 2.511B+04 1.978401 4 + + + + +A s . +
IBIAS23 7 2 1MA 3.162B+04 1.97E+01 + + + . B 3y . + .
RS1 8 9 10K 3.981E+04 1.97E+01 + + + . + +A + . .
RS4 10 0 10K 5.011E+04 1.37EsC1 » . . . . “a . . .
VI8 00VAC §.3098+04 1.97E+0) + . + + + Y . . .
JTF V(3,4) VI 7.943B+04 1.97E401 » + . + . Y . . .
.PLOT AC VDB(3,4) 1.000B+05 1.97Es01-+----- Y R et
.PLOT AC VP(3,4) 1.2582405 1.37Bs01 + B . . N @ . . .
.AC DEC 10 10K 100MEG 1.5B4E+05 1.37Bs01 » ‘ + + B A - . .
* COX’=0.7FF/UN**2=EOX/TOX => TOX=500 ANGSTROMS 1.995B+05 1.372+01 + . . + B A . . .
_MODEL CMOSN MMOS LEVEL=1 LAMBDA=0 GAMMA=0) VTO=1 KP=60U LD=0.20 2.511E+05 1.37B+01 + B . . + Y . . B
+ CJ=0.4E-15 CJSW=0.4E-15 TOX=500B-10 PB=0.6 3.162B+405 1.97B+01 + . . + B A . + .
.OPTIONS NOPAGE ROMOD 1.981E405 1.97Es01 + . + + +A . v
.WIDTH OUT=80 5.011E+05 1.97E+01 + + + + + +A . . +
.OPTIONS SPICE 6.309B+05 1.97E+01 + + + + . +A B + .
.0P T.943E+05 1.97Es01 ¢ . . + . +A . . .
.END 1.0008406 1.97E+01-¢------ bememnn PO PR P 2 VO O .-
1.25BE¢06 1.97E+01 + + . N N " N N N
tesest  OPERATING POINT IRFORMATION THOM= 27.000 TEMP= 27.000 1.5B4B¢06 1.978+01 + + . + . Y + . .
1.995E+06 1.97E+01 + + + + . A . N .
+0:1 = 6.000E+00 0:2 =-6.000E+00 0:3 = 3.500E+00 2.511B+06 1.97E+01 + . . + + +A + . .
+0:4 = 3.500B+00 0:5 =-1.073B+00 0:6 =-1.073E+00 3.162E+06 1.97B+01 » . . ’ . A + . .
+0:7 =-2.5892+00 0:9 = 0. 0:9 = 0. 3.981E+06 1.97E+01 + + + + . ) + . +
+0:10 = 0. §.011E+06 1.97E+DL + + . + . +A . + >
£.309B+06 1.97E+01 » + + + + +A + . .
tet¢ MOSFETS 7.9432+06 1.97E+01 + + + + . I W + .
1.0008+07 1.37B+01 A .-
ELEMENT 0:1 0:M2 0:0 0: 04 1.2582+07 1.972+01 + . + + + I - +
MODEL 0:CMOSH 0:CMOSN 0:CHOSH 0:CHOSN 1.584E+07 1.97E+01 + . + + . I T . ‘
hi:] .000E-05 5.000E-04 5.000E-04 1.000E-05 1.995E+07 1.978+01 + . + + . L W . +
8 0. 0. 0. 0. 2.511E+07 1.97E+01 + . ’ + + LI . +
IBD -7.073E-14 -6.089E-14 -6.089E-14 -7.073E-14 3.162E+07 1.97B+01 + * * + + v A + +
ves 1.0732+00 1.516B+00 1.516B+00 1.073E+00 3.981E+07 1.97B+01 + ’ + + + ’ A B .
VD8 7.073E+00 6.089B+00 6.089E+00 7.073E+00 5.011E+07 1.98B+01 + B . + + + A + .
vBS 0. 0. 0. 0. €.309B+07 1.97B+01 + + + . . + Ae . +
VTH 1.000E+00 1.000E+00 1.000E+00 1.000E+00 T.9438+07 1.96R+01 ¢ » . + . A+ . . .
VDSAT 7.303E-02 5.164E-01 5.164E-01 7.303E-02 1.000B¢08 1.93B+01-¢-- S e AealGr SORE R DT PR S [ER .-
BETA 3.750E-03 3.750E-03 3.750E-03 3.750E-03 B + . . .
GAM EFF 0. 0. 0. 0.
2.739B-04 1.936E-03 1.936E-03 2.739E-04 RE} V3,0
GDS 0. 0. 0. 0. A ) 1.2008+02 1.4008+02 1.600E+02 1.800E+02 2.0002+02
0. 0. 0. 0. + . + . .
coToT 1.485E-14 1.471E-14 1.471E-14 1.485B-14 9.999E+03 1.80Bs02-+----~- #mmmeaeens 4meeeee $omenn PR S I ‘-
cGToT 1.2538-13 1.055E-13 1.055E-13 1.253E-13 1.258E+04 1.80E+02 » . . + B . A . .
csToT 8.748E-14 8.748E-14 B8.748E-14 8.T48E-14 1.SBAE+04 1.BCE+02 + . . + . + A . .
CBTOT 2.293E-14 3.346E-15 3.346B-15 2.293E-14 1.995E+0¢ 1.80E+02 + + + + . . a . ‘
68 8.T48E-14 B8.748E-14 8.748E-14 8.748E-14 2.5118+0t 1.80E+02 + . . + . + A . +
CGh 1.485E-14 1.471E-14 1.471B-14 1.485E-14 3.1622+04 1.BOEQ2 ¢ . . 3 + . A . .
3.9B1E+04  1.80E+02 + . . + . . A . .
seee SMALL-SIGNAL TRANSFER CHARACTERISTICS S.O11EeD4 1.808+02 + . . . . + A + .
£.3098+C4  1.BOE+0I + + + + . . A . .
V{3, 4)/VI = -9,.682E+00 T.9IE0L 1.B0E402 o + + + . + A . .
INPUT RESISTANCE AT vI = 9.999E+19 1.0008+05 1.80E+02-+------ bommeee bommnen bemaeee PR P S . .
OUTPUT RESISTANCE AT V(3,4) = 9.999E+03 1.258E+05 1.79E+02 « + + + . + A . .
1.5848+05 1.79E+Q2 + . B B . ' A R .
1.995E+G5 1 T9E-Q2 » + . . . . A . .
2.511B+05 1.78E+02 4 . + . . N A . .
3.162B+05 1.75B+02 o . . . . + A B +
3.981E+05 1.79E+02 + . + . . - A N N
5.011EeD5 1.73E¢02 » A + . + - A . *
6.309E403 1.7 . . . . R . N . '
7.943E+05 + . . + . A . .
1.000E+98 + bmmmmmmemnooon e $omemn Avecen Po— .
1.259E06 B + . + . A . .
1584406 . . ' . 2 . .
1.995E+86 + . + oA B .
2.511E405 ’ . B . Ao . .
31678406 + . . . A+ . .
3.981E405 . . . PO . .
$.011E+08 s . . + Ae . .
§.309E406 . . . v A . .
T.343E406 . . . . A . .
1.C0CE07 -
1.258B+07 . + - + A - . .
1.584E407 - + + ‘A . . .
1.9552407 . N . a . . .
2.5118467 . . . A . . R
3.1628+07 v . . A . . N
1.981E¢07 + + . A . + . .
50118407 + + A+ . . . S
§.3038+07 + ~A + » . . .
7943827 I — B . . .
1.9008+28 Hemmoos R Rkt Aomeean S - oee-- .
. . . . -
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%:-Cdbl ¢
‘Lf ; T 1t _é_,
G ViamYi G =, Py,
N - N I gVK?.

==

L = 1
© %mz\)l.z %mzx Lgm' %Ml

’Z—kn(W/L)z_Ioz_ m R
L
Jzk;(w/[_)‘ T J(WIL.)u Iy,

%m =_2‘I_2‘. :Eﬁ:)l‘zi_O_ 26\7x(63A/'\I

oVt
|

(C%S\ +Cdpy ‘*‘C%sz +C‘°AL)§“_,
=(0.24004+ 0,% +0,2)% [ —L—
0% ) 61xlo

={9x10™%
( \ _

%_SAB:E W— 8.3Xlo He

o,
te= —§£ = Lhz.xlo—‘os

P
1L T

Yxy Gu ;s CosiT2Crz qmalh

U= 1: (rall 3,1 ve2)

Y ‘-’%‘= 200%x 26 = 5.2k 1t

L =26

9m: 8 26
Yao=— = 200X 2 =|.3 k2
<2 ?‘2 Y

o Ui=ig x 25,378
u‘imv‘.._‘*_v,

S = X xasap=3.90

o _L{

FPor Ry Cp=Te Imi
=0.2x 3 16 =7.7 PR

o Cry = ?-7PF
ForQ2 C,=0.2x 5% A10 —308|°F
. Cr2=34.9PF

Total shuat C
= Cnri +Ccs\ +Ctg + C’MZ
9.7+ 1+34.8+0.83=45.3pF

4= ||z = 2504 2

<+ Time Constant = 45 3x29.4=\.|§s
v -5‘348: 13 MHZ

7.36 5.q
Bios Te6=¢ =0.9 mA
.Tes X 4x09-= 0,45mA

'. Iq=IC2 - 0022 mA

o vCl =VC2 = é— 2.2 =;¢’V
{
o Tey= Tea = 222 20,32 mA

' Vei3=Vea = 6-5x0,32 <44V



ﬁmmetersp %
[e]] =t = = Fel
Yy = h 200X 1 23.6k

Ce*C - J
roaE 2-“'5'1' 2% x2b X beox10®

= (0.2 pF ot Ic=1 mA
o Ce=lorF
 Cp=8pF ot 1= =lmA
={.¥pF ot L= =0,22mA
o Cr1= 3,3 pF
Q2 vyy= Zoox‘-“ =16.3k 2

32
Cy= 2.6 PF ot 0.32mA
Cx2=4.6 PF
Holf - clreuit

v
Ve

RyYx2
R;-}'Fu 3“‘ Rq*YIQ 9”‘22'.2

— 23.6 0.22 \oxb.3

X
436 26 263 000
-22
= (747 X35 V0

& Civentt ga,q‘.n,=‘:",-xl'}4’] =813
Rrer = Rs || v) = 20k||23.6 k = 0.8k 2
Cx|Rxo1=3.3%x10.3=4l.I1ns
R uot =Rxo) TRy + $m R0t Ry
R =Rullve2=10[]16.3 =62 kL2
o Ruot =10.8 +6.2+°;22:' x(200x10.8
= 534K
So CuRuoy= 0.2 X884 =111 ns
Cesy R‘ =1%xb2=6.2n%

738
Rxo2=K,= 6.2k
> CxaRro2=4.6x%6.2=23.5 ns
R0z > Reo2 +RLa+ P2 Rea Rxoz
=6.2 +54+ 91-23-6215'000’15.2
=393 kS
oo CMaQ,uoa:o.zx;q;:rnns
CeszRia=1x5 =5 ns
o ZTo= ¢l +1174+6,2+22.5+M+5
=276 ns

& e gy = 16 KHz

tGo-90%) = o_gzef- bot ns




Pr
5

(X112

+0:1
+0:4
+0:7
+0:10
+0:13

= 6.000E+00 O
= 3.789R+00 0
=-7.570R-01 0
=-5.130B+00 0
= 4.4848400 0

(
DEC 10 10K 100MEG
NPN IS=1E-16A BF=200 RB=0
CJC=0.3PF CJ8=3PF TFs213PS
.5 MJC=0.5 KI8=0.5 VJB=0.55 VJC=0.55 VJS=0.55

2
s
8
:11
114

OPERATING POINT INFORMATION

=-6.000B+00
=-2.196E-02

=-4.359E+00

= 4.484E+00

ses¢ BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1
MODEL O:NPN
IB 1.098E-06
2.196R-04
7.350E-01
4.545K+00
-3.810E+00
-3,7892+400
9.990E-04
2.000B+02
8.4%0B-03
2.3552+04
0.
3.810B+16
7.0028-12
1.065B-13
0.
1.068E-12
2.000E+02
1.900B+08

-
a

”éﬁﬁ&ﬁ”ﬁﬁgaﬁﬁﬂi

0:Q02

0:NPN

1.098E-06
2.196R-04
7.350E-01
4.545E+00
-3.810E+00
-3.789E+00
9.990B-04
2.000E+02
8.490E-03
2.355E+04
0.
3.810E+16
7.002E-12
1.065E-13
0.
1.068E-12
2.000B+02
1.900E+08

0:Q3
0:NFPH
1.515B-06
3.030E-04
7.4338-01
1.439E+00
-6.958E-01
-4.4845+00
4.3738-04
2.000E+02
1.172E-02
1.706E+04
0.
6.958E+15
7.733E-12
1.993E-13
0.
9.915E-13
2.000E+02
2.351B+08

0
0

H

:HPW
1.5158-06
3.030E-04
7.433E-01
1.439E+00

7-39

T™HOM= 27.000 TEMP= 27.000

= 3.789E+00

=-2.196E-~

02

=-5.112E+00
= 3.045E+00

0:Q5
0:NPN

2.207E-06
4.4142-04
7.531B-01
4.355E+00

-6.9582-01 -3.602B+00

-4.484E+00
4.373E-04
2.000E+02
1.172E-02
1.706E+04

0.
6.958E+15
7.733E-12
1.9938-13

0.
9.915%-13
2.000E+02
2.351E+08

7.570B-01
1.924E-03
2.000E+02
1.707E-02
1.172E+04
0.
3.602E+16
8.922E-12
1.0922-13
0.
5.0648-12
2.000B+02
3.007E+08

0:Q6
0:NPN
.3278-06
.654E-04
.705E-01
7.705E-01
0.
4.359E+00
6.701E-04
2.000E+02
3.346E-02
5.977E+03
0.
2.586E+14
1.250E-11
3.000E-13
0.
1.489E-11
2.000B+02
4.159E+08

4
8
7

weaest  AC ANALYSIS
FREQ VD8 (14}
1A i -2.9002+01 0. 2.0008+01 4.000E+01 5.0008+01
+ B + ’ +
9.9998¢03 5.552+01-4--- PR .- A
1.258E+04  5.85B+01 + + B + + . + . A+
1.584B+04 5.85Ee01 + + + + + + N . i+
1.9952¢04 5.BSE40L + N N . . . B v
2.511B+04 5.85B+01 ¢ + + + + + ¢ + A+
31.162B+04 5.85B+01 + + . + + + . . A+
3.981E+04 5.BSE+01 ¢ + + + . . . + I
§.011E+04 5.B3E+01 + + + + + + + + A+
6.3098+04 5.85B+01 + . + + + . + 4 Ae
7.943E+04 5.85E+01 ¢ . + + + + + . A+
1.000B+05  5.84B+01-+- N P o eehee
1.298E+05 5.B4E+01 + + . . . ’ + . A+
1.584E+05 5.83E+Q] » + . . + + + + A+
1.9958+(5 5.B2E+0 + + . + . + . . A+
2.5112+05 5.8CE+01 + + . + . + . . I
J.162E+05 5.772401 + + + + . . . « A
3.9818+05 5.73E+01 + + . ’ + + + O
5.0112+05 5.66E+01 + + + . 0 + + o A
6.3098¢05 5.58E+0L + + . + . . . P
T.HIE0S S.ATE«01 + + + . + N + P S
1.000B+08 5.34B+01-+-- e . a
1.25BB+06 5.17E+01 » + + + + - . Y .
1.5848+06 4.98E+0] ¢ . + . + . . A +
1.995B+06 4.77B+01 + . + + + + . .
2.511E+06 4.52B+01 + + + + . . FR +
3.162E+06 4.26E+C1 + + + + + * + A + .
3.981Es06 3.96E+01 ¢+ + + + + + A + .
§.011E+06 3.64E+01 + . . + . S Y + .
§.309E+06 3.30B+01 » + + + + L S + +
T.943B+06  2.94E+01 » + + + . A 4 + .
1.0008+07 2.57B+01 A +-
1.2582¢07 2.18E+01 + i + + +A + + + +
1.584E¢07 1.78B+01 ¢ * . + A+ + . . .
1.9958+07 1.352401 + + . + A + . + . .
2.5118+07 8._88E+00 + . > A » . + + +
1.1622+07 4.35B+00 + + O TR + + + + .
3.981E+07 -9.988-02 ¢ + A + + + . . +
5.011B+07 -4.65E+00 + 4 A+ . + + . + .
§.309E+07 -9.41E+00 + A + . . + . + +
7.9438407 -1.44B+01 + A ¢ . + + + ‘. . .
1.0008+08 -1.96E+01-A +-
+ + + + +
3] VR{l4)
[£Y 1 -1.0008+02 0. 1.000E+02 2.0008+02 3.000E+02
. . . . +
9.999+03 1.79Be02-4------ b Ao L bommeen L . +-
1.258E+04 1.78E+C2 « + . . + N + .
1.SB4E+C4 1.TBE+O + . . + . T + .
1.995B+0¢ 1.78E+02 ¢ . R . . IO . .
2.511E¢04 1.77E#02 o . + . + ¢ A s . +
3.162E+04 1.76B-02 « + . . . + A . .
3.981E+04 1.76E+02 ¢ + + . . Y + +
5.0112¢04 1.75E+02 + . + . - LI TR . .
6.309E+34 1.73E.02 ¢+ + + . - LI S - +
7.943E0L 1.72B402 ¢ + . . B I . B
1.000E+05 1.70E+02-4-----~ P romnaen P ———eens [ TS - .
1.258E+05 1.67E+02 ¢+ + + . + Y . + .
1.5842+435 1548402 + B . + . PR . R
1.9358+05 1.80E+02 + + . . + “ B . s
2.5118-05 1.55E002 + . . . . A R .
31628505 1.50E+02 « . . . . A . . .
3.981E+05 1.43E+02 + + . - . Ae . + .
§.0112e05 1.35E+02 + . . . .oas . . .
§.3098+05 1.27E+02 » + + . P T . . .
7.343E405 1.17B+02 ¢ +
1.000E+06 1.07E+02-
1.258E+08 §.77E+QL
1.S84E+CE 8 T5E+01
1.995E+06 7.7IE<01
2.511E+08 §.70E+11
1.1628406 5.EBE+DL
3.9B1Es08 (.70E+C1
3.011E+08 3.77E+C1
§.309E+06 1.30Es01
7.943E+06  2.108+01
1.990E-07 1.3SE401-
1.2SBE+ST  5.982+00
1.984E+07 -2.162+30
1.5938+)7
2.5112407
3.162E407
3.931E+07

11E+27 -3
3092487 -1
LOU3ESYT -4
090848 -5.

$
1
1.

4L
0SE+21-+-

. N .

THOM= 27,000 TEMP= 27.000



756
:.Ic.,'x o-44 _m»A

2.5
o Tg=T,=98 MA

N VC‘Z— -~0, lez.s 24,1V

S Tea= LZ_‘:’./‘_"‘_ =0.627mA
153— 6 MA

Recalculate

Vea=6-— —0.092%12.5=4.35V
Oo IC- "‘_S_Tzé = 0.55 MA

Pavomaeters

Qi =L=2aox_2i= 3.| KR
= 3.“ AT 5 |

C'K.+ C)g =

m
ans,

=15.3 pF at InA
s Cu=15 PF at (mA

= .2 pF ot 0.098 mA
:c CI\= 4" 2PPF
Q =L Seox 25
23 T3 Im lw;o.55‘47kn
Cst+Ce+C, = m3
v o;_“ 2

Cb=‘905 PE ot 0-5mA
=556 PR ok o. 55 mA
<o C—‘R.'; - §'S'9 PF
Half - civenit

Ls Q4 t
Q) RLU;

t 3
U‘l RL\ QE3 _

2n‘.x2£x4oox|o"

U vy L Ru+R;3 G'“ Res

Riz= Tﬂ(“ﬁmQEa)
=40+ 2 ;x 1000) = (o4 K LT

__?L _oss _I_
\+ dmy Re3 26 22.2

= D.ﬁ53 MA/V
53\ 0,048 (2.5x |o¢

Ga" 26 le.s Nowoxo
X0

Qma=

SV
V.

= 331
Actual gain = 4+ x331 =169

Rroi = Rsll ¥xy =10] 53.| =P.42k
e CtiReo|=4.2x9,42=35.4nS
Ruol = Rrco) +R, + 3o Rrey R
R, = R... H‘Z‘.;- 12. S')Itoq."u.'zk-“-

= '% ns k.n..
- C,proF 2.3x315=12 nS
Cesi R1=1.Sxl]-2= 1L.8nS
Cpsy Ry =15 x11.2 =16.83n3

Rxoa = M = 12.6¥
03=T13 “ 1+ 903 Res 4. "—-,22.2

= 4.1k|| 603 = 53352
s Cx3yRnos = 558 x0.538 =300nS
nﬂo‘;: Ri+Rui3 + GmR\RL3
Ri=RyllR: 3 =N 2k2
ve Ryoz=11.2 + 10 +0453x10x1l-2
=122 kL
s CusRye3 =03 X129 =39.40S
S ST, =356 +11241.9 X 243004384
=59 ns
5§ 39 = TRET, = 306 KHZ
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TWO-STAGE AMPLIFIER
VCC 1 0 6V t2a02:  AC ANALYSIS TNOM= 27.000 TEMP= 27.000
VEE 2 0 -6V
RL1 1 3 12.5K ) FREQ VDB (12)
RL2 1 4 12.5K Qa ) -1.0008+02  -5.000B+01 0. 5.0002+01  1.000E+02
Q1357 NPR . + . . .
Q2 4 6 7 NPN 9.999E407  4.47Bs01-4-vnem- oS S PR— A
RS1 8 5 10K 1.258B+04 4.47B401 + . B . . . R
RS2 6 0 10K 1.584B+04 4.47B+J1 + . B . . . R
o4 79 10 NPN 1.995E+04  .47B+01 ¢ ’ . . . . .
RQ4 10 2 2.5K 2.S11B+04 L ATESDL . . . . + +
Q59 9% 11 RPN J.162B+04 4.ATEACD ¢+ . + . . . R
RQS 11 2 1K 3.981B¢04 {.47B+01 + B . . . B .
RBIAS § 0 10K 5.011B+04 d.47Bs01 + . . . . . N
Q3 12 4 13 PNP 6.309B+04 4.4TE+01 + . . + + . '
RQ3 1 13 1K T.94IEA04 4 ATESDD ¢ ’ . . + ’ B
RL3 12 2 10K 1.000B+05 4.46E+01- B RRRnEt + +-
VI 8 0 OV AC 1.258B+05 4.46E+01 + + + + + P . N
.PLOT AC VDB(12) 1.5B4E+05 4 45E+01 « . B . f P ' N
.PLOT AC VP(12) 1.995E405 4. 44E+01 ¢ + . . . C . .
.AC DEC 10 10K 100MEG 2.511E+05 4.43B+01 + . B . + L . +
.MODEL NPN NPN I829.31E-15A BF=200 RB=0 3.162B+05 4 40E+01 » + . + + + A + +
+ CJB=3PF CJC=0.58PF CJS=1.5PF TF=318P8 3.9B1E+05 4.36E+01 + + + . + + A . +
.MODEL PNP PNP IS=52.3E-15A BF=100 RB=0 5.0118405 &.31E+01 » + + + + L WY + .
+ CJR=3PF CJC=0.58PF CJS=1.5PF TF=26.2PS8 6.309B405 £.24E+01 » B . . . + A . .
.OPTIONS NOPAGE NOMOD 79438405 & 14B+01 ¢ . f . . v A . .
.WIDTH OUT=80 1.000E+06 {.01E+01 #amnns o A
.OPTIONS SPICE 1.2582+06 3.BEE+01 + . . . . voa e . .
.0P 1.5842+06 2.6BE+01 + . B + . vA e . .
XD 1.995E406 3478401 » + . + + N . .
. 2.511B+06 3.24B+01 + . + * + + A + . .
t#¥#22+¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 3.162E+08 2.99E+01 + + . + + +A + + +
31.981B+06 2.73B+01 + . . . . I . B
+0:1 = 6.000E+00 0:2 =-6.000E+00 0:3 = 4.740B+00 5.011B+06 2.45B+01 + + * . + A + + .
+0:4 = 4.812B+00 0:5 =-5.040E-03 0:6 =-5.040B-03 6.309E+06 2.16B+01 + . . + + A+ . . .
+0:7 =-6.0262-01 0:8 = 0. 0:9 =-4.875B+00 7.9438+06 1.8BEe01 + v B . ¢ A + + +
+0:10 =-5.4918+00 0:11 =-5.513E+00 0:12 =-1.707E-01 1.000B+07 1.60E+01 soomee A
+0:13 = 5.411E+00 1.258B+07 1.31E+01 + + + + L S + . .
1.584R¢07 1.02B¢01 + . . . I . ’ .
*+#¢* BTPOLAR JUNCTION TRANSISTORS 1.9958+07 7.04R+00 + + + v I T + + +
2.5118+07 3.43E+00 + . . . IS S . . .
ELEMENT 0:Q1 0:Q2 0:04 0:Q5 0:Q3 3.162B+07 -9.398-01 + . + + A + + + .
MODEL 0:NPN 0:NPN 0:NPN 0:NPH 0:PRP 3.381R+07 -6.30B+00 + » + L + + B +
po 5.040E-07 5.040%-07 1.013E-06 2.420E-06 -5.829E-06 5.0118+07 -1.24E+01 + + . O S + + . +
Ic 1.008E-04 1.008E-04 2.026E-04 4.341B-04 -5.829E-04 6.309E+07 -1.87B+01 + + + [ S + + + .
VBE 5.976E-01 5.976E-01 6.157E-01 6.382E-01 -5.984E-01 7.943+07 -2.44B+01 + + B A + + + . .
2 5.342E+00 5.415B+00 4.883E+00 6.3822-01 -5.581E+00 1.0008+08 -2.94B+01-4------ Aommen $omeen g PO PO O SR .
VBC -4.745E400 -4.817E+00 -4.272E+00 0. 4.9832+00 . . + . .
vs ~4.740E+00 -4.812E+00 6.026E-01 4.875E+00 -4.812E+00
POMER 5.388B-04 5.4622-04 9.910E-04 3.105E-04 3.257E-03 FREQ VP(12)
BETAD 2.000E+02 2.000E+02 2.000E+02 2.000E+02 1.000E+02 A ) -1.0002+02 0. 1.0008+02 2.000E+02  3.000B+02
M 3.897E-03 3.897E-03 7.833E-03 1.872E-02 2.254E-02 + + . . .
RPI 5.131E+04 5.131E+04 2.553B+04 1.06BE+04 4.436B+03 9.999E+03 1.79Z+02-4------ b demcaan #oommes ————— TV $omemen .
RX 0. 0. 0. 0. 0. 1.2582+04 1.7BE+02 + . . . . P . .
RO 5.096B+14 5.175B+14 4.589E+14 2.778E+12 9.528E+13 1.584E+04 1.7BE+02 + + + + . . A 4 + 4
CcPI 5.749E-12 S5.T49E-12 7.061E-12 1.060E-11 S5.103E-12 1.3958+04 1.7BE+02 + + + + + + A s . +
o 3.006E-13 2.993E-13 3.097E-13 5.800E-13 2.964E-13 2.511B+04 1.77E+02 + . . + . R WY + +
CEX 0. 0. 0. 0. 0. 11628404 1.77B402 + . . . . v A e . .
ccs 1.500E-12 1.500E-12 1.500E-12 1.500E-12 1.500B-12 3.9B1E+04 1.76E+02 » . B . . D . +
BETAAC 2.000E+02 2.000E+02 2.000E+02 2.000E+02 9.999E+01 §.0IIE+Q4  1.TSE+DZ » . + ’ + R Y . +
T 1.025E+08 1.025E+08 1.691E+08 2.665B+08 6.643E+08 6.3MEFN 1LTUEADZ o . . . .
TO4IBAGE 1.TIEA02 o . . . .
1.0002+05 1.71E+G2-s-- . .
1.258E405 1.69E-02 o . B .
1.994E+05 1.66E+02 ¢ > . . > A + + .
1.995E+05 1.62E+22 + . . . B IO . .
2.511E+05 1.5BE+D2 + . . B @ . +
31628405 1.53E+C2 + . ’ . . A . . B
39812405 1.47B+02 ¢ . . . . A . . .
50112405 1.40B402 + . . . + o Ae . . .
6.3092+05 1.12E402 + f B . oA . . .
79435405 1.23B002 + . ' . PR R . .
1.0002+06 1.14B+02-4--~--- oaeen e [ P P .
1.2562+06 1.G5Es02 » . . . 15 U . . .
1.5848406 9.57Re0L + v . . A ’ . . .
1.395E+08 B.6TEe0L + . . oA . B . ’
25118406 7.B1E4D1 » . B .o . . . .
1.1628406  7.02E401 + . . PO U + . . R
1.981E+36 6.30E+01 + . . B S . . . .
5.0112+06 5.55E401 + . . [ S B . ' .
6.309E406 5.05B+21 o . . 3 B . . , .
79438406 4.45E411 » . P . B . . .
LG00E407 3.BREeDL-#-mm s ane oA e L e e
L2SBEMCT 3.C4ESD] o . vOA e . . . . .
SBAESDT 2.0BEQL + B I . B . . .
(9958407 $.21E400 » +
5138407 -5 B

981E+07 -3.7
011240

[ Y. I VI VWIS OR

-4.532+C1-4




737 (a)
Vo: 2-5V dc
Vas, = 2.5V

Y= Vot F(g v /o0
=07+ 04’«—0-_6"‘—?:; -/O._6.)

=09V

Ip = An Cox g""(“f)z(vqs,_ -Vt,)z

VO = "37'1' - - ‘7”\
gm, + amy, 337+ 38.3u

™ =/2Ip MCox ¥

=237 )60u)00)
= ).69 MA/V

2= /2 237u)(601)(4)

= 337»«%
™, = ™y _ Imo04

2 [ade +¥sp 206425

= 33.3,«4/\/

Cad, c
W 1A
Ve s | - =

IC

Cox =113 fF
el

T-42

Cssl = %WL Cox'f' CO' W
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7-44

HMOS AMP
VDD 1 0 5V
M2 1120 MMOS2 W=4U L=10
M1 2 3 0 0 NMOS W=100U L=1U
CLOAD 2 0 100¥F
RS 4 3 1K
VI 4 0 0.981V AC
.PLOT AC VDB(2)
.PLOT AC VB{2}
.AC DEC 15 1MEG 2GIG
.MODEL KMOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300P¥ CGDO=300PP CBD=80FF CBS=80FF
.MODEL RMOS2 KMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGS0=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF
.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
.OPTIONS SPICE
.OP
EXD
st+ses OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 2.500E+00 0:3 = 9.810E-01
+0:4 = 9.8108-01
EEE L) msms
ELEMENT 0:M2 0:1
MODEL 0:NM0S2 0:RXMOS
D 2.369E-04 2.369E-04
IBS -2.501E-14 0.
IBD -5.000E-14 -2.501E-14
vG8 2,.499E+00 9.810E-01
yDs 2.499E+00 2.500E+00
VBS -2.500E+00 0.
vTH 1.094E+0¢ 7.000E-01
VDSAT 1.405E+00 2.810B-01
BETA 2.400B-04 6.000B-03
GAM EFF 4.000E-01 4.000E-01
e 3.372E-04 1.686E-03
Qs 3.830E-05 4.353E-04
coTOoT 2.411E-15 6.996E-14
CGTOT 7.037B-15 1.780E-13
¢sToT 7.380B-15 2.251E-13
CBTOT 2.774E-15 1.217E-13
cGs 5.804E-15 1.451E-13
CGD 1.223E-15 3.058E-14
stedey  AC ANALYSIS THOM= 27.000 TEMP= 27.000
FREQ VDB (2)
(a ) -2.0008+01 -1.0002+01 1.000B+01 2.000E+01
+ ’ . . .
1.0008+06 1.30E¢01-4------ IS .- PR s WSS
1.1658+06 1.30E+01 + + + + + L W .
1.3598406 1.30Be01 + + + + + + Y +
1.584E+06 1.3CE+01 + + . + + + L S +
1.847E+06 1.3CE+D1 + . . . + + + k9 +
S.154E+06  1.30E+01 + + + + ¢ + + ko +
2.511E+06 30B401 4 . . . . + s+ A 4 .
2.928E+06 30B+C1 » . . . . . P N
J.4UELE 1.30E401 -« + + + + + LI S +
1.981E406 . + .
4641828 + $ooomo-ae
S.4I1Be08  1.30E-LL » . + + . . ¢ A +
1068425 . ’ . + - P +

e

Tel8
1.584E-03

LBTEelE

.51

(GBIE~CB

B4IEeTE

J0Ee(L .

UV AP PR U ORI Y

I el e i e R e e e B I e

FREQ
}

00DE+D5

1658406
3538405
.SBUE+0€
R4 201
154B+D5
S11E+06
.928E+06
ALE+D
L981E+08
641405
ALLE+56
L303E+08
356408
STTE<08
000B+07
155E+DT
LIS9EAGT
SBUE-GT
L847E.07
1545407
.5118407
-3
AliEep7
.981E+07
-541E+07
AlLE«07

£+07

309E+L7

.356B+C7
ST7E+07

000E+08

.165E+08
-359E+08
.584B+08
.847B+08

154E+08

.SLIE+08
L928E+08
AL4R+08
.981E+08
641E.08

4112408

3098408
3568408

S77E+08
000E+09
1558+09

L359E+09

SILE+09
BUTEA0?
1548403

VP2
9.

T9E+02-

JT9E402

TIE+02

LT9R402
IR0

738+02
T9E+02

TR0
T+ 02
THE402
TEE+02
75E+02

RS0

TIEL0-
TIE+02

TE+2

JTOEL2

68E+0Z
66E+02
SLE+0Z
§2B407
592402
558402
52E+02-
4BE+02
43E+02

J38E+02
33402
J27E+02
J21Re02

E+02
08E+02
01E+02
45E+02-

L76B+01

07E+01
I6E+01
65E+01
93E+01

.20E+01

4BE+01
TEE+01
03E+01
332+01-

...... S G R
. B .
. + .
. . .
B B .
+ + .
. B +
+

1.5008+02
+
+ N
- +
. +

1.0008+02

B
P Yo .-
BY B
Y .
Y +
Y B
“ +
Y +




(322223

3 AMP, EXAMINE SMALL SIGNAL BANDWIDTH AS DC VIN VARIES

0 MMOS2 W=4U L=1D
0 NMOS N=100U0 L=10
100rF

.AC DEC 15 1MEG 2GIG

.MODEL NM0S MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300FF CBD=80FF CBS=80FF
.MODEL NEMOS2 MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGS0=300PF CGDO=300PF CBD=3.2Fr CBS=3.2FF
.OPTIORS NOPAGE NOMOD

trevee AC AMALYSIS

FREQ VDB(2)

73 i -2.000E+01 -1.8008+01 -1.6008+C1 -1.4008+01  -1.200E+01

. . + + +
3.9818+07 -1.50B+01 + + + + + A+ + . +
4.6418+07 -1.508+401 ¢ + + + + A+ + v +
S.411E+07 -1.50R+01 + + . * + A+ + . .
§.3098+07 -1.50E+01 + + + > v A + + .
7.3568+07 -1.508+01 + + D . + A+ + . +
8.577B+07 -1.508+01 + + + + B A . + .
1.000B+08 -1.51E+01-4------ boaenan R i S O g Hemeam e +-
1.1658+08 -1.512+01 + + + + + A+ + + +
1.359E+08 -1.51B+01 + + + + + A+ + + +
1.5842+08 -1.51B+01 + + + i + A+ + + .
1.847B+08 -1.51B+01 + . B . + A . + +
2.154B+08 -1.51B+01 + + . + + A+ . + .
2.5118+08 -1.52E+01 + + + . . A+ + + +
2.9280+08 -1.52E+01 + + + + + A+ + + +
34148408 -1.522401 + + + + P + + +
3.9812+08 -1.53B+01 + > . + L + + +
4.641B+08 -1.54B+01-+- A +
$.411B+08 -1.562+01 + + + + L S . + .
£.3098+08 -1.578401 ¢ + + + L3 S + + +
7.356E+08 -1.608+01 ¢ + + + A + . + +
B.STTE+08 -1.62B+01 + + + + A + + + +
1.000B+09 -1.66E+01 ¢+ + . +A + + + . .
1.1658+09 -1.712+01 + + + As + . + . +

THOM= 27.000 TEMP= 27.000

-k

2 W=4U L=10
W=100U L=10

ouiolES g
ggizglle
BELy Y

:

3

DEC 15 1MEG 2GIG

. NMOS WMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=208M CGSO=300PF CGDO=300P¥ CBD=80FF CBS=80FF
,MODEL KMOS2 MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2rr

:

.NIDTH OUT=80
.OPTIONS SPICE
.0P
.END
sesses  AC ANALYSIS THOM= 27.000 TEMP=
TREQ VoB12}
A ) -1.500E+01 -1.0C08+01 -5.300E+00 g. §.000E+00
+ . + + .
2.9288+06 2.29E-01 + + + + . . Y + .
JAL4E+CE 2.292-01 + +
3.981R+06 2.23E-01 + . .
46412406 2.2682-01-¢------ R .
S.411B+06 2.262-01 » + + + .
6.309E+06 2.2B3-01 ¢+ + + + * i “A + .
7.356B+06 2.288-01 + . N . + R A N
8.577B+06 2.27R-01 + + . - + . A . +
1.0008+07 2.278-01 + + + . . + + + .
1.1658+07 2.26E-01 + + . B + + 5y . .
1.3598407 2.258-01 . * + + + +A + +
1.584B+07 2.24E-01 + . . . . . w e N
1.847B+07 2.22R-01 ¢ + . + . . Y + +
2.154B+07 2.19B-01 +- - S VO
2.5118+07 2.16B-01 + + + . . . 4 . +
2.928R+07 2.11E-01 + + + + + + 5y . +
J.414E+07 2.048-01 ¢ + . . . . A + +
3.9812+07 1.96E-01 + . . + . . A s .
4.6412+07 1.84E-01 + + + + . + +A . +
5.4112+07 1.682-01 + + . . + . A + .
6.3098+07 1.46E-01 + + + + . + A + .
7.3568+07 1.16E-01 « + + + . + A . .
8.5778¢07 7.648-02 + v + + + + A + +
1.000E+08 2.29E-02-+------ b $emmmnn Ao Ao $owman, A------ P .-
1.165E+(8 -4.89E-02 + . . + + B A . .
1.3598+08 -1.45E-01 + . . . . . A . .
1.584R+08 -2.728-01 + . . . . . As . +
1.B47E+08 -4.332-01 + + . + + . A . .
2.154B+08 -6.568-01 + . . + + . A + +
2.511B-08 -9.36E-01 » . . . . + A+ + .
2.928E+78 -1.29E400 » . . . . v A » .
TAL4ESDR -1.73E400 + * . . . + A . + N
1 9R1E-08 -2.26E+00 + . + + . 3 . . N
4. B41Bs08 -2 31Be00-4--um oo Ao b oeenn b, Ab-emnnn F—— [EP .-



reee

92 W=4U L=1U
MO8 W=100U L=1U

- 1

.MODEL NMOS ¥MOS KP=60U VT0=0.7 LAMBDA=0) LD=0 GAMMA=0.4
+ TOX=20MM CG80=300PF CGDO=300PF CBD=80FF CBS=80FF
.MODEL NM0S2 WMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF

WIDTH OUT=30
.OPTIORS SPICE
.0P
.END
sseess  AC ANALYSIS
FREQ VDBi2}
Qa ) -2.500B+01  -2.000B+01  -1.500B+0]  -1.0008+01 -5.000B+00
« + . K +
2.5118+07 -1.31E+01 + + . + D + + +
2.928R+07 -1.31B+01 + + . + T . + +
34148407 -1.31E401 + . . + + 13 + + +
1.9812407 -1.312+01 ¢ . + + LI + + +
4.6418+07 -1.31B401 » + + + I + + +
5.4118+07 -1.318+02 ¢ . + + + A+ + + +
6.309B+07 -1.31B+01 + + + + LR 4 + . +
1.356B+07 -1.31R+01 + + + LI + + +
£.5778+07 -1.328+01 + . + ‘ PR . . .
1.0008¢08 -1.328+01 A $oomeen P 4
1.1652+08 -1.32Be01 + + + + + A+ + + +
1.359B+08 -1.332+01 « + . + + A+ + + +
1.5848+08 -1.348+01 + + + + TR S + + .
18478408 -1.34E+01 ¢ + + + L S + . .
2.1548+08 -1.36B+01 + + + . + A+ + + +
2.5118+08 -1.378+01 + + . + TS Y + + +
2.928B+08 -1.40B+01 ¢ + . + L W + + +
3. 4LAE08 -1.428401 + + + + + A + + + +
3.9818+08 -1.46E+01 + + + + +A . » + +
4.641B+08 -1 50B+01-4------4- A PO
S.411B+08 -1.55E401 ¢+ + + L 4 + + . +
£.3098208 -1.61B+01 ¢ + + + A+ + . . .
7.356E+08 -1.68E+01 + + . I W + . + +

7-44

THOM= 27.000 TEMP= 27.000

BMOS2 W=4U L=1U7
S W=1000 L=1U

P

.AC DEC 15 1MEG 2GIG

.MODEL NMOS MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20NM CGSO=300PF CGDO=300PF CBD=80FF CBS=80FF
.MODEL, HMOS2 XMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=3.2FF CBS=3.2FF
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS BPICE
.OP
JEND
teeeed  AC ANALYSIS TNOM= 27.000 TEMP=
FREQ VDB(2)
A ) -3.0008+01 -2.8008+01 -2.6008+01 -2.4008.01  -2.2002401
. + . . .
4.641E¢07 -2.38E+01 ¢ + . . . . Y + N
5.4118+07 -2.38E+01 + + + + + + 2} * +
6.3092+07 -2.388+01 « . + + . . +3 . +
7.356B+07 -2.38E+01 + + + + . + +A + .
B.ST7E+07 -2.3B2+01 + + . s + . +A . .
1.0008+08 -2.38E+01 D TN A
1.1658+08 -2.38B+01 + . + + + + +A + .
1.3598+08 -2.39R+01 + » + + + + +A . +
1.5848+08 -2.392+01 + + + + + + A + +
1.847E+08 -2.408+01 » + + + + + A + +
2.1548+08 -2.41E+01 + + + . + + As + +
2.5118+08 -2.428+01 + + + + + LI B . +
2.9288+08 -2.438401 + + + + + L T . +
34148408 -2.458+01 + + . + + LI S + +
3.981E+08 -2.47E+01 + + + + . [ Y + +
£.641R+08 -2.508+01-+- -R------ 4mmmme 4emeenn +-
5.411E+08 -2.538+01 ¢ . + . + A e . . +
6.309E+08 -2.57B+01 + + + + I3 T + . .
7.3568+08 -2.61E+01 + + + + A+ + + + +
8.577E+08 -2.65E+01 + + + L TR + + + .
1.000B+0% -2.70E+01 + + * A + + . + .

27.000



rrene reaae

HMOS AMP M08 AP

VoD 1 0 5V VDD 1 0 5V

M2 11 2 0 MMOB2 W=4U L=1U M2 1120 MMOS2 W=4U L=10

M1 2 30 0 MMOS W=100U L=1U0 M1 2 30 0 NMOS W=100U L=1U0

CLOAD 2 0 100F7 CLOAD 2 0 100FF

RS 4 3 1K RS 4 3 1K

VI 40 4VAC VI405VAC

.PLOT AC VDB(2) .PLOT AC VDB(2)

.PLOT AC VP(2) .PLOT AC VP(2)

.AC DEC 15 1MEG 2GIG .AC DEC 15 1MEG 2GIG

.MODEL NMOS MMOS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMA=0.4 .MODEL RMOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4

+ TOX=20RM CGSO=300PP CGDO=300PF CED=80FF CBS=80FF + TOX=20RM CGSO=300PF CGDO=300PF CBD=30FF CBS=80FF

.MODZL MM0S2 MMDS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMAx0.4 .MODEL NMOS2 NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0.4

+ TOX=20KM CGSO=300PF CGDO=300P¥ CBD=3.2FF CBS=3.2FF + TOX=20NM CGSO=300PF CGDO=300PF CED=3.2FF CBS=3.2FF

.OPTIORS NOPAGE NOMOD .OPTIONS NOPAGE NOMOD

NIDTH OUT=30 .WIDTE OUT=80

.OPTIONS SPICE .OPTIONS SPICE

.OP .OP

seeser AC ANALYSIS THOM= 27.000 TEMP= 27.000 seeees  AC ANALYSIS TNOM= 27.000 TEMP= 27.000
REQ VDB(2) REY VDB(2)

(a ) -3.800B+01 -3.6008+01 -3.4008+01 -3.2008+01  -3.000B+01 A i -6.0002+01 -5.0008+01 -4.000E+01 -3.000E+01  -2.000B+01

+ . + + . + + + + .

4.641E+07 -3.00E+01 + ¢ + + + + + + A J.414B+08 -3.468+01 + + + + + +A + . .

S.411R+07 -3.00R+01 + . + + + . + . A 3.981R+08 -3.46E+D1 + + + + + 7Y + + .

6.3098+07 -3.008+01 + . . . B . . . A 46418408 -3.46E+01 - A

1.356E+07 -3.00Z+01 + + + + + + + + i 5.4118+08 -3.46E+01 + . * + + +A + > 3

B.STTE+07 -3.00R+01 + + + + + + + . A+ £.309E+08 -3.46E+01 + + + + A . * .

1.000E+08 -3.00B+01-¢- A 7.356E+08 -3.46E+01 + . . . + A + + +

1.1658+08 -3.01E+01 + + + + + + + + A+ B.5TTE+08 -3.46E+01 + + . + + A + + +

1.3592+08 -3.01E+01 + + . + + + . + A 1.000B+09 -3.46E+01 + + + + 3 A + + +

1.5842+08 -3.01E+01 + + + . + + . + A+ 1.165B+09 -3.47E+01 + . ¢ + . A . + +

1.847E+08 -3.01E+01 + v + + + . + + A¢ 1.359240% -3.47B+01 + . . . + A + + +

2.1542+08 -3.02E+01 + + + + + + . + A 1.5848+09 -3.47B+01 + + + . . A . + +

2.511E+08 -3.02E+01 + + + + + . + ¢+ d 1.847E+08 -3.470401 + . + + A . + .

2.928E+08 -3.03E+01 + + + + + + + L W 2.1548+0% -3.472+01 *- A--

3.4142+08 -3.048401 + + + + + + + + Ao+ 2.5118+09 -3.472401 » + + + . 3 + + +

7.9818+08 -3.05B+01 + . + 3 + . + [ W 2.928E+09 -3.4BE+01 + + + + + A . + .

4.6418+08 -3.078+01 A +- 34148409 -3.488+01 + + + + + A + + +

5.4118+08 -3.08K+01 + + + + + + + +A + 3.981E+09 -3.49E+01 + + + + A + . +

§.3092¢08 -3.10R+01 + + . + + + + A + 4.6418+09 -3.50E+01 + + + . A ‘ . +

7.3568+08 -3.122+01 + + + + . + LI + S.411B+09 -3.51R+01 + + + + + A + + .

8.5778¢08 -3.148401 ¢ + + + + + + A+ + 6.3092+409 -1.52B+01 + + . + + A + * +

1.0002+09 -3.168+01 + . + + + + + A+ + 7.356E+0% -3.54B+01 + + . + + A+ + + +

1.1652+09 -3.188+01 ¢ + + + . + +A + + §.577E+09 -3.56E+01 ¢+ + + + + A+ + + .

1.3592409 -3.19E+01 + 3 + i + + A + + 1.000B+10 -3.59E+01 A .-

1.584E+09 -3.21E+01 + + + + + + A+ + + 1.165E+10 -3.62E+01 + + + + + A + . +

1.847E+09 -3.22B+01 + . + + + LI 4 + + 1.3598+10 -3.67E+01 + + + - . A - + +

2.154E+09 -3.23E401-4------0- - A .- 1.584E+10 -3.72E+01 + + + . + R + . .

2.511B+09 -3.24E401 + + + + . + A+ + + 1.847E+10 -3.79E+01 + + + . L S . + +

2.928B+09 -3.25E401 + + + + + ¢ A+ + ¢ 2.154E+10 -3.B6E+0L + + . . + A + + + +

J414E+09 -3.26E+01 . + + . « A + + + 2.511E+10 -3.938¢01 « + + . +A + + + +

3.9B18+09 -3.28E+01 ¢+ + + + + +A + + .

4.641R409 -1.29E401 ¢ » + + . A + * +

S.411E.09 -3.31E40L ¢ . + . + A+ + + +

$.303B+03 -3.33E401 ¢+ + + + + A 4 + .

T.I56E40% -3.10E401 ¢ * + + + A4 + + +



7.38

My, m = mC
3:Mg Tp=MCox Wiy vyt

100 = 154 50 (Vgs-Vg)*

Vas =-1.065 vV
m2)m6)m7
100u= 304 50 (Vg s - V)2
Ves= 0.958V

=2.977V
00y = w
100m = |50 T (2.977-07)*

me )“:/: 236 = Z2:2TM
2 M

2.5= Ves, + Vg3,
2. s 0.958 = 1.542y = Vas,

Vt'*‘r(\/z‘ff"'vss ,/—_)

= 0T+ 04(/267 o5 - Vo)
= 0.89

Ip, = 1004 = 30, {!J (1542-0.89)*

(8) = 7.83 = 1534

2M
sugnal PR‘H’
qm. ! %
5‘:—-’ ma R03
LG

nealecf/

(source fo "ow&")

7-48

V35="VX =V5$
{x: ?MVX + ?mbvx

Ro, = _V_{ = J

9 ix g+ q™b
Fo =hp,= —t——=

02 =)o, 0.03 (J00.A) 333k

R03 = r02."r03= '67‘(
™ =f2L>MCox—‘E

= f200u 60u T.33
= 3074“66

?"‘bl=7”‘a ¢
2/2¢¢ +Vss
0.4
=30
3 1M1m5_3
=4?.2)&%
Ro. 281 L

™2 = \[200u 601 S0

=775 M’%

2ain
Yo _ R R
V. =~ MiRoy M2 Koy
)
= -2
Ro, Coda Voa o3
+ Cdb
C v y
Cos, :=[ 851:__]:_'. 1 =I I+C343

Csby+ Cdby + Cgdy



0.8 £(1.83)

= —————==3
oy ~3BF

0.6
Cdby= 0.8 f(100)

=49.6fF
Jiroasg
0.6
Cgdq = 0.3 (loow ) = BO'FF=C3J2.
CﬂSz = %WL COX + 30'FF
= 23| + 30

= 26! FF
Cd|,1= Cshbo

Vo1+ Yee

= _0.3f (100)
Vig 2.5
I+ 5
= 35.2fF = Cdby

Ro,(csg' + Cdl,7 +C3d—, + Cysz)
=2811(3.39+49.6+ 30+ 261)f

= 0.968 ns
(rlh"ro_;)(Csz-'. Cdl, +Cyd3)
=167k (35.2+ 353+ 30) £

= 6.3 ns
€942 (Ro+ Roy +gm, Ro,Ro3)
= 30f(2311+ 16Tk + TT5, 167k 281)
= lbng

- 109 -
f-3a5= 2 0968+ 16,5476 -+ 11 MHz
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CMOS AP
Voo 1 0 5v #eetat AC ARALYSIS THOM= 27.000 TEMP= 27.000
Ml 2 8 6 0 WMOS1 W=15.7U L=20
M2 760 0 MMOS W=1000 L=2U PREQ VDB(7)
M3 7211 PMOS W=100U L=2U b ) 1.0008+01 2.0038+01  3.000B+01 4.0002401  5.0002+01
M4 2 211 PMOS W=100U L=2U . + + + N
M5 552 2 PMOSS W=2.570 L=2U 1.000E+05 3.87E+01 e A .
B 550 0 NMOS W=100U L=20 1.1228+05 3.87E+01 + + + + . I ) . +
M7 € 5 0 0 MMOS W=100U L=2U 1.258E+05 3.87E+01 + + + . + T + .
VI 8 0 2.5746V AC 14128405 3.87E+01 » . + - . D . .
.PLOT AC VDB(7) 1.5848+05 3.87E+01 » + + + + CE Y . .
.AC DEC 20 100K 100MEG 1.778E+0S  3.87E+01 B + + . P + .
.MODEL NMOS MMOS KP=60U VTO=0.7 LAMBOA=0.03 LD=0 GAMMA=0.4 1.995E+05 3.87E+01 + . + + + LI X1 + .
+ TOX=20RM CGSO=300PF CGDO=300PF CBD=80FY CBS=80FF 2.2382+05 3.B7E+01 + + . . + L Y + ¥
.MODEL MMOS1 NMOS KP=60U VTO=0.7 LAMBDA=0.03 LD=0 GAMMA=0.4 2.5118+05 3.B7E+01 + + + + + T ¥ + +
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=12.6FF CBS=12.6FF 2.818Z+05 3.B7E«01 o + + . + + A . +
.MODEL PMOS PMOS KP=30U VTO=-0.7 LAMBDA=0.03 LD=0 GAMMA=0.4 3.162B+05 3.87B+01-4------ oo A .-
+ TOX=20MM CGSO=300PF CGDO=300PF CBD=8OFF CBS=80rr 3.5488+05 3.BTE+01 + . B B + D + .
.MODEL PMOSS PMOS KP=30U VTO=-0.7 LAMBDA=0.03 LDe0 GAMMA=0.4 3.982B+05 3.87B+01 + + + . + O Y + .
+ TOX=20EM CGSO=300PP CGDO=300PF CBD=2.06FF CBS=2.06FF £.466R+05 3.BTR+01 ¢ + . + . D Y + ’
.OPTIONS NOPAGE NOMOD 5.011B+05 3.B7E+01 + . + + + ¢ A + +
.WIDTH OUT=80 S.6238+05 3.B6B+01 + + + . + LR ’ .
.OPTIONS SPICE 6.309E¢05 3.86E+01 + . - + . I ‘ .
.OP 7.0792405  3.86E+01 + + + . . LR ’ .
.END 79438405 3.B6B+01 + . B . . P . .
8.912E+05 3.86B¢01 ¢ . . . . +oae . .
sedtvs  OPERATING POINT INFORMATION TNOM=  27.000 TEMP= 27.000 9.999B+05 3.86B+01-+-- A
1.122B+06 3.85B+01 ¢ ‘ . . B s A . .
+0:1 = 5.000B+00 0:2 = 3.800E+00 0:5 = 9.504E-01 1.258B+06 3.85E+01 + . + ‘ + I . .
+0:6 = 1.053B+00 0:7 = 2.493E+00 0:8 = 2.574E+00 1.412E+06 3.85B+01 + + . . + L R . +
1.584E+06 3.84E+01 » ‘ . . . L . .
ttes MOSTETS 1.7782+06 3.B4E+01 » + * + + A+ + +
1.995B+06 3.83E+01 + + . + - + A + +
ELEMENT 0:M1 0:M2 0::3 0:4 0: 0:M6 2.23BE+06  3.828+01 + + ‘ ‘ + + A . +
MODEL 0:)081 0: M08 0:PMOS 0: 0:PMOSS 0:MM08 2.511B+06 3.81B+01 + + + . . D Y + +
I 9.7038-05 2.011E-04 -2.011E-04 -1.938E-04 -9.674E-05 9.674E-05 2.B1BE+06 3.79B+01 + . + + + LR Y . .
B8 -1.053E-14 0. 0. 0. 0. 0. 3.162B+06 3.77E+01 A
IBD -3,.801E-14 -2.493E-14 2.507E-14 1.199E-14 2.850BE-14 -9.504E-15 J.54BE+06 3.7SE+01 + + + + + I Y + +
vGs 1.521E400 1.053E+00 -1.199E8+00 -1.199E+00 -2.850E+00 9.504E-01 3.981E+06 3.732+01 + . + + s L W . +
vDs 2.74TE+00 2.4932+00 -2.507E+00 -1.199E+00 -2.850E+00 9.504B-01  {.i66E+D6 3.708+01 + + + + + I ) . +
VBS -1.053R+00 0. 0. 0. 0. 0. S.OLLB+DE 3.66+01 + + . . . I . +
VTE 9.045E-01 7.000E-01 -7.000E-01 -7.000E-01 -7.000B-01 7.000B-01  5.62)E+06 3.522¢01 + + . + + I Y . +
VDSAT 6.170E-01 3.532E-01 -4.994E-01 -4.994E-01 -2.150E+00 2.504E-01 6.309B+06 3.57E+01 + + + . . +A + + +
BETA 5.098E-04 3.224E-03 1.613E-03 1.554E-03 4.185E-05 3.086E-03 7.079B+06 3.52B+01 + + + + . A . . +
GAM EFF 4.000E-01 4.000E-01 4.000E-01 4.000E-01 4.000E-01 4.000E-01 7.943B+06  3.46E+01 + D + . + A + . +
3.145B-04 1.139E-03 8.054E-04 7.760E-04 3.998E-05 7.726E-04 B.912E+06 3.40B+01 + + * + + A ‘ + .
GDS 2.689E-06 5.613E-06 5.611E-06 5.611E-06 2.673B-06 2.B22E-06  5.999E+06 1.33E«01 A +--
4.893E-05 2.940E-04 2.080E-04 2.004E-04 2.323B-05 1.995B-04 1.122B+07 3.26E+01 ¢ + + + ¢ A+ . + +
CDTOT 1.016E-14 7.058E-14 7.050E-14 8.116E-14 1.769B-15 8.452B-14  1.258E+07 1.18R+01 + + . + L S + . ‘
CGTOT 4.599E-14 2.952E-13 2.941E-13 2.935E-13 7.509E-15 2.959E-13 1.412B+07 3.10B401 + + > + +A v + . .
csTOoT 4.913E-14 3.402E-13 3.402E-13 3.402E-13 8.747B-15 3.402E-13 1.584E+07 3.01E+D1 + * + . A ’ . . .
CBTOT 1.376E-14 1.232E-13 1.221E-13 1.333E-13 3.041B-15 1.393E-13 1.778B+07 2.92B+01 + + + + A + + + .
cG8 4.085B-14 2.602E-13 2.602E-13 2.602E-13 6.687E-15 2.602E-13 1.995E+07 2.83Ee01 » + + v A . . + .
©GD 4.909B-15 3.115E-14 3.115E-14 3.055E-14 8.047E-16 3.044E-14 2.23BE+07 2.T4E-01 + + + [ Wt . . + .
2.511B+07 2.64B401 + . . I . . B .
ELEMENT 0:M7 2.818E+07 2.55Es01 ¢ + . Y . + . . N
MODEL 0:RMOS 3.162E407 2.45B401-4------ b - $emann ) YS— R O, $amnnn $manman .-
ID 9.703E-05 1.548E407  2.3S5E01 + . [ . . . . »
IBS 0. 3.981E+07 2.24E01 + . R . . . B .
IBD -1.053E-14 4466E+CT  2.14E+01 + + L . + B . .
vGs 9.5048-01 5.G11E+07 2.03E+D1 » . Y . . . . .
vDs 1.053E+00 5.623E+07 1.93E+01 » B As - . . . . B
VBS o. 6.309E+07 1.82E+01 + R - . . . . f
vTH 7.000E-01 7.0798+07 1.70B+81 » vA . . + ’ . .
VDSAT 2,504E-01 7.943E+07 1.58E+C1 ¢ 5y + + . + . + .
BETA 3.095E-03 8.912E-07 1.468+01 + A + . B + . . .
GAM EFF 4.000E-01 9.999E407 1.MEeQl-4ns-Ambmnnn - P— P bomenen [SOTRP PO .-
[e-_§ 7.7S0E-04 + + . B N
GDS 2.822E-06
GMB 2.001E-04
coroT 8.305E-14
CGTOT 2.959E-13
CSTOT 3.402B-13
CBTOT 1.378E-13
cGs 2.602E-13
CGD 3.048E-14



737
I, = 26l A

Ve, = 5-2.61=2.39
Vo1 = Vasa + Ve,

= ‘.4‘7 + 0.8 :2.17
VBC’ ~0

SEF
Cﬂ.' = C;e +tF Tm

= 2(5f) +10p 0_‘_1:”"'

S Cuy =

T
=I0fF .
20
Cc$| (|+ 2. Bq 0.33
0.6 ,
= I.3FF
Ic; = .59 mA

Cry = 10f +10p 15:

= 622 fF
W%=zuv
Cu,= _5f
“3 <|+ 2. 6')933

0.6

=2.87fF

Ry = ey || Rs+ ¥bs +Rey
I+ gm3Re 3

s = 7’%,, = 1.96 k
RS= RL1= '0,(
by = 400

Res= |k l30k=9¢68

Ritos = 1.96 k |] 189
=172 R
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Ry Cr3 =172 (622F)=107ps
@ Q, collector

Ci= Cuy+ Cuz +Ccs
5+4+2.37+ 1.8

19.7 fF
Ry = Rea I Ri3
= 10kl riry (1+gm3Re 5 )
=10k | 118k
= 9.22k
RIC|= '82P$
dOMinanT Pole
IPif= 1829+:o7r =3'466rq};/
L S5 MH-=z
@ m) drain

Cy, = CJL’ +C3d, + C'IT|

= 200 +90+ 10

= 400 fF
R2=RL| ”("‘L'. + R;I +r—el)
ma, = 2763M 10.5 '“Af
Tma = \/1(273M)L40A)(30)
= 30‘1,«“&/
= o .
= LTk

Ra= Ikl (e v LTk o)

=130
sccond pole. lel——~ = 126G vadfs

- 306GHz
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BICMOS AMP
vcec 1 0 5V #ttetd AL ANALYSIS TNOM= 27.000 TEMP= 27.000
RL1 1 4 1K
Ml 4 2 0 0 MMOS W=300U L=1U FREQ VR
VI 20 1.5V AC @ ) -1.000E¢02 0. 1,0008+02 2.000E+02  3.000E+02
SEV(T) VI + + + S R
RF 2 7 30K 1.000E+07  1.78E+62-4------ PR PE— boemenn 4ommee [ S, R .-
RE 7 0 1K 11228407 1.78B02 + . + . ’ IR . .
RL2 1 3 10K 1.258B+07 1.7BE+02 + . B B + L . .
RBIAS 1 5 10K 1.412E407 1.37B+02 » + + » + v A+ . .
Q1 35 4 RPN 1.5B4E+07 1.77E+02 » + + + . + A4 . +
Q2 55 6 NPN 1.779B+07 1.77B+02 + . + - + I W + +
Q3137 NHPN 1.9958+07 1.77B+02 + ‘ + . + PR WY . .
M2 66 0 0 NMOS2 W=30U L=1U 2.238B+07 1.75B402 & . B . + R W ’ .
.MODEL NMOS NMOS KP=40U VTO=0.8 LAMBOA=0 LD=0 GAMMA=0 2.511B+07 1.76B402 ¢ “ + + + CE S . .
+ TOX=34.58M CBD=340FF CBS=200FF CGSO=300PF CGDO=300PF 2.B18E+07 1.75E+02 ¢ . + + + +OA s . .
.MODEL NMOS2 NMOS KP=40U VTO=0.8 LAMBDA=0 LD=0 GAMMA=0 3.162E+07 1.75E+02-4---- +enn + A $oenmn .-
+ T0X=34.5HM CBD=34FF CBS=20FF CGSO=300PF CGDO=300PF I.S4BE+07 1.T4E+07 . . + + I S + .
.MODEL MPN NPN IS=6E-13 BF=120 RB=400 VAF=35V 3.981E+07 1.74B+02 + + + + + P . .
+ CJR=SFF CJC=5FF CJS=20FF TF=10PS L AGEEA0T 1.73Ee02 4 . + + . O S . +
+ KWIB=0.4 MJIC=0.33 MJS=0.33 RE=40 S.011E+D7 1.72E+02 + + + + + L S + .
+ VJE=0.8 VJC=0.6 VJS20.6 RC=100 5.623B+C7 1.71E+02 » . + + . [ S + .
.AC DEC 20 10MEG 10GIG £.3098+87 1.70E+02 + . . . . DO S + .
.PLOT AC VP(T) T.07SE+07  1.89E-02 + + . . B PR N . .
.OPTIORS NOPAGE NOMOD T.943B+07  1.68E+02 « + . . . I Y . .
WIDTH OUT=80 8.9128¢07 1.67E+02 + . . . . “a . + N
.OPTIONS SPICE 9.999E+07 1.55E402-4------ PR PR O ORI PO fommman e .
.OP 1.122B¢08 1.63E+02 + . . . . sA . . .
-BD 1.2568+08 1.61E¢02 » . B . . VA . .
14122408 1.58E402 » . . . . A . . .
te492+  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000 1.584E+08 1.57E+02 + . + . +A + . B
17782408 1.542402 » . . . + A B . -
+0:1 = 5.000E+00 0:2 = 1.550E+00 0:3 = 2.669E+00 1.995E+08 1.51E«Q2 + + - + . A - + .
+0:4 = 1.476E+00 0:5 = 2.293B+00 0:6 = 1.469E+00 7.239E+408 1.48E+02 + - . + + A + . .
+0:7 = 1.734E+00 2.511E+08  1.44E+02 » + B + + A+ - . +
29188408 1.412+C2 + + + + P O . . .
t¢+¢ RTPOLAR JUNCTION TRANSISTORS 3.162E+08 1.36Ew{2-0------ A-+- R B
3.S48Es08 1.32E402 + . + . +oae . . .
ELEMENT 0:Q1 0:Q2 0:Q3 3.381E408 1.27E+22 » + + . R W B - .
MODEL 0:NPN 0:NPN 0:NPN 4 46EEDE 1.21Re12 » + + + N SR . . +
IB 1.811E-06 2.223E-06 1.355E-05 S.G11E+08 1.16B+C2 ¢+ - + B I Y . + B
IC 2.195E-04 2.666B-04 1.726E-03 S.623E408 1.1DE+32 + + . + +A . + . +
VBE 8.171E-01 B.244E-01 9.346E-01 §.309E+08 1.MME#02 ¢ . + +A . . - .
VCE 1.192E+00 B8.244E-01 3.265E+00 TT9E08 9 . + . A . . . .
VBC -3.757E-01 0. -2.330E+00 T.943E.08 ¢ + . . As . + + .
vs -2.647B+00 -2.267E+00 -4.827E+00 (3128408 8 - . I 4 . . . .
POWER 2.633E-04 2.216E-04 5.649E-03 $ommemmena A--boennen o #omean oamnan .
BETAD 1.212E+02 1.199B+02 1.274E+02 . . N S + . . N
[« 8.480E-03 1.030B-02 6.670E-02 2588409 B I S + + . .
RPI 1.428B+04 1.163B+04 1.509E+03 412E+03 + 2% + . + + .
RX 4.000B+02 4.000E+02 4.000E+02 SBAELDS . Y + - . . .
RO 1.610E+05 1.311E+05 2.152E+04 JTTREH0S . A+ + . » . .
CPI 9.415B-14 1.124E-13 §6.771E-13 L395E40S CE W + . . . .
cMu 4.290E-15 5.073E-15 3.021B-15 L23BE40S D S + B . . .
CBX 0. 0. 0. L511E+08 A . . . . . .
ccs 1.146E-14 1.194E-14 9.670E-15 LBIBESCS o X . . . . .
BETAAC 1.2118+02 1.198E+02 1.273E+02 L152E400 L b $reeemmeman e b aas
rr 1.371E+10 1.395E+10 1.560E+10 +A . . + . . .
A . - . . .
sttt MOSFETS A+ . - . . - .
ELEMENT 0:M1 0:M2 . . B + . . .
MODEL 0:NMOS 0:NM082 [ . . . ’ B . .
D 3.745E-03 2.688E-04 i . B + N . . .
IBs 0. 0. 3 + . B . . . .
IBD -1.477E-14 -1.469B-14 B.912E-(% -4.82 + + . . » . -
vGS 1.590E+00 1.465E+00 9.5962+0% 4enene $eeman $emeeee yeeeeon $omenn b
VDS 1.476E+00 1.465E+00 . . + . .
VBS 0. 0. d .
vTE 8.000E-01 8.000E-01 © M —
VDSAT  7.900E-01 6.633E-01 O\M‘MW(: POlQ 0\# |3S P € = 3[@ MH%
BETA 1.200B-02 1.200E-03 g le
GAM EFF 0. 0. md b\ —
o 9.480B-03 8.032E-04 ?O 0\*’ L\—SOP aS¢ = l\g G\ H'&
GDS 0. 0.
0. 0.
coroT 2.921E-13 2.925B-14
cGTOoT 3.863E-13 3.875E-14
CSTOT 4.902E-13 4.502E-14
CBTOT 4.071E-13 4.086E-14
CcGS 2.902E-13 2.902E-14
CcGD 9.059E-14 9.059E-15
e SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{T) N1 = -6.966E+01
INPUT RESISTANCE AT Vi = 4.245E+02
OUTPUT RESISTANCE AT V(7) = 1.187B+02
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Il’ef ¢I°\lt
C
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MOS CASCODE CURRENT MIRROR
vee 1 0 5V teetss  AC ANALYSIS TNOM= 27.000 TEMP= 27.000
IREF 1 2 100UA AC
M1 4 3 0 0 MMOS W=10U L=1U RE 1D8(VOUTY
M2 5 2 4 ¢ MO8 W=10U L=10 [} i -6.0008+00 -4.000E+00 -2.000E+00 0. 2.0008+00
M3 223 3 @08 W=10U0 L=1U + + . . .
M4 3 3 0 0 NMOS W=10U L=1U 1.000B+07 -1.19B-03-+------ PR PR S PO . .
VOUT 5 0 2.5547Vv 1.0798+07 -1.372-03 + . + . . + 2 + .
.MODEL MMOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0 1.1658+07 -1.60E-03 ¢ . + + . + A ’ +
+ TOX=11.5KM CBD=16.1FF CBS=10FF CGSO=300PF CGDO=300PF 1.2588407 -1.86B-03 + . + + . S 2 B .
.AC DEC 30 10MEG 1GIG 1.359B+07 -2.178-03 + . . . . + 2 . .
.PLOT AC IDB(VOUT) 1.467B+07 -2.538-03 + . . . . . Iy N N
.OPTIONS NOPAGE HOMOD 1.584E+07 -2.95E-03 ¢ . . . . . A . .
.WIDTH OUT=80 1.711B+07 -3.44E-03 » . . . + . A . .
.OPTIONS SPICE 1.6478+07 -4.01E-03 » + . . + + A + .
.oP 1.9958+07 -4.6BE-03 + . N . . . A ‘ .
JEND 2.15¢8+07 -5.468-03-+------ SOR, FO— enen S, PO F VO PO .-
2.326E407 -6.362-03 + . . . B . A . .
#2se4v  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 2.511E+07 -7_41E-03 + + + . - . A . .
2.712E+07 -B.64B-03 + . . . . . A + .
+0:1 = 5.000B+00 0:2 = 2.554E+00 0:3 = 1.2778+00 2.9282+07 -1.018-02 + - . . + s A . N
+0:4 = 1.277TE+00 0:5 a 2.554E+00 3.162E+07 -1.178-02 + + - . . - A . .
3442407 -1.378-02 + . . . + . A . .
tatt MOSFETS 3.686E+07 -1.60B-02 + . . . . . A . .
3.981R+07 -1.868-02 + . . . . N Iy . N
ELEMENT 0:M1 0:M2 0:3 0:M4 4.298E+07 -2.178-02 + + . . . . A . .
MODEL 0:RMO3 0:508 0:MM08 0:1M08 4.6418+07 -2.532-02 sens A
ID 1.000E-04 1.000E-04 1.000E-04 1.000E-04 5.011E+07 -2.942-02 + + + + + . A + +
IBS 0. 0. 0. 0. 5.4112407 -3.438-02 + + + + + + A + .
IRD -1.277B-14 -1.277B-14 -1.277E-14 -1.277E-14 5.843E+07 -3.99E-02 + + . + * . A . +
vGS 1.277B+00 1.277B+00 1.277E+00 1.277E+00 §.309E+07 -4.65B-02 + + . . . + A . +
vDs 1.277E+00 1.277B+00 1.277B+00 1.277B+00 §.812E+07 -5.428-02 + . + » . + A + +
VBS 0. 0. 0. 0. 7.356E-07 -6.31E-02 + . + . . . A B .
VTH 7.000E-01 7.000E-01 7.000E-01 7.000E-01 7.9438+07 -7.358-02 ¢+ + . + » B A+ + .
VDSAT 5.774E-01 5.774R-01 5.774E-01 5.774E-01 §.5778+07 -8.552-02 + + + + + + A+ + »
BETA 6.000E-04 6.000E-04 6.000E-04 6.000E-04 9.261EB+07 -9.95E-02 + + + + + + A+ B .
GAM EFT 0. 0. 0. 0. 1.000B+08 -1.16B-01- bomeens [ PN SO PP
o 3.464E-04 3.464E-04 3.464B-04 3.464E-04 1.0798+08 -1.35E-01 + . + > . A+ + +
Gps 0. 0. 0. 0. 1.165E+08 -1.56E-01 + + + + . A+ . +
0. 0. 0. 0. 1.258E+08 -1.828-01 . . + B P . .
cproT 1.304B-14 1.304E-14 1.304E-14 1.304E-14 1.359E+08 -2.11E-01 + . . + B A+ + +
CGTOT 2.687E-14 2.687E-14 2.687E-14 2.687E-14 1.4678408 -2.452-01 + . + . I . +
csToT 3.302E-14 3.302E-14 3.302E-14 3.302E-14 1.5848+08 -2.84E-01 + . v B PR ‘ +
CBTOT 2.079E-14 2.079E-14 2.0792-14 2.079E-14 1.711E+08 -3.29E-01 . . . + + A + +
cGs 2.302E-14 2.302B-14 2.302E-14 2.3022-14 1.8478+08 -3.B1E-01 + + . . + A + +
CcGD 3.051B-15 3.051B-15 3.051E-15 3.051E-15 1.995E+08 -4.40%-01 + + + + I SR . .
2.154B+08 -5.08B-01-+------ #eannee pomseen oenen boeenn B T PO -
2.326B+08 -5.863-01 » . . . . I . .
2.511E+08 -6.748-01 « . . . . I T . ‘
2.7128+08 -7.75E-01 « + + . + +A + + +
2.928E+08 -8.BSE-0L + * + + . A . + .
3.1628+08 -1.01E+00 + . . . . A . . s
3414408 -1.16R¢00 + . . . A + . ‘
3.6862408 -1.328+00 + . . . s A . B .
3.3812408 -1.498+00 « . . . R ' B B
4.298E+08 -1.59E+00 + . . . F S . . .
6412408 -1.90B+0C-+------ onanan P IS VT O, bomemnas
5.011E+08 -2.14E+00 ¢ . + v A . . . .
5.411B+08 -2.39E+00 ¢ . . B B . B .
5. 2.66B400 ¢ - . B . . . .
5. -2.358400 - . A + . . N .
é. 3.268400 - . R + . - + .
7.35 _SBE+00 + « A + + - - ’ -
7. L9IE+0C + + +A + . + . . .
B.377E+08 -4.28E400 + P . . . . . .
9.2618+48 ~4.62E+00 + DO S . . - . B .
1.000E+0% -4.99B+00-+------, S [ P FS .
. . . . .

steee

MOS CASCODE CURRENT MIRROR
vce 1 0 5V

IREF 1 2 50UA AC

M1 4 3 0 0 MMOS W=10U L=10
M2 5 2 4 4 RMOS W=10U L=1U
M3 2 2 3 3 NMOS W=10U L=1U0
M4 3 3 0 0 NMOS W=10U L=1U0
VOUT 5 0 2.2165V

.MODEL RMOS RMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5KM CBD=16.1FF CBS=10FF CGSO=3(00PF CGDO=300FPF
.AC DEC 30 10MEG 1GIG

.PLOT AC IDB{VOUT)

.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OPTIONS SPICE

.0P

.END

21T 2]

BANDWIDTH = 460 MEGAHERTZ



IREF 1 2 200UA AC
Kl &30 0 ROS W=10U Ls1U
2 52 4 4 MO8 Wal0U L=1U
M3 223 3 K0S Wel0U LalU
¥4 330 0 MMOS WeldU L=1U
YoUT 5 0 3.0330V

.AC DEC 30 10MEG 1GIG

1-56

adl

all Ip= ’OO,ULA
= —-——L—'—_‘
€. mCox W

{
IL.5M 60m 1O

RSX

= ]

M3)Mq,
e -
m tRsx =2887+ 1111= 4}

Mpmz |
m= —L _ —  T}3q

l+r-\Rsx

1+ Hy
N - 250m 2887
am = LL;MLK”=J_+R,
L mo

Gm = 4k also

~all time constants

increase b), 4000

2387
dominant pele @ 35, 2§87 M
4000
= 232 MHz

device 'FT = EL I S B
M 4000 23F

= 1.73 GH,



(CMOS CASCODE CURRENT MIRROR, SHORT CHANNEL EFFECTS

voe 1 0 5V

IREF 1 2 100UA AC

M1 8 49 9 KMOS W=10U L=1U
REX1 9 0 1111
CGS1 4 0 20FF

M2 6 27 7 WMOS W=10U L=1U
RSX2 7 8 1111
cGS2 2 8 20rF

1B 2 23 3 M08 W=100 L=10
RSX3 3 4 1111
cGS3 2 4 2077

M4 4 & 55 M08 W=10U0 L=10
RSX4 5 0 1111
cGS4 4 0 20FF
C9B3 4 0 1077
CcsSB2 8 0 1077
cDB1 8 0 10FF
cDB3 2 0 10rT7
crBe4 4 0 10rP

VOUT 6 0 2.7765V

.MODEL NMOS MMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5NM CGSO=300PF CGDO=300PF

.AC DEC 30 10MEG 1GIG

.PLOT AC IDB(VOOT)

.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80

.OPTIONS SPICE

.OP

.END

teesss  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.
- 40:1 = 5.000E+00 0:2 = 2.776B+400 0:3 = 1,499E+00
+0:4 = 1.388E+00 0:5 = 1.111E-01 0:6 = 2.776E+00
+0:7 = 1.4998+00 0:8 = 1.388E+00 0:9 = 1.111E-01
RE1 ] m

ELEMENT 0:M1 0:m2 0:M3 0:04

MODEL 0:MM08 0: 508 0: 308 0:WM08

I 1.000E-04 1.000E-04 1.000E-04 1.000E-04

IBS 0. 0. 0. 0.

IBD -1.2778-14 -1.277E-14 -1.277B-14 -1.277E-14

VvG8 1.277E+400 1.277B+00 1.277E+00 1.277E+00

vos 1.277E+400 1.277E+00 1.277B+00 1.277E+00

vBS 0. 0. 0. 0.

VTH 7.000E-01 7.0008-01 7.000BE-01 7.000E-01

VDSAT 5,7742-01 5.774E-01 5.774B-01 S5.774E-01

BETA 6.000E-04 6.000E-04 6.000E-04 6.000E-04

GAM ETTY 9. 0. 0. 0.

G 3.464B-04 3.464E-04 3.464E-04 3.464E-04

GDs 0. 9. 0. 0.

G 0. 0. 0. 0.

coroT 3,0518-15 3.051E-15 3.051E-15 3.051E-15

CGTOT 2.687E-14 2.687E-14 2.687E-14 2.687E-14

CSToT 2.302E-14 2.302B-14 2.302E-14 2.302E-14

CBTOT 8.005E-16 8.005B-16 8.005BE-16 8.005E-16

<) 2.302E-14 2.302E-14 2.302E-14 2.302E-14

G 3.051E-15 3.051E-15 3.051E-15 3.051E-15

/-57

(22111

AC ANALYSIS

FREQ
A )

108 {WOUT
-1.5008+01 -1.0008+01

+ +

THOM= 27.000 TEMP=

-5.0008+00 0. 5.000E+C0

+ . .

1.0002+07 -7.63E-83-4----
1.079E+07 -8.898-03
1.165E+07 -1.04B-02 »
1.258E+07 -1.218-02 +
1.359B+07 -1.412-02 ¢
1.467E+07 -1.54B-02 ¢
1.5848+07 -1.518-02 +
T11B+07 -2.238-02 +
8478407 -2.60E-02 +
9358407 -3.03E-02 +

e e

-

—

P

P
PR

Do D e e D D0 e De 2w

i
>

154B+07 -3.538-02-+--- sooeoe
L326B+07 -4.11B-02 +
LS11E+97 -4.79E-02 ¢+
L712E+07 -5.588-02 +
(92BE+07 -6.502-C2 +
1628407 -7.57E-02 »
414B+07 -B.82E-02
6B6E+07 -1.032-01 +
981E+07 -1.208-01 +
298E+07 -1.39E-01 +

PR I

P
P
e e s e e .

e 3e e Dw D D e 3e Do Dv

S41E+07 -1.628-01-+--- #mmces
011E+07 -1.888-C1 +
411E+07 -2.19E-01 +
B43E+07 -2.54B-01 ¢+
3098407 -2.358-01 +
BI2B+07 -3.42B-01
356B+07 -3.978-01 +
$4IE+07 -4.608-01
(S17E+07 -5.328-01 +
(261E+07 -6.15E-01 »

000

P

-
.

P I
I
a
>
P

e e e e

000E+08 -7.10E-01-+-
079E+08 -B.19E-01 +
1658408 -9.43E-01 +
2582408 -1.088+00 +
3598408 -1.24E+00 +
A6TE+08 -1.42E+400 +
SBAR+0B -1.62B+00 +
7132408 -1.848+00 ¢
BTE+08 -2.092+00 +
995E+08 -2.3TE+00 +
.154E+08 -2.6BE+00

P R
P

P I
P R

.3262+08 -3.01B400 ¢
.511B+08 -3.38E+00 «
LT12E+08 -3.77E+00 ¢+
9282408 -4.20E+00 +
162B+08 -4.65E+00 +
L14E+08 -5.13E+00 +
$§6E+0B -5.64E+00 +
L9B1E+08 -5.18E+00 «
.298E+08 -6.73E+00 +
L641E+08 -7 .30ES0D-4------
O11B+C8 -7.83E400 +
411E+08 -8.4EE+00 +
243E+08 -9.07E00 . s A
L30SE+0B -5.55E+0C +A
B12E+08 -1.02E+01
J356E+08 -1.07E+01
(943E+03 -1.13E+01 « .
772408 -1.1BE+01 + A+
(2612408 -1.23E+01 + ~3 +

PO T

[
>
¥

R R R R S T T T T A T T R

LG30E+09 -1.27E+01-4-mm-Aeesnn e

(222117

CMOS CASCODE CURRENT MIRROR,

vee 1 0 5v

IREF 1 2 50UA AC

M1 8 4 9 9 NMOS W=10U L=1U
RSX1 9 0 1111
CGS1 4 0 20FF

M2 6§ 2 7 7 NMOS W=10U L=10
RSX2 7 8 1111
CGS2 2 & 20FF

M3 2 2 3 3 KMOS W=10U L=1U
RSX3 3 4 1111
CGS3 2 4 20FF

M4 4 & 5 5 NMOS W=10U L=1U
RSX4 5 0 1111
CG54 4 0 20FF
CSB3 4 0 10FF
CSB2 8 0 10FF
CDB1 8 O 10FF
CDB3 2 0 10FF
CDB4 4 0 1CFF

VOUT 6 0 2.3276V

. .
s .
. + + ’ .
+ .
. +

SHORT CHANNEL EFFECTS

.MODEL RMOS WMOS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5N¥ CGSO=300PF CGDO=300PF
.AC DEC 30 10MEG 1GIG

27.000



7-53

.PLOT AC IDB({VOUT)
.OPTIONS NOPAGE NOMOD
WIDTH OUT=80
.OPTIONS SPICE

.OP

.END

(3311}

BANDWIDTH = 170 MEGAHERTZ

1232 T2]

CMOS CASCODE CURRENT MIRROR, SHORT CHANRMEL EFFECTS

vee 1 0 5v

IREY 1 2 200UA AC

Ml 8 49 9 FMOS W=100 L=1U
RSX1 9 0 1111
CcGS1 4 0 2077

M2 6 27 7 MMOS W=10U L=lU
RSX2 7 8 1111
cGS2 2 8 20FF

M3 223 3 MMOS W=100 L=1U
RSX3 3 4 1111
CcG83 2 4 20rF7

¥4 4 4 5 5 NMOS W=10U L=10
RSX4 5 0 1111
cGsd 4 0 2077
CSB3 4 0 10FF
CSB2 8 0 10FF
cDBL 8 0 10P7
CDB3 2 0 1077

T cond 4 0 107F
VOUT 6 0 3.4774V

MO3 MMOS KP=60U VTOs0.7 LAMBDA=0 LD=0 GAMMA=0
11.58M CGSO=300PF CGDO=300PF

.AC DEC 30 10MEG 1GIQ

.PLOT AC IDB(VOUT)

.OPTIONS NOPAGE HOMOD

WIDTH OUT=80

.OPTIORS SPICE

-oP

-BD

+

2k

2311}

BAMDWIDTH = 320 MEGAHERTZ



THL
m3
yﬂ\ =

use

T; = 71"_3(C¢753+C$b3 +CJdlo
1 Cdb,,+ Cdb, + Cﬁ"')

=289 (20+10+6
+20+jo+3)f

= 199 ps
hOh-Jom'nqnt Pole
2T To =77?MH2
5s 3afn
Yo _ !
3 ™ Jw
W= ™ Yo
! o e %
= 249454
'p
= 5 d
245 M ra/s
Ly 39MHz

ml = "2 IDMPCOX _r__v

Ip =100uA

V‘ZIDM.IC”( g
VzooA 60x I0

346m A

,V
]
2890 S

L e N
+ circuit

245 M,%

7-59
'ﬂ'on\ inpu‘f to source of m3

transfer function = —————

@W=W|=l4§Mrad/s

Phase from non—dominan‘f pule
= —arctan 245M
27 799M

= -2.79°



PART OF POLDED CASCODE

VDD 1 0 3V

vss 2 0 -3v

M1l & 3 1 1 PMOS W=10U L=10
V3 30 1.1453v

M 17 9 8 8 PMOS W=10U L=10
M2 18 10 8 8 PMOS W=10U L=1U
M3 15 11 17 2 KMOS W=10U L=1U
B4 16 11 18 2 NMOS W=100 L=1U
Vi1 11 ¢ -0.44565V

V12 12 0 -1.72265V

VOUT15 15 0 OV

VOUT16 16 0 OV

.MODEL 3OS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0

+ TOX=11,5NM CBD=16.1FF CBS=10FF CGSO=300PF CGDO=300PF
.MODEL NMOS2 NMOS KP=60U VT0=0.7 LAMBDA=0 LD=0 GAMMA=0

+ TOX=11.5MM CBD=32FF CBS=20FF CGS0=300PF CGDO=300PF
.MODEL PMOS PMOS KP=3(0U VTO=-0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5NM CBD=16.1FF CBS=10FF CGSO=300PF CGDO=300PF
AC

.AC DEC 20 10MEG 2GIG
.PLOT AC IDB(VOUT15}
.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
.OPTIONS SPICE

.0P

.END

r1eREE

OPERATING POINT INFORMATION

+0:1 = 3.000E+00 0:2 =-3,000E+00 0:3

+0:8 = 1.516E+00 0:9 = 0. 0:10
40:11 =-4.457E-01 0:12 =-1.722E+00 0:15
+0:16 = 0. 0:17 =-1.723E+00 0:18

e mm

ELEMENT 0:M11 0:01 0::2 0:M3 0
MODEL 0:PMOS 0:PMOS 0:PMOS 0:MM08 0
bor] -2.000B-04 -1.000B-04 -1.000E-04 1.000E-04
IBS 0. 0. 0. -1.2778-14 -
IBD 1.484B-14 3.239B-14 3.239E-14 -3.000E-14 -
ves -1.854R+00 -1.516E+00 -1.516E+00 1.277E+00
VD8 -1.483E+00 -3.239E+00 -3.239E+00 1.723E+00
vBS 0. 0. 0. -1.277E+00 -
VTH -7.000B-01 -7.000E-01 -7.0008-01 7.000E-01
VDEAT -1.154E+00 -8.165E-01 -8.165E-01 5.774E-01
BETA 3.000E-04 3.000E-04 3.000E-04 6.000E-04
GAM KPP 0. 0. 0. 0.
3.464E-04 2.449B-04 2.449E-04 3.464E-04
GDS 0. 0. 0. 0.

0. 0. 0. 0.

coror 1.2598-14 1.029B-14 1.029E-14 1.046E-14
CGToT 2.643E-14 2.668E-14 2.663E-14 2.689E-14
csToT 3.302E-14 3.302E-14 3.302BE-14 2.922E-14
CBTOT 1.9882-14 1.770B-14 1.770E-14 1.439E-14
CGs 2.302B-14 2.302E-14 2.302B-14 2.302E-14
cGD 3.059E-15 3.1302-15 3.130E-15 3.069E-15

ELEMERT 0:M10
MODEL 0:HM0S2
2.000E-04

0.

-1.2778-14
1.277E+00
1.277R+00

0.
7.000E-01
5.773E-01
1.200E-03

0.
6.928E-04

0.

0.
2.596E-14
5.374E-14
6.604E-14
4.146E-14
4.604E-14
6.102E-15

5 -3

z
!

YELFEEFEITE

sagggge

7-60

THOM= 27.000 TEMP= 27.000

= 1.145K+00

= 0.
= 0.

=2-1.723E+00

M

M08
1.000E-04
1.277E-14
3.000E-14
1.277E+00
1.723B+00
1.277B+00
7.000E-01
5.774E-01
6.0008-04

0.
3.464R-04

0.

0.
1.046E-14
2.6898-14
2,.922E-14
1.439E-14
2.302E-14
3.069E-15

0:M9
0::082
2.000E-04
0.
-1.2772-14
1.2778+00
1.277B+00
0.
7.000E-01
5.773E-01
1.200E-03

0.
6.928E-04

0.

0.
2.596E-14
5.374R-14
6.604E-14
4.146E-14
4.604E-14
6.102E-15

sereue

204

AC ANALYSIS THOM=
108 (VOUT1S)
) -B.600B+01  -8.400R+01  -8.20CE+01  -8.000R+01

+ + + +

B2B401-4------

=

000B+37 -7
1228407 -7.82E+(1 +
258E+07 -7.8ZE+01 +
4128407 -7.82B+01 +
584E+07 -7.82E+01 +
JTTRES07 -7.82E+01 +
L995E407 -7.82E+01 +
23BE+07 -7.82E+01 +
511E+07 -7.82B+01 +
-B19E+07 -7.B2E+01 +

P I R S 4

P

_S4BE+07 -7.82E+01 ¢+
L981E+07 -7.828+01 «+
ABGE+DT -T.B2E+01 +
L011E+07 -7.
6238407 -7.82B+01 +
.J09E+0T -7.82B+01 +
L079B+07 -7,
4307 -7,
J912B407 -7,
9998407 -7.
L122B+08 -7,
.25BB+08 -7.
A12B+08 -7.83B+01 ¢+
LS84E+08 -7.83B+01 +
_TTBE+08 -7.83E+01 +
9952408 -7.82E+01
L23BE+0B -7.B4E+0] ¢
511E+08 -7.84E+01 +
.B18E+08 -7.85E+01 «

B2E+01 +

N N e W L R R R e b e

82E+01 +
B2E+01
B2E+01 +
82B+(1-+---
B2E+01 +
B38+01

A
A
A
A
A
A
A
A
A
.162E407 -7.B2E+01-4+-- . N
A
A
A
A
A
A
A
1
A

ERE T T T T
O
PR I
T v e e e s e e

P T T T T T SO

P
E R Y
PR I I s
P T

.162B+08 -7.86E+01
S4BEC0B -7.86E+0] +
981E+08 -7.8BE+01 +
466B+08 -7.89E+01 »
011B+08 -7.90E+01 +
.623E+08 -7.92B+01 +
6.309E+08 -7.94E+01 +
7.079Z+08 -7.97E+01 +
7.9438+08 -8.00B+01 +
§.9128+08 -8.04E+01 +

[ T P U A I SN V- - S

w
T
FE
e e e e e
P P T e

=
+ e+ e

27.000 TEMP=

-1.8002+01

9.999E+08 -8.08E+01
1.1228+09 -8.12E+01 +
1.258E+09 -8.17E+01 +
1.4128+09 -8.22E+01 +
1.584E+09 -8.28E+01 +
1.7782+09 -8.42+01 +
1.9958+09 -8.402+01 +
2.23BB+09 -8.46E+01

+

e r e e
R
-
-
P
S
e e+ e e

= 1.12 GIGAEERTZ

9 8 8 PMOS W=10U L=1U
10 8 8 PMOS W=10U L=1U
11 17 2 NMOS W=10U L=1U
11 18 2 NMOS W=10U L=1U
13 1 1 PMOS W=100 L=1U
1 1 PMOS W=10U L=1U
14 14 PMOS W=10U L=1U
13 13 PMOS W=10U L=1U
-0.44565v
2 2 HMOS2 W=20U L=1U
M10 17 12 2 2 NMOS2 W=20U L=1U
Vi2 12 0 -1.72265V
CL 16 0 1PF
.MODEL }MOS NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5NM CBD=16.1FF CBS=10FF CGSO=300PF CGDO=300PF
.MODEL NMOS2 NMOS KP=60U VTO=0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5RM CBD=32FF CBS=20FF CGSO=300PF CGDO=300PF
.MODEL PMOS PMDS KP=30U VTO=-0.7 LAMBDA=0 LD=0 GAMMA=0
+ TOX=11.5KM CBD=16.1FF CBS=10FF CGSO=300PP CGDO=300PF
VI1 9 0 OV AC
VI2 10 0 OV
.AC DEC 40 10MEG 100MEG
.TF V(16) VI1
.PLOT AC V(1§6)
.PLOT AC VP(16)
.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
.OPTIONS SPICE
.oP
.END

kv red
+0:1
+0:8
+0:11

OPERATING POINT INFORMATION
= 3.000E+00 0:2 =-3.000E+00 0:3
= 1.516E+00 0:9 = 0. 0:10
=-4.457E-01 0:12 =-1.722E+00 0:13

R

TNOM= 27.000 TEMP=

1.145E+00
0.
1.483E+00

27.000

27.000



7-61

+0:14 = 1.483E+00 0:15 =-3.299E-02 0:16 =-3.299E-02
+0:17 =-1.723E+00 0:18 =-1.723E+00 FREQ VP{16)
a ) -1.100E+02  -1.050B+02  -1.000B+02  -3.500B+01  -9.000B«01
++4% WOSFETS + + + + .
ELEMENT 0:M11 0:mMl 012 0:3 0:M4 0:M5 1.000E+07 -3.16E+01-4------ 4o boeanas $oeones $ommme $mm RN T
MODEL 0:PMO8 0:PMOS 0:PMOS 0: M08 0:1M0S 0:PMOS 1.059E+07 -9.17B+01 + + + + + + . + A +
m -2.000E-04 -1.000E-04 -1.000E-04 1.000E-0& 1.000E-04 -1.000E-04 1.122E+07 -9.1BE+01 + + S . + v . +A s
IBS 0. 0. 0. -1.277B-14 -1.277E-14 0. 1.188B+67 -9.19E+01 + + + . . . . +A .
I1BD 1.4848-14 3.239E-14 3.239B-14 -2.967E-14 -2.367E-14 1.516E-14 1.258B+07 -9.21B+01 + * * + + + A +
vGs -1.854E+00 -1.516E+00 -1.516E+00 1.277E+00 1.277E+00 -1.516E+00 1.333B+07 -9.22E+01 + + . + » B + +A +
vDs -1.483E+00 -3.239E+00 -3.239E+00 1.690E+00 1.690B+00 -1.516E+00 1.4128+07 -9.238+01 » + » . + + . by +
VBS 0. 0. 0. -1,277E+00 -1.277E+00 0. 1.496B+07 -9.24E+01 » + . + . + + A +
VTH -7.000E-01 -7.000B-01 -7.000E-01 7.000E-01 7.000B-01 -7.000E-01 1.584E+07 -9.26E+01 o + + . + . . A .
VDSAT  -1.154E+00 -8.165B-01 -8.165B-01 5.774E-01 5.774E-01 -8.165E-01 1.6788+07 -3.27E+01 » + + . + . + A+ +
BETA 3.000B-04 3.000B-04 3.000E-04 6.000E-04 6.000E-04 3.000E-04 1.778E+07 -§.29E+01 .- 3 +-
GAM ETF 0. 0. 0. 0. 0. 0. 1.8838+07 -9.31E+01 + + + . + * P +
e 3.464E-04 2.445B-04 2.449E-04 3.464E-04 3.464E-04 2.449E-04  1.9958+07 -9.338+01 » . . . . . voae +
GDS . 0. 0. 0. 0. 0. 2.113B+07 -9.358401 + + . . . . + A .
0. 0. 0. 0. 0. 0. 2.238E507 -9.37B+01 . . . . + v OA .
cpToT 1.259E-14 1.029E-14 1.029E-14 1.045E-14 1.04SE-14 1.252E-14 2.3712+07 -9.392+01 » ’ + + . . D S .
CGTO?T 2.643E-14 2.668E-14 2.668E-14 2.689E-14 2.689B-14 2.661E-14 2.511E+07 -9.41B+01 » . + . . + I .
C9TOT 3,302B-14 3.302E-14 3.302E-14 2.922E-14 2.922E-14 3.302E-14 2.660E+07 -9.44B+01 + + . . + . L S +
CBTOT 1.9882-14 1.770E-14 1.770E-14 1.443B-14 1.443E-14 1.999E-14 2.818E+07 -3.46B+01 + * + + + . Y + +
€68 2.3028-14 2.302E-14 2.302B-14 2.302E-14 2.302E-14 2.302E-14 2.9BSE+07 -9.498+01 + + - + + . A . +
<G> 3.059E-15 3.130E-15 3.130E-15 3.068E-15 3.068E-15 3.061E-15 3.162B+07 -9.52B+01-4------ $oeooe- D 4oemees $ommoee e g $ommmen +-
] 3.349E+07 -9.558+01 + + . + + DO + >
ELEMENT 0:M6 0:M7 0:M8 0:M9 0:M10 3.548E¢07 -9.588+01 + + + N . s A . +
MODEL 0:PM08 0:PMOS 0:PMOS 0:NM082 0:NMOS2 3.758E+Q7 -9.62E+01 + . . . . + s . +
m -1.000E-04 -1.000E-04 -1.000E-04 2.000E-04 2.000E-04 3.9B1E+07 -9.66E+01 » + + + . I . +
IB8 0. 0. 0. 0. 0. 4.217E+07 -9.70R+01 » > + + + +A . + +
IBD 1.5162-14 1.516E-14 1.516B-14 -1.277E-14 -1.277E-14 _46EE<07 -9.74E+01 + 3 + . A + + .
vGs -1.516E+00 -1.516E+00 -1.516E+00 1.277E+00 1.277E+00 4.731B+07 -9.78E+01 + + + + + A+ . + +
VD8 -1.516E+00 -1.516E+00 -1.516E+00 1.277E+00 1.277E+00 5.011E+07 -9.83E+01 » + + + LI + + .
VBS 0. 0. 0. 0. 0. 5.308E+07 -9.87E¢01 + + + + L S + - .
VTH -7.000E-01 -7.000E-01 -7.000E-01 7.000E-01 7.000E-01 5.623E+07 -3.93B+01 A
VDSAT -8.165E-01 -8.165E-01 -8.165E-01 5.773B-01 5.773E-01 5.956E+07 -9.98E+01 + B + + A . B B +
BETA 3.000B-04 3.000E-04 3.000E-04 1.200E-03 1.200E-03 6.309B+07 -1.00E+02 + + + + A+ + + . +
GAX EFY 0. 0. 0. 0. 0. 6.683E+07 -1.01B+02 + + + A . ‘v + +
[~ 2.449B-04 2.449E-04 2.449E-04 6.928E-04 6.928E-04 7.0798+07 -1.01E+02 ¢ + + [0 S + + + +
0. 0. 0. 0. 0. 7.4982+07 -1.02B402 + + + A + . + . .
0. 0. 0. 0. 0. 7.9432407 -1.03B+02 + + L B . + . +
coroT 1.2528-14 1.252B-14 1.252E-14 2.596E-14 2.596E-14 B.4142407 -1.03E402 + + N Y + B + + +
caeroT 2.661E-14 2.661B-14 2.661E-14 5.374E-14 5.374B-14 B.9122+07 -1.04B¢02 » + +A . + . + + S
csTor 3.302E-14 3.302B-14 3.302E-14 6.604E-14 6.604E-14 9. 440B+07 -1.05E+62 + + A+ . + B . + .
CBTOoT 1,999E-14 1.999E-14 1.999E-14 4.146E-14 4.146E-14 1.0008+08 -1.06E+02 A - o
cGs 2.302E-14 2.302E-14 2.302E-14 4.604B-14 4.604E-14 . + + ’ +
CGD 3.061E-15 3.061E-15 3.061E-15 6.102E-15 6.102E-15 reeee
UNITY GAIN FREQUENCY = 37.58 MEGAHERTZ
reee SMALL-SIGHMAL TRANSPER CHARACTERISTICS PHASE = -96.2 DEGREES @ 37.58 MEGAHERTZ
v{16)/Vii = 2.425E+08
INPUT RESISTANCE AT Vi1 = 9.999E+19 PFOLDED CASCODE
OUTPUT RESISTANCE AT V(16) = 9.901R+11 * TAKE AWAY ALL CAPACITANCES CONTRIBUTING TO
ste2er  AC ANALYSIS TROM= 27.000 TEMP= 27.000 * THE NON-DOMINART POLE
PREQ V116 VDD 1 0 3V
@ ) 0. 1.000B-00  2.0008+00  3.000E+00  4.000E+00 vss 2 0 -3v
. . . . v ¥l 8 3 1 1 PHOS W=10U L=1U
1.000E407 3.B3E400-4------ Heennan #omenen $eema e D S e P O V3 3 0 1.1453V
1.0592+07 3.31E+00 + + + + . . + A + Ml 17 9 8 8 P_NOCAP W=10U L=1U
1.122E+07 3.41B+00 + . + + + . + A . M2 18 10 8 8 P_NOCAP W=10U L=1U
1.188E+07 3.22E+00 + + » * + + + A + M3 15 11 17 2 B _NOCAP W=10U L=1U
1.258E¢07 3.O4E+D0 + + . . + + +A + + M4 16 11 18 2 H_NOCAP W=10U L=1U
13338407 2.37E+00 ¢ . + . . A + - M5 14 13 1 1 PMOS W=10U L=1U
1.4128407 2.T1E400 4 . + . + L T + + M6 13 13 1 1 PMOS W=10U L=1U0
1.4962+07  2.55E+00 + + - . + Y . + + M7 16 15 14 14 PMOS W=10U L=1U0
1.SBUESCT  2.41B+00 + + + . + A+ B + + M8 15 15 13 13 PMOS W=10U L=10
1.678B+C7 2.282+00 + + . . L I + + + V11l 11 0 -0.44565V
1. 2.15B000-v------ temanen e $enmnnn PO TR $omenan FURRREEN +- M9 18 12 2 2 N_NOCAP W=20U L=1U
1. 2.038400 + + + . A + . + + M10 17 12 2 2 N _HOCAP W=20U L=1U0
1.9 1.31E+05 + 0 + . A + B . + V12 12 0 -1.72265V
2. 1 81B+00 + + . LI WY + - + + CL 16 0 1PF
i 1.71E+00 + . + A . > + . .MODEL N_NOCAP RMOS KP=60U VTO=(.7 TOX=10H
2. 1.61E+00 + + + O . + . + _MODEL P_NOCAP PMOS KP=30U VTO=-0.7 TOX=10M
7. 1.522400 + + B A + 0 + + B .MODEL KMOS NMOS KP=60U VTO=0.7
2. 1.A3E+D0 + + + A+ + . . . . + TOX=11.SKM CBD=16.1FF CBS=10FF CGS0=300PF CGDO=300PF
2. 1.35E400 . A + . B + . .MODEL PMOS PMOS KP=30U VT0=-0.7
2. 1.28E+00 + . R . . B + . + TOX211.5NM CBD=16.1FF CBS=10FF CGSO=300PF CGDO=300PF
3. 1.20B200-+------ 4nman F s PR, R P PRI .- VIL 9 0 OV AC
3. 1.14E+00 » . I3 . . + + . VIi2 10 0 OV
3. 1.07E+00 + B A B . . . . . .AC DEC 40 10MEG 100MEG
3.7 1.01B+00 + . A . . . . + . TP V(16) VI
3. 9.57E-01 + . A . . . . + . .PLOT AC V(16)
31 9.03E-01 + oA . . . . + . .PLOT AC VP(16)
{.466E+C7 B.5IB-0L CE 1 . + - . . + .OPTIONS NOPAGE HOMOD
4.7318+07 B.04E-01 L . . . . . . .WIDTH OUT=80
5.0112+07 7.SBE-C1 4 CE ) + . + . + . .OPTIONS SPICE
5.308B+07 7.158-(1 4 A e ' B . . . . .OP
5.623E+07 6. T4E-0l-4--mn- [ S P hovmnn PO ST P - .END
5.956E+07 6.35E-01 + CA e . . . . . ‘
§.3092407 §.99E-01 + 5y + + + . + + + seeeet  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
6.5BIE40T 5.542-01 » A s . + B B . B
TLOTSE0T 5.32B-01 A + . + . . . + +0:1 = 3,000E+00 0:2 =-3.000E+00 0:3 = 1.145E+00
T.A9EE07 §.01R-01 4 A . . . . ’ » + +0:8 = 1,516E+00 0:9 = 0. 0:10 = 0.
TOHIEST LLTIE-DD o A . . . B + + + +0:11 =-4.457E-01 0:12 =-1.722E+00 0:13 = 1.483E+00
$.414E+0T  §.ME-01 + A+ . . . ’ + . + +0:14 = 1,483B+00 0:15 3.299E-02 0:16 =-3.299E-02
8 312E407 .188-01 + As . B . . . . . +0:17 =-1.723B+00 0:18 =-1.723E+00
9 L40E+0T 3.93E-01 +  Ar . . . B B . .
1.000BC8  3.70B-0L-#mnm-Aedmmommrmammmdmmnmbr oo ho oo d e g ge sse+ MOSFETS

+ .
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ELEMENT 0:M11 0:M 0:2 0:33 0:M4 0:M5 f3:09] VP(16)

MODEL 0:PMDS 0:P_NOCAP 0:P_NOCAP 0:N_NOCAP 0:N_NOCAP 0:PMOS A ' -9.5008+01 -9.5008+J1 -3.400B+01 -9 200B+01  -9.0008+01
m -2.000B-04 -1.000B-04 -1.000B-04 1.000B-04 1.000E-04 -1.000E-04 . . + . .
IBS 0. 0. 0. -1.277B-14 -1.277E-14 0. 1.000B+07 -9.07EsQ1-+-----~ bennos beennen Sommeen b P P Y Y .
IBD 1.484E-14 23.239B-14 3.239E-14 -2.967E-14 -2.967E-14 1.516E-14  1.059E+07 -9.0BEsDI + . 4 . . . . A .
vGS ~1.854E+00 -1.516E+00 -1.516E+00 1.277B+00 1.277E+00 -1.516E+00  1.122+07 -5.0BE«01 + . » . . + B " .
vDs _1.483E+00 -3.239E+00 -3.239E+00 1.650%+00 1,.690E+00 -1.516E+00  1.188E+07 -2.098+(1 « + . . + . . A .
VBs 0. 0. 0. ~1.277B+00 -1.277B+00 0. 1.258B+07 -5.09R«01 + . . . . . + A .
VTH -7.000E-01 -7.000E-01 -7.000E-01 7.000E-01 7.000E-01 -7.000B-01  1.3335+07 -5.10R+01 » + . . . . . A .
VDSAT  -1.154E+00 -8.165E-01 -8.165B-01 5.774E-01 5.774E-01 -8.165E-01 1412807 -9.11E:01 « . . . + * . A+ .
BETA 3.000E-04 3.000E-04 3.000E-04 6.000B-04 6.000E-04 3.000B-04  1.496E+07 -3.118401 + + . . . . . as .
GAM EFT 0. 0. 0. 0. 0. 0. 1.5842+07 -3.128+01 + + . + + . + A +
[« | 3.464B-04 2.449B-04 2.449B-04 3.464E-04 3.464E-04 2.449B-04  1.6782+07 -3.13B401 + . + . . . L .
GDS 0. 0. 0. 0. 0. 0. 1.778E+07 -9.24B+0L-4------ Hoeenen Hommeee S 4men m————- PR PO +-
GMB 0. 0. 0. 0. 0. 0. 1.883B+07 -9.14E+01 + + + + . + LI WY »
coToT 1.259E-14 1.492E-22 1.492E-22 7.781E-23 7.781E-23 1.252E-14 1.9958+07 -9.15B+01 + + + . + + LI S +
CGTOT 2.643E-14 2.378E-20 2.378E-20 2.402B-20 2.402B-20 2.661B-14  2.113E07 -3.162:01 + + + . + + L S .
¢sTOT 3.302E-14 2.302E-20 2.302E-20 2.302E-20 2.302E-20 3.302E-14 2.236E+07 -9.178+01 . . . + + I T B
CBTOT 1.988E-14 6.126B-22 6.126E-22 9.206E-22 9.206E-22 1.999B-14  2.371E+07 -9.18301 + . + . . + “A . .
cG8 2.302B-14 2.302E-20 2.302E-20 2.302E-20 2.302E-20 2.302E-14  2.511E+D7 -9.138401 + . . . . . A . .
cGD 1.059E-15 1.492E-22 1.492E-22 7.781E-23 7.781E-23 3.061E-15  2.660E-07 -9.20E01 + . . . . . A . .

2.81BE+07 -9.228+01 + . ¢ ¢ . . A+ . .

ELEMERT 0:M6 0:M7 0:M8 0:M9 0:M10 2.985E+07 -9.23B+01 » + . + + RO W) + +

MODEL 0:PMOS 0:PMOS 0:PMOS 0:N_NOCAP 0:N_NOCAP 3.162E+07 -9.248401-5------ e RS PR PR FOE VA ORI, ‘-
] -1.000E-04 -1.000B-04 -1.000E-04 2.000E-04 2.000B-04 3.3498+07 -3.26E401 + + . . . L Y . .
IBS 0. 0. 0. 0. 0. 3.54BE+07 -9.27E+01 + . + + + A . + +
IBD 1.516E-14 1.516E-14 1.516E-14 -1.277B-14 -1.277E-14 3.758E407 -3.29E+01 + . . . + A + . .
vGS -1.516E+00 -1.516E+00 -1.5162+00 1.277E+00 1.277E+00 39818207 -9.31E+01 + . . . + A * . .
Vo8 -1.516E+00 -1.516E+00 -1.516E+00 1.277E+00 1.277E+00 42178407 -9.338+01 + * + . D ) + . +
VBS 0. 0. 0. 0. 0. 4. 166E+07 -9.34EB401 + + + + LI WY + + .
VTH -7.0002-01 -7.0008-01 -7.000E-01 7.000E-01 7.000E-01 4.731E+07 -3.37E+01 + + . . L S + + .
VDSAT -8.165E-01 -8.165E-01 -8.165E-01 5.773E-01 5.773E-01 S.011E+07 -9.39B+01 « + + + A . * + .
BETA 3.000E-04 3.000E-04 3.000E-04 1.200E-03 1.200E-03 5.308E+07 -9.41E+01 + . . . A+ . . + .
GAM EFF 0. 0. 0. 0. 0. 5.6238¢07 -9.43B+01 -- --e--- cebeeeans PR TORURN .-
[ ] 2.4498-04 2.449E-04 2.449E-04 6.928E-04 6.928E-04 5.956E+07 -3.46E+01 + . . PO Y . . + N
0. 0. 0. 0. 0. 6.309E+07 -3.498+01 + + . Y . . + . ’
Qe 0. 0. 0. 0. 0. 6.6838+07 -5.51R+01 + + . A + . . . .
coroT 1.252E-14 1,252E-14 1.252E-14 1.176E-22 1.176E-22 7.0798+07 -3.548401 + . LI S . . . . .
ceror 2.661E-14 2.661E-14 2.661E-14 4.800E-20 4.800E-20 7.49BE+07 -9.58R+01 + . A . . . . . .
CSTOT 3.302E-14 3.302B-14 3.302B-14 4.604E-20 4.604E-20 7.9432+07 -9.61E401 + . A . . B . . N
CBTOT 1.999E-14 1.999E-14 1.999E-14 1.8341E-21 1.841E-21 B.414E407 -9.640401 » P W B . . . . .
ces 2.302E-14 2.302E-14 2.302E-14 4.604E-20 4.604E-20 B.912E+07 -9.68B+0L + Y ‘ . B + . . +
cGD 3.061E-15 3.061E-15 3.061E-15 1.176E-22 1.176E-22 94408407 -3.72B01 + A+ . . . + . . N

1.000B+08 -9.76E+01-+-A. 4- e P eeenan +-

bk SMALL-SIGMAL TRANSFER CHARACTERISTICS B + . . .

1225 L 4
v(16}/vIl s 2.425E+08 UNITY GAIN FREQUENCY = 37.58 MEGAHERTZ
INPUT RESISTAKCE AT Vi1 = 9.995E+19 PHASE = -92.9 @ 37.58 XEGAHERTZ
OUTPUT RESISTANCE AT V(16) = 9.901B+11
tsesee  AC ANALYSIS THOM= 27.000 TEMP= 27.000
FRED vi18)
A i 0. 1.0008-00 2.000E+00 3.0008+00 4.000E+00
. . B . ‘
1.0008+57 3.BTE#D0-+------ D dommemn P P FEmm—— LR [P W
1.0598407 3.85E+30 + . + . . + A .
1.1228¢57 3452400 + + + + + . . A .
1 1882407 3.23B+00 ¢ + + . . * L S +
1.258E+07 3.07E+00 « + ¢ + + + A . +
1.3338407 2.902400 « . . . . . A+ . .
1A12E<CT 2.74E<00 + + . . . o A+ ‘ +
1 436807 Z.58Be00 + . . . . A . . .
1 SBAESDT 2.44E0D0 ¢ * . . . A . + .
1 678807 2.30E400 + . + . e A - + - +
1.778E+0T  2.1TE#0C-4------ #oneooo danmnen boooaan L e hREbt 4o Hooennn .-

1.8838:07 2.35E402 . + . A . ’ . +
1.395E¢07 I 4E+0 ¢ . . 4 A + . . +
2.113E407 1.B3E#00 ¢ . . D . . . .

2.2382487 1.728400 » . + LI S . B . +
2.371E+07 1.83Es00 + . v A + + + . .

N 1.54E+97 » - » Y - . * . +
1.458408 4 + - A - + + - -
2 137200 « - - At + + + + .

1. T 1.33E400 ¢ . PO N . . . .

13 1.23EH00-0mennnn o PO N PO bomoann PO .

3 1.15E460 « . + 3 + - . . . +
1, 1.98E+0C + . " . B . . . .

3.0 1 + . . . . .
3.8 ] . + - . .
L2U7ET 9. . . . . B N
4 AEBEADT B . . - B . N
‘. 5.t . . . R R
S. 3. » . . + B ‘
$ > . + + . . .
5.45E-01 + <A . + . . . -

§.05E-11 + ‘a + . . . . .

BE-lL e A . + . . + .

Y . . + - - . .

A+ . . . . - . .

A« . . . . . - .
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MOS CASCODE STAGE

dgigt' vI 1 o DC 1.165 AC 1
a VBL 4 0 1.6
- VB2 5 0 H
I 5 3 1000
~ cr 2 0 0.2P
7\4—5 L 3 0 2P
Mmoo o2 1 0 0 CMOSN W=20U La=0.5U0
) -} 3 4 2 2 CMOSN W=20U L=0.50

-MODZL CMOSH MMOS VT0x=1 KP=130U LAMBDA=0.04
.OPTIONS ROMOD

.AC DEC 5 100 100G

-PLOT A VM(3)

-WIDTE OUT=30

.OPTIONS SPICE

.END

wattst  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 1.165K+00 0:2 = 5.0762-01 0:3 = 1.338K+00
+0:4 = 1.670K+00 0:5 = 5.000X+00

#+¢s NOSFETS

= = = = SUBCK?
W ELEMENT 0:M1 0:2
! — Z0 - MODEL  0:CMOSN  0:CHOSN
= ‘CID ",E”goxw_b)(a'g‘ x[00x{g™® ™ 1.0008-04 1.000E-04
B8 0. 0.
= 180 -5.076E-15 -1.331K-14
={\2X{o 1'/’(/\/ ves 1.1652¢00 1.162E+00
Vo8 5.076X-01 1.331E+00
__L_ = i - 5N = VB8 0. 0.
Yo, = No 004 x(00x| T =25x’ L =Toz v 1.000+00 1.000E+00
N o VDSAT  1.650E-01 1.624K-01
BETA 7.3465-03 7.583K-03
N GAM EFF 0. 0.
(0\) w*“ G OPCV\ ™ 1.2128-03 1.232K-03
2 _ - D8 3.920X-06 3.798K-06
Coloy=0.2x{6"x 2.5x5 =5*0 s as . 0
cgror 0. 0.
With CP open csTor 0. 0.
CBTOT 0. 0.
cgs 0. 0.
c'—LrO (+T-07.+%'V'\2_r0 l.rOL) ceD 0. 0.
— - LY
=2x10"(2.5%(c° + 25x|§+l_1xlo3x 2.5x|g seesse AC NNALYSIS TSOM=  27.000 TBMP=  27.000
nr VI
XZ,5% 105) 0 ) L.0Q0E-10 1.0008-05  1.000E+00  1.0002+05 10002510
. . . . .
= |‘§X[QJ+S BT T T U S R YO
LSBEO2 8920 s+ o+ o+ v s A e s
\ 3 2.5118002 9.728¢08 + + . . 4 + A . .
—t—_—,—_—— e T - ‘zz* J.9812+02 9.2BEe04 + + + . + + A . .
IS Sxigt 6.6xlo s D T S S
' 1.0008+33 6.94Zs04 + . . . . . N . .
1.5B4E+03 5.29E+04 + . . N + . A+ . .
DSUBE LSTBO0 e v v e e e ke e
(B) Wl% C‘p ghor‘h J.981E+03 2.343+0L ¢ + - + - . Ay . .
2 c ) R R L R S S Y PR
= N _ . 1.00ZA0E 9. 568403 4o -nembarmmmmbonmeme b memambecco e benRempencentenn aaah
CLfor = xlg=x2.5%0” =5xlo S LSBBOL 05203+ o e e+ ke s .
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= =lz4 L
Haf (+ 25 f



8.3
(@) Basic amplifier

Yot Judi Trz Jmata Vi

S

lokn ‘;'Sm- Gagke 3 Gke

Yo =Yra=Vx3 = ‘3",. =5.2k®

9= U, To=5ok R

- 2XI10 Q
Ri=10K ||V = e = 3,42 K

Ra=Yal sklaa = 2. 42K 2
Ry=Yozk bkl Yny =242 k-
Rq.: Yol Skll ok = =313k

. o -'L: = ~Ri%nR23ma R3 9m3 R4

2420 2420 3130
~3.4250 3 76 K¢

= —%.5"1!10’-‘1 = o

__ 14 ]
§=~-Z =7 okn

. 9
1¢{ a4 1+ 3.5Tx10%

= —-10K<LL

loop quin =a§ =357 x10°®
Ry = R = 3420 = Q
K 1405 \+3.57%0° 00076
Ro= =% -3¢ _,pg0
\+a§5  1+3,5Mx0°%

b
New walue of Ry=3. a3l = 114

a9 274
'0 &" ‘3.5-'))(\0 m-—sas M.:L

~ of = 803 x10° x \o™4 =Q.08 x10%

_ _Re _ 3330 _
Ro= 1+a§  (+8.08x,0% ~O.038'_7Q




3¢
gi—ro\ ave thesome asin Froblem 3.1
@.
0{:-0'0511 R) G0 (ot U RO ozl Rm"B
= [, (RO =[3516* (Sok i 5k

= o3xi

w=-Re=-10kL

d_— ?, = Toa | Rs = ok lI5k =4S4k
=0

U Stk 3.\107.\'-2.21.%!};51, Ry

=—lok Lf’OSx l(} Stk

:—l Ok.ﬂ..
+%03xI03 \+‘+\°3M03

RinGws=0)=Re +HTos /| R3)
={ok +(sok || Sk) =145k
R shorty=0 5
R (spen) =R=403x|
pen \ﬂR(short)
Rm Rm(@v«;—o) HR (G PVD

=\4sk 10 =3 60{L
Lt Ho3x(>

Rontlgs =0) = o3| Ry =50k ik =45tk
Rshor)=0

Rlopemy=R= o3 xlo®

|+ Rlshort)
Rwe—&mgm—o)———\ R opo)

- |40
=Stk 03 x|

=h3IL

b \
Replace To3l|Ry =454 kL with

R
[sliRsliCRe+ Rod e e

=(sokiisk Il ok + 1))
=920

Rpen) =403 x| 3;‘ ?l:‘k 259
Rishort) =0

Routlgws=0) =163 | R l|(Re-+Rs)
=Sokl) Skli(\okt1k) =3.22k

Rowk = 322k -2 = 1240

\k
lok ik




dm= Lk

s PR LLL SIS B <V P Y
= 20m 3.85%lo AV

@)

R= o3/l RalKRe+ )] ﬁg"ﬁ‘, Gm)

(o MR ) (- Fwa) (o IR T dms
= G Lol Ryl 2] (o3 Rl (Re + 1))
=(385x15%)° [5ok Skl 52k

[Sok| Skl lok +52k) T

=400x|6>

w=-Re= —|okfL

= 92 _ Ty
d' ii\3~'3=0' 'rm-r\:RF‘\'(\'osl]R})]
_ 5.2k
52k Lok (Sok WSk)] (50kl/ 5k
=|.ZokSL

AR d

A<ATrR TR

:-[0 LkOOX (o> + 2ok,
I+ 40oxi05  [+H00x(0°

=-lok{L-
RinGws=0) =TI (Re +(roslj Rz}

=52k li[lok+ (5ok/isk)] =3.83k4L
Rshort) =0

Rpem)=R =H00x (0>

(o2l Rs)

8-p

o e RERoE)
Qm'Rm(%ws-O) I‘HR(OPW)

_ (+0
=383k T omms
=9.LomsL
RountlGus =0)=(Re + vl Yozl R3
=(lok +5. 2150kl Sk
=3 SbkfL
Rshort)=0
R (opew) =R =400xlo”

|4+ R(short)
Rowt"RD\W(%mW) T(f R = )

_ 140
-assk—__-——wom =
=8ISmiL

o |

Rowt (G =0)= [Re +Rollfm Jo3liRs

=lok+(1kifs:zky] // Sok | 5k

=320kfL

Rishort)=0
chlace | =$5\2kJL with
Ralirp=1kd|52k = 8394L

R (open)= (385 X523 [Sok | SkHS.2k]”

839
[SDk“d\“dOk‘i’gsq)] m
=g.28x|ot

- 1+0
= 2ok e g

=38 Ima
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From (8.95)
AT o Re Res
Basic amplifier 1o T oy Rg+Rg2+ R
! ! ' ot 290x 290
Q Q2 Q, T 099 290+290+|900
N %60 Y Toks = 34.25 fu
V,_:_ 256 25( %R s loar‘gain =af = :5x34 .25 =154
‘ Ovzvad ot with feedback
RS\“(R;*Rez)=210[|2.l1k=25‘69- = 9_ 4.5 .f+ 5 A/
&‘=£-=szx\zo=6.24-kﬂ- . t-+_a§ 1+154¢  I55 v
’"“ ' Lo = .2? mA/V
Yo = B0k Vs .
Tu._.;g%;;;g_ =4.05 kLU For the basic amplifier
Yo = 057 -2 KL Input vesistance .
Vs 2 x7|20 sankR Yia=Yx (1+9m RA)
w3 = 2€XEE =420 = 6,241+ 2"’) 3616 ka
Yoy = 04:3 =54, 8 kL Output resistance .
‘ Yoo = Y + L
In Sovwerd qain calculation neglect 2a= Yoy (1+3myRe 7 53-)
Yo &nd Yo3. ng=roz“6\( = 5.3k .
For the basic amplifier ? S Yoa=54.3(\+ 2;7?39_%,::;_3?_5‘
=229k
Lo _ mi R\ 9., R _Imy
Ve 1+ GmRy M2 T2 148 ,Re + For the feadback amplifier
R =10.6Kl 52 =293 k2 R = Vo Q1+ af) = 3696 x155= 513
Ra ’YBzUGK “ Ri; Q Y‘oa(li—af) =229x56 = 35, 5‘
Riy=Yay (1+9nm z?s) '
=4, zq(\-\- "25'6) 8.2
=35 K St For the bastc ampk-f-te\"
C R = = Vo _ Te
 Rp=pakl| 6k|35K =466k %= o Re=+5xasb=1152
L R L E Y- LLVT7)
A TR 26 Where Vp 15 the witage at @3
O X emitter '
26 3.9 o ) Re
A =4.5 AN + W ~+v_
Vi Rei _ 2
- 1 .
= Y. _ Re
5 kl:-} v, Rer+ Re

- —=290 _ _
= oriqoo = 0.132



A loof gain = a\j- =|152x0.132 =52

as in 3.8
s with feedback, orall gain (s
Vo A us2
Ve T (a5 T 14152 1-53

Input TesiStance TS
R: =Yia(l+af)=36.36 X153
=5(5 ML asin 38
O.,,tput res-.stamce

= |+a§- pﬁ
Toa= Q%IK 3ms Pa)

=250l (36 +222)

= 2568l —6l S-Q-
e Weth fezdbac_k
RO'—' M = 004“7'

153
8.1
Bias
&l*xcz—i;'}="OGMA
- Vee 0.1
Lo TTZ: \15"096"',.\

. Icz = 0.5 mA _
Ic%:.- %—n':. ImA fﬂ‘ ‘U;‘Jc=0
Assume T. =Ic,=0.53mA
Then Y=\ =Yx2 = 200X <6 26

Yt:,- 2. 6 k.fz. .55
Basic amplifier

7.3 ka

|.25 ka3

j—

Kjok 5
=l k2

UB —fL Rl%nggz

‘U.. -+ ‘3».: ﬂél

3-8

9o 26 909
= + =22 45—
28‘ 9mz 2 0,53 200
= 54,.‘7.
Ri=1.25kllvgy =844 >
Ra=6kllu k =3.38 k{&
< Y% _o.53 3880
Vs 2( 0.53 2
\+232 54 ¢
e A= 222
_ =Y _
_j'- kn.f Q'U'z_— T
\oks
+ +
U; Ik U2
ve Ioo‘o gain = '222 =11\
2 with fezdbaok gain
& =_j§22.1 = \O.q
V; I+ In

For the basic amplifier
Yoo= n [l6Kk = 3.88k 2
Yia =Y (1+Gmy Rei)

=931 (\+ 2_25;3. v4) =20, 6 kQ
With {eedback

= 3980 _ a
Ko TP =34.6

R: = 20.6x112= 2.3M5L



3-1

FEEDBACK AMP ccs 0. 0. 0.
vce 1 0 6V BETAAC  2.000E+02 2.000E+02 9.999E+01
VEE 2 0 -6V PT 3.578B+12 2.911E+12 6.099B+12
RL 1 3 1.25K
QL35 4 NPN e SMALL-SIGHAL TRANSFER CHARACTERISTICS
Q216 4 NP
REE 4 2 5K Y(T) VI = 1,102E+01
Q3 731 PNP INPUT RESISTANCE AT vi = 2,280E+06
RBIAS 7 2 6K OUTPUT RESISTANCE AT V(7) = 3.507E+01
RF 7 6 10K
RE 6 0 1K se¢ters  TRANSIENT ARALYSIS THOM= 27.000 TEMP= 27.000
.MODEL NPN NPN BF=200 IS=1E-15
.MODEL PNP PNP BF=x100 IS=1E-15 TINE Tn
VIS0 SINO0.2510K0 0 @ ) -1.000E+00  -2.000E+30 0. 2.000B+60  £.030E+0C
.TRAN 4US 200US . + + + .
.PLOT TRAN V{(7) 0. ~3.508-02-4------ PR PR PO, F Y JR— P ORI, .-
FOUR 10K V(7) 4.000E-05 5.S1E-01 + + + . PR N . . .
DC VI -1 1 0.05 B.0002-06 1.25E+00 » + + + . cA . . [
PLOT DC V(7) 1.200E-05 1.85E+00 + B . + . P . '
TF V(7) VI 1.6008-05 2.29E+80 » + + . . - P S '
.OPTIONS NOPAGE NOMOD 2.000B-05 2.37E«00 » . + + . - A +
.WIDTH OUT=80 2.4008-05 2.71E+00 + . + + + + P .
.OPTIONS SPICE 2.8008-05 2.67E+00 + . + + . . D B +
.OP 3.2008-05 2.46E¢80 » . . . . . fA e .
.EXD 3.600E-05 2.09E+00 + . . + . . N .
4.000E-05 1.57EeCO + Lo
*st244  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000 4.400E-05 9.73B-01 + + . + + A . + +
4.800B-05 3.CBE-01 + + . + vA . . . .
vour N . 5.2008-05 -3.80E-01 » . + P . + N .
1A ) -5.0008+00 9. 5.0008+00 1.0008+01 1.5008+01 5.600E-05 -1.04B+00 + . . A + + + + .
+ . + . . 6.000E-05 -1.64E+00 + ’ [ S . . . . B
T -1.000B+00 -3.BBE+00-4--A---4em---- #oemeen [SRTORS $ommae $emnnen D #emnnes +- 6.400E-05 -2.14E+00 + L . . . . B +
-9.500B-01 -3.882+00 + A+ . . . . . + ‘ 6.800B-05 -2.52B+00 + PR S . . . . B '
-9.000E-01 -3.8BE¢00 + A 4 . . . . . . . 7.2008-05 -2.732+00 + I . . . ‘ . B
-8.5008-01 -3.BBE+00 ¢ A ¢ . . . . . N . 7.6008-05 -2.77E+03 + vA e + . . ‘ + +
-8.000E-01 -3.8BE+00 + A« + + . v . + + 8.000E-05 -2.62B+00-+------ O hts $mmmmnn Py— bomaenn TR O 4-
-7.500E-01 -3.BBE+00 ¢ A ¢ . + . + + + + 8.4008-05 -2.3(E+00 R W + + + + . +
-7.000E-01 -3.B8B+00 ¢ A ¢ * . + ‘ + B . 8.800B-05 -1.518+00 + . I S . . . . .
-6.5008-01 -3.8BE+00 + A < . . . + + + + 9.200-05 -1.36E+00 + B IO . . . N +
-6.0002-01 -3.BBE+00 + A+ . . B . + + . 9.6008-05 -7.20E-01 + . . A . . + . ’
-5.5008-01 -3.BBR+00 + A+ + . . + * + B 1.0008-04 -3.50B-02 + . . B A . . . .
-5.0008-01 -3.8BE+00-+--A ---- +
-4.500E-01 -3.BBE+00 + A~ + . + + + + + ttriee
-4.000E-01 -3.BBEsO0 ¢+ A+ . . . + + + + POURIER COMPONENTS OF TRANSIENT RESPORSE V(7)
-3.5008-01 -3.B1E+00 ¢ A+ . . + + + + + DC COMPONENT = -3.122D-02
-3.0008-01 -3.31E+00 « A+ + . + + + + + HARMONIC FREQUENCY FOURIER NORMALIZED FPHASE RORMALIZED
-2.5002-01 -2.77E+00 » A+ + . + + + + + RO {HZ) COMPONENT COMPONENT (DEG) PHASE (DEG)
-2.000R-01 -2.20E+00 +A + + . + . + .
-1.500E-01 -1.68E+00 + I3 WS + + + + + + 1 9.999E+03 2.744E+00 1.000B+00 -7.176E-03 0.
-1.0002-01 -1.138+00 + [ + . . + + + 2 2.000E+04 4.050E-03 1.476E-03 -8.646E+01 -8.645E+01
-5.0008-02 -5.86E-01 « + A+ . . . B + . 3 3.000E+04 6.302E-04 2.297E-04 1.017E+02 1.017E+02
0. -3.50E-02-4------ 4o R doeeens #noees $emooon #ommnee #emeoes +- 4 4.000B+04 3.677E-04 1.340B-04 8.741E+01 B8.741E+01
5.000B-02 S.17E-01 + 3 + . . + + . 5 5.000B+04 9.451E-04 3.444E-04 1.441E+02 1.441E+02
1.000E-21 1.06E+00 + + O S . . + + + 6 6.000B+04 5.495E-05 2.003E-05 -9.498E+01 -9.457E+01
1.500B-01 1.62E+00 + + D . . + . . 7 7.000E+04 5.195E-04 1.893E-04 -1.563B+02 -1.563E+02
2.000B-01 I.17Ee00 4 + + A+ . + 4 . . 8 8.000E+04 1.77BE-05 6.478E-06 1.607E+01 1.607E+01
2.500E-01 2.72E+00 . + DY . . + + + 9 9.000B+04 2.9950B-03 1.090E-03 -1.997E+01 -1.996E+01
1.0008-01 3.272+00 + B + I . ' . .
3.5002-01 3.BIE<00 . + LI + - + + TOTAL HARMONIC DISTORTION = 1.895E-01 PERCENT
1.0008-01 £.382-00 + + + . - - + .
.5008-01 4932400 + + ‘ . A . + . .
5.000E-01 5.43E+00-4------ 4ommeen bemmnenaanas B . .-
$.5008-31 5.91E+00 + . - . L Y . . .
6.0002-01 5.94E+00 o + . . S . . .
6.5008-01 5.95E+00 » + . . A . . . .
T.000E-03 5.9SEe00 + + + . L N . ' B
T.5008-01 5 9SE+D0 ¢ . + . cA B . B
8.000E-C1 5.95E+00 + + . + L Y + . .
8.500E-C1 5.95E400 o . . . LI Y + . +
9.000E-01 5.352+00 + . . . [ Y + . +
9.5008-11 5.958400 - . . . A + . .
1.C00E+00 S5.93B+00-+------evmn-nn bemeee 4o R R LTRSS peooann .-
. + . + .
s«s+ee2+  OPERATING POINT INFORMATIOR TNOM= 27.000 TEMP= 27.000
+0:1 = 6.000E+00 0:2 =-6.000E+00 0:3 = 5.285E+00
+0:4 =-7.006B-01 0:5 = 0. 0:6 =-5.331E-03
40:7 =-3.496E-02

¢+#¢ BTPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1 0:Q2 0:Q3
MODEL 0:NPN 0:NPN 0:PRP
1B 2.907E-06 2.366E-06 -9.912E-06
Ic 5.8152-04 4.731E-04 -9.912B-04
VBE 7.006E-01 6.953E-01 -7.144E-01
VCE 5.986E+00 6.700E+00 -6.035E+00
VBC -5,285B+00 -6.005E+00 5.320E+00
vs -5.285E+00 -6.000E+00 -5.285E+00
POWER 3.483E-03 3.172B-03 5.989E-03
BETAD 2.000E+02 2.000E+02 1.000E+02
e 2.248E-02 1.829E-02 3.832E-02
RPI 8.896B+03 1.093E+04 2.609E+03
RX 0. 0. 0.
RO 5.285B+#15 6.00SE+15 5.320E+15
CPI Q. 0. 0.
o 0. 0. 0.
CBX 0. 0. 0.



84
N +0
’ﬁm
o M3
Vi M M Vo
te Gk
Sk =
- -6

/ 2
/Iw = —}% %(0 -Vsiz-\Vin )
= @ilﬁf\m(-\ls\z— 1) =3x10> (Usizr1)”
2= -kzh —WL— (\bz_—-VStL“V'b\)z
=3x(6¥Vez Vo~V
T Vs1z= -6+ 5k (p+ Tpz)
Ngss)= 135k Iy

Toy= 2 W (s - gl
:bek’—‘,\oo(( Vgsa| - =16°(Vess) -1 )™

z
Vo=—6+6kIn3
= dk -t
\VQ‘Z. |0k-ﬂkvo H Vo

Acsuumi g \o Uz =0V, tteratively

Solve the equations

Vsiz=-139V, Vo = Vg =0V,

To=Toz= 04, wA, Tz =ImA

avm: = IZ' \L(V'— I
:il*(:ox\o"’xlwxo\%xlo‘ =2 3xlo AV

dwg= @;’ ¥ 1o =j2xzoxigbxloo x5

=2.xlo'3NV

g-10

1§ K3
$3%
“5

U M MZ Vo
% tkliok. SWk 3ok

-

The (ki l;k rsistonce At the dite
ofMZ iy eﬂ’eoe«‘uelﬁ o short circurt
Since I’%Lf‘o

Rs‘=§vtlt§k 213“%.3 lisk=4351I5k

=400

Vo Gm
UE-H%MRS‘ Ri%mRe

23x%|57 3
= —— e
PR %35k x2x10°xULk k)

Jg.;__&_.:_‘_
kTR VI

bosp gatn ag=4o7r = 3.6

Na=l\kllek =29k

Ri= (Haf) ria-> 0

= 29k _
Re \+°§§_~‘+&®—%S‘OJL




»n -

-]
Hno

"
: E

0.25 10K) AC 1
SN W=1000 L=1U
SN W=100U L=10
W=100U L=1U

D= W

Wwownmo

LN N )

w

&Tr
o

LELLEFE

?

BAR
Ea\m
R

DEL CMOSN NMOS VTO=1 KP=60U LAMDA=0

.MODEL CMOSP PMOS VTO=-1 KP=20U LAMDA=0

.OPTIONS HOMOD

TP V(7) VI
.DC VI -110.1
.PLOT DC V(T7)
.TRAN 50 200U
.POUR 10K V(7}
.WIDTH OUT=80
.OPTIONS SPICE
.END
weess+ DC TRANSFER CURVES TROM= 27.000 TEMP= 27.000
voLT v
A ) -5.0008+00 0. 5.000E+00 1.000E+01  1.500E+01
+ + + + ‘
-1.000B+00 -3.88E+00-+--A B *- .
-9.0008-(1 -3.88E+00 + A+ + + + + - + B
-§.0008-01 -3.888+00 + A ¢ + + + + + . +
-7.0008-01 -1.8B2+00 + A ¢ + + + + + + +
-6.000B-01 -3.888+00 ¢ A+ + + + + . + +
-5.000B-01 -3.83B+00 + A ¢+ + . B . + + +
-1.000E-01 -3.328400 + A+ + . + . + + +
-3.000E-01 -2.53B+00 + A . + ‘ + + + +
-2.0008-01 -1.778+00 » L3 S . . . + + .
-1.0002-01 -9.03E-01 ¢ LI S + » + + + +
0. 7.858-03 4e-eos A -
1.0008-01 9.47E-01 » + + R + + + + +
2.000E-01 1.90B+00 + + LI + + + + +
3.0008-01 2.88B+00 » + + A + + » + ‘
4.000E-01 1.B7E+00 + . + LI . . + .
5.0008-01 d.B1B+00 + + + + A+ . . + .
6.0008-01 5.22R+00 + . + + A . . + +
7.000B-D1 5.41E+00 ¢ + + + +A + + + ’
§.000B-01 5.52B+00 + * * + A + * v +
3.000E-01 5.59E+00 + + + + S R . . .
1.000B+00 5.63E+400-+- B A +-
sttess OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = §.000E+00 0:2 =-6.000E+00 0:3 = 3.999E+00
+0:4 =-1,391E+00 0:5 = 0. 0:6 = 7.1408-04
+0:7 = 7.854E-03
bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(7)/V1 = 9.262E+00
INPUT RESISTANCE AT VI = 9.999E+19
OUTPUT RESISTANCE AT V(7) = B.691E+02
ekt ed
FOURIER COMPOMENTS OF TRANSIENT RESPONSE V(7)
DC COMPOMENT = 5.318D-02
HARMONIC FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
O {HZ) COMPONENT COMPONRENT (DEG) PHASE (DEG)
1 9.999B+03 2.291B+00 1.000E+00 -7.659E-03 0.
2 2.000B+04 4.535B-02 1.979B-02 -B.974E+01 -8.974E+01
3 3.000E+04 4.182E-03 1.825E-03 7.000E+00 7.00B8E+00
4 4.000E+04 7.555B-04 3.297E-04 9.087TE+01 9.087E+01
5 5.000E+04 B8.457E-04 3.690E-04 1.459B+02 1.455B+02
6 6.000B+04 1.723E-04 7.520E-05 -1.101E+02 -1.101E+02
7 7.000E+04 4.216E-04 1.840E-04 -1.537E+02 -1.537E+02
8 8.000E+04 2.989E-05 1.304E-05 9.134E+01 9.134E+01
9 9.000B+04 2.487E-03 1.085E-03 -1.988E+01 -1.988E+01
TOTAL HARMONIC DISTORTION = 1.991E+00 PERCENT

8-/
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3.5 b)

ﬁ Differetinl - mode > "M'f— circuit

Bias +

Common -moade | half - Cirauit 2 Q, v

+3V Soosz 2000

%’500-0- %200.\1 —wWw— < -

=5003 Rp=5008
Vej— “—\Vey ke g ¢

@, Basic amplifier

Ve, —> <—VE2
50+2xM18 3)(28_00- +
= 20652 Léo Q; 200l RL'U;
-3V v il
VEI =-~0."1V
. fu,zb,d
EII N e LS Bastc ampl;fc.er qain ( e
9t 5o T 206 T W Vo A _9m R Y3 Gy Re
Ve " haRe  Tp+Yp I
Vq = 3-5001, T \ wytlp
" Vgg= Vc|\'/‘0-’l 2,3~ S‘;DIcl R, = 50o]| (3 +1o)
o Ieg= 3;6:2= 5.3 SFZ: cl =S‘oo"C788+5°)=3l3"z'
- VYo_g385 | 5788 3.3
W% "‘65—2545.53' 835 26 "/
<o a=l111
Ves+o,
Vea= 3- 200(.((_54» c;-;o’l)
s 14Vee 202~ 200 5.3 -%001¢
Be6o
=272-1.839+178 I,
- v‘3=° 5¢ +127 I,
InCy)
.29 c2'7 2.3
Ieyt too T Soo Ly =352
o< Tc|=6-85mA
'I = §-3~$“ODIQ| =
C; 560 3'3 "'A
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MODEL MPN KPN BF=100 IS=1E-14 RB=50

-’

U Sox. .1 0.1 0.005
! e ¥(11,12)

IF ¥(11,12) VI

: .OPTIONS NOPAGE NOMOD

) MIDTH OUT=80

'S'=‘ll2f=-% =7

o loop gain=oaf = -LP- ={0.|
. with feedbock loop closed o

VYo __& uy _
gain = Ve \wof -1 leo
Re =00 (14af) ‘-‘-Af‘.‘lxl [ I=54K
FZo — ‘haiﬂ\ - \ - ‘E’ :L’-‘z_

+T H A
Forthe full diffarential circuit
Rid = 2R{ =\08 k&
Rod = 2Ro =264

VOLT
A )

-1.0002-01
-9.5008-02
-9.0002-02
-8.5008-02
-8.0002-02
-1.5008-02
-7.0002-02
-6.5008-02
-6.0008-02
-5.5008-02
-5.0003-02
-4.5008-02
-4.0002-02
-3.5008-02
-3.0008-02
-2.5003-02
-2.0008-02
-1.5008-02
-1.0002-02
-5.0008-03
0.
5.0008-03
1.0002-02
1.5002-02
2.0002-02
2.5008-02
1.0008-02
3.5008-02
4.000E-02
4.500E-02
5.0008-02
$.5008-02
€.000E-02
§.5002-02
7.0008-02
7.500E-02
6.0008-02
§.5008-02
9.0002-02
9.5008-02
1.0008-01

i 2221

DC TRARSFER CURVES

¥i11,12}
-2.0002+00

+

-1.0008-00

.
A

0. 1.

THOM= 27.000 TEMP= 27.000

0002-00

2.0003+00

+

-1.168+00-+
-1.1{8+00 +
-1.130400 +
-1.11R¢00 ¢+
-1.108+00 +
-1.008+00 ¢
-1.078400 +
-1.058+00 +
-1.04R+00 +
-1.018400 ¢
-9.508-01

DR T R R

A

A+

»
Y
R

DR R R S,

R

R R

-1.178-01 +
-7.878-01 ¢
-6.935-01 +
-5.962-01 +
-4.938-01 «
-3.995-01 +
-3.003-01 +
-2.002-01 +
-1.008-01 +

R T PO

E
-

R S S O

0.
1.008-01
2.008-01
3.002-01
3.99-01
4.982-01
5.96E-01
§.932-01
7.078-01
8.77x5-01
9.582-01

SIS S P P Y

R

L I I R R

P O Y

D I

I B B

1.018+00 +
1.042+00 +
1.052400 ¢
1.078+00 +
1.082+00 +
1.102+00 +
1.112+00 +
1.132+00 «
1.14E+00 ¢+

1.168+00-4------¢--

+

.
.
+
+
.
13
+
+
+
+
+
+
.
.
+
+
+
+

I PP
e e e e e e

. .

>
DR T P

*A »

R R

.

O S VS

.

OPERATING POINT INFORMATION

= 3.000E+00

=-1.264E8+0
=-3.851E-0

0
1

=-3.000E+00
=-7.078K-
=-1.073E+00
= 1.4542400

¢4+t BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1

8

Ic

PR

0:NPN
6.739E-05
6.736E-03
7.078E-01
3.227E-01
3.851E-01
3.851E-01
2.222E-03
9.996E+01
2.604E-01
3.839E+02

0:Q2
0:NPN

6.739E-05
6.736E-03
7.0782-01
3.227E-01
3.8512-01
3.8512-01
2.2222-03
9.996E+01
2.604K-01
3.839E+02

0:Q3
0 PN
3.406E-05
3.406E-03
6.8852-01
2.527E+00
-1.839K+00
~1.454K+00
$.633E-03
1.000K+02
1.3172-01
7.593E+02

.

THOM= 27.000 TEMP=

0:3
01 0:6
0:9
0:1

2

0:Q04
0:NPN
3.4062-05
3.406E-03
6.8852-01
2.527TR+00
-1.8392+00
-1.454K+00
8.633x2-03
1.000E+02
1.3172-01
7.5938+02

+

27.000

= 0.

=-7.078E-01
=-3.8518-01
= 1.454E+00



X 5.000K+01 5.000E+01 5.000E+01 5.000E+01
0 1.003E+06 1.0082+06 1.840K+1¢ 1.840%+14
cPI 0. 0. 0. 0.
[~ 4 0. 0. 0. 0.
CEX 0. 0. 0. 0.
ccs 0. 0. 0. 0.
BETAAC  9.999E+01 9.999E+01 9.999E+01 9.995E+01
T 4.1458+413  4.145K+13 2.095E+13 2.095K+13

e SIMALL-SIGEAL TRANSFER CHARACTERISTICS

v(11,12)/v11 = 2.002E+01
INFUT RESISTANCE AT Vi1 = 5.154K+404
OUTPUT RESISTAKCE AT V(11,12) = 2.6308+01

I8 OMLY HALF OF TOTAL VI. VO/VIs20/2=10.
IS OMLY HALF OF TOTAL VI. RIN22°5.154K+04=1.0308E+5.

weblESYauw

4
TP V(11,12) VI1

TENP=-55 DEGRER C
teetes  ODERATING POINT INPORMATION

+0:1 = 3.000K+00 0:2 =-3.000R+00 0: -

+0:4 = 0. 0:5 =-8.361K-01 0:

+0:7 =-1,361K+00 0:8 =-9.6593-01 0:

+0:10 =-3.9858-02 0:11 = 1.3642+00 O:

+s¢s RIPOLAR JUMCTION TRANSISTORS

nomer 0:01 0:02 0:03 0:04

MOORL  O:NPNM 0: 30N 0:MPM 0::eW

™ 6.582R-05 6.502E-05 4.110Z-05 4.110E-05

1c 6.5825-03 6.502E-03 4.1108-03 4.110E-03

YL ] $.361K-01 8.361E-01 §.260E-01 8.260E-01

vz 7.9628-01 7.962K-01 2.230E+00 2.230E+00

vBe 3.9852-02 3.985K-02 -1.404E+00 -1.4042+00

v8 3.9858-02 3.985K-02 -1.364E+00 -1.364E+00

POMER  5.296E-03 5.296K-03 9.2035-03 9.203E-03

BETAD  9.999E+01 9.999K+01 1.000E+02 1.000E+02

™ 3.501E-01 3.501E-01 2.187E-01 2.187E~01

RPI 2.856R402 32.856K+402 4.573E+02 4.573E+02

x 5.000E+01 5.000E+01 5.000E+01 5.000K+01

"0 7.097E+18 7.097K+18 3.714Re21 3.714E+21

crl 0. 0. 0. 0.

oo 0. 0. 0. 0.

cxx 0. 0. 0. 0.

ccs 0. 0. 0. 0.

BETAAC  1.000E+02 9.999E+01 1.000E+02 1.000E+02

rn 5.572E+13 5.572E+413 3.480F+13 3.480K+13

vere SIOLL-SIGMAL TRANSFER CHARACTERISTICS
v(11,12)/V11 = 2,040K+01
INPUT RESISTANCE AT iy = §.280K+04
OUTPUT RESISTANCE AT V(11,12) = 1.951K+01

TOXP=-35 DEGREE C

teee DOLL-SIGHAL TRANSFER CHARACTERISTICS
v(11,12)/V11 = 2.032E+01

TEMP=-15 DEGREE C

veee SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(11,12)/VI1 = 2.023K+01

TEMP=5 DEGREX C

vees SIALL-SIGRAL TRANSFER CHARACTERISTICS
v(11,12)/VI1 = 2.013E401

TENP=25 DEGRRE C
anee SMALL-SIGHAL TRARSFER CHARACTERISTICS

3

6 =-8.3618-01
9 =-3.985E-02
1.

2 = 1.364X+00

T™HOM=  27.000 TEMP= -55.000

vii1,12)/v11 = 2,.003K+01
TRANSISTORS Q1 AND Q2 BEGIN TO GET INTO BATURATION

TEP=45 DEGREE C
te++ BIPOLAR JUNCTION TRANSISTORS

ELEMERT 0:Q1 0:Q2 0:Q3 0:Q4

B 0: NP 0:NPN 0:NPM
7.018E-05 7.018K-05 23.267E-05 3.267E-05
6.768E-03 6.768K-03 3.267E-03 3.2672-03
6.790R-01 6.790K-01 6.571B-01 6.571E-01
2.1738-01 2.173k-01 2.592E+00 2.592K+00
4.6178-01 4.617E-01 -1.935B+00 -1.535K+00
4.617E-01 4.617E-01 -1.473E+00 -1.473K+00
1.519E-03 1.518E-03 8.492K-03 §.492K-03
9.643E+01 9.643E+01 1.000E+02 1.000X+02
2.470B-01 2.470B-01 1.192B-01 1.192E-01
¢.04TE+02 4.047E+02 8.391E+02 8.391E+02
5.000B+01 5.000E+01 5.000E+01 5.000R+01
1.118R+04 1.118E+04 1.434E+13 1.434K+13

0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.

9.996E+01 9.996E+01 9.999E+01 5.999B+01
3.929E+13 3.929E+13 1.896R+13 1.396R+13

=§&aaaaasﬂgg=ﬂaa==ﬂ

Lhdd SMALL-SIGMAL TRANSFER CHARACTERISTICS
v{1i1,12)/v11 = 1.963E+01

TEMP=65 DEGREX C
sets BIPOLAR JUNKTION TRARSISTORS

ELEMENT 0:Q1 0:02 0:Q3 0:04

0: NP 0: N PN 0:NPN 0:NPN
1.3428-04 1.342K-04 3.174R-05 23.1742-05
6.740E-03 6.740E-03 3.174EK-03 3.1742-03
6.500E-01 6.500E-01 6.223E-01 6.223R-01
1.356E-01 1.356B-01 2.623B+00 2.623R+00
5.144E-01 S5.144E-01 -2.000E+00 -2.000K+00
5.144E-01 S5.144E-01 -1.406K+00 -1.486X+00
1.001E-03 1.001X-03 §.345E-03 8.345-03
5.023%+01 5.023E+01 1.000E+02 1.000E+02
2.3352-01 2.335E-01 1.089E-01 1.089E-01
4.241E+02 4.2412+02 9.181E+02 9.181X+02
5.000E+01 5.000X+01 5.000E+01 5.000E+01
¢.4510+02 4.451K+02 1.126E+12 1.126K+12

0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.

9.904E+01 9.904B+01 9.999E+01 9.999E+01
3.601E+13 3.681F+13 1.733E+13 1,.733R+13

=§aaaaﬂasﬂggﬁ§aas=5

saee SMALL-SIGMAL TRANSFER CHARACTERISTICS
v{11,12)/vIl = 1.3692+01

TEXP=45 DEGREEX C
s«¢t BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1 0:Q2 0:Q3 0:04

0: PR 0:MPN 0:NPN 0: NP
2.8618-04 2.861E-04 3.1653-05 3.165X-05
6.618K-03 6.613E-03 3.165E-03 3.165K-03
6.254E-01 6.254B-01 5.880E-01 5.880%-01
1.076E-01 1.076X-01 2.591B+00 2.591K+00
5.178E-01 5.178E-01 -2.003E+00 -2.003E+00
5.170E-01 5.178E-01 -1.485E+00 -1.485K+00
8.912E-04 8.912E-04 8.222E-03 8.222E-03
2.313E+01 2.3132+01 1.000E+02 1.000E+02
2.2142-01 2.214-01 1.0262-01 1.026E-01
4.377E+02 4.377R+02 9.749K+02 9.749K+02
5.000E+01 5.000E+01 5.000E+01 5.000K+01
1.431%+02 1.431R+02 1.131E+¢11 1.131R+11

0. 0. 0. 0.

0. 0. 0. 0.

0. 0. 0. 0.

0. 0. 0. 0.
9.694E+01 95.694K+01 9.999E+01 9.999K+01
3.4138+13  3.413B¢13  1.632E+13 1.632%+13

aagag;agagaua

0
o
-

3;5%8

peee SMALL-SIGNAL TRAMSFER CEARACTERISTICS
v(11,12)/vI1 = §.436B+00

TEMF=105 DEGREX C
e SMALL-SIGHAL TRANSFER CHARACTERISTICS
v(11,12)/vIl = 2.461E+00

TEMP=125 DEGREE C
bkl SMALL-SIGRAL TRANSFIR CHARACTERISTICS
v(11,12)/VIL = 1.740B-01

BEFORE Q1 AND Q2 BECOME SATURATED (-55 TO 25 DEG C),
THE CIRCUIT GAIN REMEINS NEARLY COMSTANT.
DGAIN/DT=-0.1/20 DEG C=-0.005/DEG C

(1/GAIN) {DGAIN/DT)=(1/20)(-0.1/20)=-250 PPM/DEG C
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@) T ts almost independent of Re.

This can be sean if the loop is
broken and a s:gna.l inserted .
Ke feeds current to the amitter

of Q amd most of this 1S Shunted

wnto &.
If & and § ove calculated, QA
decrenses a5 Re tncreosas and
I incressas by obout the same
percentage .

‘(D) Loop gainis almost «',hwzrs»ly
Proportional to R, As Rp incre-

‘QSQS, i decmpses Prbportzmly,
whereas & Changes SIM/y due
to the 200 L lood Yesistor .
© Loop gain s almost directly
propertiom| to RL Since &
depands on this guantity.

g-1S

8.7
() Baste arnplif t'.eT- | <o
G2 l
4K
RsllRe
=903 R

BanC amplij'ier 90.1&
. <
_::{E ="(l\<“l-|k“rﬂ)?mlp| [+ 9w Re
R = 4K |lra (149,.2 Re) | ve
= akl|5.2(1+ 320 || 100k

e do o 3300_ | |
= G TR TR S
0.0 a=-5|6

Yia= IkhL-tkl vy = 476 <%
Yoa= Yoz(| Yxa

[/ 2(+?~,25 tz‘*nsz)
Rsz=Yoillak = 3.85ka

... Y —3 (4] ﬁo.? scz
ea loo(1+ 30 s K
S 300 kL

F-ezl b&ck natwor k

1.4 RF




-—-_“E __1oo
$=8ng=3," Re+Re 1100

- loop guin = 516 < 4.9 =0f
¢ with Seadback applied

“ o 1"0 = a.

Taput Yesistance
R; = Yo - 476 - Ly R
1' (+7T 429 7.9

Output Yesistonce
Ro=Yeu(\+T) =300x41.9=14.4

ML
d’) 'S"'\S unchanged
Q. increases by about 10 %
’. change in owvall gain is
0
‘;_7.? 2 “/o
R changes by —10 % hecause

e = Yio
R+ | +af

3.18
@ Basic amplifier gain

T=JerRinjse 2

R;:'\'RE = 5, 2Kt
Re = Rell Rp = 1925+
R = Ry || %201+ dmaR| 5

=10k || 5.2( 1+ 432 )k ook
=N.52¢ L

¢ 1o s20 | |
"‘E“[“““s""ﬂ 26 26 3.8

3

S =-~345|
Yio= 5.2kl 5.2k = 2.6k

Toa=Yn(\+%maQe T2 )

Y2 *ps 2

2522“0\“'0“ = q0°1 kS

c v o 92 5.2
Yoamloo(14 5T T ager)

=36qQKk
Yeedback V\ai'wor‘lz Q
- 1—| E
f_ 3!2’5’ RE *RF

- 200 .
e t———— —— " 000
5200 385

o« loop gain = 3451 x 20,0335
=}33
s With feedback applied

a
= =
owzrall gain -—9-1.. 705

— =345\ __>5.3
\34

Tnput wsistance
= 2600
Ry = 34 = 1.4 42
Qutput vesistance
R, =369%134 = 49-4 M5

D)) Ij Iy increases 20 %
Imi iNCrRases 20 %o
Y AecrRases 20 9o
e & increases about 10 9% ,
5""0‘- (Kg +Reg) = Y|

¥ s wv\cvl\omg—wA

2, Chonge in owzrall gain ¢S

10 \0 Py
\4+T |34 °

Q.-Yoo.(\-i-d'f)
. Ro Cncreases about 0%
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38.720
8.9 (&) Assume high g
Trans Conductance - Lag = lﬂ-\-\_:?: =| mA
Gm= - . 400 _\ = A
Re 1+ _( +Y‘5+“s) S Tqn o v,q =4.Tm
: , 2o 1a)=Tee = & X417 =2.3mA
= = .f] mA
200( ¢ 150) oe IQ; = IQ4— 2, ’;mA
:4.3”. Y’\A/v Tow= IQ"" ‘400 x}=3 EmA
Input vesistonce Ves=Veq =6~ |.|x2.3 =3.5V
R: = Yo+ +( 144, )KRe 7. DC output woltage
=200+ |50Xx2b +] 5| X200 =23,5-0.6 = 2,9V
=343 K Sum currents af Collector of &,
Yesi WCC _ 6=V, 9
Outgut y::f s ) Tg = 2.:1 +2 7qva
[ 4 z
\+ “;-ﬂ.‘ :0 203 =205‘oo42VC|*004'l "‘0¢|4lé‘
_80(\ L a.o VC|= lv
+l+ ) s, Current in Nk Yesistor
1sor26 = __2-";' =0.27 mA
=638 kK& . - =
Loop ﬂagn T= 9mRe !+ Tag=Toe = Laot 0-27=2.3mA
|+ YorRe b Ho.lf ~circuit
Er ‘
=7 o
W
Tka \\“’-%Uo

Ri =%, +(1t@) Rg,

= \oox26 a
2.3 +iolX640 =66k

— for the half circuit
o Ri=132k2 — for the
Complete Circuit
For the first stage

1ol | |
Ve = 640 26 . 640
* ‘-‘- 00(2 5+ |oo)

=-l.52 \mA/v

Consider the shunt-shunt
'fee.&back Stoge ,



8-1%

733 AMP
VCC 1 0 6V
VEE 2 0 -6V
RCL 1 5 2.4K
op e . RC2 1 6 2.4K
Basic o\mphft.e\- LS QL5 37 RPN
Q2 6 4 8 NPN
RE1 7 16 640
RE2 8 16 640
Q3 9 6 15 NPN
Q4 10 5 15 NPN
RC3 19 1.1K
RC4 1 10 1.1K
Q5 1 10 11 NPN
Q6 1 9 12 NPN
RF1 11 S 7K
RP2 12 6 7K
RL 11 12 2K

Q7 16 17 18 KPN
[ Q8 17 17 19 NPN
Ui ='Ls(2o4k" 2kl Y;[q,) @ 15 1720 WER
. Q11 12 17 14 NPN
Tl X 069k 3 i
RQS 20 2 300
Rig =Vrg +(1+8) x 315 o 1 1 40
- ) - _‘l RBI.AS 117 10K 100 TSe1E-
634'} ¥B.4k —8?'( W)lzbgnomxmsr 18=1E-13
VI2 4 0 OV
JTF V(11,12) VIl

= oK 3...+[M Kl#9¢] i e

.OPTIONS SPICR
— .OP
- "0061k X xloi’l .END
sa2e4¢  OPERATING POINT INPORMATION TROM=  27.000 TEMP= 27.000
A= - 66.% k_Q_ +0:1 = 6.000E+00 0:2 =-6.000+00 0:3 = 0.
+0:4 = 0. 0:5 = 1.767E+00 0:6 = 1.767E+00
+0:7 =-6.128E-01 0:8 =-§.128E-01 0:9 = 3.822B+00
-f = - +0:10 = 3.8228400 0:11 = 3.197E+00 0:12 = 3.137B+00
?K +0:13 = 0:1¢ =-4.800E+00 0:15 = 1.155B+00
+0:16 =-1.8722+00 0:17 =-4.176E+00 0:18 =-4.807E+00
o H +0:19 =-4.768E+00 0:20 2-4.807B+00
vs For the output stage with
. *s0+ BIPOLAR JUNCTION TRANSISTORS
wbﬁck APP‘;QJ ELEMERT 0:Q1 0:Q2 0:Q3 0:04 0:05 0:Q6
MODEL 0:NPN 0:NPN 0:NPN 0:KPN 0:NPN 0 :NPN
U o -281K B 1.948E-05 1.948E-05 1.948E-05 1.948E-05 3.142B-05 3.142E-05
o _ -— 1c 1.948E-03 1.948E-03 1.948E-03 1.948E-03 3.142E-03 3.142K-03
—_= = T~ 4,33 k< VBE 6.128E-01 6.128E-01 6.128E-01 6.128B-01 6.252B-01 6.252E-01
Loy \+45 |+1.4’, VCE 2.380E+00 2.380E+00 2.667E+00 2.667E+00 2.8028+00 2.8302E+00
VBC  -1.767E+00 -1.767E+00 -2.054E+00 -2.054E+00 -2.177E+00 -2.177E+00
. vs -1.767E+00 -1.767E+00 -3.822E+00 -3.822E+00 -6.000E+00 -6.000E+00
. - POWER  4.650B-03 4.650E-03 5.209E-03 5.209E-03 8.826E-03 8.826E-03
. f‘" the M‘l Cercuct BETAD  1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02
e 7.532B-02 7.532E-02 7.532E-02 7.532E-02 1.215B-01 1.215B-01
RPI 1.327B+03 1.327B+03 1.327E+03 1.327E+03 B.231E+02 8.231E+02

"4 -3 3
— = 0 x|0” =9. 6 RX 0. 0. 0. 0. 0. 0.
v f-52x\ X 6.33x| RO 767B+13 1.767E+13 2.054E+13 2.054E+13 2.177B+413 2.177E+13
v BETAAC 999E+01 9.999E+01 9.939E+01 9.999E+01 9.999E+01 $.999E+01
198E+13 933B+13 1.933E+13

C s‘bge FT 198E+13 1.158E+13 1.198E+13 1. .
LOOP Sdtn U‘F NtPu’t ELEMENT 0:Q7 0:08 0:Q9 0:Q10 0:Q11

MODEL 0:NPN 0:NPN 0:NPN 0:NPN 0:NPN

T=a§ = 9.4 e 935E-05 8.709B-06 3.935E-05 2.969E-05 2.969E-05
c 93SE-03 8.709E-04 3.935E-03 2.969E-03 2.969E-03

VBE 310B-01 5.920B-01 6.310E-01 6.237B-01 6.237E-01

1.
.
1.
3. 2
3. 2
6. 6
. . . WCE 2.935E+00 5.920E-01 5.962B+00 7.337E+00 7.997E+00
Qﬂtf’\*t LMF-Qda.nC-e Of hdf cireuit VBC  -2.304E+00 0. -5.331E+00 -7.373E+00 -7.373E+00
1 3
1 2
1 1
1 1
6 8

w0
o
o N

vs .872E+00 .176E400 -1.155B+00 -3.137E+00 -3.197E+00

= ?'75" [_?';‘ + Mo ] owzR .377E-02 2.377E-02

.000E+02 1.000E+02
e}

.349E-02
.000E+02

4
.158B-02 S5.207E-04
.000E+02 1.000E+02
.522E-01 3.367E-02 .522E-01 .148E-01 1.148E-01
RPI .572E+02 2.970E+03 .572E+02 .710B+02 8.710E+02

= = RX 0. 0. 0. 0. 0.
815 ” [ r’ + l ') |8.n— RO .304E+13 2.586E+11 5.331E+13 7.373E+13 7.373E+13

LSRR

2 2
. . . BETAAC  9.999E+01 9.999E+01 9.999E+01 9.999E+01 9.999E+01
.o FeY —the WPL&tQ Ct rc“‘_t FT 2.421E+13 5.358B+12 2.421E+13 1.827E+13 1.827E+13
EAND ANALYSIS STARTS WITH BIAS STRING: Q8 AND RESISTORS OF
Y.o“= 3{ L ’ and wfth )‘eedbaek 10K AND 1.4K AND FIND IC8=1MA. BUT IT FAILS TO ACCOUNT FOR
BASE CURRENTS OF Q7, Q9, Q10, Q11.
applied , R, =36 =3.65
PP d o T1_—' ‘ USING SPICE, WE SEE THAT THIS 1MA IS DIVIDED AMONG THESE
T TRANSISTORS: 1MA=IC8+IB7+IB9+IB10+IB11

SO THE SPICE DC BIAS CURRENTS OF TRANSISTORS ARE DIFFERENT
FROM THE VALUES OBTAINED BY HAND.

bbb SMALL-SIGNAL TRANSFER CHARACTERISTICS
v{11,12)/VIl = 9.531E+00
INPUT RESISTANCE AT VIl = 1.319E+05
OUTPUT RESISTANCE AT V(11,12) = 3.793E+00



8-9

3.7\
Output resistance before loop &s
closed | Yoo =3 5L .
Regulator amplifier gotit

a= 3054 |
v°= VR_R_\"‘_RZ_
R2
:. E‘lk—a- = _\/_L - _l.o—= ..5
R2 Va ~ 6.3

Ra 3054 =2036

e T= AR 4R - 15

Ou.tput resistance = _r%—
MEH e

201
:. R° - 0.04.6‘2—
0.0465L

AN~
+
VR -L Ro %RL V.

]

Re

= V,
VO p\_-tﬂo R
Re= (k2
- V000 v
0= To00.0ab ' °

JeVp=10.00046 V

R\_= ;00‘0'
V.= ——2— X10.0004b
°” 500,04b

= 9.9995 V



723 VOLTAGE REGULATOR
* VR VOLTAGE REVERENCE GENERATOR
vee 1 0 15v

D1 2 1 DIODE

IBIAS 2 0 1MA

R1 13 500

Q2 3P

R2 15.5K

Q3 5P

R3 25K

Q6 0N

cl 5PF

[+ 11N

Q5
R6 10 9 100

D2 8 9 DIODE

R7 7 8 30K

RS 8 0 5K

* VOLTAGE AMPLIFIER

RC 9 18 667

R4 1 12 1K

Q713 412 P

Q10 13 14 15 ¥

R9 15 0 300

R10 14 0 20K

Q113 4N

Q11118 17K

Q8 19 4 20 P

R5 1 20 1K

Q1219 21 17 8

€2 19 21 100PF

Q13 17 14 16 W

R1l 16 0 150

Q1411% 22 N

R12 22 23 15K

Q15 122 23 N

* (RA+RB)/RB = VO/VR = 10/6.8 = 1.5 = 3/2
* CHOOSE RA s 1K, RB = 2K

AN e N eW

4
4
6
1
6
6
1
1

[
[
[
o
=

§-20

RA 23 21 IX

RB 21 0 2K

RLOAD 23 0 1K

.MODEL R RPN BF=100 VAF=100 I8=1E-15

JMODEL P PMP BF=100 VAF=100 IS=1E-15

.MODEL DIODE D BV=6.2 IS=1E-15

TP V(23) VCC

.OPTIONS NOPAGE HOMOD

WIDTH OUT=80

.OPTIONS SPICE

.OP

.END

sa2e9?  OPERATING POINT INFORMATION TROM= 27.000 TEMPs 27.000

40:1 = 1.500B+01 0:2 = 8.810E+00 0:3 = 1.4838+01

+0:4 = 1.414E+01 0:5 = 1.473B+01 0:6 = 7.949E+00

+0:7 = 5.946E-01 0:8 = 5.975E-01 0:9 = 6.742B+00

40:10 = 6.754B+00 0:11 = 7.412E+00 0:12 = 1.481E+01

+0:13 = 1.356E+00 0:14 = 7.276B-01 0:15 = 5.653E-02

+0:16 = 4.5438-02 0:17 = 6.085E+00 0:18 = 6.T41E+00

+0:19 = 1,158E+01 0:20 = 1.481E+01 0:21 = 6.754E+00

+0:22 = 1.091E+01 0:23 = 1.013E+01

2L DIom

ELEMENT 0:D1 0:D2

MODEL 0:DIODB 0:DIODE

boi] -6.560E-04 -1.196E-04

D -6.189E+00 -6.145E+00

REQ 3.942E+01 2.162E+02

CAP 0. 0.

+#¢4¢ BTPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q2 0:Q3 0:Q6 0:Q4 0:05 0:97
MODEL 0:P 0:? 0:N 0:N 0:8 0:p

B -3.371E-06 -9.770E-08 9.655BE-08 1.02BE-08 1.111E-06 -1.657E-06
Ic -3.371B-04 -1.038E-05 1.036E-05 1.101E-06 1.195B-04 -1.869E-04
VEE _6.865E-01 -5.949E-01 5.946E-01 5.367E-01 6.578E-01 -6.682E-01
YCE -6.865E-01 -6.789E+00 7.949E+00 7.587E+00 8.245E+00 -1.34SE+01
VBEC 0. 6.194E400 -7.354E+00 -7.050E+00 -7.587E+00 1.278E+01
vs -1.414E+01 -1.414E+01 -7.949E+00 -1.500E+01 -1.500E+01 -1.414E+01
PONER 2.337E-04 7.049E-05 8.245E-05 8.358E-06 9.864B-04 2.516E-03
BETAD 1.000E+02 1.061E+02 1.073B+02 1.070B+02 1.075E+02 1.127E+02
oM 1.3032-02 4.010E-04 4.006E-04 4.255E-05 4.621E-03 7.226E-03
RPI 7.672B+03 2.647R+05 2.678B+05 2.515E+06 2.327E+04 1.560E+04
RX 0. 0. 0. 0. 0. 0.

RO 2.966E+05 1.023E+07 1.035B+07 9.724E+07 8.999E+05 6.033E+05
CPI 0. 0. 0. 0. 0. 0.

cMu 0. 0. 0. 0. 0. 0.

CBX 0. 0. 0. 0. 0. 0.

ces 0. 0. 0. 0. 0. 0.
BETAAC 9.997B+01 1.061E+02 1.073E+02 1.070E+02 1.075E+02 1.127E+02
T 2.073E+12 6.382E+10 6.376E+10 6.772E+09 7.354E+11 1.150E+12
ELEMENT 0:Q10 0:Q9 0:Q11 0:08 0:Q12 0:Q13
MODEL 0:N 0:N 0:N 0:P N 0:N

IB 1.854E-06 3.583E-07 1.056B-06 -1.800E-06 1.745E-06 2.848E-06
Ic 1.866E-04 4.072BE-05 1.143E-04 -1.847E-04 1.829E-04 3.000E-04

=Eaaaaaﬂaﬂ§gﬁiaasvgg LI L

.
-
»
.

6.711B-01 6.286E-01 6.565E-01 -6.703B-01 6.695E-01
1.2998+00 1.427E+01 8.914E+00 -3.229E+00 5.498E+00
-6.286E-01 -1.364B+01 -83.2588400 2.559E+00 -4.829E+00
-1.356B+00 -1.500B+01 -1.500E+01 -1.414E+01 -1.158E+01
2.437E-04 5.814E-04 1.020B-03 5.976E-04 1.007E-03
1.006E+02 1.136E+02 1.082E+02 1.025E+02 1.048E+02
7.212E-03 1.574BE-03 4.418E-03 7.138E-03 7.071E-03
1.394E+04 7.217E+04 2.449E+04 1.436E+04 1.482E+04

0. 0. 0. 0. 0.
5.393B+05 2.790E+06 9.471E+05 5.554E+05 5.730E+05

0. 0. 0. 0. 0.

0. 0 0. 0. 0.

0. 0. 0. 0. 0.

0. 0. 0. 0. 0.
1.006E+02 1.136E+02 1.082E+02 1.025E+02 1.048E+02
1.147B+12 2.505E+11 7.031E+11 1.136B+12 1.125E+12

0:Q14 0:015

0:N 0:N
1.725E-06 1.281E-04
1.784E-04 1.333E-02
6.692B-01 7.806E-01
4.085B+00 4.865E+00
-3.416E+00 -4.085E+00
-1.500E+01 -1.500E+01
7.300E-04 6.498E-02
1.034E+02 1.040B+02
§.896E-03 5.154E-01
1.499E+04 2.019E+02

0. 0.
5.796E+05 7.806E+03

0. 0.

0. 0.

0. 0.

0. 0.
1.033E+02 1.040B+02
1.097E+12 8.202E+13

SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(23)/vce = 4.207E-04
INPUT RESISTANCE AT vce = $8.035E+05
OUTPUT RESISTANCE AT V(23) = 5.4442-02

LOAD REGULATION:
{DVO/V0) /DIO= (INO/DI0) /VOaRO/VO=5 . 4448-2/10=5.4E-3
LINE REGULATION:

{DVO/V0) /DVCC= (DVO/DVCC) /VO=4 . 207E-4/10=4.3E-5

6.
6.
-5.
-6.
1.
1.
1.
9.

3.

1.
1.

822R-01
040B+00
357E+00
085E+00
814E-03
053E+02
160B-02
082E+03
0.
5118405
0.

53B+02

4
0
0
0
845E+12



8.2
Vee =Ip, 10k +Vgg, + Vas,
5 Iplek + 0.3 + VGSZ

= 40“ 30 (Vqsz—o 8) 1ok +0.8 + Vss,

6(Vas, —0.8)*+ 0.3 + Vas,
0= GVqsi - ¥.6 VG$3 -0.36

3.6 /8,624 () (0.30)

VGS,_:
/2
= 8619083
12
Vasa = Laty
Ip, = 4’QMBO(I 41-0.3)* =273.4A

VBQ;‘S_ID‘; 10k =2.27V
EQ, VBg, =08 =147y
Ig,, = 32141 _ S 53,.4

Ik
I, =3s53mA+ 5= (Vas,+0.3)
10k
[0k Ip, = 35.3 +5 -V, -0.%
= 39.5 - Vg3,

10k 4—0'“ 300(Vgs|—0 3) 39.5- VG$|
60 (Vas,—o.S) = 39.5-\Vas,

60 Vas, — 95 vgs, —1-1=0
Vas, = 952/395*—q(60)(-1.1)
120
95 1 96.4
120
Vos, = 1.59 Vv

Ip =353m+ S=(:59+03)
10 k

=353m+ 0.24m
= 3.719mA

8-2|

e, = 131~ isama

forward path

R: =t _ 4 Rt
5

A 3"‘&1

= i‘.’.’—"—L + U:.’.i
0.26 mA 100

12

= lok |I( ;;Q + 3"‘1‘"‘ )
= IOk "( 26MV )
273mA \/2.(4-0«X30)(21»9

= okl (95.2 + I.24 k)
= 1174
Riz = "1r3(l+9—-r\3 REB)
= 100 (14 9m3 9638
7,,3( g3 968)
= 98.4 k
Vo _ 3 R .
i 30k ™, KLT'R‘.(RLIHR”’)A”

2 )G.08 £ )(0-183)

= -30k (9. S54m)(-022 '°

=T -2.3MAL =a
= J2(404)(300)(3.79m)
= ‘1.54‘ MAV/

AV3 = ?MB qeg
I+ gms 9638

= 0.983
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(.4
ﬁ
w

BEd

-~ N W

0 MMOS W=300U L=1U

BRRRgRAa:

'giz
Ry
R
Gk
kg
kg

RLallRis = 10k 1198.4 k
=9,08k

feedback | g:n srIcE

(211117

. R seesss D TRANSFER CURVES THOM=  27.000 TEMP= 27.000
1if ~f s v
A } 0. 1.0002-00 2.000B+00 3.0002+00 4.000E+00
. . ' . .
-1.0002-0( 1.008-01-+A
= -5.0000-05 9.008-02 A +
8.0008-05 8.008-02 A +
. -7.0008-05 7.008-02 ¢A ¢
= 1f 6.0002-05 6.018-02 4A  +
+

3
=
2
=
H

BMOS HMOS KP=40U LAMBDA=0 V10«=0.8

30
g
:
:
]

.

Vo

D R
D I YUY
L A I R TN
I
R I T PO
L T

-
>
D P N
* s ..

»

L TR T T S

B W e e e e
D T
+*

-
L I Y
L Y

e e et e sy
...

e

L I N

-2.3M =-29.6kn=Ye

A= 2
T I+ 76.1 1

EE :gaagnésagggaug

-

‘f -5.0008-05 1.973-01 ¢« A
-1 -1 -4.0008-05 4.570-01+ A
f = = — -3.0008-05 T.48-01+ . A
+ 30 -2.0008-05 1.00B+00 +
-1.000B-05 1.298+00 + *
0. 1.598400-+
- — 000E-05  1.80E400 »
T = O"‘F - 76‘7 L0008-05 2.188+00 +
000805 2488500 +
_ 30k DOOR-05 2.778400 +
R;n = = 386 Jl‘ 0008-05 3.07R400 +
14+ 767 000E-05 3.36K+00 +
D00E-05 3662400
000E-05 3.00%+00 +
Rout = _E‘Lu_t.'_ 000E-05 3.00E+00 +
‘_‘, 76‘7 1.0002-04  3.80E+00-+-
+ + + *
*veese  ODERATING POINT INFORMATION THOM=  27.000 TEMP= 27.000
104 _ 4 +0:1 = 5.000E+00 0:2 = 1.592E+00 0:3 = 2.3782+00
-, = '-3 +0:4 = 1.480E+00 0:5 = 2.218R+00 0:6 = 1.4772+00
17.7 +0:7 = 1.5928+00
*+¢+ BIPOLAR JUNCTION TRANSISTORS
EmDENT 0:01 0:02 0:03
v = 768 ” + Ria 0:KPN 0:3PN 0:0eW
out 3.464E-06 2.730E-06 1.577E-05
™3 P 2.464X-04 2.730E-06 1.577E-03
7.380E-01 7.406E-01 7.860E-01
8.980E-01 7.406E-01 3.407E+00
= [04 -1.600%-01  o. -2.621B+00
-2.378E+00 -2.218+00 -5.000E+00
2.231X-04 2.042E-04 5.335E-03
1.000R+02 1.000E+02 1.000E+02
9.526E-03 1.055K-02 6.096E-02
1.049E+04 9.475E+03 1.640E+03
0. 0. 0.
1.257E+17 2.S86E+14 2.621R+16
9.999E+01 9.999F+01 9.999F+01
1.516E+12 1.679E+12 5.702E+12
*++ WOSFETS
0:11 0:m2
0:108 0:18%08
3.768K-03 2.757R-04
0. 0.
-1.4808-14 -1.4762-14
1.592E400 1.477R+00
1.4302+00 1.477X+00
0. 0.
8.000E-01 8.000E-01
7.925E-01 6.779%-01
1.2008-02 1.200E-03
0. 0.
9.510E-03 8.134E-04
SMALL-SIGNAL TRANSFER CHARACTERISTICS
V) /1T = 2.960%+04
INPUT RESISTARCE AT II = 3,925E+02
. OUTFUT RESISTANCE AT V(7) = 1,347E+00

FECELLTE

ieg
:



8.2% §-25

Yob— Vesa _ o 204 Via = e+ ¥ Vop g 20F ~ ~Vzd¢ )
10k p2= 222 20(Vas,-0.8)" —o?+os(,IT's__§Ta——/—)
S—-a= 3(&-0,8) = L4V :
=30~ 48a+192 Vse= Vasg =V, ﬁ/%ﬁs
0 =3aq*~-38a~-3.08
a= 1382 /3.3>_4(3)(-308) =03+ V%
6 = .53V
Vas,= 1183V Ve =3V
Ip, = 3—%200.83-0.3)’" 0dsy = som(3-2.61)
= 49.5m

=31TmA = Ip, =Ips =1Ipg
small signal
Mg

Vo ‘_\:g = 1 +(3 12m)20.2k)
Vi—_‘ M' Mg t
> = 16.6

Vds.., =202k

+ l - VD %
V,-i o f;‘"&’ Vhs e Vos¢ s, = 150u(4 ~2.67)
= .1 3 (3 _
T i = = 2004

rdj,r =5.0lk
Vo =V356—7m Vgse Vdsq - +(372,u)(5 olk)

™ = gmé ¥
'3'""'351 = 3""6"356 = 3,37
A =1 =
Vs = Vgsg =W Ro= Gt = 572~ M5 KR

o= -V TomeVivdsg
Yo _ ~1 Ve

™6 =2 B17u)60u) (20)

= 872Mj¢

8d$4 = _4,Cox “t/ (Vqsq.— Vt4)

=150 (Ve - 1.53 - 1.14)
=150 (Ve —2.67)




VARIABLE GAIN CMOS AMP

voD 1 0

RAAEEBEREE
Secaunnana

8

iy
=
b

i

sV
0 0 MMOS W=20U L=1U
PMDS W=20U L=1U0

W=50 L=2U

V(2)=3.17V V(3)=1.53V V(5)=1.53v

. s KP=60U VTO=0.8 GAMMA=0.5
.MODEL PMOS PMDS KP=30U VTO=-0.8 GAMMA=0.5
.OPTIONS NOPAGE ROMOD

NIDTH OUT=80
.OPTIORS SPICE
.OP
JEND
sssees  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
YOLT vis}
1Y 1 1.0008-00 2.0008¢00 3.0008+00 4. 000E+00 $.0008+00
‘ + » + +
1.4708+00  1.068+00-+A +
1.475E+00 1.09E+00 +A + + + + + + + >
1.4802+00 1.11R+00 ¢ X+ + + + + + . .
1.4852+00 1.14E+00 ¢+ &+ + + + + + + +
1.4902+00 1.18B+00 + A+ . + . . 3 + +
1.4952+00 1.21B+00 ¢+ A o . + + . + + .
1.5008+00 1.24E+00 + A+ . + + + . + +
1.505B+00 1.28E+00 «+ A + + + + . . + +
1.5108+00 1.32B+00 + A+ + . + + . + +
1.5158+00 1.37E400 + A+ + . + + + . +
1.520E+00 1.432+00 s + +
1.525B+400 1.49E+00 + A . + + + + + +
1.530B+00 1.58R+00 + +A + . . + + . .
1.535E+00 1.70E+00 + L T + + + + + +
1.5408¢00 4.298+00 + + + + + + + + +
1.5458+00 4.46E+00 + + + + + . + 1 +
1.5502+00 4.568400 + + . + + + + 4 +
1.5558+00 4.6JE+00 + . + + * . + + A +
1.5608+00 #.68B+00 + + + + ¢ + + L S
1.565E+00 4.72B+00 ¢ . + + + + + LI T
1.5708¢00 4.75B+00-4------ $omeee A
1.5758+00 {.77B+00 + + + + + + + + A+
1.5802+00 ¢.79E+00 + + + + + + . + A+
1.5858+00 4.912400 » + + + + + + LI
1.590E+00 4.82E+00 » + + + v . » ¢ At
1.5958+00 ¢.B3E+00 + + + 3 + + + + A+
1.600E+00 4.B3R+00 + + + . + + + . A
+ + + + +
seresse OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000B+00 0:2 = 3.171E+00 0:3 = 1.527E+00
+0:4 = 1.527E+00 0:5 = 1.525E+00 0:6 = 3.000E+00
‘RS msms
ELEMENT 0:M1 0:2 0:3 0:05 0:M6 0:M4
MODEL 0::08 0:PMOS 0:PMOS 0:PMOS 0:NMOS 0:NMOS
D 3.171E-04 -3.172E-04 -3.172E-04 -3.172E-04 3.172E-04 -5.961E-08
IBS 0. 0. 0. 0. 0. -1.527E-14
IBD -1.527E-14 1.828E-14 3.473E-14 3.474E-14 -1.526E-14 -1.526E-14
vGs 1.527E+00 -1.828E+00 -1,828E+00 -1.828E+00 1.527B+00 1.472E+00
VDS 1.527E+00 -1.828E+00 -3.472E+00 -3.474E+00 1.525E+00 -1.198E-03
VBS 0. 0. 0. 0. 0. -1.527E+00
Ve 8.000E-01 -8.000E-01 -8.000E-01 -8.000E-01 8.000E-01 1.141E+00
VDSAT 7.270E-01 -1.028E+00 -1.028B+00 -1.028E+00 7.271E-01 1.198E-03
BETA 1.200B-03 6.000E-04 6.000E-04 6.000E-04 1.200E-03 1.500E-04
GAM EFF 5.000E-01 5.000E-01 5.000E-01 5.000E-01 5.000E-01 5.000B-01
[« 8.724E-04 6.169B-04 6.169E-04 6.169E-04 8.726E-04 1.797E-07
GDS 0. 0. 0. 0. 0. 4.967E-05
GMB 2.816B-04 1.991E-04 1.991E-04 1.991E-04 2.816E-04 3.081E-08
CcDTOT 0. 0. 0. 0. 0. 0.
CGTOT 0. 0. 0. 0. 0. 0.
C€STOT 0. 0. 0. 0. 0. 0.
CBTOT 0. 0. 0. 0. 0. 0.
cGs 0. 0. 0. 0. 0. 0.
CGD 0. 0. 0. 0. 0. 0.
b SMALL-SIGNAL TRANSFER CHARACTERISTICS
vi{5)/vI 2 1.645B+01
INPUT RESISTANCE AT VI = 9.999E+19
OUTPUT RESISTANCE AT V(S) = 1.141E+03

MOS8 W=200 L=1U
PMOS W=20U L=1U0

N

hggﬁﬁiaﬁa
CHerawomm

&

PMOS W=20U0 L=1U
PHOS W=20U L=1U
RMOS W=20U L=10
RO
v

OO

3 W=5U0 L=2U

- W
<

:i COoONWNN

.52
.0 1.8 0.05
v(5)
VI

=

DESET V(2)23.17V V(3)=1.53V V(5)=1.53V

.MODEL NMDS NMOS KP=60U VIO=0.8 GAMMA=0.5
.MODEL PMOS PMOS KP=30U VTO=-0.8 GAMMA=0.5
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS SPICE
.OP
END
s¢x#44¢  DC TRANSFER CURVES THOM= 27.000 TEMP=
VOLT vis)
A ) 0. 2.000E+00 4.000E+00 6.0008-00 8.000E+00
+ + + . .
1.000B+00 7.253-01 A
1.050B+00 7.50B-01 ¢ A+ . . + . + + .
1.1008+00 7.B12-01 « A ¢ B . . . + * +
1.150E+00 B.208-01 + A+ + . . + + . +
1.2008+00 8.698-01 + A + + + + + + .
1.290E+00 9.308-01 + A + + + + + + +
1.300E+00 1.00E+00 A + + 3 B + + ‘
1.350E+00 1.08E+00 A + + . . + . .
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1.650R+00 2.03B+00 + + A + 3 . + . .
1.7008+00 2.33E+00 + + +A 4 . + + . .
1.7502+00 4.05E+00 + + + + A . + . .
1.800B+00 4.13E+00 » + + + 2 + + + +
* + + + 4+
ssexve  OPERATING POINT INPORMATION THOM= 27.000 TEMP=
+0:1 = 5.000E+00 0:2 = 3.171R+00 0:3 = 1.527E
+0:4 = 1.527E+00 0:5 = 1.526B+00 0:6 = 4.000E
EE 2] msm
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CcGS 0. 0. 0. 0. 0.
CGD 0. 0. 0. 0. 0.
bl SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(5)/v1 = 3.369E+00
INPUT RESISTANCE AT VI = 9.999B+19
OUTPUT RESISTANCE AT V(5) = 1,145B+03
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0: 08
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.956E-04

677E-09
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CHAPTER 9

q. 1
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T(fr=618"" o '°
135
f=amuz , TGgPH=283¢€ + 9% -t
f=4MHZ, TQ,‘F)—o'?’le 4 o Mz
pIn TGH +J43° o >
s 8.2 -30 10 MH2
=601
‘10'
-~ 201

-~ 150

Re 120

T

I JE. W

Does not encircle (~1,0)
os St&b'er

9.2
From 4.1

200

GGh= (‘*)i)(w{- )(u)

Ph G =180° ot fxv4mMuz
whevre G§=23.84dB=15.4
R S
..oc— o 0.065
just camses instability

PhG =-120%, at § =1.1] MH2Z
wke.m G| nl

J‘- = ——-— =0.0(4
S‘V-QS 60 phase mmym

q.3
ITGwl=1 , £T¢Gw,) =-160°
Y0 Al w,) = & (jwo)
| + T(J'w.)

”H
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. a (o) a()ws)

A( W)= 4 .° ° = 2

T 4 g5 = Joqa0-0.043;
a('!w\,)

But 1TGw)| ={agjwn §1 =)
SELLTSIES -
. ‘A(jwo)l = 2:’:8

=20143‘,3‘- +9.248

Thus the gain peaks 9.248
aboU the low-freguency value.

9.4

@ G|

aib £q24p
201
801
70; .
6ot loop gain=0
50 -524P
4_0 [] L _4‘619

30
201
\0 ¢

LAt loeokuz
TRl >, &gHh =-130°
< Phase Wrgt:ﬂ = 50°

Ai=200
o TC .‘F)= 200

ST ST SYOSE B
at 300KHZ

|T()'f)‘ = 0.4, afjf) =-150°
ot 250kHZ

TG Pl=1 , aYH =-14e?
.. Phase margin = 36°

Ao=\0o0

oTGhH = ——420
(l+.)%)(lfj$z)(|+j%)

ol 300 KHZ

ITgpl=148 , TGH = ~150°
ok 350 kKHZ

TrgHl=113, &2gf) =-155°
ot 315 k vz .

[vh= 1, Lx¢ghH = —15T
so Phose marg«‘n = 23°

(+] vgkt * lz”'% 4'Mf . ;F
IK 1ok 109K (M \ 10M tooM HZ
-e0d%,. 4:3 141,
Phase marginc245° 4';50‘ 8
At 200KHZ . :
T(J"F)= \o@ 50 : .
Q) i i o1 '
ENCIENCE S oo
\TCj{-)]:o.’[oé ;\o\ 5 E :
LTGH=-131° 20— i
\\‘ ] \\ :
At 150 KHZ too \31‘\,&\ _m ;
I Hl=107, &Gh=~128° ook "\, 1M lom5M\ 190M Kz



1-3

(&) Dymenant pole =M =60HZ
Sooo

Banduwidth of feadback clrcutt

X 3o0kH2Z
b) Dominant pole = ‘3—:—';’:%” = boo HZ
Bandwidth of feedback circuit
2~ 300 KHz
9.6
@ Dominant pole = 2;'12: = 4002

Bandwidth of feed back cireuit
400 X5000 = 2 MHZ

® Pominant pole = 2ZMiz = 4 KHZ
Bandwidth of feedback ~ 2 Muz

3.7
(&) Dominant pole= 200kHZ =5Rz

40,000

Bandwidth of feedback circuit
>~ 200kHz

(b) Pominant pole =

200kHZ
4000
Pandwidth. ~ 200kHzZ

= 5oHZ

if o

Ro  ___ Re
\+TCS)

F=c.0l

Z,=

) &% 1+ =S

Qo=190,000 , W,=5x2TC Y*d4e

o.oZ°= R:s —Qo(“}%.)
° - S
1+ I+ 5 |+ -‘5; +d°j
Gy
= _Ro 1+ 'u%'i ---{A)
(+ag5) w,
L
%R,_ < Z
Ry

S —Ra®tS) _RR: \+ES

R+Ra+LS ~ R 4R, |+ —lS__
Rl?Rz

Ro

R\+R2 =(|m.j) w,
SR 1 _ !
R4Ra  L+a,$ ~ tool

.l. = R\ "’Pz
Ra T

Rz _
"f T' =100}

Xxeo.l SL =100

- Pz=l000Q\
:- p\ = ool‘n
-l
L= R,

p—tg ! YO.‘
5x2T

3.1 mH




94

.Q.lz" Try f,=30H2
oo} By trial
lo\=1 ot {=6.5MHz
where la=-122°
10 { —> Phase margin =51°
Try fi=25H2
B)' trbdl
1} lal=1 ot £=5.5MKz
where 4 =-19°
—> Phase margin =61°
o . , , >‘F By interpolation we need
| 10 o0 Ik 1ok 100K yz fi=26HzZ |, giving a unity
gain freguancy of 5.7 MHZ
4.9 From Chapter 1
\ -
P =2 Tas
| 60 10548 = 251,000 where Cpy= (it GmeRoc) Ce
%o =552C,
6o} ondh Fic=1.95 x10*
cof = Lt — !
40 26 = 37 To2c, X195wi0°
20 OMHKZ .
o I H _'F LX) cc_z 5'7 PF
1P}
Calcwlate dominant pole f"‘} 4.10
Y-c.}u.cm.d IGl
loMuz _ z dg { -
IPDI < 5‘ 000 4-°H ‘°° !
Whan compensated 8o )
= zsl ooo éo E
1+ ’
SRR - oo
ot ]
.= oMnz , -F.=|Pv| 0 3
ot the unity gain jmzuu.nc, B
:.5\ ooo Dominant pole fmz, . Yogus red
So0 KHZ




when mem\ﬁa&d
25,000

A=
CIESIE D)
{a=b0o0kHZ , £,=1 R

04 the unity 9aint frequency
25\,000

EES

From problem 2:2  we found
for 60° phose margin that

a’z

.'_Ff = _ﬁ.M_Hi =3.95 xi0%
1 264z
S we now need
{|= ————3"’:;;::":; ={.3 HZ
Tn problem 4.9 unity 9ain freg,
= 5. Muz

> Inthis cose Wity gain freg.

- 5MMNZ _ os5KkN2
20

From Section (7.4) for this
Ca'mpus«éion

f= =t

21 RC

" le3= )
° 2K X1.45x10°vC

HC=0.063 MF

.U

Break away between P, ond P
| ) ]
Tt T Oces T 6 44
5 (6 43) (61 +4) + (B1+1)(S¢ +4)
+(S; 11)(SLt3) =0

53824166 HI9=0

=0

-\etJ\b‘-\zu‘i
é
= -{M8 or -2.55
:o 6(‘ = -."18 o
Angle of asymptetes to ox{s =60
A‘t/mytvtzs meet Teal axis at

~~3-4+
Co= "’3“ © - —~2.67

.. 67 =

4.62)

* 6

"3 x\0 HZ
60 2
eJlel

~— ettt
-8 -7-65-43

Root locus crosses axis al
$S=)4.62 (normallgzd to 10*HZ)
Then
ls-p| =413,
|s-R) = S-51,
|s-P| = 6.1 .
Using (9.60
\Xx3 X &
ToX 4137551 x 6,11
o To=13.3
Stnce Qo=200 , W have

_ 3.3
5— 200 0.06"7

-
-

for 1“51:&5”51:7 .
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4.12 40,000 % = 17250
Brukamy Pvtnt between Pond P2 f =2 0.4%

\ ! ! Using N %u.tst caleulate TG w)
+ = O [

S +2 T G:+4200 ©:+4000 . 4 t7,250

Tgh=

CENTEIN W)
Rt £=2425

3 =l ’ AT(-‘F) = -2 60
Angle of asymptotes To oxis=éd trohi J o
Asymptotes meut real oxis at Unstable , but Since TG ts

¢n¢gl¢ct
S Bl +2004+ 6¢+2 =0
oo Ol = "\ol

G, = S2°200°4000 _ _ 4,0 less than —(80°, the clrcuit
A~ 3 -
would be wnstable for sma lley
Root locus cyosses axis at values of F .

S= l4oo tan6o’® j=2425;

1.13 ‘
Zevo -Yrvk, Wz= m
!

Sooox|.5x10”'*

-F 2 = 133108 Yadf,ec
S tz=2L.2 MYz

withouwt Cg 3

Jf
A A
x\O‘HZ
P2 Pl
- 14 Lo ot 6
-3 -6 |-¢ -2 ©
Then ‘5-P.|=247_;' ,
IS-Pal = 2433, |S-P|=461 J
us:ng (4.60)
a Ao
2%200X 4000  _ A=z ——— a= 2o
To X 2435 x 24334677 l+a§a, (=2X1-2)
'.' TO = lq’ 150 - 3 OS
Since Qo= 40000 G-29(-%) +aof
'HIGWIMC Of \f C-dMSth Fgr j:o.o' , a,j___ 40

CnStabilit, {S omd poles are



(14 %)(H %) +40=0

Y S*+q4s 4733 =0
Se = =9 I 31-4x9s

2

= ~4,5 ‘t526.8

S for f=o0.01 | poles faand P,
ore ot (~4.5%52¢.3) MHZ

with C¢ Ajf
x10°
HZ
sero
=212
— —>&

Brwkaway point
\ \ |

6c+3 O +b =6;+2l.2

S Oi¥-4.5 as for PreVvious case.
- oL Ao

A s s
NSRS I
=5 0-2)
.'.A: £ Ao
G~ 301~ ‘SP;)+doj:,(l"%‘>
Foy&°=0.0| 6&5024—0

?
owvd poles avre

s
G+ -§~)(|+—2~)+4o(|+m)=°
S ST+43s5+038 =0

s sz =23t JasTogxnse

2
= =~21.5 1516.6

(-2|.51~5|6.6) MHZ

[&]
g ¢
éo1 without Cp
40 "/‘\
with CF/\/ \

20
o t t —+— —> f

1ok ook iy OM looM [z
For the feedback amplifier

G= —L00
- 2)0= %)

where P, and Py are caleu lated
above ,

4.14
jt
A
)‘\0a H2
Pz > 4
H— O y P'w‘: > &
-lbo =~i2p -\v0o-%0 -4o 0




aS)= Ao(l-~ -Zi) 15
(-3 C- %) if
e ACs) = a"(l—%)
(=30-3)+ad U= 2) ’“fz
Poles are the solutions o‘f
5]

(I-H0-R)+af (-3 =0
s \‘_(_%_+P3 405')54.
s SYRa (% *7’; +?)S +P.E(l+a.j)=°

Normalt‘.;cd to KHZ
o ==l , Pa=~—l20
=~‘WO a,"'los

F=103
Sz-lz(ﬂo- .—i'-c-, - ‘;%%)S +12x10) = O

. 2
¢S 41325 4+12|12= 0

DRI S Wy ev erry
2

= ~66t56=-10 or ~122
% Poles ate at ~10kWZ and

~122kH2Z
Zeavrp (S at ~100KHZ

=1

a !

S=12(~10~ 15~ ,,o)s+|znos o)
& S’+121205 4+ y2v 0% =0

5 S= ~(2120 % J1212 0%~ (2 ¥10°X4
2

= ={obo * 5940.2
==-99.% or ~l2020

5 Boles are ot ~49. 3 kKlz omd
-l12MHZ
Zayo LS ot —100KHZ

+a.j o

-140 - 20 <100 -30 [ ~b0 -40 ~20

to KHZz
Breakaway point
1 |

Nwm:xlt

)
Oe 0| O 4100 G¢ +120
S (O3 +109) (0 4 120) +(Op +0.1)(6; 4129
= (& +0.1) (67 +100)
~ 6%+ 2406 412002 =0
| gy =o240 + {2402 4x12002
2.
= -120149
= —[69 or -1l
From 4.4 poles of fead back
amph'.{li-er ore given by solutions
0
. 1 ad -
S pif(f + 7 + = )5 *RR(1ta.5)=0
:-P. :‘0.' ’ Pz'—'—‘oo 14 Z= -Izo
ao=los
F=w?
sl“oc_‘o (9_;—. "'?;)s '+l9x‘0| =0
% 5%4108.4 S +10lo =0

. 9= "198.4 */i03.4>~ 4040
2

= ~98.1 ot -10.3
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‘. Blesare at -10.3kHz and Vo

Voits 4
~98.1kHz )
Zevo isar —120 KHzZ 4
5:] 3
Sio(-10= = -2 )s piomo®=0 2
100 120
5. S 434335 +106 =0 . B »t
.8 = —421(.5 1 4090 4 S \o0 15 Mmsec
= -8313% or -l20.5 2
2o Poles are ot -120.5 kHz and -3
-8.3 MHZ —4»
Zevo LS ax —120 KHZ ——t
4.1 S
' V
@ 4 °( w) & - QW‘JUC

0‘* k‘gk frequemcies here

- — Ia \0 X10°®
Clm"?»u = v = 2ex1g) Al
C =topF

Iy Wity goin Freguenc, w,

¢S g'm !7

Gm w’c = s
.'w__ Gnm_\D ‘D

°*T ¢ 26x19°3 10

o fo= 6.2 Muz

2Ic _ 20x10°°
T woxpi?

12

Slew rate =

= 2 Yus

1)

S
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--vwggg

HaAawmaWnm
A w
-~ NN W

FELLLETEE
g

tige
Kaéﬁ-

Br=100 VAF=130 IS=1E-15
BF=100 VAF=130 Ig8=1E-15

1
BN

3

JAC DEC 40 1MXG 10MEG
.OPTIONS NOPAGE NOMOD
.WIDTR OUT=80
.OPTIONS SPICE

.Bb

eseeer A0 ANALYSIS
ng vin
1Y 1 0. 2.0002+00 40008400
+ + +

2.985B+06  2.028+00 + + A .

q-10

THOM= 27.000 TEMP= 27.000

6.0008+00

+

3.0008+00

+ 3

L1628+06
334906
- 3.5488406
37588406
3.901E¢06
1.2178+06
14668006
1.7313+06
5.0118+06
§.3008+06
5630406
5.9568¢06
§.3092+06
§.6838+08
7.0792+06
14980404

1912400 A
1.800+00 + B
1.702+00 + . .
1.61E+00 » + .
1.522+00 ¢+ LI S
1.432400 + + .
1.352+00 » + +
1.278+00 ¢ . +
1.208+00 ¢ +
1142400 ¢+ A +
1.072+400-¢-----~ L +
1.01R+00 ¢ A +
9.602-01 + A +
9.062-01 ¢ +
§.55¢-01 + A+ .
0.082-01 ¢ +

*

O I e R

A

PO R I T T T

i

2ESR28REF4S
Tonilees
zn-mmggg

-
o
-

PULSE -5 5 0 0 0 30US

N NPM EF=100 VAF=130 IS=1E-15
P PMP BF=100 VAF=130 I18s1E-15
PIM TRAN V(8)

.TRAN 0.25U 10U

.OPTIONS NOPAGE NOMOD

P T T

P N T T

-
v

P T T
P T T T T o

P

NIDTH OUT=8#0

.OPTIONS SPICE

.0p

sasees  OPERATING POINT INFORMATION T™HOM= 27.000 TEMP= 27.000

+0:1 = 1.500E+01 0:2 =-1,500E+01 0:4 =-5.0002+00

+0:5 =-1,440B+01 0:6 =-1,371E+01 0:7 =-1.431E+01

+0:8 =-4.999E+00 0:9 =-4.406E+00

seer BTPOLAR JUNCTION TRANSISTORS

ELRMENT 0:Q1 0:Q2 0:Q3 0:Q4 0:Q5 0:Q6
MODEL 0:P 0:pP 0:N 0:N 0:N 0:N

I -9.243E-08 -9.2812-08 9.718E-08 9.71BE-08 1.335E-07 2.800K-06
IC -9.912E-06 -9.903E-06 9.718F-06 9.769E-06 1.630E-05 3.001E-04
ViR .5.9358-01 -5.936E-01 5.948E-01 5.948E-01 6.030B-01 6.817E-01
VCE -9.998K400 -9.308E+00 5.948E-01 1.284E+00 2.931E+01 1.000E+01
vBC 9.405R+00 8.71SE+00 0. -6.8992-01 -2.871B+01 -9.3188+00
vs 4.999E+00 5.000E+00 1.440E+01 1.371E+01 -1.500E+01 4.995E+00
POWER 9.916E-05 9.224E-05 5.838R-06 1.261B-05 4.780E-0¢ 3.0032-03
BETAD 1.0722402 1.067E+02 1.000E+02 1.005E+02 1.220E+02 1.071E+02
[} 3.832E-04 3.828E-04 3.756E-04 3.776E-04 6.302R-04 1.160%-02
RPI 2.798E+05 2.T8GE+05 2.661B+05 2.661B+05 1.9378+05 §.236E+03
RX 0. 0. 0. 0. 0. 0.

» 1.406E+07 1.400E+07 1.337B+07 1.337E+07 9.736E+06 4.642E+05
CPI 0. 0. 0. 0. 0. 0.

o 0. 0. 0. 0. 0. 0.

CBX 0. 0. 0. 0. 0. 0.

ccs 0. 0. 0. 0. 0. 0.
BETAAC  1.072E+02 1.066E+02 9.998E+01 1.005E+02 1.220B+02 1.071E+02
r 6.098E+10 6.092E+10 5.978E+10 6.010E+10 1.002E+11 1.346E+12

teene
me
[t

0.
2.5008-07
5.0008-07
7.5008-07
1.0008-06
1.2502-06
1.5008-06
1.7508-06
2.0008-06
.250E-06
5008-0¢
7502-06
000B-06
2508-08
5002-06
1508-06
0002-06
2508-06
5008-06
7502-06
5.0008-06
5.250B-06
5.5008-06
$.1508-06
6.0008-06
6.2508-06
6.5008-06
§.7508-06
7.0002-06
7.2502-06
7.5008-06
1.1508-06
§.0008-06
9.2502-04
1.5008-06
B8.7508-06
9.0002-06
9.2508-06
9.5008-06
9.7508-06
1.0008-05

~

- L L A R

TRANSIENT AMALYSIS

vie)

-5.0008+00 9.

+

THOM= 27.000 TEWP= 27.000

5.0002¢00 1.0008+01  1.5008+01

+ . + +

-5.008+00-A------ 4eue !

-4.51Es00 42
-4.01R400 ¢
-3.528+00 +
-3.032+00 +
-2.543¢00 +
-2.058+00 ¢
-1.562+00 +
-1.070+00 ¢
-5.79%-01 +

‘
A+
A+
A
A

A

- >

PO
P
P e
P T Y
P I A
P

+
13
.

>

-B.78K8-02-+
§.042-01 ¢
8.958-01 +
1.382+00 +
1.072400 +
2.372400 +
2.46X+00 ¢
3352400 ¢
J.84E00 ¢
4.33R400 ¢+

4.828400-4-c-coctonocbann

5.00+00 +
5.008+00 +
S.008+00 +
5.008+00 +
5.008+00 +
5.00E+00 +
5.008+00 +
5.008+00 +
5.00K+00 ¢+

P

-
>
>

-
>
e v s

+A
+ A

. . + A

- e s e e .
- e s e e e
O e
R P R P A
+ 4+ s e s e e s

+ .

H
PP I T S

P R
P e

A
P T S S
P I R
P I

5.00%+00

5.002+00 ¢+
5.008400 +
5.002+00
5.008+00 +
5.008+00 +
$.00R400 +
5.008+00 +
5.008+00 +
5.008+00 +
5.008+00-

'
-

OIS o I I T R

‘e e e e e
P
P I I
P
PO
PR

+

3w e e D W M o W

P . T Y

+

SLEW RATE = 10V/5.25US = 1.95V/US

4.'

1

ov-

<J°°) &~ G Av

"‘uc

where Au=500 , C=0.05 uF

=

< 'Fo -

\0~5 106
26M0"3 wWyx0.05
612 KHz

x 500

Slew vate =-3{§ﬂ-/¥v

— 20X10

6
= Vv,

X 500 = 0.2

0.05x107® i 4&5




q. |8 C');’;;P WITH EMITTER-DEGENERATED INPUT STAGE

AVO { vee ; g 15V
vss -15v
(_)w) -Gm IEE 1 9 200A
RE1 9 13 10K
RE2 9 14 10K
whzrz Gm= .. T QL5813 P
1+ 3"' R, Q2 6414P
I e Q@3552N
M4652N
= 3m|s = 3'”' 5167TN
{0~ 4 RE5 7 2 50K
1+22 n\o 4.85 Q872N
26 x1073 16 1 8 3000
. . CCOMP 6 & 2.06P
FOT same u,m,‘t/ ga,:,n 'fr-eg.. VIN 4 0 PULSE -5 5 0 0 0 30US
.MODEL N NFN BF=100 VAP=130 1S=1E-15
.MODEL P PNP BF=100 VAP=130 IS=1E-15
— .PLOT TRAN V(8)
C 4 35 FF 2.0 6 rF JTRAN 0.050 1.8U
2T .OPTIONS NOPAGE NOMOD
- cl .WIDTH OUT=80
s"'W Yate = =< .OPTIONS SPICE
.EXD
= 20Xl° =4, "] /}(S tes22+ OPERATING POINT INFORMATION T™HOM=  27.000 TEMP= 27.000
2.06 x\o"" +0:1 = 1.500E+01 0:2 =-1.500E+01 0:4 =-5.000E+00
S| . b +0:5 =-1.440E+01 0:6 =-1.371E+01 0:7 =-1.431E+01
+0:8 =-5.000E+00 0:9 2-4.306E+00 0:13 =-4.406E+00
aw Yote LMFYO'U-Qs 4 o +0:14 =-4.406E+00
-'?Mtor g .?5 ##+s4+  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
TIME Al
(A ) -1.0008+01 -5.00QE+00 ¢. 5.000E+00 1.000E+C1
OP AMP WITH EMITTER-DEGENERATED INFUT STAGE . . . . R .
vee 1 0 15v 0. -5.00B200-+------ #oenan, Y D Aoeoman e P PR .
vss 2 0 -15Vv 5.000E-08 -4.52E+00 + + +A . + . + . .
IEE 1 9 20UA 1.000E-07 -4.G4E+00 . P . . . . R
RE1 9 13 10K 1.5008-07 -3.57B+00 » + L . + + . .
FE2 9 14 10K 2.000E-07 -3.09E+00 « + + A+ . + + . .
Q1 5313p 2.500E-07 -2.61E+00 + . + A + . N . B
Q26414 P 3.0008-07 -2.148+00 + . + A . - + . .
Qg3552N 3.500B-07 -1.66E+00 + + + 3 + . . + +
4 652N 1.0002-07 -1.1EB+00 » + + L WY + N . .
Q5167THR 4.5002-07 -7.08E-01 + + + D + » s .
RES 7 2 50K 5.000B-07 -2.31E-01-+------ [ Beceenn 4o Ad--oo- b Bomnann e .-
Q6 872N 5.500E-07 2.46E-01 » . * . £ Y . + . +
I6 1 8 3000 5.000E-07 7.23B-01 « + . . + A . > . .
CCOMP 6 8 2.06P 6.500E-07 1.Z0E+00 + - + . ¢ A e » . .
VINZ 3 0 OV T.000E-07 1.67Es00 + . . . voae . . .
VIN 4 0 OV AC 07 2.3 D
.MODEL K NPN BF=100 VAP=130 IS=1E-15 2. P
MODEL P PNP BF=100 VAP=130 IS=1E-15 3 C e e A e e
PLOT AC V(8) 3. NN A e e .
AC DEC 40 IMEG 10MEG ‘. P
OPTIONS NOPAGE NOMOD PEETI N R PO OO P -
WIDTH OUT=80 ‘. P
.OPTIONS SPICE P
.END - . + A . .
C e e A e
veeese TNOM= 27.000 TEMP= 27.000 T
. . » A . .
B N . A . .
A 2 2.003E.00 £.0008-C0 3.000E+00 E.002E«02 . . . A . .
L TTBEed5 3 IZEeLdeecn---- PO R FO O P PO .- PO O FU PO .
I H . . +A - . . . + . . 2 . .
N - . A+ . . . . . . . . A + .
. b . . voA e+ . . . - . . . . N 3 . .
2 2. . . IS T . . . . + _BOOR-25 . . . . . A . .
b 2. . v Y + . . . . - . > . .
N 2. . > A . . . . - + ETE2 2
: B e A e e e e e SLEW RATE = 10V/1.20S = 8.33V/US
P T DY VRN SURUIP S S P 8.33/1.9 = 4.4 IMPROVEMENT
1.BCESGD + - . - . [ . .
1 . A . . . . . .
1 R . . . . N .
1 P Y . . . . - >
1 3 . . . . N . N
113 Y . . . . . . N
1. .3 . . . . . - >
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(S the -Ful\-f?ow.zr bandwidth ,
b

—0 VQ

-+
V-:j5

c=1osin2Tft
where £ = 45KHZ

‘:Vt"' =21f{ x 10 cos 2nft
= 2,33x\0° cosanft

To find point of Slaw limiting
put ia‘ft-*'mz X108 Y%
S 2xi0 =2.93x|06cos anft

q.19 L Cosanft =o0.707
T Gm=0-3 MA/ © 2mft =0.196
SN t=2.8 48
AV, S .
__AV " (jw)= —Gm Jwe
V1, v v.
| = 03x16° A"
6.12x\08x 2T xC ot
c.. C = q’ 9 PF 2
_2Tq '
Slew ?b; -0—6 < 41
o= o0 t = 1
T Raxio? =7 %S 2c
Slew vate Improves 38 times
9.20 :2
ek
, , -10
L= %&. =13%00

> %= 212 KHz



3.21
Leff=L-2Ld =Xd
= 8"1(0~3)" l = 6.4‘)&

Ip = 20 A for mg > Mg >my,m,
Ip = jouA for m,, M2, my . my

_’!__= ALp -~ Ip 3Xd
°  Wps  Leff Vs

nmos X4
—= = 0.2
Vos 5\;
pmos  JXd _ M
s o'l/V
L _
o, = L‘.’;:A 0.1 M= |56 n

L~ 10u -
r°4 Tan C.2M= 33 n

gma =2 kp’ﬁ Ip

= 230.2,4) 122 1
= 9T

kplzzup Cox
=350 om? g 3 xj0"1_F

Vs om2
= 30.2x107¢_C _
Vg
Vl
Cox= Sox _ €reo
tox tox

= 3.9(885xi07'*.E)

40x10 Team

= 86.3 XID’q—E—
cm>

/2 kW I,

Leff

= y2604u) %2&«

=194 &«

Ime

93

L - 20 5 u=313n
ro., 6.4
A _ 20u =

= 2242 pau= 625n
ro, 6.4M

Yo
Ve = M2 (fo,llfo,) g, (voylira,)
= 971 (2:13 M)(194u)(1-0TM)

= 4.28x10%  |ow frequency
open loop gaoin

—1
z= L
CC(RI ”Hé)
cance| this zero by moving it to
lnfl'nif)/ : Rz = 1 _ 5.15 k

21 me
o _ D
Rz — s = k(VGS‘Vt'Vps)

= k(Ve ~Vs -Vt)
assume '=0

- k/-‘é’(SV" Vqs‘—O.TV)
S5k = 60,4,“{1(5— 0906V - 0.7v)

= 205 u W
L

o~

095 = W_ _ _6.u
1 Leff 64

[, - S

VGSQ

+W

= /2 (o +0.7
604 1004 )
64

0.906vV



™
<

VD8 -9.889R-01 4.991K+00 -1.873R-09
vBs 0. 0. -8.9732-01
. VTH -7.000B-01 7.000E-01 7.000E-01
Vo Vo 1 | pi VDSAT  -2.889E-01 1.973X-01 1.873E-09
v =T v = 3C ™= T BXTA  4.7525-04 1.091E-03 5.757K-05
Ve A 3 axgrr 0. 0. 0.
s [~ 1.384K-04 2.153E-04 1.0792-13
Vo -m' GDs 3.073E-07 S5.7488-07 4.837E-04
Yo — an 0. 0. 0.
vy Hw) - < coToT 0. 0. 0.
qw ceToT 0. 0. 0.
. o CsTOT 0. a. 0.
um'l’/ 8am w= Ma2 — M ceToT 0. 0. 0.
- ces 0. 0. 0.
C SpF ceD 0. 0. 0.
=19.4M r% *s#¢  BMALL-SIGNAL TRAMSFER CHARACTERISTICS
52 v(9) v = -5.345E+04
INPUT RESISTANCE AT VIl = 9.999%+19
3'0q M HZ OUTPUT RESISTANCE AT V(9) = 1.1338+06
SR = dVo - IC wmax _ 204 A *eeses  2AC ANALYSIS THOM= 27.000 TEMP= 27.000
max C 5 P F ny V9l
[} } } 0. 1.0008-00 2.0002+00 J.0008+00  {.000K+00
4 + + + *
= 4 Xl()6 4 4 "4 10002406 3.262+00-0-- PO Y A .
P
MS 1.059E¢06 3.08E+00 + + + + + . I} 3 .
- 1.122E+06 2.91B+00 ¢+ + + + + + A+ + .
o8 A 1.1808+06  2.758400 ’ . . . oA e . R
VD 1 0 5V 1.250E+06 2.60B+00 ¢+ + * . + A + + +
V8 2 0 -5V 1.333K406  2.458+00 + + + + + As . . .
ML 754 4P Wal00U Le6.40 1.4128406 2.32E+00 + . . + [ W . . ‘
M6 4 4P Wal00U Lu6.40 1.4968+06 2.198+00 ¢ + + . + A + B .
B 77220 W=500 L=6.40 1.584R+06 2.078400 + + 3 . " + + + *
X 8722NW350U L=6.4U 1.6708+06 1.95E+00 ¢ + + * At + + + +
W 4311P W=100U Lag.4U 1.7708+06  1.85%+00: A-+ --ee
X7 9311P ¥Ws100U L=6.4U 1.8838+06 1.75K+00 + D + I T + B + B
NS 3311P W=100U L=§.4U 19958006 1.65B+00 + * ¢ L T + * + +
W98 22N ¥=1000 L=6.4U 2.113R406  1.56R+00 + + + n + + . ‘
IBIAS 3 2 200A 2.2388406 1.47+00 + + + A . . B 3 .
M 1018 2N W=6.10 L=6.4U 2.3712406  1.39K+00 + - + Ae . . . + .
cconP 10 9 SPY 2.511B+06 1.328+00 + + I ) B D . + ‘
2.660E+06 1.258+00 ¢ + L S . + + + +
*08: LAMEDA=(DXD/DVDS) /LEFF=0.20/6.4U=0.0313 2.018B+06 1.182+00 + * L S + . . + .
*PMDS: LAMBDA=(DXD/DVDS) /LEFF=0.1U/6.4U=0.0156 2.9058406 1.12E+00 + + A ¢ + + + + .
.NODEL W MMO8 KP=60.4U VIO=0.7 LANBDA=0.0313 3.1620+06  1.06E+00 |
.MODKL P PMOS XP=30.2U VIO=-0.7 LAMBDA=0.0156 3.49R406  1.008+00 + + A + + . ¢ + +
VIl § 0 -400V 3.548R+06  9.553-01 + DR U + + + ‘ + +
V260 OV AC 3.750E:06 9.063-01 + LR + ’ D . + +
TP V(9) VI 3.901R+06  8.603-01 + LI R4 + + + + + +
.PLOT AC V(9) 12178406 8.168-01 + ¢ A e . B . . . .
LAC DEC 40 1XEG 10MEG L. 466E+06 7.762-01 + LI B3 ) + + + + .
.OPTIORS WOPAGR WOMOD 4.7318406  7.378-01 # [ W + + + + + +
.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U 5.0118+06 7.028-01 + O W + + + . + .
.WIDTE OUT=80 5.308K+06 6.682-01 + I + + B . + B
.OPTIORS BPICE §.6238406 6.37R-0l-4oco- b Reoe b e beee e bbb
+OP 5.9568+06 6.072-01 + L% W) B . . . . .
KD 6.3098+06 5.908-01 + I S + . + . + +
6.6832+06 5.54x-01 L Y + + . + . + +
sksess  OPERATING POINT INFORMATION THOM= 27.000 TRMP= 27.000 7.0792+06 5.302-01 + A 3 + + . . v +
7.4998+06  5.083-01 + A + * 3 . + . +
+0:1 = 5.000B+00 0:2 =-5.000E+00 0:3 = §.011K+00 7.943B+06 §.802-01 + A + + . + + . .
+0:4 = 9.0298-01 0:5 2-4.800R-05 0:6 = 0. B.AL4E+06 4.692-01 « A + + + + + + +
+0:7 =-4.092E+00 0:8 =-4.102B+00 0:9 . =-8.085E-03 8.9128+06 {.512-01 + A+ + * . + ‘. + +
+0:10 =-4.102E+00 94408406 4.343-01 + A+ » + * + B + +
1.0008907 4.29E-0L-#---~-he---
ey m + 4 + + +
these
ZLOENT 0:M1 0:2 0:M3 0:M4 0:M5 0:M7 CHMOS AMP
MNODEL 0:P 0:p 0:R 0:N Q:P 0:P VDD 1 0 5V
D -1.048K-05 -1.040E-05 1.048E-05 1.048K-05 -2.096E-05 -2.123B-05 V88 2 0 -5V
IBS 0. 0. 0. 0. 0. 0. M1 794 4P Ws1000 L=6.40
IXD 4.9952-14 S.006E-14 -9.078K-15 -8.973E-15 4.097E-14 5.008E-14 M2 8 6 4 4 P W=100U L=6.4U
ves -9.0302-01 -9.029E-01 9.070E-01 9.078K-01 -9.889%-01 -9.889E-01 M3 7 7 2 2 N Wa50U L=6.4U
Vb8 -4.9952400 -5.005E+00 9.078E-01 8.973K-01 -4.097E+00 -5.008E+00 M4 8 7 2 2 N W=500 L=6.4U
vBs 0. 0. 0. 0. 0. 0. M5 4 311 P W=100U L=6.4U
VTH -7.0002-01 -7.000E-01 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01 M7 9 3 1 1 P W=100U L=6.4U
VDSAT  -2.030E-01 -2.029B-01 2.078E-01 2.078E-01 -2.889K-01 -2.889E-01 M8 3 3 1 1 P Wx100U L=6.4U
AETA 5.086E-04 5.087E-04 4.853E-04 4.851E-04 5.020E-04 5.087E-04 M6 9 8 2 2 N W=100U L=6.4U
GAX XFFY 0. 0. 0. 0. 0. 0. IBIAS 3 2 200A
o 1.0322-04 1.032E-04 1.009E-04 1.008E-04 1.451E-04 1.470E-04 M9 10 1 8 2 K W=6.1U L=6.4V
GD8 1.5172-07 1.516E-07 3.189E-07 3.189E-07 3.073E-07 3.0732-07 CCOMP 10 9 SPP
0. 0. 0. 0. 0. 0.
coror 0. 0. 0. 0. 0. 0. *}M08: LAMBDA=(DXD/DVDS) /LEFF=0.2U/6.4U=0.0313
ceroT 0. 0. 0. 0. 0. 0. *PMOS: LAMRDA=(DXD/DVDS) /LEFF=0.10/6.4U=0.0156
csTOT 0. 0. 0. 0. 0. 0. .mr. N EMOS KP=60.4U VTO=0.7 LAMBDA=0.0313
CBTOT 0. 0. 0. 0. 0. 0. .MODEL P PMOS KP=30.2U VIO=-0.7 LAMBDA=0.0156
cas 0. 0. 0. 0. 0. 0. VI2 6 0 POLSE -2 2 0 0 O 30US
[ae ] 0. 0. 0. 0. 0. 0. .PLOT TRAN V(9)
.TRAN 0.05U 1.40
ELEMENT 0:M8 0:M6 0:M9 .OPTIONS NOPAGE NOMOD
MODIL 0:P 0:N 0:N .OPTIONS VNTOLs1N ABSTOL=lF RELTOL=1U
D -2.000K-05 2.123E-05 -9.063E-13 NIDTR OUT=80
pe 1] 0. 0. -8.9732-15 .OPTIONS SPICE
IBD 9.0892-15 -4.952K-14 -8.973R-15 .END
ves -9.089E-01 8.973E-01 9.102K+00



sevses  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
DR vi9)
[t 1 -6.000K+00  -2.000B+00 [ 2.0002:00  4.000R+00
+ + + *
0. -2.002+00-4-----
5.0002-09 -1.910+00 ¢+ + 73
1.0002-07 -1.708+00 » + I Y

1.500-07 -1.492+00 + + ' )
1.0008-07 -1.282+00 ¢ + + A
2.5002-07 -1.07R¢00 ¢ + 3 A
3.0002-07 -3.608-01 + + + +A + + + ’ +
3.5002-07 -6.518-01 + + + L W + . .
4.0008-07 -1.422-01 « . 3 O W)

4.5002-07 -2.335-01 + + + ¢+ A

5.0008-07 -2.578-02-¢------ 4eene A

5.5002-07 1.812-01 # + * B Y

§.0008-07 3.882-01 + + + 4 'S S
6.5008-07 5.942-01 ¢ + + + + A ¢
7.0008-07 7.993-01 ¢ + + + + i)
7.5008-07 1.00K+00 + + + + + A
0.0008-07 1.20E+00 ¢+ + . + + +A
3.500-07 1.418+00 + . . + + L
9.0002-07 1.61E+00 ¢ + + . + + A ¢
9.5008-07 1.848+00 ¢ + + + + + A+
1.0002-06 1.973+00 T

1.0502-06 1.99%+00 +

1.100E-06 1.993+00 »
1.1508-06 2.00X+00 +
1.2002-06 2.00R+00 +
1.2503-06 2.00B+00 +
1.3008-06 2.003+00 + +
1.3508-06 2.002+00 + + + + +
1.4002-06 2.00R+00 + + + .
1.4508-06 2.002+00 +
1.5008-06 2.00K+00-+----
1.5508-06 2.008+00 «
1.6008-06 2.00R+00 +
1.4508-06 2.00R+00 ¢+ + +
1.7008-06  2.008+00 +
1.7502-06 2.003+00 ¢
1.000E-06 2.003+00 +

+

PEESESESE R R R R 4

Qo2

Leg = L-ZL4-X1=~-2x209-0.]
=0.7Zpm

1T = Z0opA for M5—M&. [To| =l00 A

Sor MI—M,

From Table 24, 8% <4 07 pmyy (VM9

> dVs _
004 pmpV (PMOS)

L= _ Ip dxd
o g  Legr dVps

.FL_Z: t:;lkwnﬂ 0.04 WM/ = 5SS AN

4 oo
Ty o\ﬁy':m O‘DZMMN =178 AlV

Ao Sox  39x8.3%Yxic'* 2y
Cox = 20X 2170 2 437453
ox o510 £32xI5>Tm
!
kp=MWaCox =150 x X 432X
R=MAnCox = 450x| o3 2xlsS
=4 AT

a-5

Gona, L] (SN0, 72X 100 =Lty

Y = {1 B X (100/0:72) k200 =3 28 A1y
4 -2
oy = e 0t tm= 1| AW

1 _ 200
0 s VUM =S SSHA

Vo _4
Vi %Vm.\roq—” Voq) ng(Toalmﬂ)

= Lb4m 3, 28m _
TEPTATARRKL R S
M \

pR Py
"_1_ Camceh this 2erp by
| - troving I£ 0 inginity .
Rq = /gime =305.00

4.3
R = = (B e =Ver-Voso)

=k (WYq(Vaq -\kq ~Ve) (Vog =0}

Assume ¥ =0
LW \
Rq~ R ‘Ix‘C)q (Vg —Vss —~ Vase-Vig)

Ve =V, + \byg =0.640.(2Z.=0.T22V
o = e () (30722 -06)
(W) =loo
M4 is in the tripde ragion, so ¥4 =0
Use the soame drawn lewgth as for M
Lq =\ "LXO‘OQ =:Q82_'AVV\
Wq=%.Z2pwm.
At Sy, VA0 =[5 =1

I VR L 2 (=t
%\u\\ v —Z_“,CC —-Zﬂ.xsxro_n_ ‘SZ\ZMHZ

gR_._quxx _200WA
Cc ~ SPET oIS
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27.000

TNOM= 27.000 TEMP= 27.000

CHOS ANP
VoD 1 0 1.5V #4tees  AC ARALYSIS THNOM= 27.000 TEWP=
V88 2 0 -1.5V
M1 754 4P W=1500 L=0.720 FREQ VB (9)
M2 8 6 4 4 P WelS0U L=0.720 1 ) -5.0008+01 0. 5.0002+01 1.000B¢02  1.500E+02
77 22N W=50U L=0.720 + + . + S
B 87 22N W=500 L=0.720 1.0008+01 9.35E+Q1-+-- $omomee 4em- ) T PRSI, .-
M5 4 311P W=150U0 L=0.720 1.584B+01 9.35B+01 + . + + + I W + .
N7 9 311P W=1500 L=0.720 2.5112+01 9.358+01 ¢ + + + + L X3 . +
M8 3 311 P Ws1500 L=0.720 3.981E+01 9.352s01 + + B + + L + +
M6 9 8 2 2N W=1000 L=0.720 6.309K+01 9.34E+01 ¢ B + . + I + B
IBIAS 3 2 200UA 1.000E+02 9.34R+01 + + - ’ + PR + .
M9 10 1 8 2 N W=8.20 L=0.820 1.584E+02 9.343+01 + ’ + . + I + .
CcCoMP 10 9 5PF 25118402 9.33E+01 + + . + DI 3 . .
3.981B+02 9.30B+C1 ¢ + + ¢ - . A4 . .
* MODELS 6.3098+02 9.23E+01 + + . . . P . N
.MODEL N MMOS LEVEL=1 KP=194U VT0=0.6 LAMBDA=~(.027778 1.000B+03  9.10B+01 - A
.MODEL P PMOS LEVEL=1 KP=64.7U VTO=-0.8 LAMBDA=0.055556 1.584E+03 8.B7E+01 ¢ . . . + D + .
*}DS: LAMBDOA=(DXD/DVDS) /LEFF=0.020/0.720=0.027778 2.511E+03 8.57B+01 ¢ + ’ + 3 L WS v +
*PMDS: LAMBDA={DXD/DVDS)/LEFP=0.04U/0.720=0.055556 3.9BIE+03 B.22B+01 + + * ’ » L T + .
6.309E+03 T.BAB0L ¢+ ’ . . N A . . .
VI1 500 AC 1 PULSE 0 1 0 INS 1NS 1US 30US 1.000B+04 7.458+01 + + + + + A + + .
VI26 00 1.584E+04  7.058+01 + N . . ’ as . . +
TP V(9) VI1 2.511B+04 6.65E+01 ¢ + + 0 A + . .
.PLOT AC VDB(S) 3.9818404 6.258401 + + . [ L . B +
.AC DEC 5 10 100MEG 6.309B+04 5.85E+01 «+ + . » + A + + + .
.TRAK 0.0050 0.1U 1.000E+05 §.45E¢01-4------ LRty Ao R
.PLOT TRAN V(9) 1.58(B+05 5.052+01 + + . + A . + . .
.OPTIONS MOPAGE NOMOD 2.511E+05 4.858+01 + + + + A + + + +
.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U 3.981E+05 4.258+01 + + + LI + + + .
WIDTH OUT=80 6.3098+05 3.85R+01 + . L . . + .
.CPTIONS SPICE 1.0008+06 3.45E+01 + + + L Y + + + +
.OP 1.584B+06 3.05B+01 ¢ + . + A . . . + +
END 2.511B+06 2.65B+01 + . 3 A + + + + -
1.981E+06 2.25B+01 ¢ + + Ae + + B + +
serass  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000 6.309E+06 1.85E+01 + » ¢ A + + * + .
1.000B+07 1.45B+01 A $mmmemm +-
+0:1 = 1.5002+00 0:2 =-1.500E+00 0:3 = 5.322E-01 1.584B+07 1.05B+01 ¢ + LI SR + . + . +
+0:4 = 9.1538-01 0:5 = 0. 0:6 = 0. 2.511E+07 6.58E+00 + + IR TR + + + + +
+0:7 =-7.806E-01 0:8 =-7.806B-01 0:9 = 3.454E-01 3.981E+07 2.58E+00 + . A + + . + + .
+0:10 =-7.806E-01 6.309E+07 -1.41B+00 + . A + + + + + .
1.000B+08 -5.408+00 + + A ' + + + + +
vest MOSFETS + . . + S
OEENT 0:M1 0:M2 0:13 0:M4 0:M5 0:M7 ts¢adte  TRANSIENT ANALYSIS
MODEL 0:p 0: 0: 0:N 0:p 0:P
ID -9.7982-05 -9.798E-05 9.798B-05 9.798E-05 -1.960E-04 -2.020E-04 e vi9)
IBS 0. 0. 0. 0. 0. 0. [$ ) -1.500E+00 -1.0008-00 -5.0002-01 0. 5.000E-01
IBD 1.696B-14 1.696E-14 -7.194E-15 -7.194E-15 5.847E-15 1.155E-14 + . . . +
vG8 -9.153E-01 -9.153E-01 7.194E-01 7.194E-01 -9.678E-01 -9.678E-01 Q. 3.458-01- A---4-
VDS -1,6958+00 -1.695E+00 7.194E-01 7.194E-01 -5.847B-01 -1.154E+00 $.0008-09 1.39E-01 + + + + + + A+ *
VB8 0. 0. 0. 0. 0. 0. 1.0008-08 -5.578-02 + . + + + LI 3 . +
Vi -8.000E-01 -8.000E-01 6.000B-01 &.000E-01 -8.000E-01 -8.000E-01 1.5008-08 -2.508-01 + + + . . A . + +
VDSAT -1.153B-01 -1.153E-01 1.194E-01 1.194E-01 -1.678E-01 -1.678E-01 2.0008-08 -4.458-01 + + + . [ S . + B
BETA 1.4758-02 1.475E-02 1.374E-02 1.374B-02 1.392E-02 1.434E-02 2.500E-08 -6.408-01 + + + DI S . + + .
GAM EFF 0. 0. 0. 0. 0. 0. 3.0008-08 -5.34E-01 ¢+ + + A v . + . .
[ 3 1.700E-03 1.700E-03 1.641B-03 1.641E-03 2.335E-03 2.407E-03 3.5008-08 -1.02B+00 B A+ . + . . . .
4.975E-06 4.975E-06 2.668E-06 2.668E-06 1.054B-05 1.054E-05 4.000E-08 -1.22E+400 + D3 . + . ’ . . B
e} 0. 0. 0. 0. 0. 0. 4.5002-08 -1.29E+00 + A+ B . . + B . .
coroT 0. o 0. 0. 0. 0 §.0008-08 -1.45E+00-+A----- bmeee- PN O P $ommmes e e .-
CGTOT 0. 0 0. 0. 0. 0 5.500E-08 -1.47B+00 +A + . . + + . + .
csToT 0. 0 0. 0. 0. 0. £.000B-08 -1.47E+C0 +A + - . ’ + . . .
CBTOT 0. 0 0. 0. 0. 0. 6.500B-08 -1.48E+00 A » + + . . + + +
cGs 0. 0 0. 0. 0. 0 7.000E-08 -1.48E+00 A + . . + + . . »
CGD 0. 0 0. 0. 0. 0 7.500B-08 -1.48E+00 A * + + + . . - .
§.000E-08 -1.49E+00 A . . . + . + . .
ELEMENT 0:M3 0:M6 0:M9 8.500E-08 -1.49E+00 A B + . » » ’ . 4
MODEL 0:p 0:N 0:N 9.000E-08 -1.498+00 A . . + . ’ . . +
D -2.000B-04 2.020E-04 -7.266E-13 9.500E-C8 -1.49E+00 A + . . . + + . y
IBS 0. [ =7.194E-15 1.000E-07 -1.49E+00-A------ $ocenen #omooes 4omooen pomann- FEEEEEN #oeman 4memnen ‘-
IBD 9.67BE-15 -1.845E-14 -7.194E-15 + + . + .
vGS -9.678B-01 7.194B-01 2.280E+00
VDS -9.678E-01 1.845B+00 -2.229E-10
VBS 0. 0. -7.194E-01
Ve -8.000E-01 6.000E-01 6.000E-01
VDSAT -1.678BE-01 1.194E-01 2.229E-10
BETA 1.420B-02 2.833E-02 1.940B-03
GAN EFF 0. 0. 0.
2.384E-03 3.383E-03 4.324B-13
GDS 1.054E-05 5.337E-06 3.260E-03
0. 0. 0.
CDTOT 0. 0. 0.
CGTOT 0. 0. 0.
CsTOT 0. 0. 0.
CBTOT 0. 0. 0.
fact) 0. 0. 0.
CGD 0. 0. 0.

ares SMALL-SIGNAL TRANSFER CHARACTERISTICS

v{9)/v11 = -4.733E+04
INPUT RESISTANCE AT VIl s 9.999E+19
OUTPUT RESISTANCE AT V(9) = §.296B+04



q.12%
1 Cc
"q
Mg
Zero z = =—'
e Re=750)
set Rz= —

™ = 7-54'——/“ = 5./5 k

™ =y2 khltﬂ‘ﬁ. Ip
e

= ,f;z?eo.+/u)’6°—_:2m
= 194m

L3 _ -V -

R = e = k (Ves V-~ Yos)

= k(v“v_vt’) ,v,s =0

=™
Rz = ==~ = ==
O

et ky (sg-ve)= k (Vasg-v¢)
kn/(.‘_—")‘, (Vasq-ve) = k."(,‘;”)b (Vas, v )

assume Y=0 , Vt = 0.7v for
all devices

KvL

V55l2+VG$“ = Vasq + V456

VG5!1= Vqsu = %S‘
o.o VGSG = VGS‘]

(&h (sq-we ) = (AU
¥ -



WITHOUT M9, SEE RIGHT HALF PLANE ZERO

248
Sg

P W=100U L=6.4U0
P W=1000 L=6.4U
N W=500 L=6.40
N Wa500 L=6.4U
P W=1000 L=6.4U
P W=100U L=6.4U
P W=1000 L=6.4U
N

4
4
2
2
1
1
1
2 W=100U L=6.4U

EE!EE!EHE

200A
cconp SPF
KMOS: LAMBDA= (DXD/DVDS) /LEFFP=0.20/6.4U=0.0313
PMOS: LAMBDA= (DXD/DVDS) /LEFF=0.1U/6.4U0=0.0156
MODEL N RMOS KP=§0.4U VTO=0.7 LAMBDA=0.0313
.MODEL P PMOS KP=30.2U VT0=-0.7 LAMBDA=0.0156
VI1 5 0 -480V
VI2 6 0 OV AC
JI7 V(9) VIl
.PLOT AC VE(9)
.AC DEC 10 100K 10GIG
.OPTIONS NOPAGE NOMOD
.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U

32
89

*NMOS: LAMBDA=(DXD/DVDS)/LEFF=0.2U0/6.40=0.0313
*PMOS: LAMBDA=(IXD/DVDS) /LEFF=20.1U/6.4U=0.0156
-MODEL N NMOS KP=60.40 VTO=0.7 LAMBDA=0.0313
-MODEL P PMOS KP=30.2U VTO=-0.7 LAMBDA=0.0156
VI1 5 0 -480V

.WIDTH OUT=40
.OPTIONS SPICE
0P
.END
steraet  AC ARALYSIS THNOM= 27.000 TEMP=

PREQ R(%H
[t } -2.0008+02 -1.5008+02 -1.0008+02 -5.0008+01 0

+ + + + +
1.000E+05 -9.08B+01 A 4= .-
1.258B+05 -9.10B+01 + + . v LI S + + .
1.584E+05 -9.13B+01 « + + + 4 A . + . .
1.995E+405 -9.16E+01 « + + v A + + +
2.511E405 -9.208+01 + + + [ S + + +
3.162B+05 -9.26B+01 + + + + L3 S + + +
3.9018+05 -9.33E+01 ¢+ . . » A e . . »
S.011R¢05 -9.41B+01 + + + + L + . »
§.309B+05 -9.528+01 ¢ + + v A . + . .
7.9438+05 -9.668+01 ¢+ + + + +A + + + +
1.0008+06 -9.832+01 A P .-
1.258B+06 -1.00B+02 + + . v A . + . .
1.5843+08 -1.038+02 + + + * A+ + + . .
1.995B+06 -1.06R+02 ¢ + + L . 4 . .
2.511B406 -1.10B+02 + + + L + + . +
3.1628+06 -1.14R+02 + + + + A e + + + .
1.931B+06 -1.20B402 ¢+ + + +A . . + . +
5.011R+06 -1.26B+02 ¢ + . A + + + . +
6.3098+06 -1.328+02 + + LR + . + + +
T.943E+06 -1.398+02 + + [0 WS + + ’ + +
1.0008¢07 -1.45B+02-¢------ $ooooe B 4ommaee 4memen #ommoen e .-
1.258E+07 -1.51E+02 « + A + + . + . .
1.5BAE+QT -1.568+02 + + A+ v . + + . P
19958407 -1.612402 « L T + + + + + >
2.511B+07 -1.64B+02 ¢ + A . + . + + +
3.162E+07 -1.67E+02 ¢ + A . + - . + + -
3.981B+07 -1.70B+02 ¢+ +A . . + + . + -
5.011Rs07 -1.72B+02 + A + + D + + . .
§.3098+07 -1.73E+02 ¢ A + . + . . . .
7.943E+07 -1.75E402 ¢ A . + + . . . .
1.000B+08 -1.76B+02-+------ Rt $oeeeen 4mmmmes Ao torennn B b .-
1.25BR+08 -1.768+02 + As . + + . + . B
1.584B+08 -1.77E402 + A+ + + + + + . +
1.995E408 -1.78E+02 A . + . + v + -
2.511B+08 -1.7BE+02 + A+ . + . . . . N
1.162B+08 -1.78E+02 + A+ + + + . . + +
3.981E+08 -1.79E+02 + A+ + + + . + + +
§.011E+08 -1.79E+02 A+ + + + + . + +
€.309E+08 -1.79E+02 » A+ + + + . + + +
T.943B008 -1.79E+02 ¢+ A + . . . . + +
1.000E+09 -1.79E+402-+----- F R 4o bevanen Fo— [ SR .
. + . . .

aeesd
CMOS AMP WITH M9 TO MOVE RIGHT HALF PLANE ZERO TO INFINITY
VoD 1 0 5V
vss 2 0 -5V
M 754 4P W=100U0 L=6.40
02 8 6 4 &P W=100U L=6.40
M3 77 22N W=50U0 L=6.40
M 87 22N W=50U L=6.4U
M54 311P W=1000 L=6.40
M9 311FP W=1000 L=6.40
M2 3311P W=100U L=6.40
M6 9 8 2 2 N W=100U L=6.4U
IBIAS 3 2 20UA
M9 10 12 8 2 N W=100U L=6.40
CCOMP 10 9 S5PF
* BIAS CIRCUITRY FOR M9
M10 12 3 1 1 P W=1000 L=6.40
M11 12 12 13 2 N W=100U0 L=6.4U
M12 13 13 2 2 N W=1000 L=6.4U

9-18

Vi2 60

0V AC

TP V{9) VI1
.PLOT AC VP(9)

.AC DEC

10 100K 1GIG

.OPTIONS NOPAGE ROMOD
.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U
.WIDTH OUT=80
.OPTIONS SPICE

.OP
ts+s¢4+ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000B+00 0:2 =-5.000B+00 0:3 = 4.011E2+00
+0:4 = 9.029E-01 0:5 =-4.800BE-05 0:6 = 0.
+0:7 =-4.092E+00 0:8 =-4.102E+00 0:9 =-8.085E-03
+0:10 =-4.102B+00 0:12 =-3.172B+00 0:13 =-4.086E+00
+++* MOSFETS
ELEMENT 0:M1 0: 0:0 0:Mé 0: 0:
MODEL 0:p 0:P 0:N 0:N 0:P 0:?
D -1.048E-05 -1.048E-05 1.048E-05 1.048E-05 -2.096E-05 -2.123E-05
IBS 0. 0. 0. 0. 0. 0.
IBD 4.995B-14 5.006E-14 -9.078E-15 -8.573B-15 4.097E-14 5.008E-14
vGs -9.030E-01 -9.029E~01 9.078E-01 9.078B-01 -9.889E-01 -9.889E-01
VDS -4.995E+00 -5.005E+00 9.078E-01 8.973B-01 -4.057B+00 -5.008E+00
VBS 0. 0. 0. 0. 0. 0.
VTH -7.000E-01 -7.000B-01 7.0002-01 7.000E-01 -7.000E-01 -7.000B-01
VDSAT -2.030E-01 -2.029E-01 2.078E-01 2.078E-01 -2.889E-01 -2.889E-01
BETA 5.0862-04 5.087E-04 4.853E-04 4.851E-04 5.020BE-04 5.087E-04
GAM EFF 0. 0. 0. 0. 0. 0.
G 1.0328-04 1.032E-04 1.009E-04 1.008E-04 1.451E-04 1.470E-04
[er] 1.517B-07 1.516E-07 3.189E-07 3.185E-07 3.073E-07 3.073E-07
GMB 0. 0. 0. 0. 0. 0.
ELEMENT 0:M3 0:M6 0:00 0:10 0:M11 0:M12
MODEL 0:P 0:N 0:N 0: o:N 0:N
boo] -2.000B-05 2.123E-05 -9.063E-13 -2.221E-05 2.221E-05 2.221E-05
IB8 0. 0. -8.973B-15 0. -9.1398-15 0.
IBD 9.889B-15 -4.992E-14 -8.973E-15 8.172E-14 -1.828E-14 -9.13%E-15
V68 -9.889E-01 8.973E-01 9.305E-01 -9.889E-01 5.135E-01 9.139E-01
vDs -9.889E-01 4.991E+00 -4.166E-09 -8.172B+00 5.135B-01 9.139E-01
VBS 0. 0. -8.9732-01 0. -9.139E-01 0.
VTH -7.000E-01 7.000E-01 7.000E-01 -7.000E-01 7.000E-01 7.000E-01
VDSAT -2.889E-01 1.973E-01 4.166E-09 -2.889E-01 2.135E-01 2.139E-01
BETA 4.792E-04 1.091E-03 9.438B-04 5.320E-04 9.707E-04 9.707E-04
GAM EFF 0. 0. 0. 0. 0. 0.
a 1.384E-04 2.153E-04 3.931E-12 1.537E-04 2.076E-04 2.076E-04
GDS 3.073E-07 5.748E-07 2.175B-04 3.073E-07 6.758B-07 6.758E-07
B 0. 0. 0. 0. 0. 0.
weee SMALL-SIGNAL TRANSFER CRARACTERISTICS
v(9)/vil = -5.3458+04
INPUT RESISTANCE AT VIl = 9.999%+1%
OUTPUT RESISTANCE AT V(9) s 1.133B+06
¥r#2es  AC ANALYSIS TROM= 27.000 TEMP= 27.000
FREQ VB3
A ) -1.6008+02 -1.400B+02 -1.2008+02 -1.000B+02  -3.000E+01
+ . B . .
1.0008+05 -B.39B+01-4----~- bennnn beuenen RSN bomeens PO PN P YR .-
1.258E+05 -B.99E+01 + + v . + . . 1 .
1_584E+05 -B.93E+01 + . . . . . . A .
1.995E+05 -9.00E+01 + . . + N . . 2 N
2.511E+05 -3.00E+01 + + + + . . . 2 .
3.1628+0% -3.CCE+01 - + + + + . A *
3.981B+05 -3.00E+01 + . . . B . . Iy N
$.011E+05 -9.00E+01 « . . + . + . A .
€.309E+05 -9.00E+01 + . + + + + . A +
7.943E405 -9.00B+01 + . B . + ‘ . A N
1.000E+06 -2.008+01 L I Heemaen PR § Y .
1.258E+06 -9.C1E+01 » + . + + . - A .
1.584Ee06 -9.018+01 + . . . . . . A +
1.995E+06 -9.01EDL + . . . . B . A .
2.511B+06 -9.02E+01 - . . . > . + A .
3.162B406 -9.02E+01 . + . . + - A .
3.981E¢06 -9.03E-01 + . . . . . . A B
§.0112+06 -2.04E401 + . . + + . . A +
£.3098+06 -3.05E¢21 + . . . . B . A .
T.943B+06 -9.06E+0] + ¢ » . * - . A .
1.0002+07 -9.08B¢01-+------ eeen T o poeee deenan 4o 5 W .-
1.2568+07 -9.112+01 - * + * - . + Av +
1.584E+07 -5.132-01 » . . . . . . A .
1.9958407 -8.172+01 + . . . . » A .
2.511E+07 -8.21E¢J1 » + . . . + + A - .
3.152E+07 -9.27R+31 + + ¢ . ‘ * + A +
3.981E+07 -8.34E401 » . ’ + + + + A .
5.011B+07 -2.43E+01 » . . + + . A . .
£.309E+07 -9.558401 » . B . R . PN .
T.H3E#TT -9.63E-01 » + . . + . +A . .
1.000E+58 -9.86E+Q1-+------ beemen #omenn- [ boeenan P IS V. .
1.258E+08 -1.00E+02 « + + + . + A+ + .
1.584B+08 -1.03E40Z + + . . . PN . B
1.935E+08 -1.C8E+02 « . + . . . . . ‘.
2.311E+08 -1. + + . . Av . . .
3.162E+08 -1 . . . P . . .
3.3E1E+08 -1 + + + Ae N . B .
S 0112498 -1.27 + + L . + . .
5.309E+08 -1. . LI + . . + .
7.343B+0F -1.40E+02 ¢ + A + + + . . +
1.0008+09 -1.462+02-¢----m-9-A-mm-vomroonboaaaanen -+ e
‘ .

+

(211 1)

THE POLE AT 6.3 MHZ HAS BEEN MOVED UP IN FREQUENCY.
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F\'DW\ PTO HBW\ q.’L'L)
= k’(-—‘& (Ve -Vig)
Since Iqq_ =loy, ond (W/L)IL’:(W/L)(,,
Vourz =Vove,
T"\CYC{OVC Vsgy =Vasiz=Vaz+Vouiz
=Vsgq = Ve, =VtgrVove,
because V2 =Vitg (no body effect).
Also, Vout =Vouwz because Toy=In Lond
(WO =W/0) 2
Therefore, Vg =Vasi tVag 2 Ve
=M +Vouyy tVer, HVoviz Ve, Voy,
=V +Vou,
where Voy =Voug =Vovit =Vorz.
So Vgsq - Vg =V, + Vov -Vt;‘ = Jov.
Stnce. Versq - Vg = Vg - Ve Mok ‘&71 shoad
%\M\L %m(, w CQMCG{ {i\e RH’P Zevo,
R‘|q =k ()q (Vesa-ka)
:%mé =‘<'(\f’)4,(\lc-+ss -Vto)

) {oO
q= \‘C TV

9 25

To get 45° phase margin,
set the Zhd Po'e = un?f)z 3aiv| freq.

.| = _8™6 Ce ) dma
CLC1CCtCC) = ~Cc

2= ?7.:».%
me=194m A,v
CC - SPF

Ci=Co,t+ Cogt CgsetCorq
= 0.35 & (100u+50u)

+ % (1004)(8u) 0.869 fE
+ 0.
35 & (joow)

= 55| fF

Jm2

<o = "7-4 M V‘j«
(9.4M= S22 (S )

C.55If+C 5p+ 55If(5p)
solye for CL

C.= 85|PF
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To obtnin 45° phase Waigin, STk the
Lnd pole to ‘Fumth&

\P,| = FweCe. _ 9w _=__LU+W\£W

CLCHCeC +C G T & SPF
C, is dowinoted, by the gate of Mo
Minimum estimodr §or C1= Caselty+ Ggsea)
=ZlooaTexk3+o35loo=1H¢F
 Maximum estimateprC
= Cas6 )+ Gsutoly+Ggsaty syt Captassl)
+C9dl+(0l)

:’3:; \00 X 07ZX043 + 035100+ L100x0RZ

+U3SKOO+ 05SKISD +0,35 XSO
=3815F

(V4 is in the tricde region.)
2.28m(S

S2gvods =C':T,—c| :fln.i(ngz aGisp

Coge\ (minCi)

CL(BHEENCSP)+ZH SEP)=Cx1s>

CL=93pF

Case 2(mox C1)

CU3BTEHC(SpIT3TFSP=5¥ 5>

Ct_=9\q pE

Therefore,Co shoubl be. less than
about &c] PF
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caleulate capacitances
for SPICE mpu‘t

W = joom

hmos

Cisw=0.

e 5‘FZ(104,«)
= |02 fF

C4 = 0.08 £E 20042

= |6 fF
Cdb=Csb=102+16

=& fF
W=[00y
P"‘OS
Cjsw= I.S\‘;E 2044

=306 fF
Cy= ozFF . 20043

= 40-FF
Cab=Csp=344fF
W= 504
nmos
Cjsw=05
jsw ‘f:E 104 .4
= S52fF

Cs;= 0.0
9= 8fF £E 1oou2

= 8FF

Cd =Csh = bOFF

from SPICE output of
forward Pcd'h gqin a(w)

W, = 1.26 MHz
FaGwi) = - 0p°
t =——L—-=_L_
set fo [aGwy)| 32~ 3 2m

TG = Jaguy| , = |

Az

Phase margin = §0°

=_Rx R
fo Rt M »Rx=3.22k
W2 = 3.98 MHz
F aljwy) = —'9\00
b
set, fo= |a( "wl 01 =|llm
[ Tlwa)] = |a(un)] fo =1
Phasc margin = £0°
=_Rx =
'Fo Re+IM ) R)( H.2 k
| W3 = 6.3 MHz
fa(gws)= -|35°
1 N
set o= Ta@wa)] = 497 =20.Im
~|Tlws)| = latiws)| fy =1
* phase margin = 45°
__Rx
-Rx'HM > Rx=20.5k
= 12,6 MHz
4a(7’“’+)= —IéO°
set £, = _'_

| Tlwa)l= [a(gug)) £, =
Phq_se mavam = 20°

'Fo =

Rx
Rx+1M > Rx=66.3k
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CMOS AMP, FORWARD PATH GAIN = A{JW)

VDD 1 0 5V

vss 2 0 -5V

(32324

* ASSUME XD=1U. LEFF=L-XD-2LD=8U-1U-0.6U=6.40

* ASSUME DRAIN/SOURCE REGIOHS ARE 2U WIDE.

32311

7 P W=100U L=6.47

P W=100U L=6.4U

H 50U W=500 L=6.40

N_500 W=50U L=€.40

P W=100U L=6.4T

P W=100U L=6.40

P W=100U L=6.4U

N_1000 W=100U L=6.40
3 2 200A

0 1MEG

[N NN SN S N
[N S U

5
3
7
7
3
3
3
8

EHERESREANE

L]
7
L]
4
9
3
9
IAS
9

LAMBDA= {DXD/DVDS) /LEFF=0.2U/6.4U=0,0313

LAMBDA= (DXD/DVDS) /LEFF=0.10/6.40=0.0156

.MODEL N_50U MMOS KP=60.4U VT0=0.7 LAMBDA=0.0313 TOX=400E-10
+ CGS0=350PF CGDO=350P¥ CBD=60¥F CBS=60FF

.MODEL N_100U MMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10
+ CGS0=350PF CGDO=350PF CBD=118FF CBS=118FF

.MODEL P PMDS KP=30.2U VTO=-0.7 LAMBDA=0.0156 TOX=400E-10

+ 0GS0=350PF CGDO=350P¥ CBD=346FF CBS=346FF

VI1 S 0 -480V

VI2 6 0 OV AC

TP V(9) VI2

.PLOT AC V(9)

.PLOT AC VP(S)

.AC DEC 10 1K 20MEG

-OPTIONS NOPAGE NOMOD

.OPTIONS VNTOL=1N ABSTOL=1P RELTOL=1U

i! !S

WIDTH OUT=80
.OPTIONS SPICE
.0P
.END
sxsses  OPRRATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5,000E+00 0:2 =-5.0002+00 0:3 = 4.011E+00
+0:4 = $.029E-01 0:5 a-4,800E-05 0:6 = 0.
+0:7 =-4.0928+00 0:8 =-4,1028+00 0:9 =-4.230E-03
b Dm
ELEMENT 0:M1 0:2 0:10 O:md 0:M5 0:M7
MODEL 0:p 0:p 0:M_500 0:M_S0U 0:P 0:P
ID -1.048E-05 -1.0488-05 1.0482-05 1.048E-05 -2.096E-05
IBS 0. 0. 0. 0. 0. 0.
IBD 4.995B-14 5.006E-14 -9.078E-15 -8.973E-15 4.097E-14
vGs -9.030BE-01 -9.029E-01 9.078E-01 9.078B-01 -9.889E-01
VDS -4.995B+00 -5.005E+00 9.078E-01 8.973E-01 -4.097E+00
VBS 0. 0. 0. 0. 0. 0.
VTE -7.000B-01 -7.000E-03% 7.000E-01 7.000E-01 -7.000E-01
VDSAT -2.030E-01 -2.029E-01 2.078E-01 2.078B-01 -2.889E-01
BETA 5.086E-04 5.087E-D4 4.853E-04 4.851E-04 S5.020E-04
GAM ETT 0. 0. 0. 0. 0. 0.
oM 1.032E-04 1.032E-04 1.009E-04 1.008E-04 1.451E-04
GDS 1.517B-07 1.516E-07 3.189E-07 3.189E-07 3.073R-07
0. 0. 0. 0. 0. 0.
coToT 1.6728-13 1.671E-13 5.890E-14 5.902R-14 1.775R-13
cgToT 4.872E-13 4.872E-13 2.416E-13 2.416E-13 ¢.729E-13
csToT 7.493E-13 7.493B-13 2.617E-13 2.617E-13 7.493E-13
CBTOT $.197E-13 5.196E-13 1.231E-13 1.2332-13 5.174E-13
ces 4.033B-13 4.033E-13 2.017E-13 2.017E-13 4.033E-13
CcGD 3.868E-14 3.8692-14 1.783E-14 1.783E-14 3.802E-14
ELEMENT 0:M8 0:M6
MODEL 0:P 0:N_1000
Ip -2.000E-05 2.124R-05
IBS 0. 0.
IBD 9.889E-15 -4.996E-14
VGS -9.889B-01 8.973B-01
VDS -9.885E-01 4.995B+00
VBS 0. 0.
VTR -7.000E-01 7.000E-01
VDSAT -2.889E-01 1.973E-01
BETA 4.7928-04 1.091E-03
GAM EFP 0. 0.
1.384B-04 2.1538-04
GDS 3.073E-07 5.749E-07
B 0. 0.
coTOT 2.671E-13 8.252E-14
CGTOT 4.706E-13 4.885BE-13
csToT 7.493E-13  5.213E-13
CBTOT 6.089E-13 2,083E-13
CGs 4.0338-13 4.033B-13
CGD 3.573E-14 3.868E-14
Lhbhd SMALL-SIGNAL TRANSFER CHARACTERISTICS
v(9)/vI2 = 2.505B+04
INPUT RESISTANCE AT vi2 = 9.999E+19
OUTPUT RESISTANCE AT V(9) = 5,313E+05
sedets  AC ANALYSIS THOM= 27.000 TEMP= 27.000

-2.123E-05

5.0048-14
-9.889E-01
-5.004E+00

-7.000E-01
-2.889E-01
5.087E-04

1.470E-04
3.073E-07

1.671B-13
4.735E-13
7.493E-13
5.060E-13
4.0332-13
3.869E-14

FREQ
(A }

5.9992+02
1.258E+03
1.584E+03
1.9958+03
2.511E+0
3.162E+03
3.981E+03
5.011E+03
£.3098+02
3438403
9998403
25BE+04
SBAED4
995E+0L
511E+H
162E+G4
J9R1E404
OLLIES0
J309E+04
73] 371
.000B+05
.258E+05
LSB4E+05
995E+05
5118405
162E+05
9B1E+05
011B+05
309805
943E+05
000B+06
.250B+06
5848406
995B+06
511R+06
3.162E+06
3.9818+06
5.011R+06
§.309E+06
7.943E+06
1.0008+07
1.2588+07
1.5842+07
1.9958+07
2.5112407

-

P e e el R I e S I S A I W S Y

-]
@ )

9.9998+02
1.2582+03
1.5848+03
1.995E+83
2.5118+03
3.1628+03
3.981E+D3
5.011E+03
6.309E+(3
T.S3E03
8.999E+03
1.258E+04
1.584E+04
1.995E+(¢
2.511E+04
3.1628+04
1.9818+04
5.011E+0¢
§.309E«04

-

5112405
L162E405
9E1E+Q5
L011E 25
3092405
43805

T U U S

SBE-D8
-995E+06

162E+08
L3BLE+06

258E+C7
SEAE.07
995E+07
511E+¢7

L I Iy VT VI W G O

BTE)-A0 T
.000E+05 -
L2SBEe05 -
LSBAEDS -
995E+05 -

Q00E+06 -
J258E406 -

5112406 -

T11842¢ -
309E+C6 -
GU3E05 -
000E+0” -

-3.
-5,
-6.
J92E400 ¢

+
+
B
+
L9IE400 4 +
.
.
+
‘

7
-9

-1.
-1,

-1
-2

-3

-t
J79E401 4

-5,
-6.
-6.
-1.

B

ASEDL
AJESOL
ABBeDK
ASEACL
B0 ¢

JISESOL 4

J24BLOL

LS0B+03 «
J90E+0) +
L56B+0Y «
ASEe03 +

.
.
ASEAOL +
+
+
.
+

J26E+03 4+ A

(928401
TR -
2.
L) 20 CES

AdE01

.
+
+
.
+
+
LT6E20L +
+
B
.
.
+
.
.

L23Ee01 ¢
378401 -
LSIEDL ¢

B2 .

JIOEe0Z 4 +

BIESQT ¢ A e
JBRE+GZ + A ¢
JISEA02 ¢+ A e
LTOEeD2 + .

719
0. 1.0008+04
. .

S0E+4

2.0002+

o

3.00CE+04

(B

090B+04

41B+04

292404 ¢
19E404 «
0SEa0d-s------
BSE+OL «
6BE+04 ¢

03E+04 +

568403 A -

P T

BLE+03 ¢+ A

T9B+03 ¢ A
{3E+03 + 2
138403 + A
02E+02 +A
16E402 +A
688402 +A
S1B+02 +A

19E+00 2
BEE+00 A
T2E+00 A
.

VR(9)
-2.000E+02 -1.0008+02

> +

O T T T T U

D1R+00 +
I0B400 o

EIL 4
558401
J0E+01 + . +
132401 + +
{4201
C4E+QL »

SEE+01 +
TES0L »

0IE+0L »

27802

15BN+
B+
SIEe02-4--ennm a--

T N T T T R T T T e

PR T PSS

+
+
+
.
.
.
.
+
.
.

i
+
+
*
.
+
.
’
+
.
.
s
+

D R T T T T

+

R

-

v e e

Y

[ S

o e e e s

PR

e+

1.000E+02

[T

2

e .

-000E+02



9-23

(111213
CMOS AMP WITH FB, EXPECT PHASE MARGIN = 80 DEGREES st2ese  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000
VDD 1 0 5V
vss 2 0 -5V TIME vi9)
M1 754 4P W=100U0 L=6.4U A ! -5.000E-02 0. §.0008-02 1.000B-01  1.5GPE-01
M2 864 4P W21000 L=6.40 - + . + .
M3 7 7 2 2 N_50U0 W=500 L=6.4U 9. -1.488-02- A bomeen S P .
M4 8 7 2 2 N 50U W=50U0 L=6.40 1.000E-08 -1.452-02 » I T + . + . . ‘.
M5 4 311 P W=100U L=6.40 2.000E-08 -1.182-02 + I S + + + . . .
M7 9 311P W=100U L=6.40 3.0002-08 -7.238-73 + LI B + + . . S +
M8 3311 P W=100U L=6.4U0 4.000E-08 -1.208-03 + + A + + + + . +
M6 9 8 2 2 N_1000 W=100U L=6.40 5.0008-08 5.68E-03 + + [ S B + + . +
IBIAS 3 2 20UA 6.0008-08 1.29B-02 + . + A+ B . . . +
RL 9 5 1MEG 7.0008-08 2.012-02 + . + A+ » . . + [
RX 5 0 3.22K 8.0008-08 2.70E-02 + . + Y + . . . .
$.000B-0B 3.36E-02 ¢ + + +A 0+ + + + +
,MODEL N_50U MMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10 1.0008-07 3.97E-02 A ceben
+ CGSO=350PF CGDO=350PF CBD=60FF CBS=60FF 1.1008-07 4.53E-02 + + ‘. + A+ S . ‘ .
MODEL, N_1000 NMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 T0X=400E-10 1.2008-87 5.05B-02 + . + + A + + . ’
+ CGSO=350PF CGDO=350PF CBD=118FF CBS=113FF 1.3008-07 5.538-02 « + + + +A + + + .
.MODEL P PMOS KP=30.20 VTO=-0.7 LAMBDA=0.0156 TOX=400E-10 1.4008-07 5.978-02 « + . + + A + + .
+ CGSO=350PF CGDO=350PF CBD=346FF CBS=346FF 1.5002-07 6.36B-02 + + + + LI W + + .
V12 6 0 OV AC PULSE OV 0.39MV ON ON ON 30 1.6008-07 6.732-02 + . + + + A + + +
.PLOT TRAN V(39} 1.7002-07 7.063-02 + . + B + A+ B . .
.TRAN 0.01U 0.50 1.500E-07 7.362-02 + + + + + A . + .
-TF V(9) V12 1.9008-07 7.63B-02 + B + . + A ' . .
.PLOT AC V(9) 2.0008-07 7.89E-02 ‘- S VR R .-
.AC DEC 10 100K 20MEG 2.1002-07 8.12E-02 + + + + + [ TR + B
.OPTIONS NOPAGE NOMOD 2.2008-07 B.33E-02 + + + + v L3 Y + +
.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U 2.3008-07 B.52E-02 + + + + . LI S . .
WIDTH OUT=80 2.400E-07 8.698-02 + + + . + LI S + .
.DPTIONS SPICE 2.5002-07 8.85E-02 ¢ + + + + L T . .
0P 2.6008-07 5.00B-02 + + + + + L Y . .
B 2.7002-07 9.13E-02 + + . . + v A - .
2.8008-07 9.258-02 + B ’ + + v As . N
tseees  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 2.900B-07 9.36B-02 + + + + . C . B
3.000E-07 9.46B-02 A .-
+0:1 = 5.000E+00 0:2 =-5.000E+00 0:3 = £.011E+00 3.1008-07 9.55E-02 + + + + + + A+ . .
+0:4 = 9.029B-01 0:5 =-4.758E-05 0:6 = 0. 3.2008-07 9.64B-02 + + + + + LI O . .
+0:7 =-4.092E+00 0:8 =-4.102E+00 0:9 =-1.4828-02 3.3002-07 9.71B-02 + + . + * + As . B
3.4008-07 9.78E-02 + + + + + s A . .
e SMALL-SIGNAL TRANSFER CEHARACTERISTICS 3.5008-07 9.85E-02 + + + + + + A . .
3.600E-07 9.91E-02 + . + N . . A . B
v(s)/via = 3.077E+02 3.7008-07 9.96B-02 + . + + + + A . ‘
INPUT RESISTANCE AT v = 9.999E+19 3.8008-07 1.00B-01 + . + + + + A . ‘
OUTPUT RESISTANCE AT V(9) = 6.524E+03 3.9008-07 1.01E-01 + + . + + + A + +
4.000E-07 1.01B-01 +en ki O O +-
sasest  AC ANALYSIS THOM= 27.000 TEMP= 27.000 4.1008-07 1.018-01 + + . + + A + ‘
4.200E-07 1.02E-01 + + + + + + A . N
R vi9) 4.3008-07 1.022-01 + . + - . . N .
1 ) 0. 1.0008+02 2.000E502 3.0008+02  4.000E+02 4.4008-07 1.02B-01 ¢ . + . . + A . .
+ + + * + 4.5008-07 1.02B-01 + + + . . + e .
1.0008405 3.072402-4---- - #emen A - 4.6008-07 1.03B-01 + . + . . . Y . .
1.258B¢05 3.062+02 » . + . . . I S . 4.700E-07 1.032-01 + - + ' . . e .
1.5B4R405 3.05B02 4 . + . + . [ N . 4.8002-07 1.032-01 + . + . . + A . B
1.9958+05 3.042+02 + + + - + + [ S . 4.900B-07 1.032-01 + . + . . . S .
2.5112425 3.03E402 + . + - . . A . . 5.000B-07 1.03B-01-4------ O #eomes $oeenon #omnen 4oomes L .-
3.1628+05 3.008+02 + + + . . + A . . . » . B .
1.981E¢05 2.36E+02 + . * . + + A+ + .
5.011E¢05 2.90E+02 ¢ . + . . v A . . weere
§.J09E+05  2.81E¢02 + + + . . + A + . STEP RESPONSE SHOWS NO OVERSHOOT
T.343E405  2.68E+02 + . + . . I Y . .
1.0008¢06 2.51Ee02-9------ N $ommeeeennaoas #mmoeen Amenne- #omnen 4emaeen - CMOS AMP WITH PB, EXPECT PHASE MARGIN = 60 DEGREES
1.2580406 2.29Ee02 » . + B v A s + . . VDD 1 0 S5V
1.504E+06 2.03B+02 » + + . A + . + . Vv8s 2 0 -5V
1.9958+06 1.75E+02 + + + L S + + + ML 75 4 4 P W=100U L=6.4T
25128406 1.48E¢02 + ‘ + A- . . B . M2 8 6 4 4 P W=100U L=6.4U
3.1622¢06 1.18E¢02 ¢+ . L W . + . + M3 77 2 2 N_50U W=500 L=6.4U
3.581E¢06 §.27B¢01 + + A+ . . + . . . M4 8 7 2 2 N_S50U W=50U L=6.4U
S.011E+26 T.00B401 + + A . . + . . . M5 4 31 1P W=1000 L=6.4U
6.309E4%5 S.08E+01 » A . . + + . . . M7 931 1P W=200U L=6.4U
TOO0IE06 3.52Es01 6 A e . . . . ‘. + . M8 3 311 P W=100U L=6.4U
1.000B#0T 2.33Ee01-wn-hemmennnns bonnees PR meeees - oanees P . M6 9 8 2 2 N_100U W=100U L=6.4U
1.258B+07 1.49E+01 + A ¢ + - . + + + + IBIAS 3 2 20UA
1.504E0T 9.36E-00 oA 4 . - . + . - . RL 9 5 1MEG
1.9958+07 5.B2EC0 +A ¢ . - . - . . . RX 5 0 11.2K
1.511E<DT 3.63Es00 43 o . - . + . . .
. . + + . .MODEL N_50U0 NMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10

+ CG80=350PF CGDO=350PF CBD=60FF CBS=60FF

.MODEL N_1000 MMOS KP=60.4U VT0=0.7 LAMBDA=0.0313 TOX=400E-10
+ CGS0=350PF CGDO=350PF CBD=118FF CBS=118FF

.MODEL P PMOS KP=30,20 VTO=-0.7 LAMBDA=0.0156 TOX=400E-10
+ CGS0=350PF CGDO=350PF CBD=346FF CBS=346FF

VI2 6 0 OV AC PULSE 0V 1.11MV ON ON ON 3U

.PLOT TRAN V{9)

.TRAN 0.01U 0.50

.TF V{9) VI2

.PLOT AC V(9)

.AC DEC 10 100K 20MEG

.OPTIONS NOPAGE NOMOD

.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U

.WIDTH OUT=80

.OPTIONS SPICE

.OP

-END

i SMALL-SIGNAL TRANSFER CHARACTERISTICS



9-2

27.000

THOM= 27.000 TEMP= 27.000

v(9)/vi2 = B.996E+01
INPUT RESISTANCE AT vI2 = 9.999B+19
OUTPUT RESISTANCE AT V(9) = 1,907E+03
#raaed  AC ARALYSIS THOM= 27.000 TEMP=
n i
13 ) -5.000E+01 0. 5.0008+01 1.0002+02  1.5008+02
+ + + + +
1.000E+05 B8.99E+01 o---A +-
1.2582+05 B.99E+D1 4+ + . + + R + B
1.5848+05 B.99E+01 + + + + + R W . +
1.995E+05 B.992+01 ¢+ + + + + R W + +
2.5112+05 B.99E+0L ¢ ¢ + + + LI Wt + +
3.1622+05 9.00B+01 + - . + + . A+ . .
3.9812+05 9.00E+01 + + + + + L » .
S.011E+05 §.00B+01 + + ¢ + LI Y + .
§.3092205 9.01Ee01 + + + + . D Y ’ +
T.9438+05 9.022+01 ¢+ + + + + LI S + .
1.0008+06 9.032+01-4------ $ommeen + + +
1.2588506 9.05B¢01 + . + + . I S + +
1.5842+06 9.08E+01 » + + . + « A+ + +
1.3993+06 9.13E+01 + . + + + DI + +
2.5118+06 9.19E+01 + + + . + I + .
3.1622+06 §.24B+01 + + . + + A+ + +
3.981E+06 9.1BE+01 + + + . + L + .
5.011B+06 8.66E+01 + + . + . O WY + .
§.3098+06 7.15B+01 ¢ + . + + A+ . + +
7.8432+06  4.86R+01 + ’ . + A . + + .
1.0002+07 2.89B+01 A .- $omenm
1.2582+07 1.648+01 + + DI B . . B + +
T1.5B4E¢07 §.292000 ¢ + O W + + + ’ .
1.3958+07 5.32B400 + + +A + + + + + +
2.5112+07 3.12E400 + + +A + + . . + +
+ + + + +
seeeds  TRANSTENT ANALYSIS
e vi%)
Qa ) -5.0002-02 9. 5.0008-02 1.000B-01  1.500E-01
. + + + .
0. -4.332-03-+ A +-- e +
1.000E-08 -3.578-03 + + A . B + + + +
2.0002-08 3.14B-01 + * +A » + . + + +
3.0002-08 1.482-02 + + O + + + + .
i 3.032-02 « + + A + + + + .
5. 4.748-02 + + + + A + + + .
6. §.408-02 + + + + I S + . +
1. 7.852-02 + + + + + +k + . +
IR 9.008-02 + + + + . + A+ + +
9. 9.818-02 + + + + + + 13 + +
1. 1.03B-01-#------ SRR #-mmos bemnms #om e 4eeeems Q) ettt
1. 1.052-01 + + + - + + + A + +
1. 1.06B-01 + N . N . . A s .
1. 1.048-01 » + + . . . +A . B
1. 1.028-01 » . K . . . A e .
1. 1.00B-01 + + + + - ‘. A + +
1. 9.838-02 + + + + . . A . .
1. 9.658-02 + + + B . + A+ . .
1. 9.52E-02 + * + + + . A+ + .
1. 9.448-02 + + . . . A+ + .
2. 9 40E-02-4----- P PO [ oS T SO, POR— .-
2. 9.39E-02 + + + + * ¢ A ’ B
2. 9.41E-02 « + . . . + A . -
2. 9.442-02 + + . . . PR + +
. 3.478-02 + + . + + . Ar + +
. 9.50E-02 + + + . + . A+ . .
. 9.538-02 ¢ + + + + . A + .
1. 9.558-02 + ' . B . v . '
:. 9.57E-02 + * + . . . A+ . .
2. 3.57B-02 + + + + . . A+ + >
3. 9.58E-02-+------ $oenes #emnnes seeeee- #ooeeee #eneen bommeee .-
3 9.58E-02 + + + . + . A+ + »
30 9.57E-02 » + + . . . A+ . .
1. 3.572-02 + + + + » . A+ + +
1. 9.568-02 + + + + . + As + »
3. 9. 568-02 « + + + . + A+ + +
1. 9.35E-02 + . . + . + A+ + +
3.3 3.556-02 + + . . . B A+ + »
3. 9.552-62 + + + . + . A+ + .
3. 3.55E-02 + + . . . - A+ + +
[} 3.55E-02-4------ S 4mmemen Heemmnn P— PR, y YO F— 4
§. 3.958-02 + + + + . . A+ + +
B 9.55£-02 + + + + . + A+ + +
8 9.552-02 « . . ’ . + A+ + >
¢ 9.558-02 + - . . B . A+ + .
. 9.558-02 + B . . . e R R
+. 3.552-02 + * + - . . A+ . .
[ 2.558-02 + + + + . B A + +
4 BOOE-DT 9.55B-02 + - . . - . A+ . .
4 320E-07 9.552-02 » . . . . . A+ B .
5.009E-07 9. 55B-02-e-comn e bR $omooe- .-
. . . + .

e

STEP RESPONSE SHOWS SLIGHT OVERSHOOT

CMOS AMP WITH FB, EXPECT PHASE MARGIN = 45 DEGREES

<

94

P W=100U L=6.4U

P W=1000 L=6.4U
N_50U W=50U L=6.40
R_50U W=500 L=6.407
P W=100U L=6.40

P W=100U L=6.4U7

P W=100U L=6.4U
H_100U W=100U L=6.407
3 2 200A

EXBEBRAS]

HERER

uoEww\obDQDQ
0 WW WA W!
N MDD
BN e e

own

20.5K

.MODEL N_500 MMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10

+ CGS0=350PF CGDO=350PF CBD=60FF CBS=60FF

.MODEL K_100U MMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10

+ CGSO=350PF CGDO=350PF CBD=118FF CBS=118FF

.MODEL P PMOS KP=30.2U VT0=-0.7 LAMBDA=0.0156 TOX=400E-10

+ CGSO=350PF CGDO=350PP CBD=34EFF CBS=346FF
VI2 6 0 OV AC PULSE 0V 2MV ON ON ON 3U
-PLOT TRAN V(9)

.TRAN 0.010 0.5U0

TP V(9) VI2

.PLOT AC V(9)

.AC DEC 10 100K 20MEG

.OPTIONS NOPAGE NOMOD

.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U
.WIDTH OUT=80

.OPTIONS SPICE

.OP
.END
raee SMALL-SIGNAL TRANSFER CHARACTERISTICS

v(9)/vi2 = 4.968E+01

INPUT RESISTANCE AT vI2 = 9.999E+19

OUTPUT RESISTARCE AT V(9) = 1.053E+03
teaers  AC ANALYSIS TNOM= 27.000 TEMP=

PREQ vi9)
[0} ) -5.0008+01 9. 5.0002+01 1.000B+02 1.5008+02
4+ + . + +
1.000E+05 §.96B+01 A
1.25BE+05 4.96E+0L + + + . A . + + .
1.584B+05  4.97E+01 + + + * A + + . +
1.995B¢05 4.97B+01 ¢ s + B Iy + + + .
2.511E+05 4.97E+01 ¢ + + + A + . . +
3.162E+05 4.97E+01 + + + + A + + + .
3.9B1E+05 4.97Re01 + + + A . + + +
5.011E+05 4.98E+01 + + + A + + + .
§.309E+05 4.98E+01 + + * . A + . + +
T.9438+05 5.00E+01 + . + + A . + + +
1.000E-06 S.01E+01 - A----- PO PO .-
1.258E+36 5.0SEeD] « - + . A + + + .
1.584E+06 5.10E+01 + B - . A . . + .
1.935E+06 5.18E+01 » . . . A + . . +
2.511Es06 5.32E+01 + . . A + + . +
3.162E+06 5 57E+01 + ’ . . + A + + + .
3.981E+05  6.058+01 + + * . ¢ A . . .
5.011R+06 7.04E+C1 + + . . . A . “ .
6.309E+04 9.1CE+01 ¢ . + . + L T . .
T.943B+06 B.BAE+OL + + + » v A . .
1.0008+07 3.B8E+01-4------ Hmmmeee e F R O T P reemnnn pomnnn .
1.258E+07 1.T1E+01 4 + + A + + . . .
1.584E+37 8 352400 « + O | . . . . . .
1.995E+07  {.36B+00 + + A . + » . . ‘
2.511E407 2.47E+00 ¢ + 3 . + + » » N
B + + N .

27.000



q-25

INPUT RESISTANCE AT vi2 = 9.999E+19
###04+  TRANSIENT ANALYSIS TNOM= 27.000 TEMP= 27.000 OUTPUT RESISTANCE AT V{(9) = 7.270B+02
TIME Vi teavst  AC ANALYSIS TNOM= 17.000 TEMP= 27.000
A ) -5.0008-02 0. 5.0008-02 1.000E-01 1.5008-01
+ + + + . FREQ ¥(9)

0. -2.398-03-4------ L omeeee 4onanns bomnees bonenes bonnnes .- @ ) 0. 1.0008402  2.000Bs02  3.0002+02  4.000Es02
1.000E-08 -1.228-03 + . A * + + . + . + + + + .
2.0008-08 9.468-03 + + L TR ’ + + + + 1.0608+05  3.428+01-4----A —beooes PERTRERS $ommee .-
3.000E-08 2.828-02 + + + *A + + * . + 1.258B+05 3.42E+01 + A + + . + + + +
4.000B-08 5.34E-02 + + + ¢ A + + . + 1.584E+05 J.42E401 ¢+ A« + > + B B . .
5.0008-08 8.0BE-02 + + + + + + A + + + 1.9958+05 3.43Ee01 ¢+ A ¢ + + . . . + +
6.000E-08 1.062-01 + + . . . + + A + + 2.511B+05 3.43E+01 A + * . + . + .
7.0008-08 1.248-01 + + + + + + . A + J.162B+05 3.43B401 4+ A« + + + + . + +
§.0008-08 1.333-01 + + + + + + . L3 S 3.9812+405 3.43E+01 ¢+ A ¢ + + . + + . .
9.0008-08 1.342-01 » + + + . + + LI W 5.0112405 J.43E+01 + A+ + + + + . + +
1.0008-07 1.278-01-+- 4o 4-m-- A 6.3093+05 J.ME-Dl + A+ + . . . + + 0
1.1002-07 1.152-01 + + + . . . s A+ + T93E0 J.MEeDL ¢+ A+ + + + . . + .
1.2008-07 1.022-01 + + + + + + 123 + + 1.000B+06 3.45B+01-+----A $ommmnn Hmmmeee .-
1.3008-07 8.388-02 + + + + + R W) + + 1.258B+06 J.4TES0L + A+ + + + + + + +
1.4002-07 8.112-02 » . . + + + A + . + 1.584E+06 1.50B+0L » A+ + ’ + + . * .
1.5008-07 7.70E-02 + + + + + +A + + + 1.9952+06 3.95E¢01 ¢+ A+ + + + + + + .
1.600B-07 7.742-02 + + + . . +A + + + 1.511E406 J.64E+01 ¢ A+ + . + + + + +
1.7088-07 B.168-02 » + . + + + A . . . 3.162E406 J.T9Ee01 + A + B + . . . +
1.8008-07 8.81E-02 + + + ‘ . + R4 + + 3.981E+06 4.102+01 + A+ > v . . + + .
1.9002-07 9.522-02 ¢ + + + + . A+ + + 5.011E+06 §.77Es01 + A + + + . + +
2.000E-07 1.01E-01-4---v--t-voeen +- A 6.309E+06 6.B2R+01 + L S + + . + . .
2.1008-07 1.062-01 + + + + . + L3 WY + T.941B+06  2.76E+02 + > + . . LS + +
2.2008-07 1.08E-01 » * + + + + L3 S + 1.000E407 4.98Be01-4------ y #oomes $oooee
2.300R-07 1.072-01 » + + + . + L T + 1.256B+07 1.58B+01 + A ¢+ * + + + + + .
2.4008-07 1.052-01 + + + + . + +A . + 1.5B4E+07 6.34E+00 +A * . . + . + + +
"2.5008-07 1.01E-01 ¢ + + + + + A + + 1.9958+07 3.51R+00 A + . + + + + . .
2.6008-07 9.74E-02 ¢ + + + + + A + + 2.5118+07 2.06E+00 A + + . . + + . »
2.700B-07 9.422-02 ¢+ + + + B A+ . . . . . + +
2.8008-07 9.21E-02 + . + + + LR + 3
2.3002-07 9.132-02 + + + + + D + + *tee2t TRANSTENT ANALYSIS THOM= 27.000 TEMP= 27.000
3.0008-07 9.172-02 A +-

3.1008-07 9.312-02 + + + + + + A + + TINE vi9)
3.2008-07 9.50E-02 + + . + + + Ae + + A ) -1.000E-01 0. 1.0008-01 2.0002-01 3.000E-01
3.300B-07 9.70B-02 ¢ + . . + . A+ + + + . + + +
3.4002-07 9.86B-02 + + + ‘ + + A + + 0. -1.658-03 A----
3.500B-07 9.97B-02 + + + . + + A + + 1.000B-08 -1.13E-04 + . A + . » v + .
3.6002-07 1.00B-01 + + + + . + A . + 2.0008-08 1.41B-02 + + LY + + + + + +
3.700B-07 9.97B-02 + + + + . A + + 3.0002-08 3.91E-02 + + L 1 . + + + +
3.8008-07 5.892-02 ¢ + + + + + A + + 4.000E-08 7.1BB-02 + + + A . + + .
1.500E-07 9.798-02 ¢ + + + + + A+ + + 5.0008-08 1.03E-01 + + + + A + + . +
4.0002-07 9.682-02 4= A 6.000E-08 1.32B-01 + + . + L W) + + +
4.100B-07 9.602-02 + + + + + + A + + 7.000B-08 1.54E-01 » + + + . +A + + .
4.2008-07 9.558-02 ¢ + + + + 3 A+ . + B.0D0E-08 1.57E-01 + + + . + +A * . +
4.3002-07 9.54B-02 ¢ + + + 3 + A+ + . 9.000E-08 1.55E-01 + + + + + +A + + +
4.4008-07 9.56E-02 + + + + . + A+ + + 1.0008-07 1.32E-01- #onne Atemnonn #omme Yo mee +-
4.5008-07 9.60B-02 + . + + + . A + + 1.100E-07 1.092-01 . + . Y + + + +
{.600E-07 9.66E-02 + . + + + . A + + 1.2008-07 B.04E-02 + + L W . + + +
4 700B-07 3.712-02 + . . . . A+ . + 1.300E-07 5.5BE-02 + + + +A + . + + +
4 300B-07 9.758-02 + . + . . A+ . . 1.400E-07 4.598-02 + . + I + N . . N
4.900E-07 $§.78E-02 + . . + + A+ + + 1 500B-07 4.07E-02 . + A + * + + +
5.000E-C? 9.78B-02-+------ ooooen $oomnes boeoeen 4enem- oo, Admmmmon $mmooe- a- 1.6008-07 5.63E-02 « . + *A + + + . .
. . + + + 1.7002-07 7.398-02 + + + + A+ + + . .
bbb 1.800E-07 1.012-01 - + . . A . . . .
STEP RESPONSE SHOWS SIGNIFICANT OVERSHOOT AND LONG SETTLING TIME 1 9008-07 1.25E-01 + + + + . A . . +
2.000E-07 1.41E-QLl-4------ L Heme oo 4emano- $mom g b D .-
CMDS AP WITH FB, EXPECT PHASE MARGIN = 20 DEGREES 2.1008-07 1.53E-01 + + + + + A . + +
vDD 1 0 5V 2.2008-07 1.44E-01 + + + . + A+ + . +
Vvss 2 ¢ -5V 2.3008-07 1.34E-01 ¢ . + . . A . . .
M1 754 4P W=100U L=6.40 2.400B-97 1.102-01 + + + ’ A B . ’ +
M2 864 4P W=100U L=6.40 2 S00B-07 B.67E-D2 + + + LI + . . +
M3 772 2R 500 W=500 L=6.4U 2.600E-07 6.B0E-02 + . + L SR + + . -
M8 722 N_500 W=500 L=6.4U 2.700E-07 5.158-02 + + + ) + + . + +
¥5 4 311 P W=100U L=6.4U 7 B02-07 5.33E-02 + B . 2 + . . . +
M7 9 311P W=1000 L=6.40 2 9002-07 5.67E-02 -+ . + DY + + + . v
M3 3 311P W=100U0 L=6.4U 3.0008-07 F.63E-02-4------ P D L ST T R D e b .-
M6 9 8 2 2 N_100U W=100U L=6.4U 3.100E-27 9.608-02 » + + . As . . . .
IBIAS 3 2 20UA 3.2008-07 1.16E-01 + + . + + A + + . +
RL 9 5 1MEG 3.J00E-97 1.35E-€1 + + + + * A + . .
RX 5 0 30K 3 4008-97 1.33E-01 + + + . + Av . . .
3.500E-07 1.432-01 « . + . . A + . .
.MODEL N_500 MMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10 3.6008-C7 1.282-01 + + + + L U . . .
+ CGSO=350PF CGDO=350PF CBD=60FF CBS=G0FF 3 70JB-07 1.13E-01 + + . . L + B .
.MODEL N_1000 NMOS KP=60.4U VTO=0.7 LAMBDA=0.0313 TOX=400E-10 3.8002-07 9.26E-02 + + - B A+ B + B +
+ CGSO=350PF CGDO=350PF CBD=118FF CBS=11B8FF 3.9002-97 7.28E-02 + + . I S B + . -
.MODEL P PMOS KP=30.2U VTO=-0.7 LAMBDA=0.0156 TOX=400E-10 4.0008-97  6.42E-02-+------ R Hoooeee L G D 4emmens 4meen .-
+ CGSO=350PF CGDO=350PF CBD=346FF CBS=346FF 4.1008-07 $.573-02 « . + A + + + + -
Vi2 § 0 OV AC PULSE 0V 2.92MV ON ON ON 3U 1.2008-97 6.52E-02 + + + SR e + + + +
.PLOT TRAN V(9) ¢ 2008-07 7 . .
.TRAN 0.010 1.50 4400807 .
TP V(9) VI2 4 5008-27 +
.PLOT AC V(9) 4 S00E-07 +
.AC DEC 10 100K 20MEG 4.7008-7 *
.OPTIONS NOPAGE NOMOD 4 809E-07 +
.OPTIONS VNTOL<1N ABSTOL=1F RELTOL=1U 4.3002-97 +
.WIDTE OUT=80 5 2008-37 +
.OPTIONS SPICE 5.190E-07 +
.OP 3 2%0E-97
-END § 360E-(7
§.4002-07
rure SKALL-SIGHAL TRANSFER CHARACTERISTICS 5.5008-07
5.830E-07
v{9)/vi2 = 3.428E+01 5 700E-97




9-2¢

S.8002-07 1.088-01 + . . + A B + + . INTO ACCOUNT THE PHASE CONTRIBUTION FROM THE POLE
5.9002-07 1.2CE-01 + M + + * A + + * IN THE PEEDBACK PATH BY RX AND INPUT CAPACITANCE
6.000B-07 1.26B-01-4------ 4o-s “4e- A [ OF M1.
6.1002-07 1.308-01 » + . + LI + + + WE USE RX=30K HERE.
6.2008-07 1.228-01 » . + + LI SR + + ’ FINDING THE EXACT RX VALUE FOR THE PHASE MARGIN OF 20 DEGREES
6.300E-07 1.138-01 + - + + YA + + + 1S NOT AS IMPORTANT AS OBSERVING THIS GENERAL TREND:
6.400B-07 9.96E-02 + + + + A + + + + THE SMALLER THE PHASE MARGIN,
6.5002-07 8.532-02 + . + D + + D THE HIGHER THE OVERSHOOT & THE LONGER THE SETTLING TIME
§.600B-07 7.70E-02 + + + + A + + + + IN THE STEP RESPONSE.
§.7008-07 6.988-02 ¢ . . + A4 + + + +
§.8008-07 7.328-02 + + . LI W . + + .
§.900E-07 7.272-02 + . + ¢ A+ . + + +
7.000E-07 9.03E-02-¢------ R boomean 4eonm g $ememam Hommean P +-
7.100E-07 1.03E-01 « + . + A + + + +
7.2008-07 1.13E-01 + + . + + A + . + +
7.300E-07 1.228-01 ¢+ . + + [ W + + .
7.4008-07 1.238-01 + . + + L S + + +
7.500E-07 1.21E-01 + > . . + A . + +
7.600E-07 1.128-01 « + . + + A + + + +
7.700E-07 1.022-01 + + . + i + . + .
7.8008-07 9.078-02 + » + + A+ . . * +
7.900E-07 9.03B-02 + . 4 LR T + + + +
8.000E-07 7.6BR-02-4------ *--- A e e
8.100B-97 7.562-02 + N . P . + + +
8.2008-07 8.14B-02 + + . L SR . + + .
8.300E-07 8.9BE-02 - + + . A + + v .
8.400E-07 9.97E-02 + + + * A s + + +
3.5008-07 1.102-01 + + + . A + + . .
$.6008-07 1.16K-01 » . + B L S + . +
2.7008-07 1.20E-01 + . ’ O Y . + +
8.800E-07 1.17E-01 » B . + +3 + . * +
"9.900E-07 1.11E-01 * . + + A + + + .
3.000E-07 1.03B-01 A
9.1008-07 9.29E-02 + * + + A+ + + + +
$.2002-07 8.57-02 + > + + e . + + +
9.3008-07 7.998-02 « + + LI . + B .
3.4008-07 7.998-02 + . + LI W + + + +
9.5008-07 8.298-02 + + + L . + * +
9.600E-07 8.96E-02 « . + + A+ . . > +
§.7008-07 9.843-02 + + + + A + + + +
$.800E-07 1.06B-01 ¢ . . . +A . + + .
$.900B-07 1.132-01 + + + + sA + . .
1.000E-06 1.158-01-4------o-- ERRR 2T SRR
1.0108-06 1.152-01 + + . + + A . + - .
1.0208-06 1.10B-01 + + + + 3 ) + + + *
1.0308-06 1.038-01 ¢ + * + A + + + .
1.0408-06 9.562-02 + . + + A ‘ + + .
1.0502-06 B8.832-02 + + + + A + + + +
1.0608-06 B.41E-02 + + . LI + + + +
1.0702-06 B.258-02 + + + L + + + +
1.0808-06 B.482-02 + . + + A . . + .
1.0908-06 9.018-02 + + . + A ‘ + . +
1.100E-06 9.66B-02-4------ - Cecnoan $omee s dommeen tmmmmee e 4
1.1108-06 1.04E-01 + + . . A + + + +
1.1208-06 1.09E-01 ¢ . + + +A + + + +
1.1208-06 1.13E-01 + * ¢ + +A + + + +
1.140B-06 1.13E-01 ¢ . . * + A + » 4+ .
1.1508-%6 1.09E-01 + . * + A + + . +
1.180E-06 1.04E-01 ¢ ‘ * + A + + + +
1.170E-06 9.71E-02 + . . . A + + + +
1.1B0E-08 9.13E-02 + + + v A+ + + . .
1.102-C5 B.6BE-02 + . + + A . . + .
1.2008-06 8.52E-02-4------ [ PO L [E—. (R, [ENE. .-
1.210B-06 8.67E-02 + . . . A . . . +
1.2208-06 9.03E-02 + + + + A + + . +
1.230E-06 9.62E-02 + + + + A+ . + + .
1.240E-0¢ 1.02E-01 ¢ . * . A + . + »
1.250E-06 1.07E-01
1.2602-06 1.10E-01
1.279E-06 1.10E-01
1.280E-2% 1.08E-01
1.290E-08 1.04E-01
1.300E-C6 9.87E-C2-
1.31%8-06 9.32B-02
1.3202-06 8.93E-92
1.33CE-56 8.76E-02
1.340E-05 §.798-02
1.352E-06 9.128-02
1.3608-06 9.53E-02
1.370E-06 1 01E-01
1.380E-06 1.05E-01
1.3308-C6 1.C8E-01
1.400E-06 1.03E-01-
1.4108-36 1.C°E-01
1.420E-26 1.04E-01
1.4308-05 9.92E-02
1.440B-C8 9.49E-02
1.4508-25 3.14E-02
1.460E-06 §.92E-02
1.470B-CE §.9BB-02 » . . . A+ + . . »
1.480E-CE 9.14E-02 . . + As . . + +
1.4908-C8 9.54E-32 . . + A . . + .
1.5008-05 9.96E-22-+------ [ [E— PR F VN bomenn [ P ‘-
. . B + .
IRRAS

TRANSFER FUNCTION HAS PEAKING
THE EXPECTED RX=66.3K CAUSES OSCILLATION
{I.B. NEGATIVE PHASE MARGIN), BECAUSE WE DID NOT TAKE
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M15 19 11 18 2 N W=100U L=1U
M6 18 17 2 2 N W=100U L=1U
M9 15 15 1 1 P W=3000 L=1U
M10 14 14 15 1 P W=3000 Ls1U
M13 16 15 1 1 P W=300U L=1U
Mid 29 14 16 1 P W=300U L=1U
VoMY 29 19 OV

IBIAS1 $ 2 20UA

IBIAS2 12 2 20UA

CL 19 0 10FF

.MODEL N MOS8 KP=60U VTO=0.7 LAMBDA=0.05
.MODEL P PMOS KP=20U VTO=-0.7 LAMBDA=0.05
Vi2 4 0 PULSE -1.5 1.5 ON ON ON 3US

.PLOT TRAN V(19)
.PLOT TRAN I(VDUMMY)
.TRAN 0.005U 0.25U0
.OPTIONS NOPAGE ROMOD

.OPTIONS VNTOL=1N ABSTOL=1F RELTOL=1U

.WIDTH OUT=80
.OPTIONS SPICE
.OP
.END
setaes  OPERATING POINT INFORMATION
+0:1 = 5.000B+00 0:2
+0:5 =-2.355B+00 0:6
+0:8 =-2.361E+00 0:9
+0:12 =~3,234E+400 0:14
+0:16 = 4.211B+00 0:17
+0:19 =-1.4998+00 0:29
*etd mm
ELEMENT 0:)1 0:M2
MODEL 0:N 0:N
pos] 2.000E-05 2.020E-05
B8 -2,645E-14 -2.644E-14
IED -1,000E-13 -1.0008-13
vG8 8.561E-01 8.569E-01
Vo8 7.355E+00 7.356E+00
VBS -2.644E+00 -2.643E+00
v 7.000E-01 7.000E-01
VDSAT 1.561E-01 1.569E-01
BETA 1.641E-03 1.641E-03
GAM EFF 0. 0.
2,562E-04 2.575E-04
GDS 7.311E-07 7.385E-07
GMB 0. 0.
CDTOT 0. 0.
CGTOT 0. ¢.
CsToT 0. 0.
CBTOT 0. Q.
CcGS 0. 0.
cGeD 0. 0.
ELEMENT 0:M7 0:M8
MODEL 0:P 0:P
m -2.020E-05 -2.000BE-05
IBS 7.356E-14 7.356E-14
IBD 8.439B-14 8.235E-14
vGs -8.787E-01 -8.787B-01
VDS -1.082E+00 -8.787E-01
VBS 7.356E+00 7.356E+00
VTH -7.000E-01 -7.000E-01
VDSAT -1.787E-01 -1.787E-01
BETA 1.265E-03 1.253E-03
GAM EFF 0. 0.
2.261E-04 2.239E-04
GDS 9.582E-07 9.579E-07
QB 0. 0.
coTOoT 0. 0.
CGTOT 0. 0.
csToT 0. 0.
CBTOT 0. 0.
cGs 0. 0.
€GD 0. 0.
ELEMENT 0:M9 0:M10
MODEL 0:P 0:P
pus] -2.020E-05 -2.020E-05
IBS 0. 7.805E-15
IBD 7.805B-15 1.561B-14
vGs -7.805E-01 -7.805E-01
vDs ~7.805B-01 -7.805E-01

=-5.000B+00 0:4

=-2.356R+00 0:7

=-3.234K+00 0:11
= 3.4392+00 0:15
=-4.219E+00 0:18
a-1.499E+00

0:10

0:N
2.020E-05

-2.638E-14

-8.433E-14
8.6158-01
5.800E+00

-2.638E+00
7.000E-01

0:Md
0:N
2.000E-05
-2.644E-24
-1.000E-13
8.561E-01
7.356E+00
-2.643E+00
7.000E-01
1.6158-01 1.561E-01
1.548E-03 1.641E-03
0. 0.
2.501E-04 2.562B-04
7.828E-07 7.311E-07
0.

E-N-N-¥-N-N-
coooo0o

oo

M1l 0:M12

N 0:K
2.020E-05
.805E-15 .
-7.8058-15
.805B-01 7.805E-01

2.020B-05

7

1

7

7.805B-01 7.805E-01
7

7

L]

6

.561E-14

-7.805E-01 0.
7.000E-01
.050E-02 8.050E-02
.234E-03 6.234E-03
0. 0.
.019E-04 5.019E-04
9.722B-07 9.722E-07
0. 0.
0. 0.
0.
0.
0.
0.
0.

.000B-01

cocooo

0:M14

0:P

-2.021E-05
7.886E-15
6.499E-14

=7.724E-01

~-5.710E+00

0:M13

0:P

-2.021B-05
7.886E-15

-7.805E-01
-7.886E-01

9-29

THOM= 27.000 TEMP= 27.000

=2-1.5008+00
=-2.356E+00
=-3,439E+00
= 4.219E+00
=-4.2162+00

0:15 0:M6

Q:P 0:p
-2.000E-05 -2.020E-05
7.355B-14 7.362E-14
8.234E-14 1.000E-13
-8.787E-01 -8.725E-01
-8.7878-01 -2.638E+00
7.355B+00 7.361R+00
-7.000E-01 -7.000E-01
-1.787E-01 -1.725E-01
1.253E-03 1.358E-03
0. 0.
-239E-04 2.342E-04
-579E-07 8.922E-07
0. 0.

0.
0.
0.
0.
0.
0.

o »

oooooo

0:M5 0
0:N 0
2.021B-05 2.021E-05
-7.840E-15 0.
-3.501E-14 -7.840E-15
7.770E-01 7.805E-01
2.716E+00 7.840E-01
-7.840E-01 0.
7.000E-01 7.000E-01
7.700B-02 8.050E-02
6.815E-03 6.2358-03
0. 0.
5.248B-04 5.020B-04
8.894E-07 9.722E-07

:M16
N

w u N wm ~ -

- E-R-N-N-W-1
ooooooco

VBS 0. 7.805E-01 0. 7.886E-01
VTR -7.000E-01 -7.000E-01 -7.000E-01 -7.000E-01
VDSAT -8.050E-02 -8.050E-02 -3.050E-02 -7.238E-02
BETA 6.234B-03 6.234E-03 6.237E-03 7.713E-03
GAM EFF 0. 0. 0. 0.
[} 5.013E-04 5.018E-04 5.020E-04 5.583E-04
GDS 9.719E-07 9.719E-07 9.719E-07 7.859E-07
QB 0. 0. 0. 0.
cD1oT 0. 0. 0. 0.
CGTOT 0. 0. 0. 0.
csToT 0. 0. 0. 0.
CBTOT 0. 0. 0. 0.
cGS c. 0. 0. 0.
CGD 0. 0. 0. 0.
st+4e¢+ TRANSIENT ANALYSIS THOM=
TIE vi19)
(& 3 -2.000E+00 -1.0002-00 0. 1.¢00E-00 2.0002+00
+ + ‘ ‘ .
0. L)1 R — P VS PO FU— PR - S O .-
5.000E-09 -1.178+00 + + A + + . ‘ . +
1.0002-08 -5.48E-01 + + + A+ . . « . .
1.500E-08 -1.21E-01 + + . + A + . + +
2.0008-08 1.75E-01 + + . + + A + + + +
2.500B-08 3.94E-01 + + . + . A+ + + +
3.0002-08 5.61E-01 + + + + . B 4 + +
3.500B-08 6.94E-01 + + + + + L S ’ .
4.0008-08 8.02B-01 + + ¢ + + D S + +
4.5008-06 8.928-01 + + + + + + A + +
5.000B-0B 9.67B-01-+- —4eeee A o-
5.5008-08 1.03E+00 + * + + + + A . +
6.000E-08 1.08E+00 + + + . . + 5 . .
§.500B-08 1.13B+00 + + + + + + + 3 + .
7.000B-08 1.17E+00 + + + + . + + A + .
7.500B-08 1.21E+00 + + . . + + [ S .
8.000B-08 1.242+00 + + . + + + I WY +
8.5008-08 1.272+00 + > . . . + E +
9.000E-08 1.30B+00 + + + . + + L S +
9.5008-08 1.32E+00 + + . + . . A .
1.0008-07 1. 34E800-+--—-—- e PUS POS O PO SR SV .
1.050B-07 1.36E+00 + + + + » » + A .
1.1008-07 1.38R+00 » + + + + . T +
1.1502-07 1.392400 + . . . > + IS A+ .
1.200E-07 1.40B+00 + + . + + + + A+ .
1.2502-07 1.41B+D0 + + . + . . . A+ .
1.300E-07 1.42R+00 + + . . + + + A+ +
1.3502-07 1.432+00 » + . + . . + A+ +
1.400E-07 1.44E8+00 » + . . . . + A+ .
1.4508-07 1.45B+00 + + + + . . + A+ +
1.500E-07 1.45E+00 Abeemaeade
1.5508-07 1.462+00 + . . + + > + A+ +
1.600B-07 1.462+00 + . . . - » + A +
1.6508-67 1.47E+00 + . . . . + . A .
1.700B-07 1.47E+00 + + + + + + + A +
1.7508-07 1.47E+00 + . + . + + . A .
1.800E-07 1.47E+00 + . + . v . . A .
1.850E-07 1.4BE¢00 + . . + . + . A .
1.900E-07 1.48R+00 + . . . ’ . . A .
1.950E-07 1.48E+00 + + + + + + + A .
2.0002-07 1.48E#00-#--nnn-enmmnv beeee vennann o s omneen F EES .-
. . B + +
me 1VDory
[#3 i 0. 5.0002-H 1.000E-03 1.500E-03 2.0002-03
. . . . +
0. 2.02E-05-eA---—- RS - P P P PPN bmaan .-
5.000B-03 1.61E-03 + + + . . . L S .
1.000E-08 1.02E-03 « + . + A + + . -
1.5008-08 6.89E-04 + + + A . . - + +
2.0C0E-08 4.9BE-04 + . A . . 3 . + .
2.500E-08 3.76E-O0d + + ks + + + . . .
3.000E-08 2.95E-04 + A + . + + + . .
1.500E-08 2.37E-04 + A . . + . + . .
4.000E-08 1.95E-0¢ « A+ + - . . + . .
4.500E-08 1.83B-04 + A + > - . . . .
5.0008-08 1.3BE-Dh-4---A--bennnnn e - [ - P SN PR .
5.500E-08 1.19E-04 + A » . B . . N . .
§.0C22-08 1.03E-04 ¢+ A+ + . + . + + ‘
6.5C0E-0B 9.0SE-05 ¢+ A+ + + . . . . .
7.000E-08 B.COE-05 + A . . . . . + . .
T.5002-08 7.13B-05 + A+ . . . . . + .
8.00JE-08 6.4CE-05 + A + + . . . . + “
3.500E-08 S.7BE-C5 + A . + . . . . . .
9.000E-08 5.27E-05 +A . ‘. . . . > . .
9.500E-08 4.B1E-5 A - + . . . - - .
1.0008-07 4.48E-35-+A----- $ommmmn PR PO dceieeioan F— ——— .
+ . . . .

27.000 TEMP=

27.000



4.2
aVo =21V into R =1 kJSL
need ng> I mA

set Ip?leA (sa)/ 'GMA)
this lowers R,

run m,m,,m; at low I,

with no FB

= ! ~
o0 = g+ gmbg - M8
set, VGSg—"‘ 2.5y
bias m, § g equa.”y

W =Veot ¥ (v 120 -{24¢)
=014 05(V5506-/0.6)

=15V
Ipx = AhCOX’\_AL_/ (Vﬁs'yb)z

53 _»1)8 IS?M

3"‘3 Mn Cox W T Vcis-vt)
60u(53)(1)

= 3.8 m
Voo, = 'imL} = 3|5 R
V = loa
R° I+T

_ _3I5
30 +T

T= 9.5
series shunt FB

gain = A= o= Rz+Ru

Rz,
5= 76 22 (2ro i, )

190 = gm2 (2102 | ro4)
for large Vo3 > make L, larﬁe

Vor = Tp oX
Ys
gm = k(Vqs'Vt)
2 L,
2o, =
gm 2 (VGS Vt) 9Xd

Wos
need L, large , (Vasz-Vt2) small

i gm, ro, =200

200 = =L .

L‘l =20 (VGS:;-Vt;,.)M

it (Vasa-3) is too small »

97'12_ s SMQ"
can f gma by dw,

but cap t . Bw/
it (Vas,-Ve,) = 0.2

Lz =4M

set La=L3 =/ou =L,

= 21Ip, (a vh” )
VG& Vt Ibz Ipa
= Vas-v o2 Ty,
C1$2~ tz Z_V_A_’.- &-3.
Ipy

- 2 AW, Wy

L 1)

= roaly, =k o
L Y
s

Va3 = o 100V



open loop forward 3ain

lkﬂ. -

u:%g ﬂ;_(zrozur(,s) s Re
~— |+ gmgRL
at h:ah freq R
ax M R gmgRL

2 I+sRC I+ gmgRy

T

dominant ra'e
at ma drain
L}/ 2Z2VTC

C= Cdaz‘f‘Cdbz'f‘ Cd@B + Cdb

+_Casp
|+yNgRL

TBW by +gm & | C
GBI = J™pR gMgR._ 4
*  T+gmgr. RC

10 BW/: _m_‘_ ﬁ”\xRL
2 C | gmeR,
Bw = ™1 lkgs
20 C I+ ‘55
15

-y,
2—0CO76

set W| 200m
ID| = 60M 200M<O 1)

Cox W
:i‘iz"z (Vas,- Vt,)

= 24 #xA

4-3|

gm =240 m

&capacd’ance
want, min W3, but must allow

AVDs;- IV for aVo =+IV
o

|
t IV
“6—""1

1

as-vt 4

bias IVMB l

2.5V = Vosa|= 1+ |Vgs, - Vg
L5V = |Vass - vas)|

_ MpC
Ip, = == (hs-ve)*
_ B0 W 52
24m = =4 15
wm= W3
Se.t I' = 24MA

(L), = W=7
() =(2), -2
(8)s = 3
)= 42
(W)7 Q-OOM

waht ng 197'1 6mA

/,é,,,A zoo,u
244A T "E{)‘)L“
5 BM
@_{) |5°1M
3
set R, >>R,_
Ra+Ri _ 10 = 2.22k + 20k
R, 2.22k
M, dominates C
C¥ Cdgy +Cdby +_S958
H'Z"‘?RL



132
Cij-"w = OS‘FZ(‘HSM): 209fF

Cdo = 0.08 fE; (200u)(du)
AX

= 144 fF
Cdbz = 144+209=353 fF
C"8°’ = 0-35-F/£‘ (200u)=T0f
958 = 3 WL Cox
= 2(59(3) 086 F

Canfr 273f
o +
C=x353f +70f -‘-:—,/3%
= 438 FfF
= ?m' —LOTG
BW = o ¢
T T20 43%F

=87 M ru%

¢

3MHz



agd
|
-

0 -5V

1 1 PMOS W=7U L=100
24UA

9 FEMOS W=3U L=30

9 NMOS W=6U Lx=3U

9 KMOS2 W=2000 L=10U
9 NMOS2 W=200U L=100
PMOS W=7U L=100
HMOS W=159U L=3U
MMOS2 W=200U L=30
1K

SEERERBREZJ
UM AWRN @
WU NS eWWwWN
WorAOWLWY

1
9
9

:

Qo

-~ =) o
—_— 0O~
gvy
» A
Sgl

<
o
)

-0.4V 0.8V 0.1V
C v(8)

.AC DEC 10 100K 10MEG
.PLOT AC VDB(8)

g

A '8:-.1533

g

1-33

.MODEL MMOS2 K0S KP=60U VT0=0.8 LAMBDA=0.02 TOX=400E-10
+ CGSO=350PF CGDO=350PF CBD=353FF CBS=153FF
.MODEL MMOS NMOS KP=60U VT0=0.8 LAMBRDA=0.02 TOX=400E-10

+ CGSO=350PF CGDO=350PF

.MODEL PMOS PMOS KP=30U VTO=-0.8 LAMBDAx0.02 TOX=400E-10

+ CG90=350PF CGDO=350PF
.OPTIONS NOPAGE NOMOD

.OPTIORS VNTOL=1N ABSTOL=1F RELTOL=10

.WIDTH 00T=80
.OPTIONS SPICE
.oP
.END
#+sess  DC TRANSFER CURVES TNOM= 27.000 TEMP= 27.000
VoLt \ith
A b -2.000R+00 0. 2.000E+00 £.000E+00 6.000E+00
+ + + + +
-4.000E-01 -1.58E+00-+--A - 4
-3.0008-01 -1.588+00 + A ¢ + . + . + . +
-2.000E-01 -1.588+00 + A ¢ + + + + + + +
-1.000B-01 -9.202-01 + +A v + . + . + +
0. 6.61B-03 + + A + . + + . .
1.0008-01 3.39E-01 ¢ + + A + + . + .
2.0008-01 1.71B+00 + + + LI R + + + .
1.0008-01 2.11B+00 + + + s + + + +
4.0008-01 2.38E+00 + + + 3 LI S + + +
5.0008-01 2.55B+00 + . . + LI I3 + + +
6.0002-01 2.56E+00 A
7.0008-01 2.56E+00 + + + v + ks + + +
8.000B-01 2.56E+00 + . + + LI W) + + +
+ + . - +
sseass  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 2.721E+00 0:3 =-3.320B+00
+0:4 = 0. 0:5 = 1.795E+00 0:6 =-9.957E-01
+0:7 = 6.601E-04 0:8 = 6.606B-03 0:9 =-5.000E+00
tEed msms
ELEMENT 0:M4 0:05 0:M6 0:Ml 0:M2 0:M3
MODEL 0:PMDS 0:NMOS 0: M08 0:NM082 0:MM0S82 0:PMOS8
oo ~-2.400E-05 2.400E-05 5.016E-05 2.573E-05 2.443E-05
IBS 0. 0. 0. -4.004E-14 -4.004E-14 0
IBD 2.279B-14 -1.680E-14 -4.004E-14 -1.000E-13 -6.795E-14
vGs -2.2782+00 1.679E+00 1.679E+00 9.957E-01 9.964E-01
vDs$ -2.278E+00 1.679B+00 4.004E+00 5.995E+00 2.791E+00
vBS 0. 0. 0. -4.004E+00 -4.004E+00 0
VTH -8.000E-01 &.000E-01 8.000E-01 8.000E-01 8.000E-01
VDSAT -1.478E+00 8.798E-01 B8.798E-01 1.957E-01 1.964E-01
BETA 2.196E-05 6.202E-05 1.296E-04 1.344E-03 1,267E-03
GAM EFF 0. 0. 0. 0. 0. 0
[ § 3.2462-05 5.456B-05 1.140E-04 2.630E-04 2.4B83E-04
GDS 4.591B-07 4.6442-07 9.288E-07 4.596E-07 4.627E-07
0. 0. 0. 0. 0. 0
coroT 2.634E-15 1,067E-15 2.183E-15 1.799E-13 1.910E-13
CGTOT 4.588E-14 7.423E-15 1.489E-14 1.451E-12 1.443E-12
CSTOT 4.2742-14 6.230B-15 1.246B-14 1.365E-12 1.365E-12
CBTOT 5.1232-16 1.260E-16 2.519E-16 3.865E-13 4.045E-13
CGS 4.274E-14 6.230E-15 1.246E-14 1.221E-12 1.221E-12
CGD 2.634B-15 1,067B-15 2.183E-15 8.380B-14 7.643B-14
ELEMENT 0:M8 0:M7
MODEL 0:NMOS 0::M082
I 1.710E-03 1.703E-03
IBS -5.007B-14 0.
IBD -1.000E-13 -5.007E-14
ves 1.788E+00 1.6739E400
VDS 4.993E+00 5.006E+00
VBS -5.006E+00 0.
VTH 8.000E-01 8.000E-01
VDSAT 9.888E-01 8.798E-01
BETA 3.4982-03 4.401E-03
GAM EFF 0. 0.
e 3.458E-03 3.871E-03
GDs 3.109B-05 3.096E-05

-2.443B-05

3.205E-14
-2.278E+00
-3.204E+00

-8.000E-01
-1.478E+00
2.235B-05

3.304E-05
4.591E-07

2.708E-15
4.596E-14
4.274B-14
5.123E-16
4.274E-14
2.708E-15

R HELL

[217)

0.
5.835E-14
3.944E-13
3.302E-13
5.789E-15
3.302E-13
5.839B-14

SMALL-SIGNAL TRANSFER CHARACTERISTICS

vi{s) /N1
INPUT RESISTAKCE AT
OUTPUT RESISTANCE AT V{8)

ertey

L4
(A )

1.0008+05
1.2588+05
1.5848+05
1.395E405
2.511B+05
3.1628405
3.991E+05
5.011E+05
6.3098+05
T.943E+05
1.000E+06
1.258E+06
1.584E+06
1.9958+06
2.5112+06
1.1628406
31.9812+06
5.011E+06
£.309B+06
7.9438+06
1.000E+07

AC ANALYSIS

V0B {8}
5.000R+00
+
1.93B+01-4------
1.93E+01
1.93E+01
1.932+01
1.938+01
1.932+01
1.938+01
1.93E+01
1.92E+01
1.928+01

I R TR

.
.
+
.
+
+
.
+
.
.

0

2,045E-13
4.9728-13
7.683E-13
4.924E-13
4.153E-13
7.346E-14

1.000E+01

+

D ]

vI

1.5008+01

R

THOM=

2.000E+01 2

B T T T

1.912+01
1.892+01
1.872+01
1.84E+01
1.792+01
1.738+01
1.642+01
1.53E+01
1.40z+01
1.268+01
1.092+01-+---

b e e e e s

-

P

P T PSP

+

3

= 9.305E+00
9.999E+19

1.470B+01

27.000 TEMP=

-5008+01

27.000
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9% | 932
Assume, the 2exo has been eliminated. S"”"“mp"’“mq‘gl“)
0nd [P5] > |1 |1l | At the Cpmamp ity P = CiCe &
Yhin Srequenty, |P | contribites 4o (ol Py | = (P2
phase shift. TH | contributes —3¢° 3;_1_ dme ¢
- ~ =1txc
phase shict, the phase MARIN TS (. 0 . ) 2 CC’:‘
phase gt due [ = ey
~ton \?:(ﬁ =-35 At Wunity C=032pPF
w —4—_ Lt is smalder than the
wnigy = tan 30 \Pe <13 1P| o pontation (oo 1
—aoIPl Problem d2la.
Qolby] = —3- \PA
_3 Gme 933
ImiR \%mc,Rz.gm R =3 Circe - ~ c}—_—vo
im 3 Fme l‘% I Dl
c T 3GHC, = = 9
R . - o - S3muC
From the example 1n Section 143, le= __*__J_ G 15C. Vo
%m\—\W\NU) Q’% s ngAIU CH‘C}_?CSPF g‘M\
r.—s(cﬁcz) 17_ S = SY4pF L @40a), Q4ob) avek (Q41), C, @
Gme be \@V\oreo( and sC rep{acéd bg
S%4mC |
13 %mH-SC’
(@) Similar to Problem 4.30, the op-owmp Yo dmeR\R2
‘ Mb&—%ﬂh ﬁq{mu& (ENE ¢ SRLCL'\-S(\‘\'WR\)RLC
Wiy =2 ot 1P =ZUP )= Golp)| o= driRe
Gt _ L Ame (+SR.Co4s (l+3m‘g,)g7_cgm +|S|C
C e = $meRiR2 (G +sC)
0 , 2 g"““*’s[C"“}mR;Cz_*‘(\*@m(,Cu)ﬁ-muRzC}\'S"R;&C.
< Toas There is & 2erv at - mu
C=1pg -

(L)) Rg‘:qt:saon_



434
The denominator of (427) 1S
l+5(CzRL+C\R|)+ $*R2R GGt

435

9.3¢
Assume. (PLL 1P, A“;(")Wbé, f
Contributes -9 phase shitt . I£ P,

, contribwtes -3¢, the phase rowin
CISWRAR *9mR.R)+S R;R.(Cac.)] =0 will be §o
pre ARt R +dmRaR) +S RRUGHT) — tag! Dty _ 2
S(C2Ro+ CIR)FS R, C2C, o !
Roots of the denominator, iy =2 1P =
) ¢ folBl=1- wmaflé-l&l
TG 1.Z5xIc® rad/s \ 3
-g:a == Sxio’ rad/fs e~ ng dmeRRoCuma.
Roots og- the Numerntor Pz_"' - CM(
O) % %‘V’\ORO%M\RI aMZ.RZ-
"-C%—vle: -24%6 *idsm"l/s v \CW\T."'ECMI
: Tmis) Cne possible ovswer is Cm=10fF,
Cmz=1T7pF.
e—— ¥——¥%>¢- Refs)
X' -Sxid =S 937 |
\Pl=gc,
QO) l?zl ore constowt.,
To give a 45° phase margin,
135 | 0o [P I=an@o - 45 [P ] = 1+ Pe |
P R G ReRaCme =l
o2 —_ % PlR,
= Gm To give & G5 phase. margin,
Py~ %“—f O\o \P —\ tan (40 - 6)IR|= I+ -lP |
Qo= %’\MoRo%ﬂmR\ﬁ'MLRL “;:J K 3~'+PF
ao‘\P\"\‘\Pz\
2= g‘r.‘;Cvm:CMI
CV"\,CM'LNQ) C\,CLSL\WBQ%‘Hﬂ'feA.

One possible answer 15 Gy=Cw=|0PF

___GQ«ml G _le
1Py @F?\P\ Oﬂ:»lm o



A-36

4.33
@ ao-%koa=\?:;m
g'mlROTK\;C'L= ‘5:' =‘le

03XI6% ) omich
C.
CL=1.5xlg'*F=1-5PF

_Lar _ 05mA
(b)SR= . =T5pF

=330V/§us

439

() The equivalent \oad s

CL=C | G +Cip)
=15t 4O +0u)

A
SR=2TN V
R APE lbSV(Ks
W,
= c‘PIl \_L (D 3Ro Ilc'—jvo
£ CE T =
il e
Fofi deandiletele
f=e_ G ___4
Uy Cr+(CrGp Ftlod+o)
=o\%q
G’M(S)-"-'—a'm‘l—‘_slp;
—_Tr___

— | .
=== \.—L{:T}————'ﬂ l :,S—G—M(S)J/tt
=§jm($)R0i -— %'Mlkof

14SRec! (I SRoCIXI=S/P2)
Tolocate Wunity, Wunity H R | = iz)\'@z“’d'

[SReC C1=5/PD]
— dm§ |
cl Isin-s/py)
= Qixig* xagq )

19X (Jwo|] 4= 30/ P2
‘-k7xlg7 el *

= wlvw/p?

=|
Uunity =T %10’ 0d (s < (P2
The phase shitt-from P 15 90°.
The phase shift from P2 7s

-1/ Wwnity S HKIXKIDTy 20
t“"( VP2 tw(?)do’) 3

The phase magn 1s
(S0 Qs+ 13 =17°

a40

Vx':-— !

Z(‘,’ Zz
Vr= Owlx
V.20
R= Ve Qv 712,
There ave 4 possibilities

MR = av R, and the phase shigt
. R\*Rz

s 0

_ Ri _ g, —0RCe
BR=av Ri+Vjwcs Qv lﬂuoR.C;_’w

the phase shift 1s between 0°ond 905
(3) _ l/ijl \
R=av TiwctRe. - M irRacy pond
e phase shift s between 45 o 0
- iwe, _q,.C
HR=av (fiwc, +/jwCa, (oTel ond
the phase Shigt is 0°
The phase. Shift never reaches-&7,
so the circuit Is stoble.,

Ve




gl

_ JWRC

= AR

_ Qv JWRC
T4 10 (1499 ) L+ R
(i \9.\)(“r mz\)

The Ay JWRC 4erm contributes ad0
prase shice, Enchof the 3LHP poles
contributes a-4d phase, shift whenm
(> 0, The totall phase shift never
reaches —\$v” for 0<w < so the
drewit is stoble.

1z Rr

Rs
{ s Olowtsivy v
Vi,_ C‘"TTUX OWiS, Ux —{

|
R=_I%G0 oy
Re RS“{(,"L-',—,

Rs
S T \000
WSRIRE)Gn U 5)(1+ %5)
__ 1060
HSSokCin (oo )+ B)
500

TSSOk G )
@Cn=0
R

_ So0

(39

When S =Jeo=35 xlo¥, IR} =l
When s=juw =315, | vyl =1,

The lottey frequency 1s twice the
former. e

4-27

(b
[Cin | O | poles {phase |phase
(pE) | (rad)l (radk) shice | magin
(oo | 90’ o
®
0 l0° | -3° !
T 100 | 4o
4 loxiot| 1 | -3° | 8¢°
SHP | -1°
100 | 40
20 (® | -0 |
|1 {Goubk) ]
Even with the addition of the thirl
pole from C:n,tb\e{&\asc_ shift never
reaches —&0°ab Ww. '
143
— (0) See vext . .
(b) The Mit«y%&%@m@«/\u@ s
~4MHz

The phase magin is ~To’.
The 4&in margiv 1S +10dB.



KETUXN RATIO

VIO 105

veg 2 0 -5

.GLOBAL 1 2

.SUBCKT AP (6 5 9)

I3IAS 3 2 200

M T54 4 QOSP We1000 L=6.40
W86 &4 OOSP Wel00U L=6.40
0 77232 CHOBN WaS00 Lw=é.40
M 87 22 CMOSK Ws50U L=6.4U
M5 4311 CHMOFP W=1000 La6.4U
W 98 22 CMOSN W=l00U La6.4U
¥ 9 311 CMOSP Wel00U L=6.4U
W 3311 CHOSP W=100U L=6.40
M9 10 1 8 2 CNMOSN We6.1U L=6.4U
coowr 10 8 SP

.MODEL CNOSN WMOS LEVELal LAMBDA=0.0313 VIOs0,7 KP=60.4U LD=0.120
MODEL CMOSP PMOS LEVELel LAMBDA=0.0156 VIO=-0.7 KP=30.2U LD=0.18C
.DIDS A

.OPTIONS NOMOD

IRRV (0 11 12) AP
Vriliaaxi

112016

IRRI (0 21 22) AP

ITONA]

VDYl 31 21 0

YDUMMY2 22 31 ©

%2 31010

.AC DEC 5116

.PRINT AC RXVRsPAR(‘-VN(12) /VM{11)°C08(3.14*(VP(12)-VP(11})/180)")
RRVI=PAR{’-VM(12) /VM{11)*8IN(3.14* (VP({12)-VP(11))/180) ']\

9-33

\

XRIR=PAR({’ -n(vm-n)/n(vmrcos(:.uqn(vwmz)-n(vwnm.) )/7180)°)\1.58488+03
XRIT«PAR{’-IM(VDUMMY2) / IM{VDUMMY1) *8IN(3.14* (IP(VDUMMY2) -IP(VDDOEY1)}/180) ') \2.51188+03

.OPTIONS BPICE

NIDTE OUT=30
.BD
esssss  OPERATING POINT IKFORMATION THOM= 27.000 TEMP= 27.000
40:1 = 5.0008+00 0:2 =-5.0008+00 0:11 =-4.599%-05
+0:12 =-4.599%-05 0:21 =-4.5998-05 0:22 =-4.599K-05
40:31 =-4.599%-05 1: = 4.03198+00 1:4 = §.9728-01
+1:7 =-4.0962+00 1:8 =-4.1068+00 1:10 =-4.106K+00
+2:3 = 4.0158+00 2:4 = §.9728-01 2:7 =-4.096K+00
+2:8 =-4.106%+00 2:10 =-4.106E+00
e m
SUBCKT XRRV XRRYV IRKV XRRV XRRV XRRV
1: 1: 1:68 1:44 1:05 1: M6
1: 1:CMOBP 1:C0080 1:CHMOBN 1:CMOSP 1:CHO8H
-1.040E-05 -1.048E-05 1.048X-05 1.048E-05 -2.096E-03 2.1242-05
0. 0. 0. 0. 0.

4.9932-14 5.004E-14 -9.039E-15 -8.935K-15 4.1032-14 -5.
-5.9728-01 -9.972E-01 9.0392-01 9.039E-01 -9.807k-01 8.
-4.593K+00 -5.003E+00 9.039K-01 8.935E-01 -4.102K+00 5.

000R-14
9358-01
000R+00

ELEMENT
MODKL
D
pe ]

IBD
vGs

Vo8
s 0. 0. 0. . 0. 9. 0.

VIR -7.000E-01 -7.000X-01 7.000E-01 7.000E-01 -7.000K-01 7.000E-01
VDSAT -1.972E-01 -1.972K-01 2.039E-01 2.039E-01 -2.807E-01 1.935K-01
BETA 5.389R-04 5.390K-04 S.041E-04 5.040E-04 5.320K-04 1.134%-03
GAM K¥TY 0. 0. 0. 0. 0. 0.
- ¢ 1.063%-04 1.063E-04 1.028E-04 1.028E-04 1.493E-04 2.195E-04
[>] 1.517E-07 1.516E-07 3.150E-07 3.190E-07 3.073K-07 5.7475-07
as g. 0. 0. 0. 0. 0.
coror 0. 0 0. 0. 0. 0.
ceror 0. 0. 0. 0. 0. 0.
C8TOT 0. 0. 0. 0. 0. 0.
CBTOT 0. 0. 0. 9. 0. 0.
cGs 0. 0. 0. 0. 0. 0.
-] 0. 0 0. 0. 0. 0.

SUBCKT XIRRV IRRV IRRV XRRI XRKRI XRRI
ELEMENT 1:M7 1:48 1:309 2:1 2:M2 2:00

MODEL 1:CHO8P 1:0M08P 1:CM080 2:CM08P 2:CMO3P 2:0Cm08%
D -2.124E-05 -3.000E-05 -9.025K-13 -1.048K-05 -1.048E-05 1.043E-05
o 1 0. 0. -3.9358-15 0. 0. Q.
=D $.000E-14 9.807E-15 -8.935X-15 4.993E-14 5.004E-14 -9.039%-15
ves -9.3072-01 -9.8078-01 9.106E+00 -3.9728-01 -3.572%-01 9.0398-01
vb8 -5.000E+00 -9.807Z-01 -1.795KE-09 -4.593E+00 -5.003K+00 9.039%-01
vBS 0. 0. -9.9358-01 0. 0. 0.

Y8 -7.000E-01 -7.000E-01 7.000E-01 -7.000%-01 -7.000E-01 7.000K-01
VDEAT -2.807E-01 -2.807B-01 1.7958-09 -1.972K-01 -1,9728-01 2.035%-01
XTA 5.390E-04 5.076E-04 5.981E-05 5.385E-04 5.390E-04 5.041E-04
GAN KTTY 0. Q. 0. 0. 0. 0.

- ¢ 1.5132-04 1.4252-04 1.074E-13 1.063E-04 1.063E-04 1.028X-04

(- ) 3.0732-07 3.0732-07 5.028E-04 1.517E-07 1.516X-07 3.190K-07
as 0. 0. 0. 0. 0. 0.
CcrroT 0. 0. 0. 0. 0. 0.
oeroT 0. 0. 0. 0. 0. 0.
C8T0T 0. 0. 0. 0. 0. 0.
CBTOT 0. 0. 0. 0. 0. 0.
ce8 0. 0. 0. 0. 0. 0.
©GD 0. 0. 0. 0. 0. 0.
SUBCXT XRRI XRRI XRRI XRRI XRRI XRRI
ELEMENT 1: 2:5 2:M6 2:07 2:X8 2:

MODEL 2:ONSN 2:CM08P 2: 008N 2:CMOSP 2: 2:CM08N
heo] 1.0488-05 -2.096E-05 2.1243-05 -2.124K-05 -2.000%-05 -9.025E-13
Ims 0. 0. 0. 0. 0. -8.9358-15
IBD -3.9358-15 4.103E-14 -5.000E-14 5.000E-14 9.307E-15 -8,935K-15
vGs 9.035E-01 -5.807%-01 §.935E-01 -9.807E-01 -9.007B-01 9.106E+00
VD8 $.9358-01 -4.102E+00 5.000E+00 -5.000E+00 -9.807E-01 -1,795X-09
V38 . . 0. 0. 0. -8.9352-01
ViR 7.000E-01 -7.000E-01 7.000B-01 -7.000R-01 -7.000R-01 7.000K-01

VDSAT  5.0533-01 -2.807E-01 1.935E-01 -2.807E-01 -2.807K-01 1.7958-03
BETA  5.040E-04 5.320E-04 1.134E-03 5.390%-04 5.076K-04 5.981X-05
GAX XIT 0. 0. 0. 0. 0. 0.
o 1.028K-04 1.493E-04 2.1958-04 1.513E-04 1.425K-04 1.074E-13
s 3.190E-07 3.073E-07 5.7478-07 3.073E-07 3.0735-07 5.028K-04
s 0. 0. o. 0. 0. 0.
coror 0. 0. 0. 0. 0. 0.
caroT 0. 0. o. 0. 0. 0.
csToT 0. 0. 0. 0. 0. 0.
cBTOT 0. 0. 0. 0. 0. 0.
ces 0. 0. 0. 0. 0. 0.
ce 0. 0. 0. o. o. 0.
sreess A ANALYSIS THOMe 27.000 TEMP 27.000
ERVR RRVI IR RRII
1.0000E+00  5.601K+04  -1.024K+03  §.999K+27  -1.592K+25
1.5843Z+00  5.598K+04  -1.570E¢03  5.999K+27  -1.592Ke35
2.5118K+00  5.592E+04  -2.434X+03  5.999K+27  -1.552Re25
3.9010E+00  5.57T7Ee04  -3.796E+03  9.999K+27  -1.552Re25
6.30958+00  5.540B+04  -5.925K+03  9.999K+27 -1.592K+25
1.0000B+01  5.445E+04  -9.187E+03  9.999E+27  -1.552B+25
1.5848R¢01  5.233E+04  -1.393E¢04  9.999K+27  -1.592K+25
2.51188¢01  4.761E¢04  -2.00SE+04  9.999K+27  -1.592K+25
3.98108+01  3.081R+04  -2.588E+04  9.999E+27  -1,592K¢25
6.30958+01  32.651E+04 -2.800E+04  9.999K+27  -1.592E+1S
1.0000E¢02  1.475E+04  -2.470K+04  9.599E+27  -1.592E+35
1.5848E402  6.97TE+03  -1.852E+04  9.999K+27  -1.592E+25
2.51188+02  2.999E+03  -1.263R+04  9.995K+27  -1.5928+35
3.9810K+02  1.231K¢03  -3.240K+03  9.999E+27  -1.552Ke25
6.30958+02  4.951E+02 -5.2658+03  9.599E+27  -1.592B+35
1.00008+03  1.970E+03  -3.342K+03  9.939E+27  -1.592R+425
7.783E+01  -2.113E+03  9.999K+27  -1.592E+25
3.045R+01  -1.3342403  9.599K+27  -1.592K+25
3.9810E+03  1.171K+01  -8.423E+02  9.999R+27  -1.552K+25
6.3095E+03  4.347E+00  -5.315K+02  5.999K+27  -1.592K+25
1.0000R+04  1.465K+00 -3.354K+02  9.999E+27  -1.592Ks2S
1.58408+04  3.600E-01 -2.116E+02  9.995K+27  -1,592K¢25
2.5110E+04  -5.570E-02 -1.335E+02  9.999%+27  -1,592R¢25
3.9810E+04 -2.109E-01  -8.425E+01  5.999E+37  -1.592K+25
6.3095E+04 -2.624E-01 -5.316E+01  9.999K+27  -1.592K+25
1.0000E405  -2.771E-01  -3.354B+01  9.999K+27  -1.552R+25
1.5868B405  -2.793E-01 -2.116E+01  9.999K+27  -1.592Ke25
2.5118R¢05 -2.7798-01 -1.335R+01  9.999E+37  -1.592K«15
3.9810K+05 -2.7598-01 -8.425E+00  9.999K+27  -1.5932+425
6.3095K+05 -2.742E-01 -5.31SE¢00  9.999E+27  -1.593K+1S
1.0000Z+06 -2.729E-01  -3.354K+00  9.995%+27  -1.593R+25
1.5848K+06  -2.721E-01  -2.116E+00  9.99SE+27  -1.594K+25
2.51188+06  -2.715E-01 -1.335K+00  9.999B+27  -1.595E+15
3.9810E+06  -2.711E-01 -8.424B-01  5.999E+27  -1.595E+25
6.3095E¢06  -2.709E-01 -5.3158-01  9.999E+27  -1.595K+125
1.0000E+07 -2.707E-01 -3.3538-01  5.999K+27  -1.554R+25
1.5848K407 -2.707E-01 -2.115E-01  9.999E+37  -1.594R+25
2.5118R+07  -2.706E-01  -1.3358-01  9.599B+27  -1.593Ee25
3.98108+07 -3.7068-01 -8.4218-02  9.999K+27  -1.593K+25
6.3095K+07 -2.706E-01 -5.313E-02  9.999K+27  -1.593K+25
1.0000E+08 -2.706E-01 -3.353E-02  5.999E+27  -1.592B¢25
1.5843%408  -2.706E-01 -2.115E-02  §.999E+27  -1.592B+25
2.5118E¢08  -2.706E-01  -1.335E-02  9.995K+27  -1.592Ke15
3.9310K+08  -3.706E-01  -8.431E-03  9.999E+27° -1.592R+25
6.3095E+00  -2.706%-01  -5.313E-03  9.9992+27  -1.592K+1S
1.00008+09 -2.7068-01 -3.353E-03  9.999E+27  -1.592K+25
Return Ratio versus Freq.
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RETURN RATIO
.GUBCKT AMP (1 2)
EAP 3 0 LAPLACK 0 1 1000 / 1 10.001K 0.010
Rl 10 100K
R2 2 3 100K
cIN 10 4P Return Ratio versus Freq.
EKNDS AMP RR
.CPTIONS BOMGD
XKRV (11 12) AP 000
vT1z11 M1 S
I (21 22) DO 40.00
IT031AC1 \
v 31 21 0
VDmeIT2 22 31 0 200 \
.AC DEC 10 1 300K 0.00 — iy
"YRINT AC RRVRA=PAR(’-VM(12)/VM{11)*CO8(3.14¢(VP(12)-VP(11))/180) )\ e
RRVI=PAR(’-VM(12) /VI(11)SIN(3.14* (VP{12)-VP(11))/180) ' )\ 000
RRIR=PAR(‘-IM(VDUINY2) / TN(VDUMIYL) $COS(3 . 14¢ (IP (VDUMMNY2) -IP (VDUMMY1)}/180) )\ ™
RRII=PAR(’ - DI(VDUMMY2) / T(VDUMNY1) *8TH(3 . 14* (P (VDUMMY3) -IP (VDUMMNY1)) /180) )\ 1
.OPTIONS SPICE 40,00 .
NIDTH OUT=80 *,
oD ,
-60.00

4seses A ANALYSIS THOM= 27.000 TEMP= 27.000 i .

yrEQ RRVR RRVI RRIR RRIT 8000 —1
1.0000E+00  9.965E+02  -6.414E+01  9.969E+01  -6.415K+01 : |
1.2565K+00  9.946E+02  -8.016E+01  9.946K+02  -8.016E+01 i Bam—
1.58482+00  9.910E+02 -1.001E+02  9.910K+02  -1.001E+02 -100.00 —1 =
1.9952E+00  9.853E+02  -1.249E+02  9.853K+02  -1.249E+02 : g
2.5118K+00  9.764E+02  -1.554K+023  9.764E+03  -1.554X+02 12000 =
3.16228400  9.627E+02  -1.926E+02  9.627Es02  -1.926E+02
3.5810K400  §.417K+02 -2.368E+02  9.417Ks02  -2.36BE+02
5.0118E+00  9.103E+02  -2.878E+02  $.103E+02  -2.878E+02 -140.00 ———~-
€.30958+00  B.646Ke02  -3.438E+02  $.646E+02  -3.438E+02 |
7.9432E+00  5.010E+02  -4.006K+02  5.010B+02  -4.007Es02 16000 o
1.0000E401  7.1738+402 -4.514E+02  7.173E+02  -4.514Re02 ;
1.25098401  6.154E+02  -4.873E+02  6.154E+02  -4.B74Es02 :
1.5848E+01  5.024E+02  -5.006E+02  5.024K+02  -5.006E+02 -180.00 =
1.9952E+01  3.892B+02  -4.879E+023  3.392E402  -4.880E+02 '
2.51188+01  2.369E+02  -4.524E+02  2.868E+02  -4.524E+02 1e+00  1es0l M2 1ee03  lovd
3.16228401  2.026E+02  -4.018E¢02  2.025E+02  -4.018E+02
3.9810E+01  1.383E+02  -3.440E¢02  1.383E402  -3.448Ee02
5.0118K+01  9.223Bs01  -2.885K+02  9.220B+01  -2.B85K+02
6.30955401  6.050E+01 -2.372E+02  6.047R+01  -2.372Ke02
2.9432K+01  3.932Re01  -1.926E+02  3.920R401  -1.926E+02
1.0000E+02  2.547Bs01  -1.552E402  2.543E401  -1.552E+02 Cf _ﬁ
1.2589E+02  1,652E+01  -1.244E+02  1.648E+01  -1.244E+02 (j\) S% abo ve.
1.58482+02  1.080E+01  -9.943E+01  1.076E+01  -9.944E+01 (b) TL\ - & .
1.99528402  7.156Es00  -7.927Es01  7.116K+00  -7.928E+01 ,
2.51188402  4.B46E+00 -6.311EK+01  4.806K+00  -6.312E+01 € W‘JC‘Q.’%Q\V! ‘%Y@U&&/\C\& 19
3.16228402  3.385Es00  -5.020E+01  3.345Ee00  -5.021E+01
3.9810E+02  2.462E+00  -3.991E+01  2.422K¢00  -3.992E+01 /\/g ng
5.01182+02  1.881E+00 -3.172E+01  1.B41Ee00  -3.173Es+01 :
6.30958+02  1.515E+00 -2.521E+01  1.475E400  -2.521E+01 i . R
7.9432E+02  1.284E+00  -2.002E+01  1.244K+00  -2.003K+01 ! :
1.00002+03  1.140E+00 -1.591E+D1  1.100E+00  -1.591E+0L \ e PL’W\SC WN%W‘ 1S~ qo .
1.25892+03  1.049E+00 -1.263R¢01  1.009Ee00  -1.264E+01 . .
1.5848K+03  9.923E-01 -1.003E+01  9.523E-01  -1.004E+01 L,\ :
1.9952K+03  9.5608-01  -7.971E+00  9.168E-01  -7.981E+00 The %AW\ W\C(\'Cém IS v L\—O&B .
2.5118E+03  9.347E-01  -6.329R+00  8.946E-01  -6.341E+00
3.1622%+03  9.209E-01  -5.024E+00  8.805K-01  -5.039E+00
3.9810K403  9.124E-01 -3.986E+00  8.723E-01  -4.005E+00
5.0118K+03  9.072B-01 -3.161Ks00  8.671K-01  -3.184E+00
6.3095E+03  9.041E-01 -2.503E+00  8.639E-01  -2.533E+00
7.94328+03  9.022E-01 -1.979E+00  8.620E-01  -2.017E+00
1.0000E+04  9.013E-01 -1.561E+00  8.608E-01  -1.603E+00
1.25892+04  9.008E-01 -1.225K+00  8.602E-01 -1.204E+00
1.58483+04  9.009E-01 -9.557E-01  8.598K-01  -1.029E+00
1.99522+04  9.013E-01 -7.364E-01  8.S96E-01  -8.296E-01
2.5118R+04  9.021E-01  -5.563E-01  $.595E-01  -6.737E-01
3.1622E+04  9.035E-01 -4.060E-01  8.594E-01  -5.537E-01
3.98108+04  9.056E-01 -2.775E-01  8.592E-01  -4.635E-01
5.0118K+04  9.089E-01 -1.643E-01  8.S8SE-01  -3.983%-01
6.3095E+04  9.135E-01  -6.085E-02  8.570E-01  -3.552E-01
7.94320+04  9.199R-01  4.066E-02  8.534X-01  -3.321p-01
1.0000E+05  9.281E-01  1.306E-01  8.457K-01 -3.280K-01
1.2589E+05  9.381E-01  2.400E-01  8.302E-01  -3.418E-01
1.5848E405  9.493E-01  3.492E-01  0.019E-01  -3.7113-01
1.99528405  9.60SE-01  4.718E-01  7.550R-01  -4.109E-01
2.5118E+05  9.706E-01  6.144E-01  6.858K-01  -4.523E-01
3.16228+05  9.788E-01  7.850E-01  5.94SE-01  -4.842K-01

9-39

Mg (4B)
Phase (deg)

Freq (Hz)



4-40

RETURN RATIO 3.9810K+07
.SUBCKT AMP (3 4) 6.30958+07
Voo 105 1.0000K+08
3120.5 1.5843K+08
M1 2300 CHMOSN W=50U L=0.6U 2.5118K+08
M 24 20K 3.9810K+08
€120 2p 6.3095K+08
JMODEL CMOSN JMOS LEVEL=1 LAMEDA=0.0333 VTO=0.6 KP=1940 1.0000E+05
B8 ANP

.OPTIONS NOMOD

Xy (11 12) e

vriiia a1

XIRI (21 22) AP

ITO3I X1

VDol 31 21 0

VDOMMY2 22 31 ©

.AC IEC 511G

.PRINT AC RRVR=PAR(’-VM(12)/VK(11)*CO8({3.14#(VP(12)-VP(11))/180)’)\
RRVI=PAR('-VM(12) /VM(11)*SIN(3.24*(VP(12)-VP(11))/180)")\

RRIR=PAR( * -IM{VDUMMY2) / DR{VDOMMY1) *COS (3. 14* (IP (VDUMMY2) ~IP (VDUMMY1) ) /180) * )\
KRIIaPAR(-IM(VDUMMY2) /IN{VDUMMY1) *SIN(3.14* (IP (VDUMMY2) -IP (VDUMMY1))/180) ' }\
.OPTIONS SPICE

2.5692-01
1.008E-01
3.9202-02
1.501x-02
5.594E-03
1.9882-03
6.402E-04
1.5962-04

-8.141%+00
-5.1392+00
-3.243K+00
-2.0462+00
-1.291K+00
-8.1492-01
-5.1422-01
-3.244K-01

9.999R+27
9.999R+27
9.999R+27
9.999%+27
9.999R+27
9.999R+27
9.999K+27
9.995E+27

Return Ratio versus Freq.

-1.592K+25
1.592%+25
-1.5928+25
-1.592K+25
1.5928+25
-1.5928+25
1.5928+25
-1.592%+25

N

.WIDTH OUT=80

.

teseee  OPERATING POINT INFORMATION THOMe 27.000 TEMP= 327.000

+0:11 = §.4538-01 0:12 = §.4532-01 0:21 = 3.453E-01

+0:22 $.4532-01 0:31 = 3.453E-01 1:1 = 5.000%+00

+1:2 = §.4538-01 2:1 = 5.000E+00 2:2 = 8.4532-01

(111 mm

SUBCKT  IRRV TRRI RR
ELDENT 1:0 2:ML
MODEL 1:Cm080 2:CM08H 50.00
™ 5.000E-04 5.000K-04

8 0. 0. 40.00
D -8.4538-15 -B.453K-15

ves 8.4532-01 8.4538-01 30,00
] 8.453K-01 8.453E-01 ’
Va8 0. 0.

v 6.0002-01 6.000K-01 000
VDSAT  2.453E-01 2.4533-01

BXTA 1.6628-02 1.662K-02 10.00
G KT 0. 0.

[ 4.0778-03 4.0775-03 0.00
GDs 1.6198-05 1.619E-05

0. 0. -10.00
coror 0. 0.

cqToT 0. 0. -20.00
cstoT 0. 0.

cBTOT 0. 0. .30.00
c6s 0. 0.

ce 0. 0 4000
eserse A" ANALYSIS THOM= 27.000 TEMP= 27,000 50,00

FREQ RRVR RRVI RRIR RRII .

1.0000E+00  2.517K+02 -4.011E-01  9.999E+27  1.592E+25

1.58488+00  2.517R+02  -4.012E-01  9.999E+27  1.592K+25 -60.00
2.5118E+00  2.517E+02  -4.014B-01  9.9998+27  1,592E+25 .
3.9810E400  32.517E+02  -4.017E-01  9.999E+27  1.582E+25 -70.00
6.3095E400  3.517E+02  -4.0228-01  9.999E+27  1.592E+25

1.0000E+01  2.517Es02 -4.029E-01  9.999K+27  1.592E+25 -80.00
1.5840E401  2.517K+02 -4.040E-01  9.999E+27  1.592E+35

2.5118E+01  32.517B+02  -4.058E-01  9.999E+27  -1.592E+25 90.00

3.9810R+01 2.5178402  -4.087E-01 9.999E+27  -1.592B+25
6.3095K+01 2.5178+02  -4.1332-01 9.999%+27  -1.592E+25
1.0000R+02 2.5172402  -4.204E-01 9.999K+27 1.592K+25
1.58488+02 2.5178+02  -4.319%-01 9.9998+27 1.592K+25
2.5118%+02 2.517E402  -4.500E-01 9.999K+27 1.5928+25
3.98108+02 2.5172+02 -4.787R-01 9.999E+427  -1.592B+25
6.3095K+02 2.5178+02  -5.241E-01 9.999K+27 1.592K+25
1.0000K+03 2.517E+02  -5.962E-01 9.999K+27  -1.592K+25
1,5848K+03 2.517E+023  -7.104E-01 9.9998+27 1.592x+25
2.51188+03 2.517E+02  -8.9142-01 9.9998427  -1.592K+25

ie401

le+03

1e+05

cﬁs__ (@) See above.

Freq. (Hz)

e e I CILC UMEY-aain frequency 's ~ LooMts

1.0000E+04 2.5178+402  -2.353%+00 9.999%+27 1.592E+25
1.5840K+04 2.517R+02  -3.495E+00 9.9998+27 1.5928+25
2.51182+04 2.5162+02  -5.303K+00 9.9998+27 1.592K+25
3.9810K+04 2.5158402  -8.166E+00 9.999K+27 1.592K+25
€.3095K+04 2.511K¢02  -1.2698+01 9.9998+27  -1.592E+25
1.00008+05 2.5028402  -1.9808+01 9.999B+27  -1.5952K+25
1.58482405 2.479%+02  -3.008K+01 9.999K+27 1.592E+25
2.51185+05 2.4242402  -4.763K+01 9.999%+27 1.592E+25
3.9810K+05 2.297E+02  -7.132E+01 9.999%+427  -1.592B425
€.3095K+05 2.029E+02 -9.970E+01 9.999E+27  -1.592E+25
1.0000R+06 1.5698+02 -1.221E+02 9.999%+27 1.5928+25
1.5848K+06 1.000E402 -1.233K+02 9.9998+27  -1.592K+25
2.5118%406 5.2358+01  -1.0232+402 9.999%427  -1.592K+25
3.9010K+06 2.380E401  -7.376K+01 9.999K+427 1.5928+25
6.30952+06 1.003B+01  -4.936R+01 9.999K+27 1.592K+25
1.0000R+07 4.085B+00 -3.191E+01 9.9998+27  -1.592K+25
1.5848K+07 1.636E+00 -2.033E+01 9.999%+27 1.5928+25
2.5118K+07 6.503E-01  -1.288E+01 9.999E+27 1.592K+25

The phase wagin is ~40',
The 4ain mm i$ 0o (the phase
hever reaches -(€9)



{0, |
Zener diode characteycstic ‘I l]}:
Iy +
toks’
-\.2v
V — —\
-6.2V [0} y K -2V !
o i lok® ~ =
év $|0P-2 20k

For Vin positive, Vouy (s "ea“t"m
and we have

R 6.3V
+, -
iy
Vin
- + |” Vour
Vi °
L - +

Since Vi =0, Vour = ~6.8V

For Vou; between +1.2V, the
transistor is off and

AVou*r - - 20ks2 = =20
a\Vin k&2

Ou.‘l‘s‘ide His Yange, VouT ¢S
chmped to t1.2v

AVWT

For Vin negativie , Vour = +6.8V

VWT
A
6.3V
() XM
-6.3V

10.2
Consider the Vae - l'hu|‘tip|ier .
Symmetrical transistor, --

lo—|




[0-Z

meo—m |'r

€.0002-02
7.0008-02
8.0003-02

DC TRANSFER CURVES

THOM= 27.000 TEMP= 27.000

iy

-2.0002¢00  -1.0008-00 0. 1.0005-00  2.000E+00
+ + * + +

1.37R+00-+---- . A
1.352+00 + + + + + + + A +
1.32E+00 + + + + . * A+ +
1.288+00 ¢ + + . + + ¢ A+ +
1.188+00 o + . . + IS I S +
9.972-01 ¢ + + . + + A + .
7.983-01 + + + 4 + LI WY + .
5.992-01 + + ’ + DY ’ + +
3.992-01 + + + + A+ . + +
2.002-01 ¢ » + * + A e . 3 +
[ + A + +
-2.002-01 » + + LI W1 . + + +
-02 -1.998-01 ¢ + + 23 + + + + D
-02 -5.992-01 » + + A+ + . + + .
-02 -7.982-01 + + T SRS + + . + +
-02 -9.972-01 + ) . + . D + +
-1.182400 + LI S . + . . . ’
-1.282+00 + LI + + . . + .
-1.32B+00 ¢ L W . + + . . +
-02 -1.352400 ¢ L WY * + . . . .
-1.37E000- 4= 0-ho-- L S ST [ +
. . + . +

1.0005-01

OFERATING POINT INFORMATION

+0:1 = 0. 0:2 = 0.
+0:4 = 0.
t¢2¢ BTPOLAR JUNCTION TRANSISTORS
ELENENT 0:Q1
WODEL 0:N

ps } 0.

Ic 0.

VEE 0.

e § 0.

VBC 0.

vs 0.
POWER 0.
BETAD 0.

= ] 0.

RPI 2.560B+16
RX 0.

RO 2.586B+14
CPI 0.

on 0.

CBX 0.

ccs Q.
BETAAC 0.

T 6.2162-03

0.3

THOM= 27.000 TEMP= 27.000

0:3 = 0.

For Vin> —Va«f , the input to
the 0p amp (S positive,and
V9u1- S Mga.tiwe .
Z Dyis on, Pais off.

Vg Y

4., R

MA
R

3 N N

—~—
Rf/

S

ot

i

Vour

Thus w2 have 0.6V

R
Vino—ﬂ'l\;—

- | Vour
r +
VOMT = -0.6V

For Vind~Vuf, Vou i§ positive
ond Dais on, D is off .

Vof R R & 0.6V

Vine— W - +

R p—m

r + Vour

Vout = 2.6 +Vin +Vref
?Vour

=\
Slope 1
---- q +°.6V o
0 Vin
-0.6V

—Vnf
0.4

The multipliar transfer function
S Tour = Teyos — Lo

Vi
= Lc tonh 2y, tanhis
FOY V| =o0.| VT Va

Tou= Lee x 0,050 tanh 77,

V‘SO. BVT v2
Toyr= Lewx0.245 tanh v

Vi=Vr
=T 4-Lzeank—\'—"-
IN'[- e‘xo' Vr




1.5
For the emitter Coupled pair

1 = Ic‘ - ICZ IEE tﬂnk(VLd )

T‘hg slope of the chamacteristic

d(AIc) Te (€)e¥-c% ) ¥
dvg % (e"-‘ )?
= lee 2g‘vr‘
“ (0% +1)*
For Vid =0
d(elc) = _| ie_é
d Ve Vr
In() put %.‘_ri) 0.99x% x r\‘z

. o099 = 4 (m, chaere a=e€

} S
= 4
A +24 +) o a

~ a*-2.0404a + =0

L a=20404*[41b32-4

2
= |.222 or 0.7182

“Via= to2y, =t5mV

10,6

alc =Iee tanh ('\é—v“
~ Vid L
L W -4 (42)]
Kt Vid =Vsinwit

Then
Tee
AT, = 2V E/‘mw’t i3 %zf'mwofJ

Ie:\\!r[smw, V —~3 (3$m‘«gt Sm"'ﬂi

- Tourtt)= I,,[ it + 4va $m3w.t]
-3.¥2
8V2

7
345

L Vagn, mmV
This is the maximum albwolle
inyu‘f amplitude-



EMI'TTER-COUPLED PAIR NO (EZ) COMPONENT COMPONENT  (DEG) PHASE (DEG)
vee 1 0 5v
voUMMY 1 11 OV 1 9.999E+03 1.640E-04 1.000B+00 -7.158E-03 0.
Q11132N 2 2.000B+04 1.607E-08 9.800E-05 1.195E-01 1.267E-01
Q2142N 3 3.000E+04 1.421E-06 8.664E-03 1.655B+00 1.662E+00
IXE 2 0 1A 4 4.000E+04 2.449E-09 1.493E-05 2.509E+00 2.516E+00
VIN 3 0 SIN 0 17.7MV 10K 5 5.000E+04 5.072E-08 3.093E-04 1.324E+02 1.324E+02
VINZ 4 0 OV [ 6.000E+04 3.553B-10 2.166E-06 3.370E+00 3.378E+00
.MODEL N NPN 7 7.000E+04 2.602BE-08 1.586E-04 -1.432E+02 -1.432B+02
.PLOT TRAN I(VDUMMY) 8 8.000E+04 1.085E-09 6.615E-06 -1.973E+01 -1.973E+01
.TRAN 0.005MS 0.2XS 9 9.000E+04 1.752E-07 1.068E-03 -1.926E+01 -1.925E+01
.FOUR 10K I{VDUMMY)
OPTIONS NOPAGE NOMOD TOTAL HARMONIC DISTORTION = 8.737E-01 PERCENT
WIDTH OUT=80
.OPTIONS SPICE EMITTER-COUPLED PAIR WITE EMITTER DEGENERATION
,OP vce 1 0 5v
END voomy 1 7 ov
Q1735N
seee22  OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000 Q2 146N
RE1 5 2 200
+0:1 = 5.000E+00 0:2 =-7.560B-01 0:3 = 0. RE2 6 2 200
+0:4 = 0. 0:11 = 5.000E+00 IEE 2 0 1A
VIN 3 0 SIN 0 17.7MV 10K
#¢t¢+ BYPOLAR JUNCTION TRANSISTORS VIN2 4 0 OV
.MODEL N NPN
ELEMENT 0:Q1 0:Q2 .PLOT TRAN I({VDUMXY)
MODEL 0:N 0:N .TRAN 0.005MS 0.2M8
IB 4.950B-06 4.950E-06 .FOUR 10K I({VDUMMY)
Ic 4.950E-0¢ 4.950E-04 .OPTIONS NOPAGE NOMOD
VBE 7.560E-01 7.560E-01 WIDTH OUT=80
VCE 5.756E+00 5.756E+00 .OPTIONS SPICE
“VBC -5.000E+00 -5.000B+00 .op
vs -5.000E+00 -5.000E+00 .EXD
POWER 2.8532-03 2.853E-03
BETAD 1.000E+02 1.000E+02 teesss OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000
1.9142-02 1.914E-02
RPI 5.224E+03 5.224E+03 +0:1 = 5.000B+00 0:2 =-8.560E-01 0:3 = 0.
RX 0. 0. +0:4 = 0. 0:5 =-7.560B-01 0:6 =-7.560E-01
RO 5.000E+16 5.000B+16 +0:7 = 5.000E+00
CPI 0. 0.
g 0. 0. #+#s BIPOLAR JUNCTION TRARSISTORS
CBEX 0. 0.
ccs 0. 0. ELEMENT 0:Q1 0:02
BETAAC  9.995E+01 9.999E+01 MODEL 0:N 0:N
rr 3.046E+12 3.046E+12 IB 4.950E-06 4.950E-06
Ic 4.950%-04 4.950E-04
teteee TRANSTENT ANALYSIS THOM= 27.000 TEMP= 27.000 VBE 7.560E-01 7.560B-01
VCE 5.756E+00 5.756E+00
TINE (VDY) VBC -5.0002+00 -5.000B+00
1Y ) 3.000E-04 4.0008-04 5.0008-0¢ 6.0008-04 7.000E-0¢ vs -5.000E+00 -5.000E+00
+ . . . + POWER 2.8538-03 2.853E-03
0. 4.95E-04 4-ee- A FRN— PR .- BETAD 1.000E+02 1.000E+02
5.000B-06 5.47E-04 + + + + . A . + + [ 1.914B-02 1.514E-02
1.0008-05 5.93E-0d + + + . > . A+ + + RPI 5.224E+03 5.224E+03
1.500B-05 6.29E-04 + . + . + * + + RX 0. 0.
2.000E-05 6.50E-04 + + . . ‘ + . A + RO 5.000E+16 5.000B+16
1.500E-05 6.58E-04 + . . + 4 + + +A + CPI 0. 0.
3.000B-05 5.50E-04 + + + + + + + A + [ ) Q. 0.
3.5008-05 6.29E-04 » . . . . + LI W . CBX 0. 0.
4.000E-05 5.92B-04 + + . + + * A+ + ‘. ccs 0. 0.
4.5008-05  5.47E-04 ¢ . . + + A + B * BETAAC  9.999B+01 9.999E+01
5.C0CB-05 4.35B-0d-+------ $eemooe R $omnn ) LT PR TR TR .- FT 3.046E+12 3.046E+12
5.S00B-05 4.43E-04 + . Ar . + . + .
§.000B-05 3.37E-04 « . A * . + + + +
6.500E-C5 3.61E-O04 + « A . + . + + . +
T.000B-05 3 41E-04 ¢+ As . . . . + v +
T.S0CE-05 3.32B-04 ¢ A 4 + i . . > + +
8.C002-05 3 4iE-04 A+ . + ‘ . + . .
8.500E-05 3.61E-0d [ S . . . . . .
9.000E-05 3.98E-04 . A + . + + . .
3.500E-05 4.43B-04 « . . A + . . . .
1.030B-C4 4.95E-0d-e------ B LEEEESS At--eooe I bomeoe- e +-
1.0502-0¢ S.ATE-O4 . . + . A g . .
1.100B-04 5.93E-04 o * . . . + A+ . +
1.1508-04 6.29E-04 + . . . . ‘ v A . .
1.200E-26 6.50E-04 + N . s + . . A +
1.2502-04 §.SBE-04 + . . . . * + «A +
1.300E-04  6.50E-04 . . B . + + A +
1.350E-04 6.29E-04 ¢ + . + . + + A +
1.400E-04 5.92B-34 + . + . . + A + .
LASIE-O4 S.47E-04 » . . - . A . . .
1.500B-C4 4.95E-04-+------ deoooo- $oecaan 4mmnnn s L P $omeann +-
1.5S0E-04 4.43B-04 » + + A¢ + . + + +
1.5008-04 3.97E-04 + . A - + + . . +
1.550E-04 3.61E-04 + + 3 + + + + . + .
1.7008-T4 3.412-04 + A+ . . . N . . +
H I3E-06+ A . . . . . . . .
N 13 3408 A¢ + + . . . + +
1.8508-04 3.81E-0d + A . . * . . + .
1.9008-04 3.982-Cd - . A . . . . B .
1 5508-04 4.438-04 » - + Ar . » ‘ . .
220CE-C0 4.35B-d-e-emnn $emenee boanees emnes T
. + . . .
(22222

FOURIER COMPONENTS OF TRANSIENT RESPONSE I(VDUMMY)

DC COMPONENT =
HARMONIC

4.550D-04
FREQUENCY FOURIER NORMALIZED PHASE

NORMALIZED

(0-H



FTII T

a )

0.

5.0008-06
1.0008-05
1.5008-05
.000E-05
$008-05
000E-05
S00B-05
000E-05
5002-05
0008-05
500E-05
000E-05
500E-05
0002-05
5002-05
0008-05
500E-05
000E-05
S00E-05
ooor-04
0508-04
100E-04
J150E-04
-200B-04
-250B-04
.300E-04
-350E-04
.4008-04
A4502-04
1.5008-04
1.5508-04
1.6008-04
1.6500-04
1.7608-0t
1.7508-04
1.9008-04
1.8508-0¢
1.9008-04
1.9508-04
1.0008-04

~

[ Y Y . s B R I RV RV AP S W W

-

TRARSIENT ANALYSIS

4
H
5

£.958-04-4-----

5
5
S
5
5
5
5
{
{
i
[]
4
[]
[
[
[
[
4
S.
5
5
S
5
5
S
S
]
4
4
i
i
{
{
]
[
]
[}

T(VDOReY)

4.6008-04

.95E-04-

-068-H
J15E-04
J238-0
L28E-04
J30B-04
L2BE-04
J23E-04
.152-0¢
J06E-04

.282-04
J30E-04
L28E-04
J23E-04
J15E-04
.062-04
J93E-04
LB4E-04
15E-04
L67E-04
L62E-04
.608-04
62E-04
67E-04
JTSE-04
BLE-04

+

+

EE I R T T S Y

4.800E-04

R
P I

S

5.000E-04

P

+

THOM= 27.000 TEMP= 27.000

5.2008-04

5.4008B-

-

-

O

e e e e e e e s
e v e e e e e e

R Y

P S P Y

O Y

O T
R I I Y

-

>

R

[ T S

P A

. oo
S

A
A
+ A
i A
+

P

+

P T T T 2 O

P

T

P T P S

P Y

EE I TR S S

+

+

+

+

FOURIER COMPONENTS OF TRANSIERT RESPONSE I(VDUMMY)
DC COMPONENT =

HARMONIC
NO

WO e W N

9
2
3
4
5.
6
7
8
]

4.950D-04
FOURIER NORMALIZED PHASE
COMPONENT COMPOKENT

(H2)

-999E+03
.000B+04
.000E+04
.0008+04

000K+04

.000E+04
-000E+04
.000E+04
.000B+04

3.4672-05
3.1422-09
1.601E-08
2.206E-10
1.067E-08
3.660E-11
6.7902-09
2.1392-10
3.783E-08

TOTAL HARMONIC DISTORTION =

1.000E+00
9.063E-05

OV W o

.616E-04
.361E-06
.078B-04
.055R-06
.958E-04
.168R-06
.091E-03

(DEG)

-1.
-2.
-1.

LR N N

119E-03
159E-01
S09E+02
205E+00
394E+02
605E+00
576E+02
165E+01
996E+01

1.243E-01 PERCENT

]

NORMALIZED
PHASE (DEG)

0.
1.2308-01
1.509B+02
5.213E+00
1.394E+02
6.6128+00

-1.576B+02
-2.1658+01
-1.995E+01

|0-5



lo—o

The nomtnal bias currents are
Tey2Tcz2=1Ica3=Tcq = ImA

. 2R al
GcU‘.en T: -_t-o_3 ./O , ?:gtz%

From (4.154) the worst-case
miSmotcdh "\ I¢; and Tcz &S

Tl " 1+§.R s 1t3,R R
000

-5V
|
002+ —-%a 003

Totize
26 26

= 3.43x10 °
5ol =3.43%10 2 ¢G5 A
= 3.43)A_VA
This gies an inpul offset
(when T,=12) of
Vbs = 2;‘; = 343MAX lOK.ﬂ—x-%
= 7. mV
Ofset due to @3 and Qg i
negligible because of the ideal
op AMFS .




e 10 1sv

vooelY 1 14 OV

vss 2 0 -15V

Q1475 NK

Q186N

REE 5 § 10K

Q35119NW

d61110N

RS 21K

R2 10 2 1K

R3 12 2 1K

IBIAS 1 13 1A

Q5131112 8

61131118

EAMP1 7 0 4 5 10000

EANP2 8 0 3 6 10000

V8 3 0 SIN 0 5V 10K

EVE4 030 -1

RX1 3 0 100MEG

RX2 4 0 100M2G

JODEL N NPN IS=1E-16

.PLOT TRAN I{VDUMMY)

.TRAN 0.005M8 0.2M8

LFOUR 10X I(VDUMMY)

.OPTIORS NOPAGE NOMOD

WIDTH OUT=80

.OPTIONS SPICE

0P

s - o)
tereet  OPRRATING POINT INPORMATION

+0:1 = 1.500E+01 0:2 =-1.500E+01 0:3
+0:4 = 0. 0:5 =-7.739E-05 0:6
+0:7 = 7.7398-01 0:§ = 7.735E-01 0:9
+0:10 =-1,399K+01 0:11 =-1.321K+01 0:12
+0:13 =-1,2538+01 0:14 = 1.500K+01

seee RTPOLAR JUNCTION TRANSISTORS

ELENENT 0:Q1 0:Q2 0:Q3 0:0Q4
MO0EL 0: o:N o:N o:x
b e ] 9.898E-06 9.898E-06 9.997E-06 9.997K-06
Ic 9.898E-04 9.898E-04 9.5972-04 9.997E-04
Az 4 7.7392-01 7.739E-01 7.742B-01 7.742K-01
2 1.500E+01 1.500E+01 1.399%+01 1.3995E+01
vaC -1.422B+01 -1.4228+401 -1.3212+01 -1.321K+01
vs ~1,500K+01 -1.500E+01 7.739%-05 7.739E-05
POMER 1.485-02 1.485K-02 1.399E-02 1.399%-02
BETAD 1.000E+02 1.000B+02 1.000E+02 1.000E+02
o 3.327E-02 3.827R-02 3.8652-02 3.865R-02
RPI 2.613E+03 2.613B+03 2.587B+03 2.587E+03
RX 0. 0. . Q.

RO 1.422R+17 1.422E+17 1.321E417 1.321R+417
CPI 0. . 0. 0.

o 0. 0. 0. 0.

CBX 0. 0. 0. 0.

ccs 0. 0. 0. 0.
BETAAC  9.999K+01 9.999B+01 9.999%+01 9.999E+01
rn 6.090B+12 6.090B+12 6.151E+12 6.151E+12

o7

THOM= 27.000 TEMP= 27.000

=-7.7398-05
=-1.399E+01
=-1.399E+01

105
B |
9.997R-06
9.997R-04
7.742E-01
1.457E+00
-6.8328-01
1.2538401
1.4652-03
1.000E+02
3.8658-02
2.587E+03

6.832K+15

0.

0.

0.

0.
9.9998+01
6.151K+12

0:06
0:N
2.9692-07
2.9692-05
6.8328-01
2.921x+01
-2.753%+01
~-1.500E+01
8.3818-04
1.000K+02
1.1482-03
8.7108+04
0.
2.7538+17
0.
0.
0.
0.
9.9992+01
1.8278+11

seoess TRANSIENT ANALYSIS THOMe 27.000 TEMP= 27.000
T 1 (VDURRMY)
A ) 9. 5.0008-04 1.0008-03 1.5008-03  2.0001-03
+ + + + +
0. 9.908-04-+- A +
5.0002-06 6.843-04 + + L X + + + + +
1.0008-05 4.128-04 + + A + + + . + +
1.5002-05 1.398-04 ¢+ A ¢ . ‘ + + + + +
2.000E-05 S.57E-05 ¢ X ¢ + . + + . + +
2.5008-05 3.398-11 3 + + + + + * + +
3.0005-05 4.858-05 +A + + + + + . . +
3.5008-05 1.09B-04 + A4 + + . + . + .
4.0008-05 4.12B-04 ¢ LI + + + . + +
4.5008-05 6.8€B-04 ¢+ + LI ‘ . . + +
5.000-05 9.90E-04- *an A e
$.500R-05 1.292-03 + . . + . +A > . .
§.0002-05 1.578-03 ¢+ + * . + . L3 TS +
€.5008-05 1.792-03 « + 3 . + + + +A +
7.0002-05 1.928-03 ¢ + + + + + + T
7.5008-05 1.98E-03 ¢+ + + + * + . . A+
§.0008-05 1.93B-03 + + + + + . + PR
8.5008-05 1.798-03 + + + + + + . +A +
9.0008-05 1.572-03 + + . + + . ¥ W +
9.5002-05 1.298-03 + + + + + "n v + +
1.0008-04 9.902-04 + A FER.
1.0508-04 6.0éE-0L + + LI + + + + .
1.1008-04 ¢.11B-04 + L W + + . ‘ + .
1.1500-04 1.89E-04 + A+ + + + ‘ + » +
1.2008-04 5.578-05 ¢+ A ¢ + + + + . + .
1.2508-04 3.892-11 1 + . + + + . + .
1.3008-04 4.058-05 #A + + + . + . + +
1.3508-04 1.89B-00 ¢+ A+ + + + + . + +
1.4008-04 4.128-00 ¢ LI R + + + + 4 +
1.4508-04 €.D6R-OL ¢ + + A + + 3 + .
1.5008-04 9.908-04 + + A +
1.5508-04 1.29%-03 + . + * + +A + + .
1.6008-08 1.572-03 4 + + + + + L3 TR +
1.6508-04 1.798-03 + . + D . + 3 +A .
1.7008-04 1.928-03 + + + + v + + DI X3
1.7508-04 1.932-03 ¢+ + + + + + + + A+
1.3008-04 1.93K-83 + . . . . . . T XY
1.850E-04 1.798-03 + + + + + 3 3 A +
1.9008-04 1.572-03 ¢ + . . . + I T .
1.9502-04 1.298-03 ¢ + + + . D) . . +
2.0008-04 9.90E-04 A [
+ + + + +
1eeeee
FOURIER COMPOMENTS OF TRANSIENT RESPOMSE I{VDUMMY)
DC COMPONENT =  9.838D-04
HARMONIC FOURIER NORMALIZED PHASE NORMALIZED
N (H2) COMPONENT COMPONENT (DEG) PHASE (DEG)
1 9.999E+03 9.870E-04 1.000E+00 1.799%+02 0.
2 2.000R+04 B8.353E-08 8.974E-05 1.735E+02 -6.331E+00
3 3.0002+04 1.121E-06 1.135E-03 -4.055B+01 -2.205E+02
4 4.000E+04 1.752E-08 1.775E-05 -1.310B+02 -3.110R+02
5 5.000B+04 4.472R-07 4.531E-04 6.031E+01 -1.196X+02
6 6.000E+04 1.803E-08 1.827R-05 4.726E+01 -1.327E+02
1 7.000K+04 3.780K-07 3.830E-04 -1.080E+02 -2.880E+02
) 8.000R+04 2.962E-08 3.001E-05 -1.678E+02 -3.478E+02
9 9.000B+04 7.880E-07 7.983E-04 1.381E+02 -4.179E+01
TOTAL HARMONIC DISTORTION = 1.513R-01 FERCENT

10.8

Asmmin? an ideal op amp -

Vin

R

Ve
R

RV

==Vin

But Vz =KW V¢ =KV, Vns;:

Thus Viur =

avd Hhis CUreut
output p\'oporttoml +o the

quotient of two witages.

~Vin

oduces an



IO.S
L°°P bam(wiaﬂ'k =Kv =Ko kp

= 10* K

Inorder to produce

Pole at W, wherse
w'=2kv = 2000 mjg

‘oa‘o

\\NKV

If wy (the Ppre f\'as,\n—nCy) is ot
+he untty gain point then then
the loop phase shift will be -135°
at this Potn‘l‘ y - yod

we YA%MJ.Y-Q w, ={oo Aec

peles ot 45°
to the axis, we add a loop filter

2 |5°—°>¢-O
\ Y%

S W2 R, _
-u—,"‘-'l*'?z—lo
"o p|=QQ2

Approrvtod‘e Values of R,,R.ard
C can now be chosen.

1o, |

For capture we need
,(“’t’ ~w.)< Ky ,Ff) (uf'wo)]l
Rt |(wt-w- = gkv|F[)'(w‘--w.)]

“‘)o"'l("*5 ra“*/s:c
Kv'-' {ovo YM/SRC

o e - wo>|=15'10fF[)'W«'-“°>J,

===
From Problem lO.10
[FGu
A
Yad
l 10 100 é“-
\‘_fw
[}
)
3
O|f---=-=====--D

If W, =10 *“J/se.c . the vejuiremestS  Fyon, +he figure we an sohrech

will be Satisfid (sea diagram)
The filter becomes

to find
wi-w,) =151 vad/ec

RL avd this (s the CaFtur-e rang-e.
T W T e
c For the 5608
%Rz Ko = 0.93 Wo = 0.93 (217)(2.000)
2.‘-:—" - N - = 11687 md/v.s
lC T RR)C Kv =236uw, = 2.36(2T)(2000)

= 29657
s



The input frequency (s’
Welt)

2,00 —— j
oo S
.95
Ve | Ky _____ o)

-&)_;(s) = —'Zc S +Kky
The F&ak-to-Pzak amplitudc of
the owfful )

Since w;(t) is a square wave,
w Predicfs that Yo(t) has o time constant

—.‘<—v = 34 us and the waveform shown below.

V(t)

2TmVY r———
2 [3 4 5| mee

SN

vyt




L0

1013
f= —4'_0—%3—5(0—»0 Ig is bias only.
. Ip=200&A is adequate .
L =é°kHz)<+)(o-owF)<o.Tvv) Ip = 5= Ve dn 200
= 280uA guess Re = 200u
Vee = Yr iy —-—-—-%-)-2 (;;gg' A Rg = 21.3 k
= 0763V

I, =305uA at center freq

for 2:1 variation of 'Freq,
vary I,=203 to 40T.uA

al) = 204 A R:é
>
12 |

Vi Qx

Rx

I=V1.--VEEK
T R £ 1

dc bias : c
I, =305, = Vi—-0763 —

Rx
AVg

% Y
A, =~ V¢
Rx
2044 = 200mY gkx Rx

Rx

Rx=1k

bias V¢ = o7y

make current inR small
compared to 2.1
Yge _
R = GOAA



reenee
* SUMMARY

* VI (V) OSCILLATION FREQ (KHZ)
* 0.97 10

*1.07 14.3

*1.17 18.2

rreans

* OBCILLATION FREQ VARIATION = 18.2:10 = 1.82:1

L1111

* VI = BIAS = 1,07V

* EXPECTED OSCILLATION FREQUENCY = 10 KHZ

. PERIOD = 100 US

* ACTUAL OSCILLATION FREQUENCY = 14.3 KHZ

* PERIOD = 70 US

* THIS DIFFERENCE IS DUE TO THE ERROR IN HAND-CALCULATING
¢ THE VBE AND INPUT CURRENT Il WHICH IS DIRECTLY
* PROPORTIONAL TO THR OSCILLATION FREQUENCY.

(233213

* VOLTAGE CONTROLLED OSCILLATOR

vec 1 0 5v

Q1 7105N

Q2 896N
QGB179N
Q1810 K

05 117N

6 118K
Q7523K%
Q624N
R11712.7K

R2 18 12.7K

R3 301K

Ré 4 0 1K
Q91013 0N
Q10 9130 N
Q11 1313 0 N
RS 1 13 21.3K

* ADDED A SMALL
CAP 5 61 0.010F
VI 20 1.07V

CAPACITOR BETWEEN NODES 7,8

* ADDED A SERIES PWL VOLTAGE TO LOAD CAP TO SET IC
VKICK 61 6 PML 0 100M 105 100M 1.01US 0

Cxl1 7 & 0.01NF

.MODEL N NPN BF=100 IS=1E-16
.PLOT V(6,5)

.TRAN 5U8 50008

.OPTIONS NOPAGE NOMOD LIMPTS=700

SIMULATION TIME IS
= 1.070B+00 0:3
= 2.T84E+00 0:6
= 4.2602+00 0:9

= 7.319E-01 0:61

0:Q3
0:N

958B-06

WIDTH OUT=80
-OPTIONS SPICE
.oP
B -]
stee+ OPRRATING POINT STATUS IS ALL
+0:1 = 5.000E+00 0:2
+0:4 = 3.251B-01 0:5
+0:7 = 4.2608+00 0:8
+0:10 = 3.528E+00 0:13
te¢* BYPOLAR JUNCTION TRANSISTORS
ELEMENT 0:Q1 0:Q2
MODEL 0:N 0:8
IB 3.187E-06 3.1B7E-06
Ic 187E-04 3.187B-04

3.
T7.446E-01 7.446E-01
1.476E+00 1.476E+00
-7.320B-01 -7.320%-01
-4.260E+00 -4.260E+00
4.7302-04 4.730E-04
1.000E+02 1.000E+02
1.232E-02 1.232E-02
8.115E+403 8.115B+03
0. 0.
.320B+15 7.320E+1S
.999E+01 9.999E+01
.961E+12 1.961E+12
0:Q7 0:Q8
0:N 0:N
219E-06 3.219E-06
219E-04 3.219B-04
449E-01 7.445E-01
458E+00 2.458E+00
T14E+00 -1.714E+00
T84E+00 -2.784B+00
939E-04 7.939E-04
000B+02 .000E+02
245E-02 245B-02
035E+03 .035E+03
0. 0.
1.714B+16 .714B+16
9.999B+01 -999E+01
1.980E+12 .980E+12
skstss  TRANSIENT ANALYSIS
TIME V6.5
a Voo -1.C0E-00  -5.0C0E-01

-]

U
DN W W
@ =

0 e

L 3 e
(000E-06 -2.7

L3002-05 -1.8

50CE-05 -3.

0035-05 -4,

€2 e i an

1.
1.
7.
1.
-7.
-5.
2,
1.
7.
1.

7
8.
1

958E-04
320E-01
471E+00
394E-01
000E+00
895E-04
000B+02
569E-03
321B+04
0

-393R+15

999E+01

-204E+12

0:Q9
0:N

1.
1.
7.
3.
-2,
-3.
6.

-

0N

945B-06
945B-04
319E-01
528E+00
786E+00
528E+00
879E-04

-000E+02
.522E-03
-329E+04

.796E+16
-999E+01
197E+12

0:Q4
0:N
1.958E-06
1.958E-04
7.320E-01
1.471B+00
-7.394E-01
-5.000E+00
2.895E-04
1.000B+02
7.569E-03
1.321E+04
0.
7.393E+15
9.999E+01
1.204E+12
0:010
0:N
1.945E-06
1.945E-04
7.319E-01
3.528E+00
-2.796E+00
-3.528E+00
6.879B-04
1.000E+02
7.522E-03
1.329E+04
0.
2.796E+16
9.995E+01
1.197B+12

e e+

0:Q
0:N

[0-1]

0.

3.251E-01
2.784E+00
3.528E+00
2.884E+00

0:
0:

Q8
N

2,598E-06 2.598E-06

2.5988-04 2.598E-04

7.394E-01 7.3942-01

7.394E-01 7.394E-01
0

0.

-5.000E+00 -5.000B+00

1.
1.
1.
9.

2.
9.
1.
0:Q

940E-04
000E+02
005E-02
953B+03
0.
586E+14
995E+01
599E+12
11

0:N

1.

~ -3

R ANV

945B-06

-945B-04
-319E-01
-319E-01

0

.3192-01
.4382-04

000E+02
522E-03
329E+04
0.
586E+14
999E+01
197B+12
TEMP=

1.940E-04
1.000E+02
1.0052-02
9.953E+03
0.
2.5B6E+14
9.999B+01
1.599E+12

27.000

P R I

— 0 W@ @ s

- b b b e e

— e e

P e el ol e b I I T T U A N L O T U
: N ! s : ‘ X I N S T T A A S N A A i M M N N S S R e S

S00E-05
0008-05

.5008-05

G00E-05
5002-05
ooe-05

.500B-05
.00CE-05

0008-04
0508-04
1002-04
150E-04

-200E-04
J250E-04

-d.

-3
-1

-l
-3
-3
-1
-2

1

-3

-5.
-t

N
-1

-1.

v

-

L T S W VAN

-3

PO VT W

-l

0 e e b

682-01 +
.072-01 »
AGE-01
S0E-02 +
.768-01 +
A
98E-01 +
85g-01 +
24E-01 +
63E-01 +
O4E-03 +

-1.598-01 +
-1

202-01 +
(B1E-01 +
L05E-01 +
AdR-01

-

83E-01 »
J22E-02 4
J39E-01 4
00E-01 «
J61E-01 +
25B-01 +
SLE-O1 +
J04E-01 +
.26E-02 +
-18E-01

D I T T

e e .

e vy

19E-01 +
SAOE-01 4
A€E-01 4
.858-01
JHE-0) -
33802 4
JT7R-02 4
59E-01 »
20B-01 +
§7B-01-+-----

>

06E-01 +
45E-01 +
378402 +
JT12B-02 4
.382-01 +
.992-01 +
.60R-01
.262-01 ¢+
.658-01 +
JO4E-01-9------
.652-02 +
J178-01 +
T4E-01 4
J32E-01 4
.Q6R-01 +
ASE-01 +
A3E-02
L66E-02 +
J3BE-0L +
(99B-01-+------
598-01 +
TE-01 +
§6E-C1 +
058-01 +
63E-02 »
17E-01 ¢
.78E-01 ¢
-398-01 +
47801 ¢
BEE-01-4------
LISE-CL ¢
LSTR-02 +
J96E-01 »
JS4E-01 +
J11E-01 +
288-01
67E-01 +
J6E-01 ¢
47E-02 +
16E-01-+
7E-01 +
JTE-01 ¢
A9E-D1
.BBE-01
JQTE-01 +
-38E-02
J9SE-01 »
J56E-01 »
.172-01 +
B R
L09E-21
4BE-01 +

2E-01 ¢+
JHAE-0L +
328-01 +
EIE-01
S0E-01 »
$98-01 +
Pri) S
J30B-02-0------

. .
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e
-
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>
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atteee

* VI = BIAS + 100MV = 1.17V

* EXPECTED OSCILLATION FREQUENCY = 13.3 KHZ
* PERIOD = 75 US

* ACTUAL OSCILLATION FREQUENCY = 18.2 KHZ

. PERIOD = 55 US

TERERS

* VOLTAGE CONTROLLED OSCILLATOR

Ré
Q9

©
-
MWk HOU MM - ®-

©

=3

=
Hwvo

Q11
RS 113 21.3K

* ADDED A SMALL CAPACITOR BETWEEN NODES 7,8

CAP 5 61 0.010F

VI 20 1.17V

¢ ADDED A SERIES PWL VOLTAGE TO LOAD CAP TO SET IC
VKICK 61 & PWL 0 100X 108 100M 1.01U8 0

Ccx1i 7 8 0.01NF

.MODEL N HPN BF=100 IS=1E-16

.PLOT V(§,5)

.TRAN 508 50008

.OPTIORS NOPAGE NOMOD LIMPTS=700

.WIDTH OUT=80

.OPTIONS SPICE

0P

.END

#1294+  OPERATING POINT INFORMATION THOM=  27.000 TEMP= 27.000

+0:1 = 5.000E+00 0:2 = 1.170E+00 0:3 = 4.186R-01
+0:4 = 4.186K-01 0:5 = 2.769E+00 0:6 = 2.769E+00
+0:7 = 4.2528+00 0:8 = 4.2528+00 0:9% = 3.520E+00
+0:10 = 3.520E+00 0:13 = 7.319E-01 0:61 = 2.865B+00
t+*¢ RTPOLAR JUNCTION TRARSISTORS
ELEMENT 0:Q1 0:Q2 0:Q3 0: 0:Q5 0:Q6
MODEL :N 0:N 0:N 0:N 0:N 0:8
IB 4.103B-06 4.103E-06 1.967B-06 1.967E-06 3.500B-06 3.500E-06
Ic 4.1038-04 4.103E-04 1.967E-04 1.967E-04 3.500E-04 3.500E-04
YBE 7.512E-01 7.512E-01 7.321E-01 7.321E-01 7.471B-01 7.471E-01
vCE 1.483B+00 1.433E+00 1.479E+00 1.479E+00 7.471E-01 7.471E-01
VBC -7.321E-01 -7.321E-01 -7.471E-01 -7.471E-01 0. 0.
vs -4.252E+00 -4.252B+00 -5.000B+00 -5.000E+00 -5.000E+00 -5.000B+00
POMER 6.117E-04 6.117E-04 2.924E-04 2.924E-04 2.641E-04 2.6412-04
BETAD 1.000B+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02
o 1.586E-02 1.586E-02 7.604E-03 7.604E-03 1.353E-02 1.353E-02
RPI 6.303E+03 6.303E+03 1.315E+04 1.315B+04 7.390E+03 7.350E+03
RX 0. 0. 0. 0. 0. 0.
RO 7.321E+15 7.321E+15 7.470E+15 7.470BE+15 2.586E+14 2.586E+14
BETAAC  9.999B+01 9.999E+01 9.99SE+01 9.995E+01 9.999E+01 9.999E+01
FT 2.524B+12 2.524E+12 1.210E+12 1.210B+12 2.153E+12 2.153B+12
ELEMENT 0:Q7 0:Q8 0:Q9 0:010 0:Q11
MODEL 0:N 0:N 0:N 0:N 0:N
B 4.1442-06 4.144B-06 1.945E-06 1.945B-06 1.945E-06
IC 4.144BE-04 4.144E-04 1.945B-04 1.945E-04 1.545BE-04
VEBE 7.514E-01 7.514B-01 7.319E-01 7.319E-01 7.319E-01
VCE 2.351B+00 2.351E+00 3.520B+00 3.520B+00 7.319E-01
VBC -1.599E+00 -1.599E+00 -2.788E+00 -2.788E+00 0.
vs -2.769E+00 -2.769E+00 -3.520B+00 -3.520E+00 -7.319E-01
POMER 9.775E-04 9.T75E-04 6.864E-04 6.864E-04 1.438E-04
BETAD 1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000B+02
oM 1.602B-02 1.602B-02 7.522E-03 7.5222-03 7.522E-03
RPI 6.240B+03 6.240B+03 1.325E+04 1.329B+04 1.329E+04
RX 0. 0. 0. 0. 0.
RO 1.599B+16 1.599E+16 2.788E+16 2.788E+16 2.586E+14
BETAAC  9.999E+01 9.999B+01 9.999E+01 9.999E+01 9.999E+01
T 2.550E+12 2.550E+#12 1.197B+12 1.197E+12 1.197BE+12

sreees  TRANSIENT ANALYSIS THOM= 27.000 TEMP= 27.000

e vi6,5)
‘A - -5.5008-01 0. 5.0002-01 1.9092-00
. . + + .
3. 9 [PPPPN [ PO, 3 QU PO FO— PO
5.6002-06 -6.58-02 + - . . A + . . .
1.0008-05 -2.668-01 + . . . + » +
1.5028-C5 -4.70E-€1 - + “A . . . . . .
2.000E-05 -4.558-01 « + +3 . . + D . ’
2.500E-05 -2.4EE-C1 - . » A - . . . .
3.009E-05 -4.108-02 » . . + A . . . .
3 S00E-05 1.58E-01 + + . . . A . . .
4.000E-05 2 CIE-T1 » . + + . O .
4.5C0E-0G¢ 5.662-01 « . . + . + + A . .

[(0-12

S
b
[
6

-

[ e I S S o ]

Rt I N il el i I R e N N I I S I N R A ol N X SO

.0008-05
.500E-03
-0008-05
-5008-05

000E-05

.5008-05

0008-05

000E-05
5008-05
o002-0¢

.050R-04

1002-04

.1508-04
.2008-04
.2508-04

1008-04
350E-04
400E-04
450E-04
500E-04
550E-04
BO00E-04
6508-0¢
7002-04
750B-04
800E-04
8508-04
900E-04
9508-04
0008-04
0508-04
1002-04

.1508-04

2008-04

J250B-04
.300B-04
-350E-04
-400E-04
450B-04
.5008-04

SS0E-04

-600E-04
-6508-04

700R-04

.7508-04
.BOOR-04
.8502-04
-9008-04
.9508-0¢
-000E-D4
.0508-04

100E-04

.1508-04
.2008-04
.2508-04
-300E-04

3508-04
400E-04
450E-04

.S00E-04
.5502-04

600B-04
650E-04
700E-04

J750E-C4

BOOE-0¢

.BSOE-04
.300E-04
.3S0E-0t

COOE-0¢
0508-04
100E-04
15¢2-04

.2002-04
.2502-04
JJ00E-M4
I50E-C4

4008-04

ASIE-O4
5008-0¢ -

$50E-04
§002-04
€502-04

700E-04 -1.

1508-04

-8002-04
.B50E-04

300E-04

L9S0E-C4

000E-04

3
1

-2

1
3
5

-2
-4

J19E-01 4
J26E-01 +
ATE-01 4
.098-01 +
.258-03 «
.05B-01 +
J128-01 ¢
J30E-01 +
L2IE-01 .
J16E-01-4----o-
J138-02 +
L99E-01 +

J37E-01
.J0B-01 »
JE-02 ¢+
LBSE-01 +
-92B-01 +
J51E-01 «
LA3B-01-4-----
.362-01
J11E-02 ¢
JT8E-01 ¢
L85E-01 «

-SOE-01 +

598-01-4------
.522-01 +

-5.
.63E-01 +
JT0E-01 +
JTE-01
-2,
5008-05 -

S6E-02 +

§3E-01

5.61B-02 «
1.51B-01 +
3.
5
3

582-01 +

65E-01-4------
768-01 +

1.
-3.
-2.
-4,
-
-2.
-1,

$9E-01 +
93B-02 +
458-01 »
53E-01
90E-01 +
B3E-01 «
548-02

32E-01
J39B-01-4------
46B-01 +

1.
1.
-1.
J28B-01 +
.328-01 »
-5.
-3.
-9.
J12E-01-4-----

96E-01
39E-01 +
81B-02 +

10-01 +
032-01 +
$7B-02 +
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31222

VI = BIAS -100MV = 0.97V
EXPECTED OSCILLATION FREQUENCY = 6.65 KHZ
PERIOD = 150 US
ACTUAL OSCILLATION FREQUENCY = 10 KHZ
PERIOD = 100 US

* VOLTAGE CONTROLLED OSCILLATOR

vce 1 0 5V
28 05N
Q2

0

6
9
1
7
8
3
4
1
1

AR

Q
o
Q5
Q6
Q7
Q8
Rl 2.
R2 2.
R3

1
9
7
8
1
1
2
2
7
L]
0
0

1K
Ré 1K
Q9
Q10
Q11 13
RS 1 13
* ADDED

S 61 0.01UF
200.97v
ADDED
CK
?

7
]
1
b
1
1
5
§
1
1
3
4
1

130N
130K
130N

0
$
1313
21.3K
A

B3

0.01NF
N RPR BF=100
.PLOT V(6,5)
.TRAN 5U8 S00US

18=1B-16

.OPTIONS NOPAGE NOMOD LIMPTS=700

SMALL CAPACITOR BETWEEN NODES 7,8

A SERIES PWL VOLTAGE TO LOAD CAP TO SET IC
61 6 PWL 0 100M 1US 100M 1.01US 0
8

10-13

WIDTH OUT=80
.OPTIONS SPICE
.op
.END

sseass  OPERATING POINT INFORMATION THOM= 27,000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 9.700E-01 0:3 = 2.3372-01
+0:4 = 2.3378-01 0:5 = 2.803E+00 0:6 = 2.803K+00
+0:7 = 4.2718+00 0:8 = 4.271E+00 0:9 = 3.539K+00
+0:10 = 3.539E+00 0:13 = 7.3192-01 0:61 = 2.903E+00
ste+ BTPOLAR JUNCTION TRANSISTORS
ELEMENT 0:Q1 0:Q2 0:Q3 0:04 0:Q5 0:06
MODEL 0:N 0:N 0:N 0:R o:n 0:N

bo ] 2.290E-06 2.290E-06 1.949E-06 1.949E-06 1.719E-06 1.719E-06
Ic 2.290E-04 2.290E-04 1.949B-04 1.9549E-04 1.719R-04 1.719E-04
VBE 7.361E-01 7.361E-01 7.315E-01 7.319E-01 7.287E-01 7.287E-01
vcE 1.468E+00 1.468E+00 1.460E+00 1.460E+00 7.2872-01 7.287E-01
VBC -7.3192-01 -7.319E-01 -7.287E-01 -7.287E-01 0. 0.

vs -4.271E+00 -4.271E+00 -5.000B+00 -5.000B+00 -5.000E+00 -5.000E+00
POWER 3.3798-04 3.379E-04 2.861E-04 2.861E-04 1.265E-04 1.265E-04
BETAD 1.000E+02 1.000B+02 1.000B+02 1.000E+02 1.000B+02 1.000E+02
[ 8.856E-03 8.856E-03 7.535E-03 7.535E-03 6.646E-03 6.646E-03
RPI 1.1292404 1.129E+04 1.327E+04 1.327E+04 1.504E+04 1.504E+04
RX 0. 0. 0. 0. 0. 0.

RO 7.319B+15 7.319E+15 7.286E+15 7.286E+15 2.586E+14 2.586E+1l4
BETAMC 9.999E+01 9.999E+01 9.999B+01 9.999B+01 9.999E+01 9.999E+01
T 1.409B+12 1.409B+12 1.199B+12 1.199E+12 1.057E+12 1.057E+12
ELEMENT 0:Q7 0:Q8 0:Q9 0:Q10 0:Q11
MODEL 0:N 0:N 0:N 0:N 0:N

IB 2.313E-06 2.313E-06 1.945E-06 1.945B-06 1.945E-06

Ic 2,313E-04 2,313E-04 1.945B-04 1.945E-04 1.545E-04

VBE 7.3638-01 7.363E-01 7.319E-01 7.319E-01 7.318E-01

VCEB 2.569B+00 2.569E+00 3.539E+00 3.539E+00 7.315E-01

VBC -1.833B+00 -1.833E+00 -2.807B+00 -2.807E+00 0.

vs -2,.803E+00 -2.803B+00 -3.539E+00 -3.535E+00 -7.319E-01

POWER 5.962B-04 5.962BE-04 6.900E-04 6.900B-04 1.438E-04

BETAD 1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02

G 8.944B-03 8.944E-03 7.522BE-03 7.522E-03 7.522B-03

RPI 1.1188+04 1.118E+04 1.329B+04 1.329B+04 1.329E+04

RX 0. 0. 0. 0. 0.

RO 1.833B+16 1.833E+16 2.807B+16 2.807B+16 2.586E+14

BETAAC  9.999E+01 9.999E+01 9.999E+01 9.999E+01 9.3999E+01

FT 1.423E+12 1.423B+12 1.197B+12 1.197B+12 1.197B+12

tesees  TRANSIENT ANALYSIS TROM= 27.000 TEMP= 27.000

TE 7i8,5)

@ ) -1.000E-00  -5.000E-0 9. 5.0008-01  1.00CE-00

3. 0 ORI PP Fo—— R A-m--n- P S PR +-
5.000E-%6 T 4TE-03 + + . + A + + . ‘
1.00CE-35 -1.08E-01 » . + LI S * + + .
1.5008-05 -2.24E-01 » + + +A - B . . .
2.000E-05 -3.402-01 + . L S . . . . .
2.500B-05 -4.55E-01 + + +A . . ’ + . +
3 CCOE-J5 -5.59E-01 » + A + . v . . +
3.5008-05 -4.54E-01 + + 2 + B + + . s
4.0008-05 -1.38E-01 « + * A . v . + .
4.503E-05 -2.222-01 ~ + + A . . . . .

@ o

[N

R el el el e e e el i o e I B R I e e S S N R s e s T I e e e el e e e e e e e I . ]

200E-05
SO0E-05
000E-05
500E-05
000E-05
500E-05
000R-05
S00E-05
0008-05
500E-05
000E-04
450B-04
1008-04
150E-04

.2008-04
.250B-04

1002-04
350B-04
4002-04

AS0E-04

SO0E-04
$508-04
600E-04
650E-04
T00E-04
7502-04
BOOB-04
BSOE-04
900E-04
9508-04
000E-04
0508-04
100E-04
150E-04
200E-04
250E-04
3008-04
3502-04
4008-04
L50E-04
5008-04
SS0E-04
§008-04
§50E-04
7008-04
750B-04
8008-04

.850B-0¢

900B-04
950E-04
000E-04

.0508-04

100E-H4

.1508-04
.2008-04 4.
.2502-0¢4

3008-04

.350E-04

400E-04

ASOE-0t
.S0CE-04
.S50E-04
.600E-04

§508-04

.T00E-04
JISQE-04
JBOCE-04

BS0E-04

.3008-0¢
9SCE-0U
-000E-04
.0508-M
.1008-0¢
J1SGE-04
J200E-0¢
.2502-04
J390E-04 -
.JS0B-04 -
400E-2¢ -

4508-04

.S00E-04

S50R-04
§COE-04
650E-04

LLOTE-01-bemmmom e nenbes

3.07E-03
1.252-01 «

-ACE-01

56E-01
T2E-1
542-01

-3BE-01

+

.
+
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+
+
+
+
+
4
.
+
+
+
.
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Ve, + VBE(, + V855 + VBE+ = VBE-; + Vpes + Veeq + Veeyo

Ibt 11:3 _ IB:.IOZ

- 154_ - I$+
I = _"/—_i_l_"_l E
Te,
i 3
loou = VI8 joq, "%
Ia,
100 = VIs
Ibl
set I, = l00x
ﬂ\eh IB|=’W
- 5 -2Vge—-Iioom
R= 100 = 33.4k
I 1004
Vee = =< = = 0.T78Y
Be =Vrdn I L§ 011
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NONLINEAR FUNCTION SYNTHESIS
veCc 1 0 5v

Q1520N

Q251418 P

RQ2 18 1 1K

Q315 14 17 P

RQ3 17 1 1K

Q12 13 14 16 P
11K

mHNuhHE

22HRGRE
AN O W Wn

QU0 990N

QI3 131012 N
RQ13 12 0 1K

Ql4 113 10N
V2ZVBE 20 0 1.56V
voUMMY 20 8

.MODEL N NPN BF=100 IS=1E-17
MODEL P PNP BF=100 IS=1E-17

DC TRANSFER CURVES

THOM= 27.000 TEMP= 27.000

ANPS T(VDOAY.

[t} ) -5.000B-0¢ . 5.0008-04 1.0008-03 1.5008-03

+ + + . +

9. 1.002-07 A

1.0008-05 13.57E-06 + + A + + . + + +
2.0002-05 9.392-06 ¢ . A + + + + + +
3.0008-05 1.682-05 + . A + + + + . +
4.0008-05 2.55E-05 + + A » + + + + +
5.0008-05 3.548-05 + + +A * + . + + +
€.000E-05 ¢.62B-05 + . A + + + v + +
7.0008-05 5.79B-05 + . L3 S + + + + +
8.0008-05 7.04E-05 + . A e + + + + +
9.0008-05 8.37E-05 + + L T + + + + +
1.0002-04 9.77E-05-4----c-trmcmmmt--d #ommenn +- + 4
1.1008-04 1.122-04 + + A s + + + + +
1.2008-04 1.2BE-04 + + A s + + . . +
1.3008-04 1.432-04 + + A+ + + . + +
1.400E-0¢ 1.602-04 + + + b e . + . . +
1.5008-04 1.772-04 + “ + A + B . + +
1.6002-04 1.94B-04 ¢ + A + + + + +
1.7008-04 2.122-04 + + + A + + + + +
1.8008-04 2.30E-04 » + + Ae + . + + +
1.900E-04 2.49E-04 + * + A - + + . +
2.000B-04 2.68B-0d-+------ $ooomoe Aeeenan [ SRR denmmen L b $ommee +-
2.100E-04 2.BBE-04 + . + Dy + + ’ + .
2.200B-04 J.0BE-O4 + + . A + . + * +
2.300E-04 3.28B-04 + + i X . + + . +
2AD0E-0t 349E-04 . + D WY . + . +
2.5002-04 3.70E-04 « . . R + » + +
2.620B-04 3.31E-04 + + . v A+ + + + +
2.700E-04 4.13B-04 » ¢ + CE X + + . .
2.B00B-04 4.35E-04 + . . P . . + +
2.9008-04 &.57E-04 ¢ + + . A+ . 4 . .
3.00CE-04 4&.BOB-Cd-+------ bemoee- e bonnen $ P PR PO F— 4
3.160E-04 S.03E-04 + . . - A ' + + +
3.2008-04 §.26B-0¢ + . . - +A ’ + . +
3300E-04 5.43E-04 4 + + . +A + . . .
3.4008-04 5.72E-04 + . + L Y + + . +
3.500E-04 5.36E-04 + . . . O T + . +
3.600B-04 6.20E-04 + + . . S + + .
3.T00B-04 6.U4E-OL ¢ + . . L S + . +
3.900B-00 5.69E-CL + + . + LR W + . .
3.900E-04 &.93E-0d « * - . ¢ A + . .
£.000B-08 7. 18E-Dd-#ncmmmsreomombmmcommpeeooonpeeae oo aanan P— P .-
4.1008-04 TAIE-04 ¢ . . + . A + . .
4.200E-G&  7.6BE-04 o . i + . oA + . .
4.300E-0¢ 7.93E-04 - + 4 . + “A + + .
4 (00B-C4 8.192-04 ¢ . . . . EY . ’ +
4.500E-04 B.ME-04 » » . B . < A - + +
4.6C0E-04 B.70E-04 » . . . . O T v +
1.700E-04 8.96E-04 + + + + + O W . .
4.800E-4 9.228-04 » . + + . . A > +
4.900E-04 9.4BE-U - . + > + - A+ + +
5.000B-08 §.78E-Qdesnneov [ S S ST PO

. + + . +

10-15

te2eee

OPERATING POINT INFORMATION

THOM= 27.000 TEMPs 27.000

+0:1 = 5.000B+00 0:2 = 7.744B-01 0:3 = 1.548E+00
+0:4 = 2.322B+00 0:5 = 3.097E+00 0:6 = 2.322E+00
+0:7 = 1.547B+00 0:8 = 1.560E+00 0:9% = 7.736B-01
+0:10 = 8.788E-01 0:11 = 1.039E-01 0:12 = 1.039E-01
+0:13 = 1.552B+00 0:14 = 4.121E+00 0:15 = 3,437R+00
+0:16 = 4.896E+00 0:17 = 4.896E+00 0:18 = 4.896E+00
+0:20 = 1.560E+00

¢¢¢¢ BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1 0:Q2 0:Q3 0:Q12 0:011 0:Q4
MODEL 0:N 0:P 0:P 0:P 0:p 0:N
B 1.009E-06 -1.029E-06 ~1.0298-06 -1.029E-06 -3.056E-08

Ic 1.009E-04 -1.029B-04 -1.025E-04 -1.029E-04 -3.056E-06

VBE 7.744E-01 -7.749E-01 -7.749E-01 -7.749E-01 -6.840E-01

VCE 3.097E+00 -1.799E+00 -1.458E+00 -3.343E+00 -4.121E+00

VBC -2.322E+00 1.024B+00 6.840B-01 2.568E+00 3.437E+00

vs -3.097E+00 -4.121E+00 -4.121E+00 -4.121E+00 -3.437E+00
PONER 3.131E-04 1.859E-04 1.509E-04 3.44BE-04 1.261E-05
BETAD 1.000E+02 1.000E+02 1.000E+02 1.000E+02 1.000E+02

[« ¢ 3.899E-03 3.978E-03 3.978E-03 3.978E-03 1.181E-04

RPI 2.564B+404 2.514E+04 2.514E+04 2.514B+04 B8.464E+05

RX 0. 0. 0. 0. 0. 0.
RO 2.322B+17 1.024B+17 6.839E+16 2.568E+17 3.437B+17

CPI 0. 0. 0. 0. 0. 0.
s o] 0. 0. 0. 0. 0. 0.
CEX . 0. 0. 0. 0. 0.
ccs 0. 0. 0. 0. 0. 0
BETAAC  9.999E+01 9.999E+01 9.999B+01 9.999E+01 9.999E+01

T 6.205E+11 6.330E+11 6.330E+11 6.330B+11 1,.880E+10
ELEMENT 0:Q5 0:Q6 0:Q7 0:08 0:015 0:Q%
MODEL 0:R 0:N 0:N 0:N 0:N 0:N
IB 1.000E-06 1.000E-06 1.028E-06 1.028E-06 1.029E-06

Ic 1.000E-04 1.000E-04 1.028E-04 1.028E-04 1.029E-04

VBE 7.742B-01 7.742B-01 7.749E-01 7.749E-01 7.749E-01

VCE 7.742B-01 7.742E-01 2.677E+00 7.749E-01 1.443E+00

VEC 0. 0. -1.9028+00 0. -6.6848-01

vs -2,322E+00 -1.548E+00 -5.000E+00 -2.322E+400 -1.547E+00
POMER 7.820E-05 7.820E-05 2.761E-04 8.046E-05 1.4932-04
BETAD 1.000B+02 9.999E+01 1.000E+02 1.000E+02 1.000E+02

o 3.867E-03 3.867E-03 3.975E-03 3.975E-03 23.577E-03

RPI 2.586E+04 2.586E+04 2.515E+04 2.515E+04 2.514E+04

RX 0. . 0. 0. 0.

RO 2.586E+15 2.586E+15 1.902E+17 2.586E+15 6.683E+16

CPI 0. 0. 0. 0. 0. 0.
cMD 0. 0. 0. 0. 0. 0.
CBX 0. 0. 0. 0. 0. 0.
ccs 0. 0. 0. 0. 0. 0.
BETAAC  9.999B+01 9.999E+01 9.999E+01 9.999E+01 9.999E+01

FT 6.154B+11 6.154E+11 6.326B+11 6.326E+11 6.329E+11
ELEMENT 0:Q10 0:Q13 0:Q14
MODEL 0:N 0:N 0:N

IB 9.769E-07 1.0298-06 2.037E-08

Ic 9.7698B-05 1.029E-04 2.037E-06

VBE 7.736E-01 7.749%-01 6.735E-01

VCE 7.736E-01 1.448E+00 4.121E+00

VBC 0. -6.735E-01 -3.447E+00

vs ~7.736E-01 -1.552B+00 -5.000E+00

POWER 7.633E-05 1.498E-04 8.408E-06

BETAD 1.000E+02 1.000E+02 1.000E+02

e | 3.777E-03 3.977B-03 7.875E-05

RPI 2.647E+04 2.514E+04 1.269E+06

RX 0. 0. 0.

RO 2.586E+15 6.735E+16 3.447E+17

CPI 0. 0. 0.

o 0. 0. 0.

CBX 0. 0. 0.

ccs 0. 0. 0.

BETAAC 9.999E+01 9.999E+01 9.999E+01

FT 6.011E+11 6.329B+11 1.253E+1¢

II (UA) 1004II*1.5 (UA) 10 (UA) ERROR (%)

100 100 97.7 2.3

200 283 268 5.1

300 520 480 7.7

400 800 718 10.2

1.000B-06
1.000B-04
7.742B-01
2.677E+00
-1.902B+00
-5.000E+00
2.685B-04
1.000E+02
3.867E-03
2.586E+04

1.902E+17

9.9998+01
6.1548+11

9.7692-07
9.769E-05
7.736E-01
7.864E-01
~1.2798-02
-1.560E+00
7.7588-05
1.000E+02
3.777E-03
2.647E+04

4.240E+15

9.999E+01
6.011E+11
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NONLINEAR FUNCTION SYNTHESIS, ADD RB AND RE

vyeCc 1 0 5v
Q1520K
Q251418 7P
RQ2 18 1 1K
Q3 151417 P
RQ3 17 1 1K
Q12 13 14 16 P
RQ12 16 1 1K
Q11 015 14 P
RBIAS 15 0 33.4K
415408
Q54 43N
g6 332N
II 2 0 100UA
Q7 156N
Q8 667N
Q15 7 10 11 N
RQ15 11 0 1X
Q9 879N
Q0 3 90N
Q13 13 10 12 K
RQ13 12 0 1K
Q14 113 10N
VZVBE 20 0 1.56V
VDUMMY 20 8 OV
.MODEL N KPN BF=100 IS=1E-17 RB=200 RE=2
.MODEL P PNP BF=100 IS=1E-17 RB=200 RE=2
.DC II 0 S00U 10U
.PLOT DC I(VDUMMY)
.OPTIORS NOPAGE NOMOD
WIDTH OUT=80
.OPTIORS SPICE
.OP
END
«sests DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
AMPS T(VIXRetY)
[t ) -5.000E-04 0. 5.000B-04 1.0002-03 1.5008-03
- . . . +
0. 9.96E-08-+----- A .-
1.000B-95 3.55B-06 + + A + + + . . +
1.0008-05 9.35E-36 ¢ + A + * + . . +
3.000B-05 1.68E-05 + + A + . . + . +
4.0008-05 2.55B-05 + + +A + + + + . +
5.0008-05 3.53E-05 + + +A + . + + + +
§.000E-05 &.61E-05 « + +A + + * + . +
7.000B-05 5.79B-05 ¢ + L3 T + + + + .
§.000E-05 7.04E-05 + + L T + . + . .
$.000B-05 B.37E-05 + + Y . + + + + +
1.000B-0¢ 9.778-05-+------ R S 4mmmeee Hemmmee Aomemee bommmon +-
1.160E-04 1.12B-04 + + L S + + + + +
1.200B-9¢ 1.28E-04 + + LI S + + + + ’
1.3008-04 1.43B-04 4+ + L . . . . +
1.40CE-04 1.602-04 « + LI W) + + . . +
1.500B-0¢ 1.77E-04 + + A + + . + .
1.600E-04 1.04E-04 + * + A . . . . .
1.7C0E-04 2.12E-04 ¢ + + A+ . + v . .
1.B0CE-D4 2.30E-04 + . A+ . + . . +
1.900E-04 2.49E-C4 » + * A + . + . >
2.030E-04 2.6BE-Jd-#------ Rttt $oemnee A---oe- bomenan A beeeann pommenn +-
2.120B-04 2.87E-04 4 + . +A » + . . .
1.2008-04 3.06E-04 o . - 4+ A + . . . >
2.300B-04 3.26E-04 o . + % U . + . .
TAE-04 3.4TE-D4 4 . . T S . . + .
2.500E-04 3.5TE-O4 + + LI S . . + +
2.600E-C4 3.98E-0 » . + + A . . . + .
2.7008-04 4.09E-0¢ o . + + A e + + . .
Z.800E-04 €31E-0 ¢ + + + A . . . .
2.3008-00 4.52E-04 ¢+ . + + A+ . . . >
J.000E-04 4 TUE-Dd-4eemmmeee 4=--=-A R .-
3.1508-04 4.%6E-04 + * + + 2 + . . .
3.2008-04 5.1BE-04 » B . + +A . . . .
3.3008-04 5.40E-C4 » + + ¢ +3 + . . N
34CIE-24 5.83E-08 + . + + A . . + »
3.500E-04 5.BEE-3H - . . + + A + . . .
3.60CE-04 6.C8E-C4 » + + + A e . . .
3.70GE-0 B.31E-04 -+ . + + s A . . .
3.B0GE-04 6.S4E-CL » “ + + L IR . . .
3.9008-04 6.TBE-0M ¢ + + + + A+ . . +
£.000E-04 . JORS PO PSR e e .
4.105E-0 . + + + A+ . . +
420084 + . + + A . . .
430980 . . . . A . . .
4. 400B-T4 + + + . A . . .
1.5308-0 B . R . PR . R
4.50CE-01 ' , . ' e A . .
4.70CE-U + . + . R S . .
4.500E-04 + + + . A . ’
4.300E-04 + . . . . A . .
3 200E-04 + PR PO PR PO S — PR .
. . .

#+++ BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1 0:02
MODEL 0:R 0:P
IB 1.008E-06 -1.029B-06
Ic 1.008E-04 -1.029E-04
VBE 7.748E-01 -7.754E-01
VCE 3.098E+00 -1.797E+00
VBC -2.323E+00 1.022E+00
vs -3.098E+00 -4.121E+00
PONER 3.132B-04 1.857E-04
BETAD 1.000E+02 1.000E+02
[e 3.899E-03 3.577E-03
RPI 2.564E+04 2.514E+04
RX 2.000B+02 2.000E+02
RO 2.324E+17 1.022B+17
CPI 0. 0.
oM 0. 0.
CBX 0. 0.
ccs Q. 0.
BETAAC  9.999E+01 9.999E+01
FT 6.205B+11 6.329E+11
ELEMENT 0:Q5 0:06
MODEL 0:N 0:N
IB 1.000E-06 1.000B-06
Ic 1.000E-04 1.000E-04
VBE 7.746E-01 7.746E-01
VCE 7.746B-01 7.746E-01
VBC 0. 0.
vs ~2.324E+00 -1.545E+00
POMER 7.824B-05 7.824E-05
BETAD 1.000E+02 1.000E+02
[ | 3.867E-03 3.867E-03
RPI 2.586B+04 2.536E+04
RX 2.000E+02 2.000E+02
RO 2.606E+15 2.606E+15
cP1 0. 0.
) 0. 0.
CBX 0. 0.
ccs 0. 0.
BETAAC  9.999E+01 9.999E+01
T 6.154E+11 6.154B+11
ELEMENT 0:Q10 0:Q13
MODEL 0:N 0:N
IB 9.770E-07 1.028E-06
Ic 9.770B-05 1.028E-04
VBE 7.740E-01 7.753E-01
VCE 7.740E-01 1.448E+00
VBC 0. -6.735E-01
vs -7.740B-01 -1.552B+00
POWER 7.638E-05 1.493E-04
BETAD 1.000E+02 1.000E+02
oM 3.777E-03 3.976E-03
RPI 2.647B+04 2.514E+04
RX 2.000E+02 2.000E+02
RO 2.606B+15 6.737E+16
CcPI 0. 0.
MU 0. 0.
CBX 0. 0.
ccs 0. Q.
BETAAC  9.999B+01 9.999E+01
PT 6.011B+11 6.328E+11

II (UA)

100
200
300
400

100*1I%1.5 (UA}

100
283
520
800

0:Q3
0:P
-1.029E-06
-1.029E-04
-7.754E-01
-1.459E+00
6.840E-01

-4.1218+00
1.509E-04
1.000E+02
3.977E-03
2.514E+04
2.000B+02
6.842E+16

0.

0.

0.

0.
9.999E+01
6.329E+11

:Q7
B
1.0282-06
1.0282-04
7.753E-01
2.676E+00
-1.901E+00
-5.000B+00
2.759E-04
1.000E+02
3.974E-03
2.516B+04
2.000E+02
1.901K+17

0.

0.

0.

0.
9.999E+01
6.325E+11

0
0

:1Ql4
‘N
2.037E-08
2.037E-06
6.735E-01
4.120E+00
-3.44TE+00
~5.000E+00
8.406E-06
1.000E+02
7.874E-05
1.270E+06
2.000E+02
3.447E+17

0.

0.

0.

0.
9.999E+01
1.253E+10

I0

97.
268
474
701

0:Q12
Q:P
-1.029E-06
-1.029E-04
~7.754E-01
-3.343E+00
2.568E400
-4.121E+00
3.447E-04
1.000E+02
3.977E-03
2.514E+04
2.000E+02
2.568B+17
0.

0.
0.
0.
-995E+01
+329B+11

0:Q8
0:N

1.028R-06
1.028E-04
7.753E-01
7.753E-01
0.
-2.323E+00
8.050E-05
1.000E+02
3.9742-03
2.516E+04
2.000E+02
2.607E+15
0.

99E+01

0
0
0
9
325E+11

(UA)

1

0:Q11

0:

P

-3.055B-08
-3.055E-06
-6.840E-01
~4.1208+00

3.

436E+00

3.436E+00
1.261E-05
1.000B+02
1.
8
2
3

181K-04

-465E+05
.000B+02
.436E+17

0.
0.
0.
0

9.999E+01
1.830E+10

0:Q15

0:N
1.0282-06
1.028E-04
7.7538-01
1.4448+00

-6.6882-01

-1.548E+00
1.493E-04
1.000B+02
3.976B-03
2.514B+04
2.000E+02
6.689E+16

ERROR (%)

o un N

0.
99E+01

0
0
0
9
328E+11

(RS

0:Q4
0:N

-000E-06
-000E-04
.T46E-01
-675E+00
.901E+00
-000E+00
-684E-04
.000E+02
-867E-03
-586B+04
.000E+02

99E+01

9.
6.154E+11

0:Q9
0:N

9.770E-07
9.770B-05
7.740B-01
7.860B-01
-1.200E-02
-1.560E+00
7.755E-05
1.000E+02
3.777E-03
2.647R+04
2.000E+02
4.144E+15

0.

0.

0.

0.
9.999E+01
6.011E+11
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Ip,=Ip, =Ipy = In, = 50uA The above is frue for
Ip =Ip, = Lp, = 1,5 = 504A M, M3, Mg ,mq all on.
IV{’ < R(Vqs "Vt)
Ipq = Ip, = 1004A
c IV¢| < 2.(0.29v)=0.58V
Ip= A2 W(yes -vy)

for m, thru mg
50u = 60 (20) W YA
3 (Vas—Ve)
Vas—V¢ = 0.29V
for mq,my,

100 = éﬂé"_oz (Vss —Vt)’“,u

Ves -Vt =041V

= 1Ip,|
AnCox

(ﬁ) (Vasz=Ve, ) = f‘-L—-(!) Ves,~W,)
Vqsl %, = lVGS'rI - V¢,

=0 = Ve, =,Vt7,

Yas, =|Vas.]|

% myand m; share Vi equally

I"z= @@)1(%5“” +X5f' —Vt)z

Ipy = 200x(W) (Vaspias - % - W)

Lo = 13| - 21, = |Ipq] - a1,

= Ip, + Ipa =21
= '“nCox
P W ey 2 )21
I,= /“hCox

2 L ( G-‘*biqs‘Vt)l
. 2
.y 0 = An Cox _Lw( V{ )

=300, V;*



j0-18

CROSS-COUPLED MOS QUAD
VDO 1 0 5V #esses TRANSIENT ANALYSIS TNOM= 27.000 TEMP= 27.000
Ml 14 3 5 0 X W=20U L=10
M2 13 3 7 0 N W=200 L=1U TINR 1{voUT)
M3 13 4 8 0 N W=20U0 L=1U A } 0. 5.0008-06 1.000E-05 1.5008-05 2.00CE-05
M4 14 4 6 0 N W=200 L=10 + + + + +
M5 995 1P W=600 LslU 0. 2.998-12-A B —eete
N6 09 8 1P W=60U L=1U 2.500B-06 2.94E-07 +A . + . + + + .
M7 012 7 1 P W=60U L=1U 5.000B-06 1.158-06 + A + + + + + + +
M8 12 12 6 1 P W=60U L=1U 7.5008-06 2.588-06 + A + + + + + + +
M9 13 13 1 1 P W=600 L=10 1.000B-05 .18B-06 + +oode + + B + + +
X10 14 13 1 1 P W=60U L=1U 1.250-05 6.01B-05 + + L YR + + + + +
VOUT 14 0 3.5V 1.500-05 7.85B-06 + + + n + + + + -
IBIASL 9 0 S0UA 1.7508-05 9.47B-06 + + + + A+ + . + .
IBIAS2 12 0 50UA 2.0008-05 1.072-05 + + + . I S + - +
.MODEL N NNOS KP=60U VTO=0.7 1.2508-05 1.158-05 + + + + LI + . .
.MODEL P PMOS KP=20U VTO=-0.7 2.500B-05 1.20B-05-+------ v A E—
VS 3 21 SIN 0 0.1V 10K 2.750E-05 1.16E-05 + + + + I ) + + .
EVS 4 22321 -1 3.0008-05 1.078-05 + + + . L T + + .
VBIAS1 21 0 3V 3.250E-05 9.43E-06 + + + v A + + + +
VBIAS2Z 22 0 3V 3.500B-05 7.352-06 + + . +A + + . + .
.PLOT TRAN I(VOUT) 3.7508-05 6.008-06 » ‘ [ T B B . - .
.TRAN 0.0025M8 0.2M8 4.0008-C5 4.20B-06 » LI ) + + . - . .
.FOUR 10K I{VOUT) 4.2508-05 2.53E-06 + A + + + . . + .
.DC V8 0V 0.3V 0.03V 4.500E-05 1.258-06 + A + + + + + + + +
PLOT IC I(VOUT) 4.750E-05 4.64E-07 +A . . + . . . . ‘
.OPTIONS NHOPAGE NOMOD 5.0008-05 2.39R-12-A----
.OPTIONS VRTOL=1N ABSTOL=iF RELTOL=1U 5.250E-05 3.2BE-07 +A + + + . . B . .
.WIDTH OUT=80 5.5002-05 1.30E-06 + A + + + * + + . .
.OPTIONS SPICE §.7508-05 2.512-06 + A + + + + . . +
.op 6.000B-05 4.20B-06 + L + B . . . .
 .END 6.250B-05 S5.99E-06 + . LI S + + . + .
6.500B-05 7.B5E-06 + + + 2 + . . . .
#4ee2+ DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000 §.750E-05  9.428-06 + + + LI 8 + + + .
VOLT 1(vooT) 7.000E-05 1.092-05 » + + . + X + + . +
[} 3 0. 5.000E-05 1.0002-04 1.5008-0¢ 2.000E-04 7.2508-05 1.15E-05 + + + + + A + . +
+ + + + + 7.5008-05 1.208-05 #oooen A
0. 2.998-13-A------ - 7.7508-05 1.162-05 + . + + A+ + + +
2.000B-02 4.802-07 2 + + + + + + + + 8.0008-05 1.07E-05 + . + + I SR . . +
4.0008-02 1.92E-06 +A + + . + . + v + 8.250E-05 9.43B-06 ¢ + . + A+ . + + +
6.000B-02 4.322-06 +A + + * + . + + + 8.500E-05 7.8SE-06 ¢ + . A + + + + .
9.0002-02 7.68B-06+1 ¢+ + + + + + + + 8.7508-05 6.00B-06 + + + A v . + + + +
1.0008-01 1.208-05+ A + + + + + + + . 9.000B-05 4.20E-06 + L 1 . + + 3 + +
1.2008-01 1.738-05+ A+ + + + . + + . 9.2508-05 2.53B-06 + A + + + + + + +
1.4008-01 2.3SE-05 + . + + + + + + . 9.500B-05 1.258-06 + A + + + . . + . .
1.600B-01 3.07E-05 + L S + . + + * + 9.7508-05 4.64E-07 +A . + + + + + + .
1.8008-01 3.898-05 + L R + + + . + + 1.000E-04 2.99B-12-A + #emoee $ommeee bome +-
2.0008-01 4.802-05 A 1.025B-0¢ 3.288-07 +A . .
2.2008-01 S.B1E-05 + . A+ + + . + + 1.0508-04 1.308-06 + A + +
2.4008-01 6.91B-05 + + L + + + + . 1.07SE-04 2.513-06 + A .
2.6008-01 B.11B-05 ¢ + . “ A + + + + + 1.100B-04 4£.202-06 + + .
2.800E-01 9.41B-05 + + + + A+ . + . + 1.125B-04 5.998-06 + + ’
3.0008-01 1.0BE-04 « + + + +A + + + 3 1.150B-04 7.858-06 + + >
+ + + + ‘ 1.1758-04  $.42B-06 + + +
eses 1.2008-04 1.03E-05 » + +
DESIRED ACTUAL 1.2252-04 1.15E-05 + +
VI=2*VS (V) 300U0*VI*2 (UA) IO (UA) 1.250E-04 1.208-05-+------ +
0.08 1.92 1.92 1.275E-0¢ 1.188-05 + -
6.2 12 12 1.3008-0¢ 1.07E-05 + +
0.4 48 438 1.325E-04 9.43E-06 + +
1.350E-04 7.B5E-C6 « *
#vs2¢s OPERATING POINT INFORMATION TNOM= 27.000 TEMP= 27.000 1.37SE-04 6.00E-06 + +
1.4008-04  4.20E-06 + .
+0:1 = 5.000B+00 0:3 = 3.000B+00 0:4 = 3.000B+00 1.425E-04 2.53E-06 + A
+0:5 = 2,011B+00 0:6 = 2.011E+00 0:7 = 2.011E+00 1.450E-04 1.253-06 + A -
+0:8 = 2.011B+00 0:9 = 1.022B+00 0:12 = 1.022E+00 1ATSE-04  4.64B-07 »A .
+0:13 = 3.891B+00 0:14 = 3.500E+00 0:21 = 3.000E+00 1.500E-04 2.99B-12-A------ >
+0:22 = 3.000E+00 1.525E-04 1.26B-07 A ‘
1.550E-04 1.30B-06 + A +
+*4 MOSFETS 1.575E-4 2.51E-06 + A
ELEMENT 0:)01 0:M2 0:)3 0:M4 0:M5 0:M6 1.6002-04 4.2CE-06 + .
MODEL 0:N 0:N 0:N 0:N 0:P 0:P 1.6258-04 5.992-06 + +
D 5.000E-05 5.000E-05 5.000E-05 5.000E-05 -5.000BE-05 -5.000E-05  1.650E-04 7.85€-06 + +
IBS -2.011E-14 -2.011E-14 -2.011B-14 -2.011E-14 2.989E-14 2.983E-14 1.675E-04 9.42E-06 + .
IBD -3.500E-14 -3.892B-14 -3.892E-14 -3.500E-14 3.977E-14 5.000BE-14 1.7908-04 1.09E-05 + +
vGs 9.887E-01 9.887E-01 9.887E-01 $.887B-01 -9.887E-01 -9.887E-01  1.7258-04 1.158-05 « » .
VDS 1.488E+00 1.880E+00 1.880E+00 1.488E+00 -9.887E-01 -2.011E+00  1.750B-04 1.20B-05-+------ + 4o
VBS -2.011E+00 -2.011E+00 -2,011E+00 -2.011E+00 2.988E+00 2.988E+00  1.775g-0¢ 1.16E-05 « . .
VTH 7.000E-01 7.000E-01 7.000E-01 7.000E-01 -7.000BE-01 -7.000B-01  1.80CE-04 1.07E-05 + + +
VDSAT 2.887E-01 2.887E-01 2.887E-01 2.887E-01 -2.887B-01 -2.887E-01  1.825E-0¢ 9.438-05 - + B
BETA 1.200E-03 1.200E-03 1.200E-03 1.200E-03 1.200E-03 1.200E-03 1.850E-04 7.85B-05 + + B
GAM EFF 0. 0. 0. 0. 0. 0. 1.87SE-04  6.00E-06 + + .
e ¢ 3.4642-04 3.464E-04 3.464E-04 I.464BE-04 3.464E-04 3.464B-04 1.9008-04 4.20E-06 + + +
ELEMENT 0:M7 0:M8 0:9 0:M10 1.925E-04 2.53E-06 « A +
MODEL 0:P 0:P 0:p 0:P 1.950E-04 1.25E-08 ¢+ A + +
I -5.000E-05 -5.000E-05 -1.000E-04 -1.000E-04 1.97SE-04 4.648-07 »a . +
IBS 2.989B-14 2.989E-14 0. 0. 2.0902-04  2.35E-12-A- B D
IBD 5.000B-14 3.977E-14 1.108B-14 1.500E-14 + + . B +
vGs -9.887B-01 -9.887E-01 -1.108E+00 -1.108E+00
VDS -2.011E+00 -9.887E-01 -1.108E+00 -1.500E+00
VBS 2.988E+00 2.988E+00 0. 0.
VTH -7.000E-01 -7.000B-01 -7.000E-01 -7.000E-01
VDSAT -2.887E-01 -2.887E-01 -4.082E-01 -4.082E-01
BETA 1.200E-03 1.200E-03 1.200E-03 1.200E-03
GAM EFF 0. 0. 0. 0.
o 3.464E-04 3.464E-04 4.899E-04 4.8399E-04



sasene

POURTER COMPONENTS OF TRANSIENT RESPONSE I({VOUT)
= 6.001D-06

(3 I T I SO O

9.999E+03
2.0008+04
3.000E+04
4.000E+04
5.000B+04
6.000R+04
7.000B+04
8.000E+04
9.000E+04

2.547B-09
5.900E-06
2.579E-09
4.602B-09
4.049B-10
2.205E-08
2.342E-10
6.213E-09
2.9682-10

TOTAL HARMONIC DISTORTION =

1.000E+00
2.315B+03
1.012E+00
1.806E+00
1.5508-01
8.654R+00
9.193E-02
2.439E+00
1.1658-01

2.315B+05

-9.009E+01
-9.0028+01
-9.036B+01
-1.4438+02
~9.669B+01
-1.104R+02
-1.111E+02

1.308E+02
-1.2842+02

PERCENT

NORMALIZED
PHASE (DEG)

0.
6.485E-02
-2,750E-01
-5.427E+01
-6.604E+00
-2.033E+01
-2.101E+01
2.209E+02
-3.836E+01

THR SECOND HARMONIC COMPONENT IN IO IS MOCE LARGER THAN
THE FIRST HARMONIC COMPOMENT. BECAUSE THE TRANSFER
FUNCTION IS IO=K*VI*2, WE EXPECT, IDEALLY, TO SEE ONLY
A SECORD HARMONIC COMPONENT AND NO FIRST HARMONIC

COMPORENT .
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CHAPTER 1!

Diode current

- lp~0.6
L 20K

whera K (s kilo =10
Egquivalent cirenit

:MOMA

+
v,

-

is R2Ya% 14

= ‘ﬁT =_2_6_. = S
Ya 3T, 40 k=553

where £ is the Boltymann's const.

R=20kst
Yd “R: 56.3Q
LU =TS
= 55.32(4:&1%,{ +2§Tp)af

=3°‘°(| -6bx152°
2x10*

xof

=3060 xl-'S\Ylo-uAf

T LR
"-l;f?-= 4.63“0' V/Hz

I{ af=|o5 Hz

— ~197 s
U;Tz=4-.65x|o x|o
=4£03x 54 VT

2o Vor = 06215 MV rms

.2
4 =2414f +31|5"%3_’- of

-‘
. ¢ ~l6_ 4"0x10
L3 J4_=3,2x10 x 470010 +3i|o —q_F—-

& 11
-22 10

-'-'Tfi=55.3 (2 +1%)

~9
xl

s =3060((-51x15" " Lt & )

-1 4.%2x,0°'®
= X0 +———
4.62 7

S

f

=
f

\

3 I, |
\ 10 oo (K |o'|< 100k HZ

+3, 2:(|Bx4-'loxlo)

.2
Neglect R and noise in K .

3
Vo




H-

Ya=55.3 R C=1tooo pF

. |
L ¥aC = 180010° Yadkec
{
Lt = 2.9 MuZ
2 uc 7

T (g

4ixio” JL(,p
MR o)

-" 4-52“0‘
~(4- qu 'F )l+ ‘.f: )2
V%z? 24M

A
|o—15

L f

\gk ook ‘;4 \OM HZ

100 (K

reeett OPERATING POINT DNFONMATION TNOM= 27.000 TEMP= 27.000
+0:1 = 1.000E+01 0:2 = §.355E-01

E12t] DI

ZLEMENT 0:DIODE

0:D

4.6828-04

§.3552-01

5.5232+01

FREQUENCY = 1.000E+00 HZ
es+s RESISTOR SQUARED NOISE VOLTAGES (8Q V/HZ)
ELEMERT O:RL
TOTAL 2.515K-21
**++ DIODE SQUARED NOISE VOLTAGES (8Q V/HI)
ELENENT 0:DICOR
ID 4.553E-13
™ 4.263B-16
TOTAL 4.267R-16
s¢ts TOTAL OUTPUT NOISE VOLTAGE = 4.267E-16 8Q V/HI
FREQUERCY = 9.999X+00 HI
¢4¢+ PESISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELENENT 0:RL
TOTAL 2.515E-21
4*+¢ DIODE BQUARED NOISE VOLTAGES (8Q V/HZ)

ELEXENT 0:DIODE
ID 4.553E-19

™ 4.2638-17

TOTAL 4.3083E-17

&¢4¢ TOTAL OUTPUT NOISE VOLTAGE = 4.3082-17 8Q V/HZ

.

FEBQUENCY = 1.000K+02 EZ
s#¢* RESISTOR SQUARED NOISR VOLTAGES (8Q V/HI)
ELEMENT 0:XL

TOTAL 2.515K-121
s+#¢ DTODE SQUANED NOISE VOLTAGES (8Q V/HI)
BLEXENT 0:DIOIE
ID 4.553E-19
FN 4.263E-18
TOTAL 4.719K-13
seve TOTAL OUTPUT NOISE VOLTAGE = 4.720E-18 8Q V/HZ
FREQUENCY = 1.000E+03 BRI
##¢¢ RESISTOR SQUARED NOISE VOLTAGES (8Q V/HZ)
ELEMENT 0:RL
TOTAL 2.515K-21
stev DIODE SQUARED NOISE VOLTAGES (8Q V/EX)
ELEMENT 0:DIODE
ID 4.553E-19
rH  4.263E-19
TOTAL 8.815E-19
st4* TOTAL OUTPUT NOISE VOLTAGE = 8.841R-19 8Q V/HEZ
FRRQUENCY = 9.999E+03 HI
¢s+#+ RERISTOR SQUARED MOISE VOLTAGES (8Q V/HE)
ELENERT 0:RL
TOTAL 2.515K-21
tt4¢ DTODE SQUARED HOISE VOLTAGES (8Q V/HZ)
ELEXERT 0:DICDE
ID 4.553E-19
™ 4.2628-20
TOTAL 4.9798-19
¢t4¢ TOTAL OUTPUT NOISE VOLTAGE

FREQUENCY = 9.999K+04 HI

= 5.0048-19 8Q V/HZ

T aeee RESISTOR SQUARED NOISE VOLTAGES (8Q V/BZ)

ELEMERT 0:RL
TOTAL 2.512K-21
s+d¢ DTODE SQUARED NOISE VOLTAGES (8Q V/HI)
ELEMENT 0:DIODR
ID 4.547E-19
™ 4.257E-21
TOTAL 4.590E-1%
stes TOTAL OUTPUT NOISE VOLTAGE = 4.6152-19 8Q V/E21
FREQUERCY = 1.000R+06 HI
t++¢+ REGISTOR SQUARED NOISE VOLTAGES (BQ V/HZ)
ELEMENT 0:RL
TOTAL 2.246K-21
#¢¢¢ DIOUE SQUARED NOISE VOLTAGES (SQ V/HI)
ELEXENT 0:DI0DE
ID 4.066%-19
7 3.807E-22
TOTAL 4.070%-19
*24¢ TOTAL OUTFUT NOISE VOLTAGE = 4.092K-19 8Q V/HI
FREQUENCY = 9.999K+06 HI
wss% RESISTOR SQUARED BHOISE VOLTAGES (8Q V/HI)
ELEMENT 0:RL
TOTAL 1.9388-22
#¢¢+ DIODE SQUARED NOISE VOLTAGES (8Q V/HI)
ELEMENT 0:DICDE
ID 3.508E-20
™ 3.284K-24
TOTAL 3.503E-20
*2¢* TOTAL OUTPUT NOISE VOLTAGE

.4
uszng C11.38)

3! Re (‘.‘*p‘)z[‘l‘ﬁ R tRs: 2 IB]

+ ?._(4“"“ +2ZI¢)

-
‘22, %ﬁ [.wrlo %18 +15x3.2x10

x Zoxtoﬁﬂom.%no x lO
=3
+10%3. zx|o xno

= 3,527E-20 8SQ V/HZ



+44¢ TRANSISTOR SQUARED NOISE VOLTAGRS (8Q V/HI)
ELENENT 0:Q1
n 0.
RC 0.
RE 0.
IB 3.045E-13
C 3.204%-14
™ 4

& ~1 —n] -
= 4.9300 L0 16,410 - T
= 1,060E-06 V/RT N2

~ib ! .
+].66X10 + ;z vio'¢ T Trag oW VALTE: . 2.180805

- -l vz ZQUIVALENT INPUT WOISE AT 1B = §.864E-12 /RT HI

= (.12 Xx\0 Hz

(-]

Tfp{:QMHZ
1')';31'=|.|le6'1¥2>“°6 v
=2,24 x10°6 V?
O.c 'U-OT =|'5mv Yw\$
Civenit gain

_|Ver . Rstr
G - 1.-5 R$+ '-K 3"‘2\—

Ixt-3 10,000
2.3 26
= 2,010X |ps ne
MDS = l’g =64 nA
COMION EMITTER CORFIGURATION
vcCc 10 15V
K12 10x
Q1230N
RS 3 0 1K
I5 03 794.2UAAC 1
.NOISE V(2) I8 10
.AC DEC 10 0.2MEG 20MEG
.PLOT AC V(2)
.JOTEL N NPR BF=50
JWIDTH OUT=30
.OPTIONS NOMDD SPICE
JNIDTR OUT=80
D
stesss  ODPERATIIG POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 1.500E+401 0:2 = 5.001B+00 0:3 = 7.742E-01
«22¢ BTPOLAR JUNCTION TRARSISTORS
ELENENT 0:Q1
MODEL o:N
m 2.000K-05
Ic 9.9902-04
v3E 7.742E-01
VCE 5.001E+00
VBC -4.2278+00
vs -5.001E+00
POWER 5.016E-03
BETAD 5.000E+01
[« ¢ 3.866K-02
RPI 1.293E+03
RX 0.
RO 4.2278+16
CPI 0.
[« 1} 0.
CBX 0.
ccs 0.
BETAAC 5.000E+01
n 6.1528+12
ssesss NOISE ANALYSIS THOM= 27.000 TEMP= 27.000

FREQUENCY = 2.000%+06 HZ
#e¢+ RESTSTOR SQUAXED ROISE VOLTAGES (SQ V/HZ)
ELEMENT 0:RL O:R8

TOTAL 1.658E-16 7.8782-13



dwm =[x xiooxi00 =1.4TmAN
Cox =13 Ffum*
A=Y= -

Cgs =2 100X Ix43 = 287FF

S B
S"‘*B-Zﬂcﬁsks >SMhe
U2 =4k TReOF

U =291,4f=0
2=t of
L 2
< _u 2 mKeaf
W =tk TS4mOf+ WiGa S
Uz produces Ve = Aylw) U¢
& produces Vg, = o RE
U produces Vg = T RE
Ae lote, |Avl=19.7
= (19.7) (1. 6bxigZ) U)Af
= 644X lo_‘BAf( v
Vst = (. bbX(s Z")-— U 97xu63)((d*) Of
+ 09763 (Sxto'“*)c.\.{—(l
Loo (V) (4.3x155) [0
=[2(gxlor 2 71¥(50)0% (V)
Vas =L6busP (It of =1 6existeaf (V)
Vg = Vg + gk + Vg = 272X (6% 86 (V)
& =165 wisk
Total inpwt-referred, noise
0% =P 1aul=837mu fof

At lOOkHZ) \Aub|q7
Vgt = (s >af (V) (same)
V& =@Igxig™+ 2]} (V)
U&= 1.ebxIs ot (v2) (Same)
U =6.T3%16™3 8 (v
JU_?T_=87_MV‘]E§
W?Tﬂﬁjnv;la—‘—

At | GHe, [Aul= 47 HI+(000/555)-=0.009
UG = (0.100)% 1. bbx[0%) (ID)af
__=98xi6T sy
Voi =(Z.(&x(0™°+27 I x(c1€)0£ (V)
Vg = LGbxisto ag () (same)

Uy = 2.37x151S oF (V)

‘.\\JDT 4&%\1,]'_

f\_J_;- =48 InV{0ffod0q = tHiny(of
A€ loHz, I/ noise dominates

At lookiz., thermalnoise from Rs

dowinates

At |GHz, thermalnoise from the
ﬁuvxs.sto\—dommates



(-5

COMMON-SOURCE AMP NOISE SIMULATION 3 MG e
vyoD 105 10.00000 19.5988 16.44190  B)4.6685K
VI 20DC 0.70154 AC 1 12.58925 19.6988 1065840 T4d.12758
Ml 3 4 0 0 CMOSN L=1U W=100U 15.94893 19.6988 13.06930  661.4605K
RL 1 3 10K 19.95262 19.6988 11.65370  591.5971%
RS 2 4 100K 25.11886 19.6988 1039270 527.5837W
.MODEL CMDSN MMOS LEVEL=1l VI0=0.6 KP=194U KF=3E-24 TOX=80E-10 CAPOP=0 31.62278 19.6988 9.26970
.OPTIONS NOMOD 39.81072 19.6988 8.26560
WIDTH OUT=80 50.11872 19.6988 7.37920
0P 63.095T4 19.6988 6.5867U
.AC DEC 10 10 1GIG 79.43202 19.6988 5.86170
.HOISE V(3) VI 40 100.00000 19.6988 5.25460
.PRINT AC VM(3) ONOISE INOISE 125.89254 19.6988 4.63720
JEND 158.48932 19.6988 120210
199.52623 19.6988 3.76270
#2424+ OPERATING POINT INFORMATION TNOM= 25.000 TEMP= 25.000 251.18864 19.6988 3.3110
316.22176 19.6988 3.02820
+0:1 = 5.0000 0:2 = 701.54004 0:3 = 3.9999 398.1077 18.6988 212320
+0:4 = 701.5400M 501.1872 19.6988 2.45410
630.95734 19.6998 2.21710
sev+ MOSFETS 794.32826 19.6988 2.00%10
1.00000k  19.6988 1.82710
ELEMENT 0:M1 125893k 19.6988 1.66840
MODEL 0:CMOSH 1.98489K  19.6988 1.53070
ID 100.01060 1.99526k  19.6988 1417
IBS 0. 2.51189K  19.6989 1.30%60
IBD -39.9989F 316228k 19.6988 1.22230
vGS 701.5400 3.98107k  19.6988 1.14830
VD8 3.9999 5.01187k  19.5988 1.08500
VBS 0. 630957k 19.6397 1.03380
VTH 600.0000M T.94320K 196987 340K
VDSAT 101.5400M 10.00000F  19.6987 4130
BETA 19.4000M 12.58925K  19.6987 317K
GAM EFF  42.2100M 15.84893K  19.6987 79I
o 1.9699M 19.95262K 19.6986 14048
0. 25.11887K  19.6986 21668
54.59720 31.62278K  19.6981 35738
CDTOT 0. 39.81072K  19.6982 99758
CGTOT 287.76341 50.11872K 15.6980 §711R
C8To0T 287.7634r $3.09573K 15.6975 9881N
CBTOT . T9.43I82K 19.6967 62610
cGs 287.7634F 100.00000k  19.€955 184N
CGD 0. 12589254k 19.§937 84108

#essee  NOISE ANALYSIS THOM= 25.000 TEMP=
FREQUENCY = 10.0000 HZ

#+++ RESTSTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:RL 0:RS

TOTAL 1.647E-16 638.9216F
t++v WOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:m1
I 2.1623r
RX 10.0000K
FN 269.6959P
TOTAL 269.6981P
#+¢2 TOTAL OUTPUT NOISE VOLTAGE = 270.3372P 8Q V/HZ
16.4419U0 V/RT HZ

TRANSFER FUNCTIOR VALUE:
v{3)/V1
EQUIVALENT INPUT NOISE AT VI

19.6988
834.6685N /RT HZ

settetr NOISE ANALYSIS THOM= 25.000 TEMP=
= 100.0000K HZ
#+4+ RESTSTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:RL 0:RS
TOTAL 1.647E-16 638.7128F
*#++ MOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:M1
ID 2.1623r
RX 10.0000K
FN  26.9696F
TOTAL  29.1315F

s+++ TOTAL OUTPUT NOISE VOLTAGE = 668.0094F SQ V/HZ
= 817.3184N V/RT HZ

TRANSFER FUNCTION VALUE:

v(3}/v1 = 19.6955
EQUIVALENT INPUT NOISE AT VI s 41.4976N /RT HZ
t4set? NOISE ANALYSIS TNOM= 25.000 TEMP=
FREQUENCY = 1.0000G HZ
#s¢+ RESTITOR SQUARED NOISE VOLTAGES (SQ V/EZ)
ELEMERT 0:RL 0:RS

TOTAL 1.647E-16 1.954E-17
s+++ MOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0::1
ID 2.1623F
RX  10.0000K
FN 2.697B-18
TOTAL 2.16507

2.3492F SQ V/BZ
48.4686N V/RT HZ

t29¢ TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:

V3Vt = 108.9474K
EQUIVALENT INPUT NOISE AT VI = 444.8804N /RT HZ
sesaet  AC ANALYSIS TNOM= 25.000 TEMP=

TREQ  VOLTAGE X OWOISE INCISE

L0123N
662N
L4138
13518
350N
8906N
.31%88
-B152¥
75928

158.48932K 19.6907

25.000 139.52623K 19.6860
251.1B864K 19.4785

316.22776K 19.6666

333 10715K 19.6479

501.18723K 19.81584

630.95736K 13.5718

794.32824K 19.4587

1.00000% 19.3845

1.758%3% 13,2078 251N
1.58489% 12,9386 01598
1.59526X 185258 R

2 17,9356 11568
3. 17.1009 19630
3.98107X 15.3377 L0514E
5.01187% 14,5978 72368
§.30957% 12.9849 43398
74328 11.2561 L85428
25.000 10.00000X 9.5133 2023
2.58325x T3 43288
15.B4E83X 649 £9.06208
19.85262% §.262 20738
25.11885% 4.2359 JB224N
31.62278% 1.3933 L2063
13.81072x 25108 3557
50.11872x 2.1607 316N
§1.09573x 1.71201 972N
73.43182x 1.3682 TR0y
100.20000X 1.0878 55268
125.8925¢X  B64.5791M 81618
158.48932X  £87.0039M LBEEEN
139.52623%  545.8291x Lt |
251.1B865X  431.6289M A519%

316.22776% 444X 50.3078%
358.10717x  273.8412M 19,5634
25.000 5C1.18722x  217.3687¢ 492.09320
630.9571X  172.66608 48.768¢N
734.32823X 137.1554M 48.5915K
999.99398X  108.9474X 48, (686N

4488008

25.000



WG
x =6.5nA rms
ee-~thesame as {n Il 4

1.1
(A
6 V' Rs
Neelgr,t R
1—;;2-::4‘&1—(%-} 23 )A‘F

M 013 V/-!Z

=21.6 x10"2° V/Hz

T
=29 (Tat —=%)
62
~7 56 A
23,240 x20 ¥1° /HZ
$ A%z

Short C'nputs and eguate r:otse
Vi= Vs + 1iRs
Y T),-—z = f{ + :;:? Rsz
neglecting correlation
Opeu mput‘s ond 2quale noise
i =14
for the transistor plus Rs

-2
=4.4 X|o

i -{: Rs (neglect R.)
= 4kT (ry+ 557 tRs)af
£ ® = 1.66x107°(100+26+ 10%)af

E%w,,t._ v‘dt’ayﬂ— across Re .Z%:,,g(,xlo"s v2
43R5 +1:Rs+ Uz = 74 Rs (= 2‘7(Ia+_£‘=.)4f
LITAI AU =

x ) i o% 42

—I‘- “; 44{-‘ =3,2X/0 "7(5on 6)

x _._4.*.‘._ +‘4¥|° 21, 6X|O 0 2, 1,
" of \0é = l6x1 %" af

=1 66X|o +0(,4-Y|o 5-§-002)<|¢7 3

= 2.32x10°° A%z
If of = 2 Mv2
T,_’xi = 2.32X10 3x1x|0
= 4,64 x10~"7 AT

e 5 0 0m35, 10
Af—t.eéxm +16X107°°x10

=177x107"° y2
Hz



(=]
Thus the FET {s bast and
(1) ¢S worst.

”~~
—
S

v =41‘.T(r.,+R5+2, )°f+4.iT-AfRa
. 1—{;=\ vra (wo+looo+‘26 +100) A3
= 2.o4xw"" v* F" the FET
y -25
%1,_-=1Z»(Ia pa)""“" e f = 4T (5 Im) + K2 T
Vi - ART(G+ 3 )++‘Tt ﬁTB%M 1° 105
Ui 5 .3
af Ml T = akT(3am) 1+ )
=1.66¥0 (\oo+|°°°*4‘°°) i-; 2 oS
’ [
= 2.4 x16" V2 kT I (L
Y 23(Tg) =3 z"on"& i 23 Tg o
t = %.32x16%¢ Az °t " .
— 4107,
) _ , KT = 44.'1 ()4t
R i £
of . 9»\ ?ma =Lbbno x T[{rf,) +|J£n‘{—:]
24kT 3 (0.67+ ~5°)
Tﬂm(° 1+ 7o =1%o’ (zmm’,e..o,,,
20L.66mp °x100p ¥ 0.7 = ‘.Mo"' [20000 +1.6% xlO"J
=1.28x107"7 Viduz = 1.9 % g ,V‘
% o Vi =43 uV yms
W) VT =11.7x107"" x 20,000 v2
Vir =188V rms

=2.04% 22000
1];.'1' 4|0 VX 70
U= 0.64 uV yms

WD = 2 495" x20,000 V*
Vit
:o 1;{1-=o-7/ Mv rms
(‘IV),I—E}.——l 19!\6' X 20,000 vV
". 'U'-‘,T - 2. 5Mv Yms



1.9
bias

Vee = VTJ'A

—-(26m),@,\ ,o-u,

= 0778V
ID = 0778 +0.l
300

= 2.93 mA

mos gm = /5,71,, A Cox Jld_l
2(2.93 m)(604)(100)

= 5.93 m%

input noise current 9enemtor
=0 (mosfets have
very small. input, noise
current at low freq)

input noise voltage generator

= 4'<Tigm Af
= 4 kT 1. 300 af
| = ZQIB,A‘F 4kT 2976 2"13' af
4kT

V' =4kT (r, +<— gm"'Rz)“f
negfect Rz
looking into source of m, ,

we seej,';‘ 69 5L

{2 +1,2+1,,

= 4kT(3.95m+3.33m+0./19m) of
= 4kT 7.4Tm af

“X_ TI( R4 T‘ -3 2
Vo= Vi[ R (s :
e [R1 WETED) + T2 (16911300]IR;)

R >>(16%11300)
V=V + T (169/300)
= 4 kT (100 +13+100) af

+4 kT(1.47m) af (1.7k)
equivalent input noise voﬂ‘aﬁe =-\Z.§
300 v
Vi (28) - B

0.4l Vf‘ =

n———

4 k‘r 300 af

A

v“-
= 1.66 x107*° (300) —L-

=).22x107'7_y2

Hz

0.41



s
-4

2E
:

o

RMO8 W=1000 L=10

pyiBRRRE
Bovouon
EﬁPRS“s“
2 5
BEEE

100 RB=100 IS=1E-16

reee

OPERATING POINT INFORMATION

0:NPN
1.000E-05
1.0008-03
7.7522-01
2.898E+00
-2.1238+00
-2.999E+00
2.907E-03
1.000E+02
3.867E-02
2.586E+03
1.0002+02
2.1248+16
0.
0.

0.

0.
9.999E+01
6.1538+12

=§aaassasﬂ§§a§aaa=§

E2 i L mms

0:

0:108
2.931E-03

-8.762E-15

-5.000E-14

.688E+00

-123E+00

.762E-01

.000E-01

884E-01

000E-03

0.

930E-03

0.

0.

0.

0.

0.

0.

0.

0.

gggsenssgaaaaeavﬁg

; 613

NOISE ANALYSIS
FREQUENCY = 1.000E+03 HZ

2 = 2.564E+00 0:3
5 = 2.999B+00

TNOM= 27.000 TEMP= 27.000

= 8.762E-01

TNOM= 27.000 TEMP= 27.000

tt++ RESTSTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:R1
TOTAL 1.543E-16

0:R2
3.988E-16

0:R3
3.315E-17

ta+#¢ TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

0:Q1
3.988E-16

0.

0.
7.311E-17
6.458E-17

0.
-365E-16

EHU&H?&E

5
FET

8

<Ml

37E-16
T4E+03
019B-03

TOTAL -4.019R-03
+#++ TOTAL OUTPUT NOISE VOLTAGE

0
0
0
8
6

!EG(’ZGE

1.
1.
-4.

TRANSFER FURCTION VALUE:
v{5)/V1
EQUIVALENT INPUT NOISE AT VI

SQUARED NOISE VOLTAGES (SQ V/HZ}

-4.019E-03 SQ V/HZ
-2.395E+00 V/RT HZ

9.929E+00
-2.413E-01 /RT HZ

v
-
g

gioBEeREyy

-AC DEC 80 10MEG 10GIG

* ADJUST CJE TO ACHIEVE THE SPECIFIED FT=10GHZ POR QL
tRENEN

.MODEL NPN NPN BF=100 RB=100 I8=1E-16 CJB=330FF CJC=50FF
.MODEL XMOS MMOS KP=60U VIO=0.7V TOX=153E-10 CBS=50FF
.OPTIONS NOPAGE NOMOD

.WIDTH OUT=80
.OPTIONS SPICE

.op

.PROBE

.END

t4424¢  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 2.5642+00 0:3 = 8.7628-01
+0:4 = 1.010E-01 0:5 = 2.999E+00
*es+ BYPOLAR JUNCTION TRANSISTORS
ELEMENT 0:Q1

MODEL  O:NPN

™ 1.000E-05

1©c 1.0002-03

vBE 7.752%-01

vez 2.898E+00

VEC -2.123E+00

vs -2.999E+00

POWER  2.907E-03

BETAD  1.000E+02

o 3.8678-02

RPI 2.586E+03

RX 1.000R+02

RO 2.1248+16

cPI 5.605E-13

o 3.209E-14

€Bx 0.

ccs 0.

BETAAC  9.999E+01

T 1.0382410

*RSd mms

ELEMENT 0:M1
MODEL  0:NMOS

™ 2.9312-03

B8 -8.762B-15

12D -5.000E-14

ves 1.688B+00

VDS 4.1238+00

vES -8.762E-01

vrH 7.000E-01

VDSAT  9.884E-01

BETA 6.000E-03

GAM EFT 0.

o 5.930E-03

0.

oxB 0.

CDTOT  1.241E-15

CGTOT  1.549E-13

CSTOT  1.850E-13

CBTOT  3.772E-14

ces 1.5058-13

oo 1.241E-15

sseees NOISE AMALYSIS THOM= 27.000 TEMP= 27.000

FREQUENCY = 9.999E+06 HZ
#+¢+ RESISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:R1 0:R2 0:R3
TOTAL 1.549E-16 3.987E-16 3,3158-17
*s¢+ TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:Q1
RB 3.987E-16
RC 0.
0.
IB 7.310E-17
IC 6.458E-17
N 0.
TOTAL 5.364E-16
*+#2 MOSFET SQUARED NOISE VOLTAGES (3Q V/HI)
ELEMENT 0:M1
RD 0.
RS 0.
ID 1.837E-16
RX 1.674E+03
N 0.

TOTAL 1.837B-16

**4+ TOTAL OUTPUT NOISE VOLTAGE = 1.307E-15 8Q V/BZ



TRARSFER FUNCTION VALUE:
v(5)/v1 = 9.928E+00
EQUIVALENT INPUT NOISE AT VI =

3.641E-09 /RT BZ

3.6158-08 V/RT HZ

+ssee LOW FREQ EQUIVALENT INPUT NOISE VOLTAGE = 1.33E-17 SQ V/HZ

sseses  NOISE AMALYSIS T™MOM=  27.000 TEMP= 27.000

FREQUENCY = 1.333B+07 HZ
*t¢s TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:

1.307E-15 8Q V/HZ
= 3.615E-08 V/RT HZ

v(5)/V1 = 9.928E+00
BQUIVALENT INPUT NOISE AT VI = 3.641E-09 /RT HZ
sssevs  FOISE ANALYSIS THOM= 27.000 TEMP= 27.000

FREQUENCY = 1.333E+09 HZ

t+2¢ TOTAL OUTPUT NOISE VOLTAGE = 3.658E-16 8Q V/EZ

= 1.913E-08 V/RT HZ

TRANSFER FUNCTION VALUE:

V(5}/VI = 5.082E+00
INPUT NOISE AT VI = 3.763E-09 /RT HI
*eeesr NOISE ANALYSIS TROM= 27.000 TEMP= 27.000

FREQUERCY = 4.217E+09 HZ

st+¢ TOTAL OUTPUT NOISE VOLTAGE = 8.313E-17 SQ V/HZ

= 9.118E-09 V/RT HZ

TRANSFER FUNCTION VALUE:

v{s)/V1 = 2.044E+00
INPUT ROISE AT VI = 4.460E-05 /RT HL
teseet  FOISE ANALYSIS THOM= 27.000 TEMP= 27.000

* FREQUENCY = 7.498E+09 HZ
ts+e RESISTOR SQUARED NOISE VOLTAGES (8Q V/HIL)
ELEMENT 0:R1 0:R2 0:R3
TOTAL 1.181E-18 4.269E-18 1.597E-18
sess TRANSISTOR SQUARED WOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:01
RB 5.734E-18
RC 0.
RE 0.
IB 6.073E-19
IC 3.307B-17
™ 0.
TOTAL 3.941%-17
es2e¢ JOGFET SQUARED NOISE VOLTAGES (8Q V/HZ)

ELEMENT o:m
o] 0.
RS 0.
ID 1.401B-18
RX 1.462E+02
™™ g.
TOTAL 1.401E-18
s¢++ TOTAL OUTPUT NOISE VOLTAGE = 4.786E-17 8Q V/HZ
= 6.918E-09 V/RT HZ
TRANSFER FUNCTION VALUE:
v(5)/VI = 1,351E+00
EQUIVALENT INPUT NOISE AT VI = 5.119E-09 /RT HZ

ss¢¢s FREQ7.5GHZ EQUIVALENT INPUT NOISE VOLTAGE=2.62E-17 SQ V/HZ

#+¢s+ (DOUBLE THE INPUT NOISE AT LOW FREQ)

8 DARLINGTON
0 5v
0 MMOS W=1000 L=10

* :aaasaagﬁ

8
5
3
;
5
3
q
R
:

[T

LBIAS 2 7 1KHEMRY

1IS200AX 1

.WOISE V(5) IS 10

.AC DEC 80 10MEG 10GIG

.MODEL NP¥ NPN BF=100 RB=100 IS=1E-16 CJE=330FF CJC=50FF
.MODEL KMOS NMOS KP=60U VT0=0.7V TOX=153E-10 CBS=50FF
.OPTIOHS NOPAGE NOMOD

.WIDTH OUT=80

.OPTIONS SPICE

-0P

. PROBE

END

ts2e4s  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 5.000E+00 0:2 = 2,564E+00 0:3 = 8.762E-01
+0:4 = 1.010E-01 0:5 = 2.999E+00 0:7 a2 2.564E+00

#+#¢ BIPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1
MODEL 0:NPN
IB 1.000B-05
Ic 1.000BE-03

VBE 7.752E-01

U

2.898E+00
-2.123E+00
-2.939E+00
2.907E-03
1.000E+02
3.867E-02
2.586E+03
1.000E+02
2.124E+16
5.605E-13
3.209E-14

0.

0.
9.999E+01
1.038E+10

SRR PR S

*44¢ WOSFETS

ELEMENT 0:M1

DEL 0: M08
2.931E-03
-8.762BE-15
-5.000E-14
1.688E+00
4.123E+00
-8.7628-01
7.000E-01
9.884E-01
§.000B-03

0.
5.930E-03

0.

0.
1.241E-15
1.5498-13
1.850E-13
3.772E-14
1.505E-13
1.241E-15

gagggesy

BE9EY
3

i EEE

teeedr ROISE ANALYSIS THOM= 27.000 TEMP= 27.000

FREQUENCY = 9.999E+06 HZ
#9442 TOTAL OUTPUT NOISE VOLTAGE = 3.361E-15 8Q V/HZ
= 5.797E-08 V/RT HL
TRANSFER FUNCTION VALUE:
v(5)/18 = 2.661E+06
INPUT NOISE AT IS = 2.178E-14 /RT HZ

FREQUENCY = 9.999E+08 HZ
s*¢t TOTAL OUTPUT NOISE VOLTAGE = 7.214B-16 8Q V/HI
= 2.686E-08 V/RT HZ
TRANSFER FURCTION VALUE:
V(5)/18 = 1.217B+04
EQUIVALENT INPUT HOISE AT IS = 2.206E-12 /RT HZ

FREQUERCY = 7.498E+03 HZ
*+¢+ RESTSTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:R1 0:R2 0:R3
TOTAL 4.416B-18 1.8028-18 1.414E-18
s+++ TRANSISTOR SQUARED NOISE VOLTAGES (8SQ V/HZ)
0:Q1
2.069E-18
0.
0.
6.156E-13
3.3152-17
0.
3.5848-17
se++ MOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)
3 s}

-

"
(2]

s

0
Q.
0.
.237E-18
27E+02
0.

TOTAL 5.237E-18
¢+++ TOTAL OUTPUT NOISE VOLTAGE = §.871E-17 SQ V/HZ
= 6.979B-09 V/RT HZ

S
5.2
2.8

EEGEEE

v{5)/18 = 3.580E+02
EQUIVALENT INPUT NOISE AT IS = 1.949B-11 /RT HZ
FREQ=7.5GHZ

EQUIVALENT INPUT NOISE CURRENT=3.8E-22 SQ A/HI



W=t

ImUy = IV +1+1i2

T lbbx|o*° x13

= 2.2 xlo"? VVHZ

Tca b with Rs=5ks ,7/:;?' s naal:.?&ble.
Total tnput’ current noise 1S

— _:_—' ]
iy = ix 44T g of

. T ~24 ~22 >
144 1'; =qo77‘|o + A'4x|oz (:ff.
Af T

4 'o“ “5z°x Soo0
- _ 2
= 13X 46.4 xi52* (%)
r

Oram civeuit tnput and aguate Total Current NDiSR

out noise ., (ol, |
.—t‘—t .—;+—:—; +'~,;) iz =J£[15x16’14.4x|5%i)1]4f
1x = 1'20 T2 o o fT

e f£,=150MHZ

. 1x Ic¢ ! \ 3

=2x2¢(Tg+75: ) +4RT = — - 22 4
of x Z'( 8 lﬂ’) %7 Ry ‘l..; :\:,\(|oz4,2|¢;oxno‘+ 6.4)(1021_—{‘, —3"
2

g i =5. 10> K 5
=4xt.6vi0 Eo +%(‘+lot‘%)} = 195 x15" " +4.5 x16"
20 T = €.45 x 10" A*
+1.66x102%, = ';o "A e
o.s 'iT = n m
- -24 ~22 f- 1 .
=9.7x10"" + 6.4X|0 (‘TT) * for 10dB S/N 1s= 253 nA

Short circuit Cnfut and .ukua.ta
ow(‘?.d‘ nolse

5000



X
-0.774219V AC 1

IS8 V{2) VI 10

.AC DEC 10 10K 10wE3

EI1211)

+ ADJUST 77 AND CJR 70 GET THE SPECIFIED FT=400MEGANERTZ
(11121}

.MOTEL NP NPN BP=100 IS=1E-16 CIE=900FF TF=358PS

MIDTE OUT=80

.OPTICNS SPICE NOMOD

.0r
B
tessee  OPERATING POINT IMFOROATION THOM=  27.000 TRMP= 27,000

+0:1 = 5.8263+00 0:2 = 7.7428-01 0:3 =-7.742R-01

*#4+ RTPOLAR JUMCTION TRARSISTORS

Q1 0:02

WP 0:NPN
1.0002-05 1.000%-05
1.0002-03 1.000%-03
7.7428-01 7.742%-01
1.548E+00 5.826%+00

-7.7422~01 -5.052E+00

~7.742%-01 -5.826K+00
1.557E-03 5.8362-03
1.000E+02 1.000E+02
3.8682-02 3.8682-02
2.585E+03 2.585E+03

o0

0. 0.
7.742E+15 5.052B+16
1.5382-11 1.538k-11

0. 0.

0. 0.

0. 0.

9.995R+01 9.999%+01
4.003E+00 4.0038+08

ugaa&es=5n§;=aaa%=gi

seesee  EOTEE ANALYSIS THOM-  27.000 TEMP= 27.000

FIEQUENCY = 9.999%+01 NI
+#¢¢ TOTAL OUTPUT NOISE VOLTAGK 9.500R-16 S0 V/HL

= 3.0832-08 V/RT HX

TRARSFER FUNCTION VALUE:
v{2)/v1 = 6.591%+01
INPUT NOISE AT VI 4.6768-10 /RT HZ

FREQUDNCY = 9.395K+04 EZ
*#¢¢ TOTAL OUTPUT NOISE VOLTAGE

9.453E-16 SQ V/HZ
= 3.082K-08 V/RT HI

TRANSYER FUNCTION VALUE:
v{2)/v1 = §.591%401
EQUIVALENT INPUT NOISE AT VI = 4.6762-10 /RT EZ

FREQUENCY = 1.000E+06 BZI
#22¢ TOTAL OUTPUT NOISE VOLTAGE

9.250-16 8Q V/EX
3.0412-08 V/RT HZ

TRAKSYZR FUNCTION VALUE:
v{2)/VI 6.5043+01

4.676E-10 /RT KX

INPUT NOISE AT VI

FREQUENCY = 9.995E+06 HI
#ees TOTAL OUTPUT NOISE VOLTAGE 2.560K-16 8Q V/BL

1.6002-08 V/RT HL

TRARSFER FUNCTION VALUE:
viz2)/vt
BQUIVALENT INPUT NOISK AT VI

3.4223401
4.6763-10 /RT HI

EQUIVALENT INFUT MOISE VOLTAGE = 2.186E-19 8Q V/HX

LOW-INPUT-IMPEDANCE COMMON BASE AMP
Q1203 MM

Q2120NMN

vee 1 0 5.82629V

Rl1112 5K
Ty

resess

LBIAS 3 7 1GIGHERRY
VI 70 -0.774219V
IS300aAC1
.NOISE V(2) I8 10
.AC DRC 10 100K 161G
.MODEL XPN NPN BF=100 IS=1R-16 CJE=900FT Tr=333P8
.WIDTH OUT=30
.OPTIONS SPICE NOMOD
.op

-0

teeess ODERATING POINT INFORMATION TMOM=  27.000 TEMP= 27.000

+0:1 = 5.826%+00 0:2
+0:7 »-7,7428-01

ELEMENT 0:Q1 0:Q2

0:NPH 0: PR

1.000E-05 1.000B-05
1.000E-03 1.000E-03
T7.742K-01 7.742E-01
1.5498+00 5.826K+00
-7.742E-01 -5.052X+00
=7.7428-01 -5.8262+00

1.557%-03 5.836%-03
1.000E+02 2.000E+02
3.8682-02 3.8682-02
2.5852+03 2.585B+03

0. 0.
7.741E+15 5.052E+16
1.53sx-11 1.538E-11

0. 0.

0. 0.

0 0

9.999K+01 9.999%+01
4.003K+08 4.003%+08

=E&asae=sﬁ§g=aaas=§

BY HARD ANALYSI1S,

FREQUEXCY = 9.999K+04 HX
. EQUIVALENT INPUT NOISE AT IB
BY HAND 3.112-12 A /RT I

PREQUENCY = 1.000K+06 HZ
INFUT MOISE AT IS
BY HAND 3.138-12 A /RT HZ

FXEQUENCY = 9.9998+06 B
EQUIVALENT INPUT NOISE AT I8
BY EAND 3.183-12 A /RT HZ

FREQUENCY = 9.999E+07 HI
INPUT NOISE AT IS

BY EAWD 7.053-12 A /RT KX
FARQUERCY = 9.999%+08 HZ

IMPUT MOISE AT IS
BY HAND 6.333-11 A /RT KX

IN]]

= 7.742B-01 0:3

BQUIVALENT INPUT NOISK CURRENT =
9.7E-24 + 6.4%-22(F/FT)*2 8Q A /KX

3.1452-12 /RT HX

3.1452-12 /RT HZ

3.1772-12 /RT HI

5.5042-12 /RT B2

4.5288-11 /XT HZ

= £.3x107'¢ V¥uz
-9 0.5x10

=3.2x16 1 Az

1 _=23Ig=3.2x%I0

Svoo

=-7.7428-01



(‘-3
Include noise due to 15 in 72

=2ZIB++‘&T——&;
=3.2X10 -H 66X|5z°'—';

=14.8 210 Az

oo f =9.§X0 +2x|7.9x13"x|0'6

il

al

Make 7}? o,%d.v: to noise of the ° =3.96x 5% V%{z
cireuwit .,
At the base of Q) this producas +- Total input noise with
a UDHA?-Q of: | KHZ

-_— R: 2 —s — _ =2

uz ,(R_:Es.) Y S (A) TE=3.96010 X000

=396 Y*
U =63V rms

.12

wheve Ry S yegistance Seen
looking in ot the base of Q,

) |
=2 XU x( 385 >‘>00>"§x0§xlo'3
=% xp Vv Hz

2

L
Zf—= 29 Tg=2x1bxlo ¥x0. x (5

Include Motlse due to Rs in ‘E- =3 =35 42
=3 2xlo ¥ AYH
At the base of Qy fhe

Ri+Rg R +Rs

At the base of Q2 foi ‘:ﬁif:“ f %
_ 2 _RsRy
'U;' t Ri+Rg vs = O
J__—

Thus total lan‘ noise valtase —

i3
— — R3 2 &&_ " Sd
v - _ U . Zt Ks('\O‘SdCSS)
+Y R: +R (Rg+Rs)? Rs(nmsdess)

%un. Wx incA)
—'I-J—'— —1}—""2-1:st =

l(‘**-



The roise votéoge ot the gote of M|
U= U+ iR

At the gatect MZ

U= LRs
UZ+UF = U + 11*R%

TV is the same as previous, and T also
indudﬁs the contribution of Rs

=241 +4kT T(

=1 Z.xlo3§+'-{—><l 28X|GB X300 x——
=32X(535 + [ Lric™E
=|2xc ¥ ATHz

If Vrisplaced. ot Rs togive the some
noise, its Oh%cov\tnbut)m ot the

%wbeo{ M| Ts

/—\f
l(DXlo‘

Vg =02
V‘w U \)L
o "5 "of
= Z\SJ{:' ¥ 7.2——; Rs
=t (5T +2x 1 uxlo“‘*xuoode’)
=Lt + 3.2x15"
=3 2x167V THe

VE =325 10} = 325
Vr=86xI57V = Sbiy

.13

+(l

ia f.\J'
| |

Cc

S

Nzgl«-f nose in R
Y4=55.38_ c=loopF

Molse bandwidth
= TC \

f——rL =y

2

~T \
2RYLC 2 2mx55.3 x5

.o 'F~= 45,2 MHZ

L1
- Total owrput noise tS

= 2 _ 1',2 4
= 3060x 151010 % 45.2 /¢
= 2.1 x0" V*

° Vo‘r 4.6 uV rms

Negleet nise due to Ry

Ut = 4kT(2N+ 7 +7'Re)°f
2
-« %% - Leexio (4oo+s;5+|ooo)
of 19
=3,24x10'7 V/iz
TE=23Tgef
* -6
= -17
= 3. 2\(\0| .4 #70x10

oo

=1.5x10°° A%z

(b) Since Ry =502, neglect 73 72
Total tnpwt noise yyjtage

‘U‘""‘? 24 X10 x;p.-u(u)‘;rl

=1.53x10° 7 vz
e U= 97.’#\/ Yyms
Gain
11; = ?'»u p
Us 1% $n, R -
= 0.04"1 ! X2 Go00
26 .04 »
+=== 20 X500

=19
- Output noise vvltage

Upr= 194310 = 43 uV rms
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DIFFERENTIAL INPUT STAGE .OPTIONS SPICE
RC1 1 5 20K .OP
RC2 1 6 20K .PROBR
Q1537 RPN .END
Q2 6 0 8 NPN
RE1 7 9 500 stsees  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
RE2 8 9 500
REE 9 2 100K +0:1 = 1.000B401 0:2 =-1.000B+01 0:3 = 0.
vcC 1 0 10V +0:5 = 9.081E+00 0:6 = 9.081E+00 0:7 =-6.946B-01
VEE 2 0 -10V +0:8 =-6.946K-01 0:9 =-7.178E-01
VI300VACl
.NOISE V{5,6) VI 10 s+s+ BTPOLAR JUNCTION TRANSISTORS
.AC DEC 10 100K 100MEG
.MODEL NPN NPNW BF=100 RB=200 ELEMENT 0:Q1 0:Q2
.OPTIONS NOPAGE NOMOD MODEL 0:NPR 0:NPN
.WIDTH OUT=80 IB 4.595B8-07 4.595E-07
.OPTIONS SPICE Ic 4.595B-05 4.595E-05
.0P VBE 6.946E-01 6.946E-01
.PROBE VCE 9.7758+00 9.775E+00
.END VBC -9.081E+00 -9.081E+00
vs -9.0818+00 -9.081B+00
sesees  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 POMER 4.495E-04 4.4352-04
BETAD 1.000E+02 1.000E+02
40:1 = 1.000E+01 0:2 =-1.000E+01 0:3 = 0. ¢ 1.7778-03 1.777E-03
+0:5 = 9,081E+00 0:6 = 5.081B+00 0:7 =-6.946B-01 RPI 5.628E+04 5.628E+04
+0:8 =-6,946E-01 0:9 =-7.178E-01 RX 2.000E+02 2.000E+02
RO 9.081E+16 9.081B+16
+s¢+ BIPOLAR JUNCTION TRANSISTORS CPI 0. 0.
Mo 0. 0.
ELEMENT 0:Q1 0:Q2 CBX 0. 0.
MODEL 0:NPN 0:NPN ccs 0. 0.
IB 4.595E-07 4.595E-07 BETAAC  9.999E+01 9.999E+01
Ic 4.595E-05 4.595E-05 FT 2.827E+11 2.827E+11
VBE 6.946E-01 6.946B-01
VCE 9.775E+00 9.775E+00 FREQUENCY = 9.9392+04 HZ
VBC -9.0812+00 -9.081E+00 ++¢+ RESISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
vs -9.081E+00 -9.081E+00 ELEMENT 0:RC1 0:RC2 0:RELl 0:RE2 0:REE
POWER 4.495E-04 4.495E-04 TOTAL 3.315E-16 3.315E-16 0. 3.182E-19% 6.364E-17
BETAD 1.000E+02 1.000E+02 t+2+ TRANSISTOR SQUARED NOISE VOLTAGES (8Q V/HI)
[ ] 1.777E-03 1.777E2-03 ELEMENT 0:Q1 0:Q02
RPI 5.620E+04 5.628E+04 RB 0. 1.273B-19
RX 2.000E+02 2.000E+02 RC 0. 0.
RO 9.081E+16 9.081B+16 RE 0. 0.
CPI 0. 0. IB 2.308E-12 5.733B-17
an 0. 0. IC 2.308E-14 1.3932-12
CEX 0. 0. N 0. 0.
ccs 0. 0. TOTAL 2.331E-12 5.885E-17
BETAAC  9.999E+01 9.999E+01 +#2¢ TOTAL OUTPUT NOISE VOLTAGE = 2.332E-12 8Q V/HZ
rn 2.827E+11 2.827E+11 = 1.527E-06 V/RT HZ
TRARSFER FUNCTION VALUE:
¢sedse  NOISE ANALYSIS THOM= 27.000 TEMP= 27.000 v(5,6)/18 = 3.979E+06
FREQUENCY = 9.999R+04 HZ EQUIVALENT INPUT NOISE AT IS = 3.838E-13 /RT BZ
sex+ RESISTOR SQUARED NOISE VOLTAGES (SQ V/HI)
ELEMENT 0:RC1 0:RC2 0:RE1 0:RE2 0:REE FREQUENCY = 1.000E+06 HZ
TOTAL 3.315E-16 3.315K-16 2.896B-15 2.8962-15 0. EQUIVALENT INPUT NOISE AT IS = 3.838E-13 /RT HZ
+tes TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:Q1 0:Q2 FREQUENCY = 9.999E+06 HZ
RB 1.159E-15 1.159E-15 EQUIVALENT INPUT NOISE AT IS = 3.838E-13 /RT HZ
RC 0. 0.
RE 0. 0. FREQUENCY = 9.999E+07 HZ
IB 2.521E-17 2.521E-17 EQUIVALENT INPUT NOISE AT IS = 3.838E-13 /RT K2
IC 1.671E-15 1.671E-15
FN 0. 0. EQUIVALENT INPUT NOISE CURRENT = 1.47E-25 SQ A/HZ
TOTAL 2.855B-15 2.8558-15
*+¢* TOTAL OUTPUT NOISE VOLTAGE = 1.217B-14 8Q V/HZ

= 1.103E-07 V/RT HZ
TRANSFER FUNCTION VALURE:
v(5,6)/VI = 1.869E+01
EQUIVALENT INPUT NOISE AT VI = 5.9002-09 /RT HZ

FREQUENCY = 1.000B+06 HZ
EQUIVALENT INPUT NOISE AT VI = 5.900E-09 /RT HZ

FREQUERCY = 9.999E+06 HZ

EQUIVALENT INPUT NOISE AT VI 5.900E-09 /RT HZ

FREQUENCY = 9.999E+07 HZ

EQUIVALENT INPUT NOISE AT VI 5.900B-09 /RT HZ

]

EQUIVALENT INFUT NOISE VOLTAGE = 3.48E-17 SQ V/HZ

RC1 1 5 20K

RC2 1 6 20K

Q1 537NN

Q2 608 NPN

RE1 7 9 500

RE2 8 9 500

REE 9 2 100K

vee 1 0 10V

VEE 2 0 -10V

LBIAS 3 0 1GIGHERRY
IS300AA]
.NOISE V(5,6) IS 10
.AC DBC 10 100K 100MEG

.MODEL RPN NPN BF=100 RB=200
.OPTIONS NOPAGE NOMOD
.WIDTH OUT=80
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@ ¥
= +3
Af =4kT(rp )

= 166 x1072° (100 + 6.5)

=177x107"% v2

z g

aF =27le= 31x10 x——-Q——-”"
= .28 x)0™23
- Tx

RS.pt = '—5% 138 x10° 52

Rsopt = 372

Fopt = | 4~
opt '+VP—\/I+23'MY5

= L
tEa VAR

=kST=19748
(b)Rg, , _
=10(2600)/j+3 300
2600
=28.8kSL
Fopt = 1+ & W+2——3—36°OD
= 11l = 0.46 4B

.16
(a) From Il.I5

_\2"? = -18 2
af - MTxi0T" Vg
‘L_T_:T

af =291e +$

29Ig = K 4t f 103,
K=2qIg 103

=
=29l (+12)

%:32”0 (ZxIO [()

= 3.34 x/073 A,

Re® _ 1.71x107'8

334xj07*3
RS.,F{»_=2ISIL
Vi 1:7
Fopt =1 4im,af " a5 of
—1+ Lxaio? ;e«u.o 3

l-un&“xz.5+l66xuo’°x2|5
= |+0.496 + 0.496
=1.992 =348

b _——
& 2’ TVt T9- )
=\bbX10 (3oo+l%oo)

\OOD)

=23 Tg (14 +5=

‘-7 éYlou Az

s RE 2.66x10™""
50?‘. q 6x‘o-a6
% Reope.= 166 ko
2.66X10
=\+2X
Fope.= 1+ 66 X102%\ 6600
=1-113 = 0.77 d8
7

The emitter vesistor <an b
added to Yp ond C11-146) and
Cl1.147) com be used

(a)‘zsopt J_t;"'af\* 2 —tige noo
= l2o0fL

)
Fopt =14 ﬁ,ﬂ't 2 143%
=2,35=4.54d8




(-7

b —! X c) P2 -
Rs ope =100 X 2600 | [+2 2 2600 ()l%—=3.z4xw'" V7vz
= %6.3 ko ZE 2} \goeo
Pt =145 ’§|+2 ‘2,200 b= lL.sx10 (14 ) Asis
00
'U'
=114 =0.5174d8 F= 14— i
4RTR,of | 4RT v, of
18 = |+‘?.24:I05m 4t Sx.o;(u logee)
(O\)E%uivu,en‘t input noise genevalors bx15x2ng’ Lb6nd X 2x10%
£or the diffeventtol pair =1+B X0 -3(14 18222
PYES - 19,000
T ooy i
- =(ov 2
=3,24x10""" V7/Hz P“r,F _ (20de)
_ from 1113 < f=185 Hz
- 25
7 ‘-5)(!:2 Az/uz — ”Jq
i @) Naglact
F=1+hrRaf T 4f Naglect” affact of 1ok load
s 4Tps4f U 4T Ot 5
L —==4RT b+ 7.3 >
=14 L.24x0" 150 of , "
Lb‘xu;”x 50 l-bbxld"?r?'t; =\.bbx10 (\:0*‘25}
= 2, ~ 2
=1+39.040 T 227 10 V¥/Hz
=40 = 16 4B —=F=2 3o+ 4hT 4=
= Ut _3.2ax10" = 32457 oot | !
R"Pt, i.z = |.5’(o_‘s X 5~ Lbé’(l X ‘04
R =\ fova 3,240 % 1.6 %07
+ Reopt = 147K = 4.96 x107*% A%uz
OBU'COusl)« NF docresses ‘er F=t4 Ut 4 i?.
Ks =1002 , becaunse we move 4kTRsof  4RT 4, of
closey to Qs opt. 2 o9x o*? + 4-.86xsco"‘*
Rs =200k<2 (s 'aYge.Y than Qsopt - ldlhl X102 x 10% 1-64x102%%¢ g%

but onl)' 14Xx . This (s closer = |4 0.0] + 2,93
to Rsopt than 5052 amd thus = 3.94 ..5 96 4B
NF for Rs=200k will be lower (b 7»; = -+ +
than for @, = 5052 ++-=23s lm ) +akT

= 2 (1t Ie(3) s okr 3



_:. - .I_‘. _.F_a -24

=3,200 14 So(-:i;-)’] +1.bexiot
T

Rt F=99648=1.97

. Li '
= 0|l=6.%
°f 41&T-‘— Fotel b
:._z“-_:(,QGXIBLXIO °x10%
of- 23
= (14 X0

) 2
L4 =13,2 +3.2x§o(-:-%_) +1.66
f:o.z‘FT = oo MHZ

.20

@ From 1119  the tdtal tan\r nolse
current 1S

1z = _L
_‘#—— 2x2}1p + 4RT R,
=2x;,zx|3'x|o‘5.|.\.65xl-o”x
= Lgx10° 43,3200
2q.92x0107°% A%,
vtf = +‘fﬂ'(‘ﬁ>+ 2.7,,,)
=1Lpex10°0 x13 -2.|6x|_5'1 VAz
v" 1x"
44TRs of ~ 4RT ¢ of
2.16x 107 | qm2x uo‘“

~20
lbbbX10 X 5000 .bbx10%° XSW

=140+ 2.93=23.93=5.94 4
b) Pat T = 9.9448=1.93

|
So00

F=14

=14

.. _Ll;_ = 6.8
4RT g; of >

({3

. TE ~20 )

=229 x10% A%z
w:,th flicker noise

__AT =2X ZZI’(H'“_’FO) +4-ﬁT"L

Z6.9x10 *(|+‘°°°)+3 32x10 1
' 22,11 =9, éace
S22 =702+ 5222
< -F: 493 Hz

11.2)

From the basic am‘;l ifier af- ng? 7-|(L)

el
¥y
vt —d_
o-f = zshl+RE|)

o %:Lséx\3°(lw+2z+88)
’ =3, 53“0 ~® Vv /Hz

For Rs=505, 17 is negligible
‘S {5 the -e.ffzcll‘ o'f Rp=12 k&

. 'Uq?“ 3,5x10x5ox10° Y2
=(.n5x 07° V?*
o ir=13.2 pV Yms
Fm Rs
"g = 4RTRs =1.66X10° x50
=8.3x 107 V¥/Hz

In 5o MHZ
Tk = s_?_x_w"xr;ox«o 405:!10\/
F =14+ Bt =4 LS X107

—_— 22
+ 4,15 x o™ =5



\lzz 2
oz & _39x8.85x(0"
%7 o gox(o*°

Cgs =% WLCox =% xloox| x |57 4346 ”
=29%0 ’F

=3x(67 Fm®

N

In={Zk (WO Iy = lzx 4416 %[00 xlooxlg
=20xI53AN

G=tlatdari}

Ml owd K; ave dominant sources
B _w 2

of %“' (4’ kT Qm‘\’\(?:)

(= g WLCo £ woear)
- _Z_Cﬁ.m— Qfm*‘*’c“wLo, :
=——§\“ HeTZ £+ ‘fﬂlcgs‘_zi_T&s'
=E‘Fém-l—+‘+w%“§€+

__LH(> l"f') x(Z‘M K[ TNSPOX % o*
__x ‘ x_.
Zoxlp™3 o ke ‘F

TGy x29x0° 3x§—-’
—l‘!xto**{— +23%(57%5F AHz

S L—Lﬁ de=19 xlo*'xJ'F‘+L'$Kl x-ﬂ—‘l::—i.

=635+ 12Xl =12 [0S AT

R _ L K
R I IR Nl
A

KX Z xz,0xi5>

'3?“&"

NCE

N | Sxio &t #
(lo# loox| x(st* vy 305>

= 23x(SH+ 7. ox(o‘z*’-,"-_— A7Hz

§§z.%-:o{d{— Z%Xto"p-\r?oﬂo'ww{'
SIS =1 X0 TE A

()L"{f— = %T-R-T.F= | 'leo'u—‘[— = 7“0—L¢AL/H&
ﬂ,z_ol(— =TS, = 1705 A

e = Lz»qo'l? +hfxiot® + 1.Ix o1
=3xS A
iiT=|-(V1A

Upupt
+ RE E*‘H&I Kr—
ZOACRONES Z

=324o q)’\b—;(\+ %@) + 7”07'0 o+

=3 3xlo "f+8 oxl™ AyHt

— 3
‘:Lz:r = Sllo'?. IL dlf"—s 3x ‘0{4{""8 Oxlo (Mﬂlo“
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bias from Problem 3, Y
ID| = 3-7? MA

IC] = 026 MA

Iep= Il’z =2T3.4A
forward path

CT= C5+C3$ ="5PF

ignore Qi hoise

M,

= ‘]5’4m%
V¢
A'F& o 1(4kT‘§'3m”‘:+4k%()
| . |
=4KT (3 Frm, * TR (gm)T)
=4kT(69.9+ 1)
= 4kT(809)
low frequency
SRS
e (30‘;:)1 S

KEY
Y = 4kT(8.99x107% 3.33x107%)
Ai

=5.56X% Io-zs‘Az

Hz

dominant pO’e = R'CT
=
~ 30k (-5pF)

22.2 M Vg’

n

3.54 MHz

({70
loOP 3ain =T=af
A= !9- = —Vi'\‘/:" = _-

Yoo Yo Vi > 30kt
f=

4.

—'L-'.‘

30kSL

Tl 2|= 765 from Froblem
3.17

Ik |30k
BW/ = (14T) 3.54 MHz
= 274 MHz
at 274 MH=
= Ve .,
% |1Zs]* +4 T30k «f
,Zs‘ = ' = '
wCr  am@14M)-5p)
= 3875
‘.’3
_ §0.9 !
oF = +k7( 3572 +3ok)

= 4kT (5.4 x10™% + 3.33x/0"5)
=4kT(5.73x)0~*+/

=9.5¢x10"2% A?
Hz



2
228
sak

Bo8eE
SO Wvn

S W=30U L=1U

(2]

@
»
(-1

0
OA AC
v(7) I8 10
27.4K 2.74G16
LOT AC VDB(7)

L
gHC

N

.MODEL MMOS NMOS KP=40U LAMBDA=0 VTO=0.8
.MODEL NPM KPN IS=1E-16 BF=100 RB=0

eesess OPERATING POINT INFORMATION

THOM= 25.000 TEMP= 25.000

+0:1 = 5.0000 0:2 = 1.5925 0:3
+0:4 = 1.4810 0:5 = 2.2141 0:6
+0:7 = 1.592%

ve¢s BTPOLAR JUNCTION TRANSISTORS

100.0000 100.0000  100.0000

ELEMENT 0:Q1 0:Q02 0:Q3

MODEL 0:NPN 0:NPH O:NPN
I» 2.46910 2.73350 15.7674U0
IC 246.90730 273.38600 1.576™
VBE 733.1133M 735.7306M 780.7485M
VCE 892.2554M 735.7306M 3.4075
VEC -159.14218 0. -2.6267
vs -2.3733 -2.2141 -5.0000
POMER 222.11450 203.14980 5.3850M
BETAD 100.0000 100.0000 100.0000
ot 9.6103X 10.6410M 61.3711M
RPI 10.4055K 9.3976K 1.6294K
KX 0. 0. 0.
RO 1.258B+17 2.569E+14 2.626B+16
CPI 0. 0. 0.
ow 0. 0. 0.
CEX 0. 0. 0.
ccs 0. 0. 0.
BETAMC
rn

11210 m

ELEMENT 0:)1 0:M2

MODEL 0:1M08 0:NM08
bl 3.76840 276.1198T
IB8 0. 0.
IBD -14.8100F -14.7838F
vGs 1.5925 1.4784
VD8 1.4810 1.4784
VBS 0. 0.
VTH 800.0000M 800.0000M
VDSAT 792.5044M 678.3802K
BETA 12.0000M 1.2000M
GAM BFF 527.6252M 527.6252M
9.5101M 814.05630
GDS 0. 0.
GMB 3.2948X 282.0302U
coTOT 2.046E-16 2.042E-17
cGTOoT 69.92397 7.0031P
CSTOT 69.0632F 6.9063F
CBTOT 6.561R-16 7.634E-17
cG8 69.06327 6.9063F
ceD 2.046B-16 2.042B-17

#eeses  NOISK ANALYSIS

FREQUENCY = 27.4000K HZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 274.0000K HZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 2.7400M HZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 27.4000M HZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 274.0000@ HZ
EQUIVALENT INPUT NOISE AT IS

1.529B+12 1.693E+12 9.767B+12

THOM= 25

742.0965F

T42.1044F

742.8996F

818.5238F

3.5324p

= 2.3733
= 1.4784

.000 TEMP=

/RT HZ

/RT HZ

25.000

[1-2{

sesess A0 ANALYSIS

RE) VIB(7)
A ) §0.0000 7¢.0000 80.0000 90.0000
+ + + .
27.4000K  83.428 - - PERRE y P,
Ji.4946r 89.428
434261k 93.428
5467028 89.428
68.8257X  83.428
86.6464x  BI.428
109.0814K  89.428
1373253k 89.428
172.8823k  89.428
217.6459%  B9.428

“ v e e e e e .
T
P T R
P I I I Y

100.0000

P T

274.0000%  89.428 LA LEEEES? }
3449856k B9.428
44,2607 89.428
S46.7019%  89.428
688.2565%  89.428
866.4641K  B9.428

1.0908x  89.428
.3733x B9.428
7288 B9.428
1765%  89.420

R
P
PR SR T e
P S

+
o

e e e

e e

P

JTe00x  89.428
A495x 89427
J3d26x 89427
ABT0X 8326
.8826X  89.425
8.6646x  89.423
10.9081x  89.420
13.7325x  83.416
17.2882x 89,409
21.7646x  89.397

r e e e e e e

e e e e e e

P I T

F

I TN

P P
4

e

R T T

27.4000x  89.380 -- - A
34.4946x  83.351
3.4261x  89.307 +
S4.6702x  89.238 »
§8.8257x  89.131 ¢+
86.6464X  88.966
109.0814X  88.716 +
137.3253X  BB.348 +
172.8823X  87.822 +
217.6459X  87.100 ¢

PR S Y
R

P Y

P T

274.0000X  86.157 -4-------m- e A
JLHSEX 84.985 ¢+
434.26071  83.604 ¢
S46.7019%  82.045 +
688.2569%  80.348 +
866.4641X  7B.SSG 4
1.0908G  76.683 +
1.37336 .70 .
1.72886  72.825 +
2.17656  70.861 +
2.7400C  68.883 -4------

N

F2111]

-3DB AT 274 MHZ

EMOS W=300U L=1U

S W=30U L=10

.NOISE V{7) I8 10

.AC DEC 10 27.4K 2.74GIG

.PLOT AC VDB(7)

.MODEL NMOS NMOS KP=40U LAMBDA=0 VTO=0.8
.MODEL NPN NPN I1S=1E-16 BF=100 RBx200
.OPTIONS NOPAGE NOMOD

.NIDTH OUT=80

0P

.END

R R

v e e e e e e e

TNOM= 25.000 TEMP= 25.000

seetss  OPERATING POINT INFORMATION THOM= 25.000 TEMP= 25.000

1.5925 0:3
2.2146 0:6

5.0000 0:2
1.4810 0:5
1.5925

+
o
-

[ ]

#+¢* BTPOLAR JUNCTION TRANSISTORS

ELEMENT 0:Q1 0:02 0:Q3
MHODEL 0:NPN O:NPN 0:NPR
B 2.46600 2.73340  15.7670U0

Ic 246.59600 273.3409V 1.576T™4

2.3764
1.4783



733.5741M 336.2730! 783.9014X

veE
vz $95.346TM 736.2730@  3.4075
vBC  -161.7726M 0. -2.6236
v8 -2.3764  -2.2146  -5.0000 _“_Z‘i
POWER  222.5975U 203.2661U  5.3850M
BETAD  100.0000 100.0000  100.0000 ° (0.) | noi d inat
- 9.5982M 10.6392M  61.3697TM 3
RPI 10.4186K  9.3392K  1.6295K f Ois€ dominates
RX 200.0000  200.0000  200.0000 -3 —
0 1.421B+17 2.624Es14 2.626E+16 4] = ?mz(v in)
crr 0. 0. 0. = :
au 0. 0. 0. ¥ ¥
crx 0. 0. 0.
ccs 0. 0. 0. — K
BETAAC  100.0000 100.0000  100.0000 = 2AMn COX % I :f Af
mn 1.5270+12 1.693K+12 9.767E+12 b WLC f 2)
ox
s+e+ WOSTETS
ELEMENT 0:M1 0:2 = 4/€Lh Kf ID A'F
WODEL  0:IRS  O:NMOS —
) 3.7680M 276.07430 L2 f
188 0. 0.
2D -14.8102F -14.7832F <. . - .
ves 1.5925  1.4783 maximize [ to m;n|m|zQ._'_no|5e
vos 1.4810  1.4783 f
VB8 0. 0.
v 300.0000M 800.0000K WL = [OMW\’"
VDEAT  792.4686M 678.3243 —_—_— = A
EETA  12.0000M  1.2000M 2 S hm
GAX EFP 527.62526 527.6252M _
o 9.50964 $13.98910 M—%MW\= W,
s 0. 0.
e 3.2946M 282.00700 - -
COT0T  2.046E-16 2.0428-17 Ll = 833Hm~ L.;\
COTOT  69.9240F  7.0031F b
CETOT  69.0632F  6.9063F . .
CBOT  6.562E-16 7.63X-17 (b) therma| noise. dominate s
css 69.0632F  6.9063F -
e 2.046E-16  2.042E-17 15 = Y 3
= 37“ 2) = 2,
sesess ROIST AALYSIS THOM=  25.000 TEMP= 25.000 th th ( ) 3’" 44T L (2)4'!"
FREQUDRCY = 27.4000K HI 3 gm
EOUIVALINT INPUT NOISE AT IS = 742.1550F /XT KZ = 16kT am
FREQUINCY = 274.0000K HI Af
EQUIVALENT INPUT MOISE AT I8 = 742.1633F /RT KX 3
FREQUENCY = 2.7400M EI
EQUIVALENT INPUT MOISE AT 1S = 742.9961F /RT HZ — —
= Loy W af
FREQUENCY = 27.4000M HZ 3 2 ID AnCox ¥ A
EQUIVALENT INPUT NOISE AT I8 = 822.0273F /RT HZ L
FREQUESCY = 274.0000M HZ minimijze W
sev¢ RESISTOR SQUARED NOISE VOLTAGES (SQ V/HI) L
mome  0:RL 0:RF 0:RE 0:RL2 0:RBIAS
TOTAL 5.468E-16  2.256E-16  9.545E-20  6.958E-17  7.488E-17 = —
tees TRANSISTOR SQUARED WOISE VOLTAGES (SQ V/HZ) L= Ll - 833 Mmm
ELEMENT 0:Q1 0:Q2 0:Q3 w W
2B 1.096K-16  8.551E-17  1.392K-18 = =
R 0. 0. 0. ! 2 0.61m
o 0. 0.
IB 1.4758-16  2.506E-19  2.171E-16

1
IC 4.301E-17 2.0542-17 2.929%-18
m 0. 0. 0.
TOTAL 3.001B-16 1.063%-16 2.2142-16
*s2e MOSFET SQUARED NOISE VOLTAGES (8Q V/HZ)
0:0 H _*}

[~ - -]

0

0. .
3.46657 3.501E-16
5.7630K 6.2596K
0 0

3

.46697 3.501K-16
set+ TOTAL OUTPUT NOISE VOLTAGE = 5.3618F 8Q V/HZ
= 73.2242N V/RT HI

S-!EUEGE

TRARSFER FUNCTION VALUE:
VvI(T7}/18 = 20.2744K
EQUIVALENT INPUT NOISE AT I8 = 3.6117P /RT HZ

AT RIGH FREQUENCIES, RB=200 OHMS INCREASES THE
EQUIVALENT INFUT NOISE CURRENT.



MOS CURRENT SOURCE
voD 1 0 15V

VOUT 13 0 13V

IAS 13 3 1GIGAHENRY
300AN1
IREF 1 2 500A
W=0.6U0 L=8.33U0
W=0.60 L=8.330

2E

125
200N
200N

sBE
» AW

e e

* CHOOSE ID=IREF=50UA.

* CHOOSE VT=0.7V.

(21341

.MODEL N MMDS LEVEL=1 VT0=0.7 KF=3E-24
.OPTIONS HOPAGE HOMOD

.MIDTH OUT=80

OP

.AC DEC 10 100 100MEG

.WOISE V(3) I8 10

.PRINT AC VM{3) ONOISE INOISE

-]

we24ss  OPERATING POINT INFORMATION THOM= 25.000 TEMP=
+0:1 = 15.0000 0:2 = 8.8859 0:3 =
+0:13 = 13.0000

e mms

ELEMENT 0:M1 0:2

MODEL 0:N 0:N

bo] 50.00000 50.00000

B8 0. 0.

IBD -38.8585F -130.00007

ves 8.8859 8.8859

Vo8 8.8859 13.0000

VBS 0. 0.

VTH 700.0000M 700.0000M

VDSAT 8.1859 8.1859

BETA 1.4%240 1.49240

GAM EYF 527.6252M 527.6252M

12.21620 12.21620

0. 0.

4.23230 4.23230

cpror 2.0452-17 2.992E-17

ceToT 1.17210 1.1816r7

csTor 1.1506r7 1.1506rF

CBTOT 1.0828-18 1.082E-18

cG8 1.1506F 1.1506F

cGd 2.045E-17 2.992E-17

*rsees  NOTSE ANALYSIS ‘THOM=

FREQUENCY = 100.0000 HZ
++se WOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:m1 0:M2
ID 55.5289M 55.5289M
m 1.0742K 1.0742K
TOTAL 1.0743K 1.0743K

"
~

.1485K 8Q V/HI
= 46.3521 V/RT HZ

a4+ TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUR:
v(3)/18 = 643.5053G6
EQUIVALENT INFUT NOISE AT 1S = 72.0307P /RT HZ
FREQUENCY = 1.0000K HZ
EQUIVALENT INPUT NOISE AT IS = 22.7834P /RT HZ
FREQUENCY = 10.0000K HZ
EQUIVALENT INPUT NOISE AT IS = 7.2215P /RT HZ
FREQUENCY = 100.0000K HZ
EQUIVALENT INPUT NOISE AT IS = 2.3359P /RT HZ
FREQUENCY = 1.0000X HZ
EQUIVALENT INPUT NOISE AT IS = 887.1333F /RT HI
FREQUENCY = 10.0000X HZ
EQUIVALENT INPUT NOISE AT IS = 565.7293F /RT HZ
FREQUENCY = 100.0000X HZ
EQUIVALENT INPUT NOISE AT IS = 520.9981F /RT HZ
sense
THERMAL NOISE:

AT FREQUENCY = 100 MHZ, FLICKER NOISE BECOMES
KEGLIGIBLY SMALL; WE ONLY SEE THERMAL NOISE AT
THAT FREQUENCY.
T0 CHECK THAT THIS IS TRUE, EVALUATE THE THERMAL
NOISE OUTPUT CURRENT:
(16/3)} *KT*GM=2.69E-25 SQ A/HZ
(GM FROM MOSFET DATA ABOVE)
--> 5.18E-13 A/RT HZ
THIS MATCHES THE SPICE RESULT ABOVE
COMPARING W/L=0.6UM/8.33UM, 0.8UM/6.25UM, AND 1UM/5UM,
WE SEE THAT THE SMALLEST W/L RATIO GIVES THE LEAST
THERMAL NOISE (AT 100 MHZ).

FLICKER NOISE:
AT LOW FREQUENCIES, FLICKER NOISE DOMINATES.

13.0000

11-23

25.000

25.000 TEMP= 25.000

COMPARING W/L=0.6UM/8.33UM, 0.8UM/6.25UM, AND 1UM/5UM,
WE SEE THAT THE SMALLEST W/L RATIO ALSO GIVES THE LEAST
PLICKER NOISE.

VOUT 13 0 13V

25
0 0 N W=0.8U L=6.250
0 0 N W=0.87 L=6.250

.MODEL K MMOS LEVEL=1 VTO=0.7 KF=3E-24
.OPTIONS NOPAGE NOMOD

.WIDTE OUT=80

.OP

.AC DEC 10 100 100MEG

.NOISE V(3) IS 10

.PRINT AC VM(3) ONOISE INOISE

.EXD

s4etes  OPERATING POINT IKFORMATION TNOM= 25.000 TEMP= 25.000
+0:1 = 15.0000 0:2 = 6.8406 0:3 = 13.0000
+0:13 = 13.0000

aeEd mms
ELEMENT 0:M1 0:12
MODEL 0:N 0:N

D 50.00000 50.00000
IBS 0. 0.

IBED -68.4062F -130.0000F
vGS 6.8406 6.8406
VDS 6.8406 13.0000
VBS 0. 0.

VTH 700.0000% 700.0000M
VDSAT 6.1406 6.1406
BETA 2,65200 2.65200
GAM EFF 527.6252M 527.6252M
[~ 16.28500 16.28500
GDs 0. 0.

[e ) 5.64190 5.64190
cprToT 1.575E-17 2.993E-17
ceToT 1.1682r 1.1824r
csTOT 1.1511r 1.1511r
CBTOT 1.442E-18 1.442E-13
cGs 1.1511F 1.1511r
CcGD 1.575E-17 2.833E-17

[T

NOISE ANALYSIS

FREQUENCY = 100.0000 HZ
s¢+¢+ MOSFET SQUARED NOISE VOLTAGES (SQ V/HZ)

ELEMENT 0:M1 0:2
ID 74.0251M 74.0251M
] 1.5082K 1.9082K
TOTAL 1.9083K 1.9083K

3.8166K SQ V/HZ
= 61.7783 V/RT HZ

s**+ TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:
v(3)/18
EQUIVALENT INFUT NOISE AT IS

643.51156
96.0018P /RT HZ

FREQUENCY = 1.0000K BHZ

EQUIVALENT INPUT NOISE AT IS 30.3637P /RT BZ

FREQUENCY = 10.0000K HZ
EQUIVALENT INPUT NOISE AT IS

9.61B6P /RT HZ

FREQUENCY = 100.0000K HZ

EQUIVALENT INPUT NOISE AT IS =  3.0941P /RT HZ
FREQUENCY = 1.0000X HZ
EQUIVALENT INPUT NOISE AT IS = 1.1310P /RT HZ
FREQUENCY = 10.0000X HZ
EQUIVALENT INPUT NOISE AT IS = 670.5658F /RT HZ

FREQUENCY = 100.0000X HZ
EQUIVALENT INPUT NOISE AT IS

604.3648F /RT HZ

N W=1U0 L=5U

THOM= 25.000 TEMP=



.MODEL N BMDOS LEVEL=1 VT0=0.7 KFa3E-24
.OPTIONS ROPAGE NOMCD

.WIDTH OUT=80

.OoP

.AC DEC 10 100 100MEG

.HOISE V(3) IS 10

.PRINT AC VM(3) ONOISE INOISE

-END

esss+e  OPERATING POINT INFORMATION

TNOM= 25.000 TEMP= 25.000

+0:1 = 15.0000 0:2 = 5.6125 0:3
+0:13 = 13.0000
t+e+ MOSFETS
ELEMENT 0:M1 0:M2
0:N 0:N
50.0000U 50.0000U
0 0

-56.1249F -130.0000F
5.6125 5.6125
5.6125 13,0000
0. 0.

700.0000M 700.0000X
4.9125 4.9125
4.14380 4.14380

527.6252M 527.6252K

20.3563U0 20.35630

0. 0.
7.05240 7.0524U

1.2928-17 2.993E-17
1.1658r 1.1828r
1.1511r i1.1511r

1.801E-18 1.801E-18
1.1511r 1.1511r

1.2928-17 2.993E-17

aaggggsansggaaaaeavg

sessae NOISE ANALYSIS

FREQUENCY = 100.0000 HZ

THOM= 25.000 TEMP= 25.000

tt+4+ NOSFET SQUARED NOISE VOLTAGES (SQ V/HI)

ELEMENT 0:1 0::2
1D  92.5314M 92.5314M
™ 2.9816K 2.9816K
TOTAL 2.9817K 2.9817K

svts TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:
v(3)/18
INPUT NOISE AT IS

FREQUENCY = 1.0000K HI
BQUIVALENT INPUT NOISE AT I8

FREQUERCY = 10.0000K HZ
EQUIVALERT INPUT NOISE AT I8

FREQUENCY = 100.0000K EZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 1.0000X HZ
EQUIVALENT INPUT NOISE AT I8

FREQUENCY = 10.0000X HZ
EQUIVALENT INPUT NOISE AT IS

FREQUENCY = 100.0000X HZ
BQUIVALENT INPUT NOISE AT IS

5.9633K 8Q V/HZ
77.2226 V/RT EZ

643.51156
120.0018P

37.9532P

12.0186P

3.8532p

1.3736P

768.6876F

678.3084r

2 13.0000

/RT HL

/RT HZ

/RT HZ

1-2¢
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\\-26

OP AMP ID 144.0637F 103.5127F
VoD 10 1.5 N 4.3041N 1.4928N
vss 2 0 -1.5 TOTAL 4.30428 1.4925K
IBIAS 8 2 200U s=e+¢ TOTAL OUTPUT NOISE VOLTAGE
VIP 11 0 DC -7.315U0 AC 1
VIN12 0 0 TRANSFER FUNCTION VALUE:
M1 3 12 5 5 CMOSP L=0.72U W=1500 v(13)/vIP
M2 4 11 5 5 CMOSP L=0.72U0 W=1500 EBQUIVALENT INPUT NOISE AT VIP
M3 3322 CMOSN L=0.720 W=50U0
Mé 4 3 2 2 CHOSN L=0.720 Wa500 FREQUENCY = 1.0000K HZ
M5 58 11 CMOSP L=0.72U W=1500 EQUIVALENT INFUT HOISE AT VIP
M6 13 4 2 2 CHOSH L=0.720 W=1000
M7 13 8 1 1 CMOSP L=0.72U W=1500 FREQUENCY = 10.0000K HZ
X8 8 8 1 1 CHOSP L=0.72U W=150U EQUIVALENT INPUT NOISE AT VIP
M9 & 1 14 2 CMOSH L=0.720 W=8.3U0
CcC 14 13 5P
.MODEL CMOSN MMOS V10=0.6 KP=194U TOX=80E-10 LAMEDA=0.027778 KF=3.E-24 NLEV=2
.MODEL CMOSP PMOS VIO=-0.8 KP=64.7U TOX=80E-10 LAMBDA=0.055556 KF=3.E-24 NLEV=2
*I0S: LAMBDA={DXD/DVDS)/LEFF=0.02U/0.720=0.027778
*PMOS: LANBDA=(DXD/DVDS)/LEFF=0.04U/0.72U=0.055556
.OPTIONS NOMOD
WIDTH OUT=80
.OP
JNOISE V{13) VIP 10
TP V(13) VIP
.AC DEC 10 100 10K
.NOISE V({13) VIP 10
.PRINT AC VM({13) ONOISE INOISE
.ERD
assvsr  OPERATING POINT INPORMATION THOM= 25.000 TEMP= 25.000
+0:1 = 1.5000 0:2 = -1.5000 0:3 =-780.5838M
+0:4 =-778.9569K 0:5 = 915.2645M 0:8 = 532.1868M
+0:11 = -7.31500 0:12 = 0. 0:13 = -20.4925V
+0:14 =-778.9565M
e mm
ELEMENT O0:M1 0:2 0:83 0:M4 0:M5 0:M6
MODEL 0:CMOSP 0:CMOSP 0:CHOSH 0:CMOSN 0:CMOSP 0:CMOSR
D -97.97820 -97.98250 97.97820  97.98250 -195.96070 205.6117V
IBS 0. 0. 0. 0. 0. o.
IBD 16.9585F 16.9422F -7.1942F  -7.2104F 5.8474F -14.9998P
vG8 -915.2649K -915.27228 719.4162M 719.4162M -967.8132M 721.0431M
VD8 -1.6958 -1.6942 719.4162M 721.0431M -584.7351M 1.5000
VBS 0. 0. 0. 0. 0. 0.
vrd -800.0000M -800.0000M 600.0000M 600.0000M -800.0000M 600.0000K
VDSAT -115.2649M -115.2722M 119.4162X 119.4162X -167.8132M 121.0431KM
BETA 14.7491M  14.7479M  13.7415M  13.7421@ 13.9170M 28.0671M
GAM EFF  42.2100M 42.2100M  42.2100M  42.2100M 42.2100M 42.2100M
o 1.7001M 1.7000M 1.6410M 1.6410M 2.3355M 3.39734
4.97460 4.97520 2.66830 2.66830 10.5443U0 5.48300
47.11870  47.11780 45.4807U0 45.48270 64.7298U0 94.16060
coToT 1.0541F 1.0531F 1.491E-16 1.494E-16 3.635E-16 6.216E-16
CGTOT 313.6975F 313.6964F 104.3451F 104.3454F 312.4867F 208.9997F
csToT 310.78457 310.7845F 103.5948F 103.5948F 310.7845F 207.1897F
CBTOT 1.85897 1.85887 6.012E-16 6.012E-16 1.3388r 1.1885F
CGS 310.7845F 310.7845F 103.5948F 103.5948F 310.7845F 207.1837F
CGD 1.0541F 1.05317 1.491B-16 1.494E-16 3.635E-16 6.216E-16
ELEMENT 0:M7 0:M8 0:M9
MWODEL 0:CMOSP 0:CMOSP 0:CMOSH
0] -205.61170 -200.00000 728.2535F
IBS 0. 0. -7.2104F
IBD 15.0002F 9.6781F -7.2104F
vGS -967.8132M -967.8132M 2.2750
VD8 -1.5000 -967.8132M 195.8190P
VBS 0. 0. -721.0431K
VTH -800.0000M -800.0000M 616.0014X
VDSAT -167.8132M -167.81324 195.8150P
BETA 14.60258  14.2039M 2.2364M
GAM EFF  42.2100M  42.2100M 42.2100M
e ¢ 2.45054 2.3836M 437.9275F
GDS 10.5443U0  10.54430 3.7150M
€7.91770  66.06400 8.1034F
coToT 9.324E-16 6.016E-16 12.8976F
CGTOT 313.0556F 312.7248F  25.8007F
CSTOT 310.7845F 310.7845F 12.8376F
CBTOT 1.33887 1.3388F 5.569E-18
cGs 310.7845F 310.7845F 12.8976F
CGD 9.324E-16 6.016E-16 12.8976F
hhAd SMALL-SIGNAL TRANSFER CEARACTERISTICS
v{13)/vIP = 47.1075K
INPUT RESISTANCE AT vIiP = 9.999E+19
OUTPUT RESISTANCE AT V(13) = 62.3936K
setees NOISE ANALYSIS THOM= 25.000 TEMP= 25.000
FREQUERCY = 100.0000 HZ
*+++ MOSFET SQUARED NOISE VOLTAGES (8Q V/HZ)
ELEMENT 0:M1 0:M2 0:03 0:M4 0:M5
ID 14.21828 14.2188N 13.6611N 13.7883N 102.2780F
FN 141.709%U 141.71389 394.27450 397.96130 1.4004N
TOTAL 141.72410 141.72800 394.2881U 397.97500 1.4005N
ELEMENT 0:M6 0:M7 0:M8 0:M9

1.048E-16

0.
1.4648P 0.
1.4649P 0

1.07574 8Q V/HZ
32.7982% V/RT HZ

46.9267K
698.9248N /RT HZ

221.0711N /RT HZ

70.07208 /RT HZ



A

741 OF AMP, INPUT NOISE-VOLTAGE

*++ INPUT STAGE

vee 1 0 15V
VEE 2 0 -15V
Q12 3 3 1 PNP
R5 3 4 39K
Qll 4 4 2 NPN
Q10 6 4 5 NPN
R4 5 2 5K
Q9671 PP
Q0771 PMmP
Q17 8 10 NPN
0279 11 XPN
Q3 12 6 10 PNP
Q4 16 6 11 PP
Q5 12 13 14 NPN
Q6 16 13 15 KPN
Rl 14 2 1K

R2 15 2 1K

Q7 1 12 13 NPN
R3 13 2 50K

Q16 1 16 17 RPN
R9 17 2 50K

017 19 17 18 RPN
RS 18 2 100

Q13B 19 3 1 PNPB
*4¢ OUTPUT STAGE
QL3A 20 3 1 PHPA
Q19 20 20 21 NPN
Q18 20 21 22 NPN
R10 21 22 40K
Q23 2 19 22 PNP
Q20 2 22 23 PP 3

L)

.M DEC 10 100 10K
.OPTIONS NOPAGE MOMOD

.WIDTH OUT=80
OPTIONS SPICE

0P

.PROBE

N -

*ERRRD

+0:1 = 1.500E+0:
+0:4 =2-1.433E+0
+0:7 = 1.441E+0
+0:10 =-5.444E-0
+0:13 =-1.444B+0.
+0:16 =-1.370E+0
40:19 2-1.257E+0
+0:22 =-6.058E-0.
+0:25 = 6.503E-0

1
1
1
1
1
1
0
1
3

0:2
0:5
0:8
0:1
0:1
0:1
0:2
0:2

1
4
7
0
3

50 IS=5E-15 VAF=130
0 IS=2E-15 VAF=52
BFs50 I8=0.SE-15 VAF=52
BF=50 I8=1.5SE-15 VAPF=52

OPERATING POINT INFORMATION

THOM= 27.000 TEMP= 27.000

=-1.5008+01
=-1.490E+01
=-2.686E-04
=-5.442E-01
=-1.499B+01
=-1.427B+01
= 5.932E-01
= 6.308E-04

s#+¢ BTPOLAR JUNCTION TRANSISTORS

0
[

ELEMENT 0:Q12
0:PNP
-1.4132-05
-7.063E-04
-6.8778-01
.877E-01
0.
.431E+01
.9558-04
.000E+01
.729B-02
.831E+03
0.
.362E+04
.
0.
0.
0.
997E+01
3442412

ﬁégagagsug

FTELEL

4.
4.

0
0

0:Q02

0:NPN
.T46E-08
-626BE-06
.442E-01
.495E+01
.441B+01
441E+01
-141E-04
2.777E+02

Sagagangg :g

BETAD

Q11
:NPN
2.926E-06
7.3168-04
6.649B-01
6.649E-01
0.
1.433E+01
4.804E-04
2.500E+02
2.828E-02
8.838E+03

0.
1.777E+05

0.

0.

0.

0.
2.499E+02
4.500E+12

:Q3

s PNP

1.205E-07
7.504E-06
5.645E-01
1.335E+01
1.2768E+01
1.108E+00
1.003E-04
6.2298+01

0:Q10
0:NPN

6.
1.
5.
1.
-1.

1.
2.
2.
7.
3.

1.

2
1.

988E-08
925E-05
683E-01
379B+01
322E+01
108E+00
656E-04
754E+02
441E-04
TO1E+05
0.
440E+06
0.

0.

0.

0

-753E+02

184K+11

0:Q4
0:PNP

-1.
-7.
-5.
-1.

1.

1.
9.
6.

213E-07
532E-06
647E-01
316E+01
259E+01
108E+00
921E-05
211E+01

0:
0:
-2
-1
-5
-1
1
-1
3
6
7
8

3

3
1

0:
0:

2
7

'
[ N WY )

BB O W
ol N

[N - - - -

Q9
PNP
-928E-07
-901E-05
-8758-01
.610E+01
.552E+01
.441E+01
.064E-04
.492B+01
-346B-04
.B34E+04
0.
.552E+06
0.
0.
0.
0.
.490E+01
-169B+11

Q5

NPN
.975B-08
-468E-06
-463E-01
.037E+00
-514B-01
.389E+01
.214E-06
.510E+02

1.431E+01
-1.108E+00

-1.389E+01

=-1.499E+01
=-1,493E+01

= 2.625E-
= 3.295E-

0:Q8

0:PNP
-2.928E-07
-1.464E-05
-5.8758-01
-5.875B-01

0

-1.441E+01

8
5
5
8

3

4
9

.771E-06
.000E+01
.657E-04
.834E+04

0.
-552E+06

0.

0.

0.

0.
.957E+01
.002E+10

0:06
0:NPN

MWD n a8

.9T4E-08
-476E-06
.462E-01
.285E+00
.393E-01
.370E+01
.6278-06
.514E+02

02
03

Q1
NPN
736E-08
597E-06
5.441E-01
1.4958+01
-1.441E+01
-1.441E+01
1.136E-04
2.777E+02
2,937E-04
9.454E+05
0.
1.900B+07
0.
c.
0.
0.
2.776B+02
4.674E+10

0:
0:

2.
7.

0:Q7

0:NPN
3.632E-08
1.110E-05
5.514E-01
2.944E+01

-2.889E+01

-1.500E+01
3.268E-04
3.055E+02

o 2.948E-04 2.900E-04 2.911E-04 2.887E-04 2.830E-04
RPI 9.419E405 2.147E+05 2.132E+05 8.695E+05 8.698E+05
RX 0. 0. 0. 0. 0.
RO 1.893B+407 8.633B+06 8.576B+06 1.748E+07 1.748E+07
CPI 0. 0. 0. 0. 0.
o 1) 0. 0. 0. 0. 0.
CBX 0. 0. 0. 0. 0.
ccs 0. 0. 0. 0. 0.
BETAAC 2.776B+02 6.226E+01 6.208E+01 2.510B+02 2.513E+02
T 4.691E+10 4.615E+10 4.633E+10 4.594E+10 4.539E+10
ELEMENT 0:Q16 0:Q17 0:Q13B 0:Q13A 0:Q18
MODEL 0:NPN 0:NPN 0:PNPB 0:PNPA 0:NPN
IB 5.593E-08 2.516E-06 -1.055B-05 -3.531E-06 6.623E-08
Ic 1.707B-05 6.918E-04 -6.883E-04 -2.232E-04 1.656E-05
VBE 5.626E-01 6.610E-01 -6.877B-01 -6.877E-01 5.670E-01
vce 2.9272+01 1.367R+01 -1.625E+01 -1.440B+01 5.670E-01
VBC -2.870B+01 -1.301E+01 1.557E+01 1.371E+01 0.
vs -1.500E+01 1.257E+00 -1.431E+01 -1.431E+01 -5.932X-01
POMER 4.996B-04 9.461E-03 1.120E-02 3.217E-03 9.424E-06
BETAD 3.052B+02 2.750E+02 6.497E+01 6.319E+01 2.500E+02
[} 6.598E-04 2.674E-02 2.660E-02 8.625E-03 6.400E-04
RPI 4.624B+05 1.028E+04 2.441E+03 7.323E+03 3.905E+05
RX 0. 0. . 0. 0.
RO 9.298B+06 2.06TE+05 9.816E+04 2.544E+05 7.852E+06
CP1 0. 0. 0. 0. 0.
ou 0. 0. 0. 0. 0.
CBXx 0. 0. 0. 0. 0.
ccs 0. 0. 0. 0. 0.
BETAAC 3.051E+02 2.749E+02 6.494E+01 6.316E+01 2.499E+02
FT 1.050B+11 4.256E+12 4.234E+12 1.372E+12 1.018E+11
ELEMENT 0:Q23 0:020 0:Q14
MODEL 0:PNP 0:PNP 0:NPN
In -3.497E-06 -1.833E-06 4.263E-07
Ic -2.211B-04 -1.170E-04 1.184E-04
VBE -6.516E-01 -6.065E-01 5.867E-01
VCE -1.439E+01 -1.500E+01 1.499E+01
VBC 1.374E+01 1.439E+01 -1.440B+01
v8 1.2578+00 6.058E-01 -1.500E+01
POMER 3.1842-03 1.756E-03 1.775E-03
BETAD 6.321B+01 6.384E+01 2.777E+02
[ ] 8.5442-03 4.521E-03 4.577E-03
RPI 7.395E+403 1.411E+04 6.066B+04
RX 0. 0. 0.
RO 2,973E+05 5.675E+05 1.218E+06
CPI 0. 0. 0.
o 0. 0. 0.
CRX 0. 0. 0.
ccs 0. 0. 0.
BETAAC  6.318B+01 6.381B+01 2.776E+02
FT 1.359E+12 7.196E+11 7.284E+11
bl SMALL-SIGNAL TRARSFER CHARACTERISTICS
v(24) /VI1 = 3.126B+05
INPUT RESISTANCE AT Vil = 4.759E+06
OUTPUT RESISTANCE AT V(24) = 1,339E+02
téeess  QOISE ANALYSIS THOM= 27.000 TEMP=
FREQUENCY = 1.000E+02 HZ
++++ RESISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:R5 0:R4 0:R1 0:R2
TOTAL 1.346E-15 1.927E-11 3.845E-06 3,851E-06 1
BLEMENT 0:R9 O:R8 0:R10 0:R7
TOTAL 1.797E-11 2,.280E-13 2.276B-19 8.168E-20 1
s++++ TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/EZ)
ELEMENRT 0:Q12 0:Q11 0:Q10 0:Q9
IB 2.433E-14 2.719E-16 1.320E-13 1.375E-12 1
IC 1.216E-12 6.797E-14 2.660E-12 5.732E-11 6
TOTAL 1.241E-12 6.825E-14 2.792E-12 5.870E-11 7
ELEMENT 0:Q1 0:02 0:Q3 0:04
IB $.791E-09 9.896B-09 4.287B-08 4.396E-08 2
IC 2.739B-06 2.729B-06 2.881E-06 2.872E-06 6
TOTAL 2.749E-06 2.738E-06 2.924E-06 2.916E-06 6
ELEMENT 0:Q6 0:Q7 0:Q16 0:Q17
IB 2.283E-09 5.350E-08 8.238E-08 4.415E-11 1
IC 6.676E-06 2.0202-10 2.966E-10 3.686E-13 1
TOTAL 6.675E-06 5.370E-08 8.267E-08 4.451E-11 1
ELEMENT 0:Q13a 0:Q19 0:018 0:Q23
IB 6.082E-15 1.399E-20 1.445E-19 6.565E-15 ]
IC 1.358E-16 3.497E-18 3.308E-1% 1.248E-16 5
TOTAL 6.222B-15 3.511E-18 4.752E-19 6.690E-15 1
ELEMENT 0:Q14
1B 2.232B-19
IC 5.433E-19
TOTAL 7.666E-19
t+++ TOTAL OUTPUT NOISE VOLTAGE = 3.251B-05 SQ V/HZ
= 5.702E-03 V/RT HZ
TRANSFER FUNCTION VALUE:
v(24) /VI1 = 3.126E+05
EQUIVALENT INPUT ROISE AT VI1 = 1.824E-08 /RT HZ
FREQUENCY = 1.000E+03 HZ
BQUIVALENT INPUT NOISE AT VI1 = 1.824E-08 /RT HZ
FREQUENCY = 9.999B+03 HZ
EQUIVALENT INPUT NOISE AT VIl = 1.824E-08 /RT HZ

4.290E-04
7.121B+05

0.
1.431B+07

0.

0.

0.

0.
3.055E+02
6.828E+10

0:Q18

0:NPN
8.2058-07
2.061E-04
6.321E-01
1.199E+00
-5.670E-01
-5.9328E-01
2.476B-04
2.510E+02
7.967E-03
3.150E+04

0.
6.334B+05
0.
0.

0.

0.
2.510E+02
1.268E+12

27.000

0:R3

.883R-11

0:R6

.242B-19

0:08

.375B-12
.876E-11
.0148-11

0:Q5

.142B-09
-673E-06
.675E-06

0:Q13B

.825E-14
.337B-12
.356E-12

0:Q20

.508E-19
-716E-1%
.422E-18



BY SPICE:

EQUIVALERT INPUT NOISE VOLTAGE = 3.33E-16 SQ V/HZ
BY HAND CALCULATION:

EQUIVALENT INPUT NOISE VOLTAGE = 2.66E-16 SQ V/HZ

741 OP AMP, INPUT NOISE-CURRENT
**¢ INPUT STAGE

Ve 1 0 15V

VEE 2 0 -15V

R4

qumul
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Q16 1 16 17 NPN
RS 17 2 50K
Q17°1% 17 18 RPN
R$ 18 2 100

Q13B 19 3 1 PNPB
t2+ OUTPUT STAGE
Q13A 20 3 1 PRPA
Q19 20 20 21 PN
Q18 20 21 22 NPN
R10 21 22 40K
Q23 2 1% 22 PHP
Q20 2 22 23 PWP 3

R7 23 24 22

RE 25 24 27

Q14 1 20 25 XPN 3

.MODEL NPW NPW BF=250 18s5E-15 VAF=130
.MODEL PHP PP BFa50 IS=2E-15 VAF=52
.MODEL PMPA PMP BF=50 ISz0.5E-15 VAF=52
.MODEL PMPB PNP BFs50 IS=1.5E-15 VAF=52
VIl 8 0 -268.6250V

vi2 9 0 OV

TP V(24) VI

.WOISE V(24) IS 10
.AC DEC 10 100 10K
.OPTIORS NOPAGE NOMOD

WIDTH QUT=80
.OPTIONS SPICE
.OP
.PROBE
BD
#xsets NOISE ANALYSIS THOM= 27.000 TEMP=
= 1.000E+02 HZ
#+++ REGISTOR SQUARED NOISE VOLTAGES (SQ V/HL)
ELENENT 0:R5 0:R4 0:R1 0:R2
TOTAL 5.745E-11 9.182E-06 6.131E-06 6.137E-06
ELEMENT 0:R9 0:R8 0:R10 0:R7
TOTAL 2.725E-11 1.617E-13 2.271E-19 8.192E-20
s¢+s TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:Q12 0:Q11 0:Q10 0:Q9%
IB 3.051B-14 1.285E-10 6.290E-08 6.550E-07
IC 1.525E-12 3.214E-08 1.268E-06 2.731R-05
TOTAL 1.556E-12 3.226E-08 1.330B-06 2.797B-05
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
IB 1.934B-02 6.1152-08 1.338E-08 8.7818-07
IC 6.965E-05 9.643E-11 2.612E-10 1.536E-08
TOTAL 1.941E-02 6.124E-08 1.364B-08 8.9358-07
ELEMENT 0:06 0:Q7 0:Q16 0:017
IB 3.6358-09 8.533E-08 1.313E-07 6.673E-11
IC 1.064E-05 2.975E-10 4.497E-10 4.441E-13
TOTAL 1.064E-05 8.562E-08 1.318E-07 6.717E-11
ELEMENT 0:Q13A 0:Q19 0:Q18 0:Q23
IB 7.627E-15 1.396E-20 1.4418-19 6.252B-15
IC 1.340E-16 3.489E-18 3.300B-19 1.194B-16
TOTAL 7.761B-15 3.503E-18 4.741E-19 6.372B-15
ELEMENT 0:Q14
IB 2.132E-18%
IC 5.410E-19
TOTAL 7.542B-19%

#*¢¢ TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:

v(24)/18 = 1.487E+12
INPUT NOISE AT I8 = 9.388E-14

FREQUENCY = 1.000E+03 HZ
BQUIVALENT INPUT NOISE AT IS = 9.388E-14

FREQUENCY = 9.999B+03 HZ

1.951E-02 8Q V/HZ
1.397E-01 V/RT HZ

/RT HZ

/RT HZ

[-23

27.000

0:R3
2.773E-11

0:R6
1.238E-19

0:Q8
6.550B-07
3.275E-05
3,341E-05
0:Q5
3.420E-09
1.064E-05
1.064E-05
0:Q138
2.288E-14
1.274E-12
1.297E-12
0:Q20
8.105E-19
5.689E-19
1.379E-18

EQUIVALENT INPUT NOISE AT IS
EQUIVALENT INPUT WOISE CURRENT = 8.812-27 8Q A/HZ

741 OP AMP, INPUT NOISE-VOLTAGE
* FLICKER NOISE

* 20Q*TB = KP*IB/F AT CORNER FREQ = 1KHZ
* KP=3.2B-16

*++ INPUT STAGE

vee 1 0 15V

VEE 2 0 -15V
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Q16 1 16 17 RPN
R9 17 2 50K

Q17 19 17 18 RPN
RS 18 2 100
Q13B 19 3 1 PNPB
*+* OUTPUT STAGE
Q13A 20 3 1 PHPA
Q15 20 20 21 NPN
Q18 20 21 22 RPN
R10 21 22 40K
Q23 2 19 22 PP
Q20 2 22 23 PNP 3

R7 23 24 22
R6 25 24 27
Qll 12025 NPN 3
* FLICKER NOISE
m NPN NPN BF=250 ISa5E-15 VAF=130 KF=3.2E-16 AF=l
JMODEL PNP PNP BF=50 ISs2E-15 VAFs52 KFx3.2E-16 AF=xl
.MODEL PNPA PMP BF=50 IS=0,5E-15 VAF=52 KF=3.2E-16 AF=l
.MODEL PNPB PNP BF=50 IS=1.5E-15 VAP=52 KFx3.2E-16 AF=l
VI1 8 0 -268.6250V AC 1
VIi2 9 0 OV
JTP V(24) VI
.NOISE V{24) VIl 10
.AC DEC 10 1 10K
.OPTIONS NOPAGE NOMOD
WIDTE OUT=80
.OPTIONS SPICE
.OP
.PROBE
s+42¢¢ NOISE ANALYSIS TROM= 27.000 TEMP=
FREQUENCY = 1.000E+00 HZ
e*++ RESISTOR SQUARED NOISE VOLTAGES (8Q V/HZ)
ELEMENT 0:RS 0:R4 0:R1 0:R2
TOTAL 1.346B-15 1.927E-11 3.8458-06 3.851E-06
ELEMENT 0:R9 0:R8 0:R10 0:R7
TOTAL 1.797E-11 2.280E-13 2.276E-19 8.168E-20
#t++ TRANSISTOR SQUARED NOISE VOLTAGES (SQ V/HZ)
ELEMENT 0:Q12 0:Q11 0:Q10 0:Q9
IB 2.433BE-14 2.715E-16 1.320B-13 1.375E-12
Ic 1.216E-12 6.797B-14 2.660B-12 5.732E-11
PN 2.430E-11 2.715E-13 1.3182-10 1.373E-09
TOTAL 2.554E-11 3.398E-13 1.346E-10 1.432E-09%
ELEMENT 0:Q1 0:Q2 0:Q3 0:Q4
IB 9.791E-09 9.896E-09 4.287E-08 4.396E-08
IC 2.739E-06 2.725B-06 2.881R-06 2.872B-06
FN 9.778E-06 9.B83E-06 4.281E-05 4.390E-05
TOTAL 1.253E-05 1.262E-05 4.573E-05 4.681E-05
ELEMENT 0:Q6 0:Q7 0:Q16 0:Q17
IB 2.283E-09 5.350E-08 8.238E-08 4.415E-11
IC 6.676E-06 2.020B-10 2.966E-10 3.686E-13
FN 2.28QE-06 5.342E-05 8.227E-05 4.409E-08
TOTAL B8.3959E-06 5.348E-05 8.235E-05 4.413E-08
ELEMENT 0:Q13A 0:Q18 0:Q18 0:Q23
IB 6.082E-15 1.399E-20 1.445E-19 6.565E-15
IC 1.398E-16 3.497B-18 3.308E-19 1.24BE-16
FH 6.074E-12 1.3978-17 1.443E-16 6.556B-12
TOTAL 6.080E-12 1.748E-17 1.448BE-16 6.563B-12
ELEMENT 0:Q14
IB 2.232E-19
IC 5.433E-19
FN 2.229E-16
TOTAL 2.237E-16
#2¢2 TOTAL OUTPUT NOISE VOLTAGE = 2.790E-04 SQ V/HZ

= 1.670E-02 V/RT HZ

TRANSFER FUNCTION VALUE:

v(2¢)/VI1 3.126E+05

= 9.388E-14 /RT HZ

s e aN oy -

™ w o

27.000

0:R3

.883E-11

0:R6

.242E-19

0:Q8

.375E-12
.876E-11
-3738-09
.444B-09

0:Q5

-142E-09
.673B-06
.139E-06
.814E-06

0:Q13B

-825E-14
.337E-12
.822B-11
-958E-11

0:Q20

.508E-19
.716E-19
.497B-16
.511E-16



EQUIVALENT INPUT NOISE AT VIl

FREQUENCY = $.999B+00 HZ

EQUIVALENT INPUT NOISE AT VIl

FREQUENCY = 1.000E+02 HZ

EQUIVALENT IKPUT NOISE AT VIl

FREQUENCY = 1.000E+03 HZ

EQUIVALENT INPUT NOISE AT VI1

PREQUENCY = 9.999E+03 HI

EQUIVALENT INPUT NOISE AT VI1

741 OP AMP,
* FLICKER NOISE

INFUT HOISE-CURRENT

= 5,343E-08 /RT HZ

= 2.418E-08 /RT H2

= 1.892E-08 /RT HZ

* 2¢Q*IB = KP*IB/F AT CORNER FREQ = 1KHZ

* KP=3.22-16
*4¢ INPUT STAGE
vee 1.0 15v
VEE 2 0 -15V
Q12 3 3 1 PNP
RS 3 4 39K
Qi1 4 4 2 NPN
Q16 6 4 5 NEN
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Q16 1 16 17 NPN
RS 17 2 50K

Q17 19 17 18 NPN
RS 18 2 100

Q13B 19 3 1 PHNPB
e*+ OUTPUT STAGE
Q13A 20 3 1 PNPA
Q19 20 20 21 RPN
Q18 20 21 22 WPN
R10 21 22 40K
Q23 2 19 22 WP
Q20 2 22 23 PNP 3
R7 23 24 22

R6 25 24 27

Q14 1 20 25 NPN 3
*

ADD FLICKER NOISE

JMODEL NPN
.MODEL PWP
.MODEL PHP.
.MODEL PRPB
VIl 8 0 -268.6250V
Vi2 9 0 OV

TP V(24) VI1
.NOISE V(24) IS 10
.AC DEC 10 1 10K

.OPTIONS NOPAGE NOMOD

.WIDTH QUT=8¢
.OPTIONS SPICE
OoP

PROBE

END

ey

NOISE ARALYSIS

FREQUENCY = 1.000B+00 HI

ev+¢ RESISTOR SQUARED NOISE VOLTAGES (8Q V/HZ)

ELEMENT 0:RS

TOTAL 5.745E-11

ELEMENT 0:R$

TOTAL 2.7258-11
*s++ TRANSISTOR SQUARED NOISE VOLTAGES (8Q V/HZ)

ELEMENT 0:012
IB 3.051E-14
Ic 1.525B-12
FN 3.047E-11
TOTAL 3.202B-11
ELEMENT 0:Q1
IB 1.934E-02
IC 6.965E-05
FN 1.930B+01
TOTAL 1.932E+01
ELEMENT 0:06
IB 3.635B-09
IC 1.064E-05
FN 3.630E-06
TOTAL 1.427E-05
ELEMENT 0:Q13a

0:R4 0:R1
9.182E-06 6.1318-06
0:R8 0:R10
1.617E-13 2.271E-19
0:Q11 0:Q1¢0
1.285E-10 6.290E-08
3.214E-08 1.268E-06
1.284E-07 6.281E-05
1.606E-07 6.414E-05
0:Q2 0:Q3
6.115E-08 1.338E-08
9.799E-11 2.628E-10
6.106E-05 1.337E-05
6.112E-05 1.338E-05
0:Q97 0:Q16
8.533E-08 1.313E-07
2.975E-10 4.497E-10
8.521E-05 1.311E-04
8.530E-05 1.313E-04
0:Q19 0:Q18

1.831E-08 /RT HZ

1.825E-08 /RT HZ

NPN BF=250 IS=5E-15 VAF=130 KF=3.2E-16 AF=l
PNP BF=50 IS=2E-15 VAF=52 KPs3.2E-16 AP=1

A PNP BF=50 IS=0.5E-15 VAP=52 KF=3.2E-16 Arzl
PNP BF=50 I1S=1.5E-15 VAP=52 XF=3.2E-16 AFal

27.000 TEMP= 27.000

0:R2
6.137B-06

0:R7
8.192E-20

0:Q9
6.550E-07
2,731E-05
6.541E-04
6.821E-04
0:04
8.781E-07
1.536R-08
8.769E-04
8.778E-04
0:017
6.673E-11
4.441E-13
6.663E-08
€.670E-08
0:Q023

]

A woan

oW W
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0:R3

-773B-11

0:R6

.238E-19

0:Q8
550E-07
275E-05
S41E-04
875E-04
0:Q5
420E-09
G64E-05
4158-06
406E-05
0:Q13B
28BE-14
274B-12
285E-11
415B-11
0:Q20

[-29

IB 7.627E-15 1.396E-20
IC 1.340E-16 3.489E-18
FN 7.617B-12 1.394R-17
TOTAL 7.624E-12 1.7442-17
ELEMENT 0:Q14
IB 2.132E-19
I1C 5.410B-19
FN 2.129E-16
TOTAL 2.137B-16

*+++ TOTAL OUTPUT NOISE VOLTAGE

TRANSFER FUNCTION VALUE:

Vv(24)/18
EQUIVALENT

FREQUENCY
BQUIVALENT

FREQUENCY

EQUIVALENT

i

INPUT NOISE AT IS

9.999E+00 HZ
INPUT NOISE AT IS

1.000E+402 HZ
INPUT NOISE AT IS

1.000B+03 HZ
INPUT NOISE AT I8

9.999E+03 BHZ
INPUT NOISE AT I8

1.441B-19 6.252E-15
3.300E-19 1.194K-16
1.439E-1¢6 6.244B-12
1.444E-16 6.250E-12

1.933E+01 8Q V/HZ
4.3968+00 V/RT HZ

1.487B+12

2.855E-12 /RT HZ

9.387E-13 /RT HZ

3.099E-13 /RT HZ

1.324E-13 /RT HZ

9.8422-14 /RT HZ

8.105E-19
5.689E-19
8.0942-16
8.108B-16



&ox (ot
Cge = %WLCK)X
:% XSDx|5bx 0‘§x(o_6x4\3ﬁ(0-3
=7ZxlcfF =712 F
291q0f = {E kT 4T 5°C5 A€

FE N LS B I
%ur‘VTIé'Cg;
- 15 Sl _
SZT\”-Z(oxt 53 M5XI07 g
=].§x|d° Hz

{'—'—I\%xloYHZ-_— 120kHz

(b) §P+29 Ted§ =24 To fpw
(ebyrames s

_lo

15 kTLHTLC‘?S %Bw
ZGJ‘Q?B _Q_ kT‘HT 7'035 ‘3L ‘?;w

r 2

Tew T 32 VTI@ C%s

:_ﬁ-_.S' VoSx (0 | [\
2 217»453 ‘ (F2x16'F)
= $3x(d°Hz

few=1.3%|’ Hz= 230k Hz

~Hz
©) Cox =é=3_,_~q’%~*g",__'° =4.3x6 > Fnt

|1-30



gt

[zl 122
Vie=Vem < Vo <Vpp - ozl -Vsg+Vove < Vor < Vop = [Vevy]
0-0.6 <Voy<25-02 -25402< Va1 <2.5-07

0.6V < Vou <2.3V -23V& Vo < 2.3V

Tt s the same for Voz. T+ 1s the some §or Voz.

I¢ Vec =2§-’2—°—'§=o.%sv, e Vo¢=1‘5,f‘3:ov, the
the largest symmesric largest symmetric digferential
differentiol ontput swing. OUEpUE swing, Con be adhieved..
can be achieved. . Vop =22 ;2‘3 =23V

Vorp= 13406 _ | usy

Vodp=2Voip=4 GV
Voo\p =LVop=29V

12-]



1.3 -7

“YULLY DIFFERENTIAL OP AMP

VDD 1 0 1.65 FULLY DIFFERENTIAL OP AMP WITH MISMATCH
VvSss 2 0 -1.65 VDD 1 0 1.65
VI 3 4 DC 0 SIN (0 1E-4 1K) vss 2 0 -1.65
VB1 14 0 0.38 VI 3 4 DC 0.941468X SIN (0 1E-4 1K)
VB2 15 0 -0.56 VBL 14 0 0.38
VB3 16 0 -0.67 VB2 15 0 -0.56
VM 13 0 0 VB3 16 0 -0.67
ML 7 3 51 CMOSP W=770 L=1U VCH 13 0 0
M2 8 451 CMOSP W=77U L=1U Ml 7 35 1 CMOSP W=77.385U L=1U
M3 7 15 2 2 CMOSN W=4U L=1D0 M2 8 4 51 CMOSP W=76.6150 L=1U
M4 8 15 2 2 CMOSN W=4U L=10 M3 7 15 2 2 CMOSN W=4U L=1U
M5 5 6 1 1 CMOSP W=25U L=1U Mé 8 15 2 2 CMOSN W=4U L=1U0
M6 9 8 2 2 CMOSN W=16U L=1U M5 5 6 1 1 CMOSP W=25U L=10
M7 9 14 1 1 CMOSP W=50U L=1D M6 9 B 2 2 CMOSN W=16U L=1U
X9 10 7 2 2 CMOSN W=16U La1U N7 9 14 1 1 CMOSP W=50U L=1U
M0 10 14 1 1 CMOSP W=50U L=1U M9 10 7 2 2 CMOSN W=16U L=1U
M21 6 9 11 2 CMOSR W=8.4U L=10 M10 10 14 1 1 CMOSP W=50U L=1U
M22 1 13 11 2 CMOSN W=8.4U L=10 M21 6 9 11 2 CMOSN W=8.4U0 L=1U
M23 1 13 12 2 CMOSN W=8.4U L=10 M22 1 13 11 2 CMOSN W=8.4U L=1U
M24 6 10 12 2 CMOSH W=3.40 L=1U0 M23 1 13 12 2 CMOSK W=8.4U L=1U
M25 6 6 1 1 CMOSP W=25U0 L=10 M24 6 10 12 2 CMOSN W=8.4U L=1U
M26 11 16 2 2 CMOSN W=14U L=10 25 6 6 1 1 CMOSP W=25U LalU
M27 12 16 2 2 CMOSN W=14U L=1U N26 11 16 2 2 CMOSN W=14U L=1U
R1 3016 M27 12 16 2 2 CMOSN W=14U L=1U
R2 4 0 16 R1301G
c1 7 10 1.39¢ R2 401G
C2 89 1.39° Cl 7 10 1.39¢
.MODEL CMOSN EMOS VTO=0.6 KP=194U TOX=8E-9 LAMBDA=0.027778 KPx3.E-24 KLEV=2 C2 8 9 1.39P
.MODEL CMOSP PMOS VTO=-0.8 KP=64.7U TOX=8E-9 LAMBDA=0.055556 KF=3.E-24 NLEV=2.MODEL CMOSN NMOS VTO=0.6 KP=194U TOX=8E-9 LAMBDA=0.027778 Kr=3.E-24 NLEV=2
.OPTIORS NOMOD .MODEL CMOSP PMOS VTO=-0.8 KP=64.7U TOX=8E-9 LAMBDA=0.055556 KF=3.E-24 KLEV=2
.TRAN 10 10M .OPTIONS NOMOD
.FOUR 1K V{3, 10} .TRAN 1U 10M
.DC VI -1K, 1M, 0.1M .FOOR 1K V(9, 10)
.PLOT DC V{9, 10) .DC VI -0.05813M, 1.94187M, 0.1N
WIDTH OUT=80C .PLOT DC V{9, 10)
.OPTIONS SPICE -WIDTE OUT=30
.END -OPTIONS SPICE
.END
#e4e9t DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
#eeees  DC TRANSFER CURVES THOM= 27.000 TEMP= 27.000
YOLT v19.10)
[} ) -2.000B+00  -1.0(0R-00 0. 1.0008-00  2.000E+00 WLt vi9.,10)
+ + + + - @ ) -2.000B+00  -1.0008-00 0. 1.0008-00  2.000E+(0
-1.0008-C3 1.80E+00 B e S + . . + +
-9.0008-C4 1.78E+00 ¢ + . + + + + A . -5.8138-05 1.80E+00 EEar PR
-8.000E-C4  1.77R400 » + * . + + + + A §.1878-05 1.78E+00 + + . + + + . PR W
-7.0002-04 1.76B+00 + v . + + + + + A e 1.4198-04 1.77E+00 + + + + . + + L SR
-6.000B-G4 1.74B+00 + + . + + + * I T 2.4198-04 1.76B+00 + + . + + + . LI T
-5.000B-04 1.72E+00 « + + + . - . LI 3.4198-04 1.7T4B+00 + . + + ’ + L S
-4.000E-04 1.69E+00 + + . + + + + . . 4.419B-04  1.72E+00 + + + . + + . ' S
-3.000E-04 1.65B+00 + + . + + + + L S 5.4198-04 1.69E+00 + + . + . + + LI W
-2.000B-04 1.422+00 » + + + + + + A+ . £.419B-0€ 1.658+00 ¢ + - . + + + [ T
-1.000B-0¢ 7.168-01 + + + . + [ W ’ . TA19B-08 1422400 ¢ + . . + + + A+ .
J. 0. -emoeoeebeiioo- +-- A oo damanan .- 8.419B-04 7.262-01 + + » + + + A+ . +
1.J00E-04 -7.16E-01 + + + A + + . + . 9.4198-04 -3.71E-Cd-4------ P e wmmmnee A------ omee besvens e .-
2.000E-04 -1.42B+00 « A . O . + . + . 1.0422-03 + I W + . . . .
3.0C0E-C4 -1.65B+00 » A ¢ + + + + + + - 1.1428-03 +A . . + - + + B
4.000B-3¢ -1.6%E+00 » A + + + + A + + . 1.2428-03 . . + . + + . .
S.OCOB-Cd -1.72B+00 + A ¢ * * . + + + . 1.3428-93 . - . + . . . .
6.0C0E-C4 -1.74B+00 + A » » + + + 4 + . 1.4428-03 -1, + . + + + . . +
T.000B-04 -1.76B+D0 ¢ A ¢ . + ’ + + + . 1.5428-03 + . . + * + . +
B.OCOE-04 -1.77B¢00 + A » ‘ + . + + + * 1.6428-03 + . . + + + . .
9.0COE-(4 -1.7BE+00 + A + + + . + * + . 1.42B-93 -1.7TE+C0 » A v . . . » . . .
1.0CCE-C3 -1.BOB+C0-o--A---4------ pemeeen $onnmnn e 4emmnes $omeeen Hemnnes .- 1.8428-03 -1.78E¢C0 + A ¢ . . + » + + .
. » . + . 1.9422-03 ~1.BOE#CO-4--A=ebonvnnm [ PR TSN PO P O .
ss#ee+ OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 » . + + s
t+t4te OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:1 = 1.650E+00 0:2 =-1.650E+00 0:3 = 0.
+0:4 = 0. 0:5 = 9.884E-01 0:6 = 3.715B-01 +0:1 = 1.650B+00 0:2 =-1.650E+00 0:3 = 0.
+0:7 =-5.5982-01 0:8 =-5.598E-01 0:9 = 2.916E-03 +0:4 = 0. 0:5 2 9.888E-01 0:6 = 3.712E-01
+0:10 = 2.916E-03 0:11 =-9.397E-01 0:12 =-9.397E-01 +0:7 =-4.401B-01 0:8 =-5.6798-01 0:9 = 4.291E-01
+0:13 = 0. 0:14 = 3.800B-01 0:15 =-5.600E-01 +0:10 =-1.364E+00 0:11 2-6.577E-01 0:12 =2-1.076E+00
+0:16 =-6.700E-01 +0:13 = 0. 0:14 = 3.800B-01 0:15 =-5.600E-01
+0:16 =-6.700E-01
PTTTT
FOURIER COMPOMENTS OF TRANSIENT RESPONSE V(9,10) bbbl
DC COMPOMENT = -6.397D-05 FOURIER COMPONENTS OF TRANSIENT RESPONSE V(9,10)
HARMONIC FREQUENCY PFOURIER NORMALIZED PHASE RORMALIZED DC COMPONENT =  1.793D+00
NO {HZ) COMPONENT COMPONENT {DEG) PHASE (DEG) HARMONIC  FREQUENCY FOURIER NORMALIZED PHASE NORMALIZED
n (HZ) COMPOMENT COMPONENT (DEG) PHASE (DEG)
1 9.999E+02 7.143B-01 1.000E+00 1.764E+02 0.
2 2.000E+03 7.291E-05 1.021E-04 8.825E+01 -8.814E+01 1 9.999B+02 1.196B-02 1.000E+00 1.799E+02 Q.
3 3.000E+03 8.810B-06 1.233E-05 9.282B+01 -8.357BE+01 2 2.000E+03 - 3.372E-04 2.819B-02 8.962E+01 -9.030E+01
4 4.000E+03 9.318E-06 1.304E-05 -8.561E+01 -2.620E+02 3 3.000B+03 1.324EB-05 1.107E-03 -7.077E-01 -1.806E+02
5 S.000E+03 1.470B-06 2.058E-06 -1.024E+02 -2.788E+02 4 4.000E+03 7.553E-07 6.314E-05 -8.999E+01 -2.699E+02
[ 6.000E+03 3.794E-06 5.312E-06 7.440E+01 -1.020E+02 5 5.000B+03 6.191E-08 5.176E-06 -1.763E+02 -3.562R+02
7 7.000E+03 3.921E-06 5.489B-06 4.849E+00 -1.715E+02 6 6.000B+03 9.223E-08 7.710E-06 8.223E+01 -5.765B+01
8 8.000E+03 4.792E-06 6.708E-06 9.9502E+01 -7.738E+01 7 7.000B+03 1.040E-07 8.690E-06 -4.049E+00 -1.839E+02
9 9.0002+03 1.316E-05 1.842E-05 -1.747E+02 -3.511E+02 8 8.000E+03 8.363E-08 6.991B-06 9.101E+01 -8.891E+01
9 9.000E+03 3.080E-07 2.57SE-05 1.725E+02 -7.341E+00

TOTAL HARMONIC DISTORTION = 1.058E-02 PERCENT
TOTAL BARMONIC DISTORTION =  2.821B+00 PERCENT
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gm
HE

¢ 2.
vss 2 0 -2.5
VIzoal
VE 90 1.7
—_ M1 735 2 CHDSH W=57U L=0.8U
CC’)MC— '@‘MSH(RO(MI“’OS) M2 & &5 2 CHOSN Wa5TU L=0.8U
M3 7911 CHOSP W=124U L=0.8U
ZVASH M4 8 9 1 1 CMOSP W=124U L=0.8U
V _,-._—lv I M5 5 6 2 2 CMOSN W=113U L=0.8U
2 Al VWl 3 ECHC 6 0 POLY(2) {7,0) (8,0} -1.7 0.5 0.5
~ _ RL 3016
~ \/ iL /QSt\ , R2 401G
RIZ2340
ovsh VA\ +,VA5 .MODEL CMOSN HMOS VI0=0.7 KP=127U TOX=150B-10 LAMBDA=0.1 KPa3.E-24 HLEV=2
MODEL CMOSP PMOS V10=-0.7 KPa580 TOX=150E-10 LAMBDA=0.05 KPs3.E-24 HLEV=2
Z IO Z’“O O .g’zms%bmmc
- - “PLOT V(1) V(8)
Al (OZX[O+ZD opTIons sprcE
C) I .END
»eests  OPERATING POINT INFORMATION THOM=  27.000 TEMP=  27.000

- 3q6 +0: 2.500E+00 2-2.5008+00 = 0.

1 = 0:2 0:3
+0:4 = 0. 0:5 =-8.017E-01 0:6 =-1.701E+00
0:7 = 0:8 0:9

+ -1.818E-03 =-1.8168-03 = 1.700E+00
l..'mms
lZQ ELDMENT 0:M1 0 0:18 0:Md 0:5
MODEL 0:CHOSH 0:CMOSH 0:CMOSP 0:CM08P 0:CHMOSN
(a) ﬁ'm ™ 5.057E-05 5.057E-05 -5.057E-05 -5.057E-05 1.011K-04
aCm':— (Ro(dmh)“ros) IBS  -1.698E-14 -1.698E-14 0. 0. 0.
%M osh IBD  -2.498E-14 -2.498E-14 2.502E-14 2.502E-14 -1.698E-14
| ves 8.0172-01 8.017E-01 -8.000E-01 -3.000E-01 7.982E-01
~ ( ‘ VD8 7.999E-01 7.999E-01 -2.501E+00 -2.501E+00 1.G98E+00
-——— VBS  -1.698E+00 -1.698Z+00 0. 0. 0.
~ YOSF\ Ro(m" roz) Ve 7.000E-01 7.000E-01 -7.000E-01 -7.000E-01 7.000E-01
VDSAT  1.017E-01 1.017E-01 -1.000E-01 -1.000E-01 9.318E-02
ZVASh EETA  9.773E-03 9.773E-03 1.011E-02 1.011E-02 2.099E-02
V, ‘V/Bl GAM EFF 0. 0. 0. 0. 0.
‘ AT 9.9422-04 9.542E-04 1.011X-03 1.011E-03 2.060E-03
~ _ a8 45:3:-05 4.683E-06 2.247E-06 2.247R-06 8.646E-06
v v 0. 0. 0. 0.
Ashv A§h +|VKS| coror 1120:-15 1.120E-16 7.618E-16 7.618R-16 4.712E-16
Al CGTOT  8.653E-14 8.653E-14 1.893E-13 1.893E-13 1.728E-13
CSTOT  6.998E-14 6.998E-14 1.522E-13 1.522E-13 1.387B-13
'Z.)"O CBTOT  1.643E-14 1.643E-14 3.629E-14 3.629B-14 3.361E-14
ces8 (6.998E-14 6.998E-14 1.522E-13 1.5228-13 1.387E-13
| \O—OI 20 co 1.120E-16 1.120B-16 7.618E-16 7.618E-16 4.712E-16
== = _L ’8 ersses AC ANALYSIS TMOM= 27.000 TEMP= 27.000
1o ~2%o
{0=—— X &= +720 -
A: ViT)
g B: V8
=
Aeme mh( Rodowny ! 03) o

4.1682-03 4.173E-01 4172803 $1TE-D

ZV BB 1 € 16EE-03

Z_ VA| lVAg‘ 1.0008¢02 4.17B-03-4------ [0S TR P PO S . .

— LS 417803 » NP . . . . N .
2SUED 4.17E-03 » o2 . . N . . .

VOSh 3.381E02 4.172-03 ¢ L . . . . . .
VA| +\VA | S AATB0I e 4 T k. e e+ . s

10008503 4.178-03 P . . . . .

VOV( 13BUE0T 4.172-00 + .2 . . . . .

27(‘0 2.511E4CT 4.178-03 + I IS . . . v . .

3.9818002 4.172-03 » .2 . . . . .

0\ 63008503 4.17-03 + .2 . . . s . .

:—3qe LO00ESM 4. 1TB- 03 4mmmmmmbmeDenboneasmbomcmmmaemaaes [,

1SBUERL 4.1TE-03 o e . . . .. .

l IOZX(O 10 ISUEQL L1TB-03 s+ 2 6 e e e

T.9BIE00 4.178-03 + I Y . . . . . .

§.305Ee04 4.172-03 » 2 . . . . . .

1.000E405 4.178-03 + T Y . . . . . .

/ aCW\ 'l\qg 1.SBAE0S 4.17E-0 » P . . . AN .
acm“ - 2.5112+05 &.17B-03 + v . . . . . .
3.981E¢05 4.176-03 + .1 . ' . . . .
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-— 1.584E006 4.172-03 .7 . . . . . . .
- "SX[O ISHERE L1TE-0d e+ 2 oo e s e e e
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(Z1Z continued

Consider the CMS amplifier

~Vss +Vovzg +Vgsz;+Veas 2. <Vol
~165+0.2+(0.6 +0.46) +0.8 < Vo
(Vé,su = Ve +Vovzy)

V0| Zo.6lV

JL0.6lV Vo < LY

To give the maximum symmekric
output SWing choose the DC value

0% Vo +o be
[4+o. 61 _
2 =W

VCH =N Naszg=1—0.8=02V
: —~14-0.6l
The output sWing (s Voip= >

=04y
For the differentiol pair Mz|, M2z
to work properiy,
O‘qg VO\P <\‘r2T VOV"l

should be sotistied.

045Vorp =095% 0.4 =038V

N2 Vovz; =2 X066 =093V

Therefore, the CMS amplifier will be
Ockive over the entire ontput range,
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FULLY DIFFERENTIAL OP AMP WITH CMFB
VDD 1 0 1.65

vs3 2 0 -1.65

VI 3 4 DC 0 SIN (0 100U 1K)

EvVcoM 30 0 POLY(2) (9, 0) (10, 0) 0 0.5 0.5
VB1 14 0 0.38

VB2 15 0 -0.56

VB3 29 0 -0.85

VCM 24 0 0.2

M1 735 1 CMOSP W=7TU L=10

M2 8 4 51 CHOSP =770 L=1U
M3 7 15 2 2 CMOSH W=4U L=10

Mé 8 15 2 2 CMOSN W=4U L=1U

M5 5 6 1 1 CMOSP W=250 L=1U

M6 9 8 2 2 CMOSN W=160 L=10

M7 9 14 1 1 CMOSP W=50U L=1U
M9 10 7 2 2 CMOSN W=16U L=1U
M10 10 14 1 1 CMOSP W=50U L=1U
M21 6 23 27 2 CMOSH W=4.8U L=1U
M22 26 24 27 2 CMOSN W=4.8U Lx=1U
M23 6 6 1 1 CMOSP W=25U L=1U
M24 26 26 1 1 CMOSP W=25U LalU
M25 27 28 2 2 CMOSK W=96U L=1U
VB4 28 0 -0.85

H26 1 9 21 21 CMOSN W=14U L=1U
M27 21 29 2 2 CMOSN W=14U L=1U
M28 1 10 22 22 CMOSH W=14U Ls1U
M29 22 29 2 2 CMOSN W=14U L=1U

RCS1 21 23 15K
RCS2 22 23 15K

3}

stttes  ODPERATING POINT INFORMATION
=-1.6508+00
= 9,882E-01
=-5.792E-01
4 = 3,800E-01
2 = 2.2882-01
6
9

+0:1 = 1.650E+00
+0:4 = 0.

+0:7 =-5.7928-01
+0:10 = 1.0302+00
+0:21 = 2,2882-01
+0:24 = 2.000E-01
+0:28 =-8.5008-01

= 3.928K-01
=-8.500E-01

+*++ WOSFETS

0:m2 0:3
0:CMOSP 0:CMOSN
-9.593E-05 9.533E-05
6.618E-15 0.
2.229E-14 -1.071E-14
-9.882E-01 1.090E+00
-1.567E+00 1.070E+00
6.6188-01 0.
-8.000E-01 6.000E-01
-1.882E-01 -1.882B-01 4.9002-01
5.416E-03 5.4162-03 7.991E-04
0. 0. 0.
.019E-03 1.015E-03 3.916E-04
.903B-06 4.503E-06 2.588E-06
0. 0. 0.
6.946E-16 6.946E-16 2.465E-17
2.516E-13 2.516E-13 1.209E-14
2.2162-13 2.216E-13 1.151E-14
2.929E-14 2.929E-14 5.547E-16
2.
6.

0:M1
0:CM0SP
-9.593E-05
6.618E-15
2.2292-14
-9.882E-01
-1.567E+00
.618E-01
-8.0008-01

-~
-

216E-13 2.216E-13 1.151E-14

946E-16 6.946E-16 2.465E-17

E aaggggsaﬂsggaeaaeeeai

0:M9
0:CHMOSN
3.696E-04
0

0:p10
0:CHMOSP
-3.696E-04

0:M7
0:CHOSP
-3.696E-04
0.
6.200E-15
-1.270B+00
-6.2002-01
0.
-8.000E-01
-4.700E-01
3.346E-03
0.
1.5738-03
1.9858-05
0.
1.7848-16
1.5132-13
1.439E-13
7.266E-15
1.4398-13

-2.680B-14 6.200E-15
1.070E+00 -1.270E+00
2.680B+00 -6.200E-01
0. 0.
6.0008-01 -8.000E-01
4.708E-01
3.335E-03
0.
1.570E-03
9.556E-06
g.
2.468%2-16
4.8618-14
4.604E-14
2.321B-15
4.604E-14

-

=

3.346E-03
0.
1.5732-03
1.985E-05
a.
1.784E-16
1,513E-13
1.439E-13
7.266E-15
1.439E-13

saﬂsggaaaaeeeg

8344

-1.
1.
1.

[
4.500E-01
7.

3.
2.

2.
1.
1.
5.
1.
2.

[H
0:CMOSN
9.

593E-05
0.
071B-14
090E+00
070E+00
0.

000E-01

991E-04
0.
916E-04
588E-06
0.
4658-17
209E-14
151E-14
547B-16
151B-14
465E-17

0:M21
0:CMOSN
1.
0 -6.
-2.
.240E+00
.383E+00
-6.
§.000E-01
-4.700E-01 6.
9.670E-04

982E-04
385E-15
0228-14
385E-01
403E-01

0

-191E-04
.302E-06

0.

.821E-17
.434E-14¢
-381E-14
.5008-16
.381E-14

= 3.717B-

01

= 1.030E+00
=-5.600B-01
= 2.288E-01
=-1.0118+00
= 1,030E+00

0:M5

0:
-1

6
-1
-6

-8
-4
1

8
1

9
7
7
3
7

CMesp
.919E-04
0.
-618E-15
.278E+00
.618E-01
0.
.000E-01
-783E-01
.6T7E-03
0.
.022E-04
.028E-05
0.
.5228-17
.560E-14
.194E-14
.562B-15
.194B-14

9.5228-17

0:
0:

1
-6
-2

2
CHOSN
.809E-04
.385E-15
.043E-14

1.211E+00

1
-6
6
6

9.

-

3
1
1

H]
1

-404E+00
.385E-01
.000E-01
-115E-01
675E-04
0.
.916E-04
-836E-06
0.
.879E-17
.437E-14
.381E-14
-169E-16
-381E-14

0
0

-2.
1.
2.

6.
4.
3.

1.
9.

2.
4.
4.
2.
4.
2,

(2-10

THOM= 27.000 TEMP= 27.000

M6
:CHOSN
3.696E-04

0.

680B-14
070R+00
680E+00
0.
000E-01
708E-01
335E-03
0.
570E-03
556E-06
0.

468B-16
861E-14
604E-14
321E-15
604E-14
468E-16

0:)23
0:CMOSP

-1.

1.
-1.
-1.

-8.
-4.
.732E-03

- o

N W e

982E-04
0.
278E-14
278E+00
27BE+00
0.
000E-01
783E-01

(4

.287B-04
.028B-05

[

-839E-16
.569E-14
.194E-14
.562B-15
.194E-14

aaeeegg 8

(231117

(A )

0.

2.000E-25
4.0008-05
6.000E-25
8.0008-25

0.6 KP=194U TOX=8E-9 LAMEDA=0.027778 KF=3.E-24 NLEV=2 1.0008-04
-0.8 KP=64.7U0 TOX=8E-9 LAMBDA=0.055556 KF=3.E-24 MLEV=2.2008-04

-

A%0R-M
600E-04
.BOCB-0¢
000E-04
.2008-04
4008-04
6008-04
BOOR-0L
0008-04
2008-04
1002-04
6008-04
8002-04
0008-04
200B-04
400E-04
600B-04
.800E-0¢
.000E-04
.200B-0
AD0B-04
§0CE-04
BODE-04
000E-04
L209E-04
400E-04
600E-04
BOJE-04
000E-04
J200E-04
L400B-04
€00E-04
800E-04
000E-04

A N T R LT T VY O i S W W N N N S R

—wwwwomE®®®
L >

3

k=4

3

o

=

1.784E-16 2.468E-16
0:24 0:125
0:CMOSP 0:CMOSH
-1.809E-04 3.791E-04
0. 0.
1.257E-14 -6.385E-15
-1,257E+00 8.000X-01
-1,257B+00 6.385E-01
0. 0.
-8.000E-01 6.000B-01
-4.572B-01 2.0002-01
1.730E-03 1.895B-02
0. 0.
7.912E-04 3.791E-03
9.393E-06 1.035E-05
0. 0.
1.809B-16 3.528E-16
7.587E-14 3.110E-13
7.194BE-14 2.763B-13
3 3
7 2

N o

- ow

.T46E-15 3.439E-14
.194E-14 2.763E-13
1.8092-16 3.528E-16

TRANSIENT ANALYSIS
vi3n

1.C2BE+00 1.0252+00

+ +

1.

T784E-16

0:M26
0:CMOSN

5.

-1
]

5.
1.

1.
4.
4.
4.
4.
1.

715E-05
0

.4212-14
.012E-01
1.

421E+00
0

.000E-01
2.
2.

0122-01
823E-03
0.
6812-04
527E-06
0.
145E-16
539E-14
0292-14
985E-15
029B-14
145E-16

1.0298+00 1

.

3.821R-17 3.879E-17 1.839E-16
0:127
0:CMOSN 0:CMOSN
5.7158-05 5.715E-05
0. 0.
-1,879B-14 -1.421E-14
8.000E-01 8.012E-01
1.878E+00 1.421E+00
0. 0.
6.000E-01 6.000E-01
2.0008-01 2.012E-01
2.858E-03 2.823B-03
0. 0. .
5.715E-04 5.681E-04 5.715E-04
1.509E-06 1.527E-06 1.509E-06
0. 0. 0.
1.514B-16 1.145E-16 1.514E-16
4.5458-14 4.535E-14 4.545E-14
4.029E-14 4.025E-14 4.029E-14
5.0152-15 4.985E-15 5.015E-15
4.029E-14 4.029E-14 4.029E-14
1.5142-16 1.145B-16 1.514E-16

0:M28 0:M29
0:CHOSN
5.715E-05
0.
-1.879E-14
8.000E-01
1.878E+00
.
§.000E-01
2.000E-01
2.853E-03
0

TNOM= 27.000 TEMP= 27.000

J302+00  1.0302+00
. +

A PO

)
038400 »
J03E400 +
038400 +
022400 +
028400
L02B400 «
L02E+00 « Aoe
L02B+00 +

J02Be00 4 A +

+
.
.
+
.
+
+
v

A

»~
P

R
P Y

A+ . +

R S P

4 e e

02B400-4---A--#------
02400 + A ¢
L028400 + A
J02E400 + A
J028+00 + A
J02E+00 + A
.02B+00 +
028400 +

A

R
F O Y

+
+
+
.
A+
A
+
.

028400 +

A
22400

PO Y
P Y

P I I
e e e e e e

-
v
-

L02E+00 A
-02E+00 «
J02E400 +
JCIB+00 »
L03R4C0 +
(G3B+00 «
J03B+00 «
L03E+C0 +
LCIB+CO +
LO2B+C0 ¢

.
+
+
+
+
+
+
B
.
+
L02E+00 ¢+ +
LQIELLO ¢ +
L02E+09 A
.D2B+00 + A+
173-CHI O W
J02E+00 ¢ A ¢
L02E+00 + A +

L.02B+00 ¢ A +

1.02E+00 + A ¢

1 .

.
A
+

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1.028+00 +
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
M

P T T T T T e PP

1
1
1
1.02B+00 « . .
1.03E+00 + . .
1.03E+00 + . + .
1.03E400-#emmmmmeannnnn .

+ +

[ T T T R I T PP S B T R R S T

B T S T T T T T T T T S P S Y
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Sqmme’mg or the Miller effect cm

ke sed .

0 Cid=6+7/2
‘ TP Im: =4.5pF
Vo
',

T
(0 V% Cu=3/2
SPF T [ 5pF
s pTE
z z

Ce=E5x7+3

T =jpE
UOC“DI'VOL -~



vop
AL 4

wzs

Ve a3 MzﬁEJ
-s

(@) = Lo 2 39X885X0T

o Tooxigto =1 3xo Hm*

kn= PnCox =550x5#x2.3%(63
=12t AV =1 2L Al

@y = Hew _ zxzxg? _,
L')zs k."\/ozv,_s 126xig %22 1

Wiy =79 Lege = &5um
Cgs = %WLG)X +Wdcol
:-% XG3x(5Ex 0 x[G®x 2 3xIg>

T63IX0.12%|51S
=TT +7. LMo

=S4 xIoltF = =

%
Jwgy =222 = 222700 53
mzy, ng 0z Zxlo A/V

The RC time constowt 1's

|
gm_,;ccﬁs*'qoﬁ):m(g%%)ﬂ:
=3.7xg"'s =87ps

(b) (Wf)zg =20
W= (Gpm
Gs=25F
a'mzz,‘—‘- ExiotAlv

The time constont s

Sy (20 =225 s

(Z-1Z

=071Zns

(Q)The size of MZ3 becomes ZIF the
original size, hence the
Eronsconductance and Gate-Source
Capacitonce, the contribution from
Which is the Sameas in the original
case . The contri bution from 3?6.
Q0§F copacitance becomes greater,
SO does the total e constont.

215
(2 Voc =g = Vo= Vtp |~ Vova |
=25-0.6-02=L7V

(6) Adm=—Gy; (1o, iitog [l 20k)

2oy VL Nas)
Vour Tor ! lIvs\“ZOk)

___’Z)‘( b l 0
= _%‘Q' (‘oo?qo'b"looxld*’”za“)
= —IX(g>(look [ Zook|Zok)
=154

- |
Ocm Tt RodowrilTez)

- ?;\;‘k(go(dwn)”ro@

=19
Tn the DM g cirenit , the load
(S ZokSL in paralled with oy [{Yo3,
i s less than e original (0ad,
forlltos, hence the smaljer DM
4ain. The CM circuit Is not
offected by the Zok{L resistor, 5o
tne CMgain is wnchanged. .
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(4 Gdm=- ﬁmx(ro;uros)'—-é@‘?

Oem==%m, (¥, (ITo3) ==66.7

(6) The DM and CM hol§ circuits
are the soame (S the PM halg
Cirauit In the first example Tn
Section 4|5 the £wo gains ore
dentical to the PM gain in that
example .

12,17
@) Gdmg ’-""%m‘l(’ﬂ?lllros)
Fim= - Z(roillfos)Cle, .
o _ Gampll u
‘S’d»mq 2_.“.% Zﬂ' 1L
1 2
ZIFZCLd., Vovi
_ L ____L___’ulooﬁlo

T AT 2x2x(5' T 028
=3.2xip’ Hz =32ZMHz

A= ’f}m(ﬂo(dm)ll\’os)

|
e = o T
_l
Samc ey = Omg‘fm‘ A
Uosh
Voveh
| _L—y_kzgﬂg,
I g

=LUxlo’ H;_L U‘f‘MHZ

..——'

t l 2xloox|g®
I ZxdKgE 02

=|LXo'Hz =|(MHe

|\ 2T,
“;cm,umeg =INCc Vovst,

=L _L__ Zxlooxig®
T2 2Xptt 0z&

=64x(o' Hz = LI MHz

OTo <et S’cmc, unity = fdm whity, in W
repace MS with M$Z

Imszh =% Gmsh
Llosah _ | ZTosh
Vivszin Sz Vovsh
Ioszh"-LIost\v—ﬁ—"’&b + WM;{\%
=50
Tos2 =loopA
Iosi =(oOpA
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j2i8

Voo —¢- - -+
Res :'—_Ccs
- : %ms

C\Z—
II

With Cr_s’—’O : :
ms(S) _ Gz
ems(9)= Yersls —

o1
<
Vol ) Rcs-!- C. iz

R
I+])5RcsCVz
With Ces #0,

Rl B I1SCIT
= 1+ )sResCes
1+15Res(Cs +Ci/2)
\Gems() 10dmg)

'
\
' '
' [}
: )
[

=
The Cescopacitors tntroduce o LHP
zero oid Reep|Adwms (SN Srom dropping
Ot Wigh frequencies ; therefore, CMFB
still works ok high frequencies. Also,
the phase. it of Odms(9) approoches
0 ak L\%k f\'eq‘uwcie.s-.

2.9
Tn the brloa!e region,
IoL‘ T [2Vgs - V) Vs - Vs ]

In the atkive region,
3"“;&'—‘ k:\ W (ngVt)

In the tride vegion, Vas< Vgs - Ve
g"")t< g"/‘)a.
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Ri '
V‘"VSC*V;.‘( Vo= 2
Uy
e T R Vo=

The opomp has tq;\fmifce_ DM gain, so
the Uoltoges at ks two inputs are
the same. ovd depoted bg\)x,

Tt has zero CM %ain)sothereis no
CMudtoge ot the outpnts

Vo =V!"21) Vo = = !7;1

__R Usd Rl oo
V"‘RHR;N*‘J' 2 RItR3 2

=RE o Vsdy __RZyoy
Vx R‘HR'{(USC z) Re+RY 2
Rl + Rz )\_’L.DL
\R|+R3 ' Rz+Ry/ 2
_r RY _ R3 R3 RY \Usd
“Rz+Ry  RI+ R3)U$"’(R\+R3* Rz+m)'f

R3 N

A=V = _ Ri+R3 +§7.+Ri
T SRR
KitR3 ~ Rz+Ry
Voc
:_-—--;o
T Use R4 R3

f _Ved _, R2ARG " RI+R3
Vse ___,R_L T _RzZ
Ri+R3y  Rz+RY

5 .5
(@) i+5 YIS
Aclw\‘=— N ‘ =
35 i+ &

-5

1+5 " [4+5 _
N alc
l+S " +§

Ao\m—cw\:O

Y S
(%\ __+5T 04455 _c
A CTRUN. .
lolts  049+5

Acn=0 s s

Prerdm=222045_[OI4S _ 4 2
[0\ N 44

lol+5 04948
Ao\m-cvv\= 0

(22| .

R(
U5|-—’\M

Vsi=0.Zsin(loot) (VD

Vs'z_:'o

Vx=\.'?%vsf =0 Sin(loot) (VD

Veg = Vsy—Vsz =0.ZSin(loot) (V)

Vad =AdmVsd +AcmdmVs ¢
=-5x02si(loot) + 0= - siw(loot) (V)

Voo = AcmVise + Adw-cm Vsd =0

Voi = Vo + \_@Lcé = -0 5 sin(loot) (V)

Vor= Vo - ‘-/% =0.5stn(loot) (V)

Vit =0 (Qdw=)

Vo= R3 v Ri V.
\c,*m ‘>°+RT?§§ oC

— S 4t 1.

= Hso.lsm(\oo{:)ﬂ-HS 0

= 0,083 Sin(loot) (V)
Viy=Vict B2 =0 083 siu(loot) (W

Vi’L:Vix,-\!% = 0083 Sinlloot) (V)
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|Z.22
(60 ch qu I ‘/ Resi
>~ Resi+Rese ch +Resz

_ R

Res _4i
W(Voc = Vod)

4 RC$7."RCS| v
= Vo t Z Res)tResz

el R 49-10,
| Rese-Rest y49-10d _ 3
Pw-cme =7 Rest Rese ™ Z 10 A+49 =

(b)Va.= AdmVid,
Vo = OemVic +GcmeNeme
Veme = \lems = Aems Voe + Gdu-cmoVod,
Ve =a£mVic +0cemcAemsVoc +

Voz

Aemedm-cmsNod,

— Acm

= Fomeoms <™ g il
va =ldwm=-(6.]
_V_oc__ Aom H96 i
Vie i—&cmac\ms -(-\e) (O
Vod
Vie -
voC OcmcOdm-cms - _-196( SXlo})

= omclioms =gy o)

= -0\33
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12,22 (¢)
OP AMP 9.988E-04 9.988E-04
.SUBCKT AMP (3 4 7 8 6) GDS 9.280E-06 9.280E-06
voD 10 2.5 G 0. 0.
vss 2 0 -2.5 cpToT 6.297E~-17 6.297E-17
VB 901.6 ceToT 3,936B-14 3.936B-14
M1 7 35 2 CMOSN W=28.5U L=0.80 CSsTOT 3.4998-14 3.495E-14
M2 8 45 2 CNOSK W=28.50 L=0.80 CBTOT 4.302B-15 4.302E-15
M3 7911 CMOSP W=62U L=0.80 cGs 3.4998-14 3.495E-14
M 8911 CNOSP Ws620 L=0.80 CGD 6.297B-17 6.297E-17
M5 5 6 2 2 CMOSN W=56.5U L=0.80
ECMC 6 0 POLY{2) (7,0) (8,0} -1.6 0.495 0.505 SUBCKT XCH ICH
R1L301G ELEMENT 2:M2 2:¥8
R2 401G MODEL 2:CMOSN 2:CMOSP
.MODEL CMOSN MMOS VTO=0.7 KP=1270 TOX=150E-10 LAMBDA=0.1 KF=3.E-24 NLEV=2 ID 1.011E-04 -1.011E-04
MODEL CMOSP PMOS VTO=-0.7 KP=58U TOX=150E-10 LAMBDA=0.05 KP=3.E-24 HLEV=2 IBS -1.597B-14 0.
.ENDS AMP IBRD -2.4978-14 2.503E-14
. vGs 9.025E-01 -9.000E-01
+* AMPLIFIER WITH DM INPUT vDs 8.998BE-01 -2.502E+00
VBS -1.597B+00 0.
XDM {13 14 17 18 16) AMP VTH 7.000E-01 -7.000E-01
VILD 13 51 0 AC 0.5 VDSAT 2.025B-01 -2.000E-01
EI2D 14 51 13 51 -1 BETA 4.931E-03 5.057E-03
GAM EFP 0. 0.
* AMPLIFIER WITH CM INPUT GM 9.988E-04 1.011E-03
GDS 9.280E-06 4.495B-06
XCM (23 24 27 28 26) AMP 0. 0.
EIIC 23 51 13 51 2 CDTOT 6.297B-17 3.810B-16
BI2C 24 51 23 51 1 CGTOT 3.936E-14 B8.598B-14
¢STOT 3.499B-14 7.612E-14
VICS5100 CBTOT 4.302E-15 9.476R2-15
CGS 3.499B-14 7.612E-14
* AMPLIYIER WITH DM OUTPUT CGD 6.297B-17 3.810B-16
IDMO (33 34 37 38 36) AMP SUBCKT XDMO XIMO
VOiD 37 0 0 AC 0.5 ELEMENT 3:183 3:M4
BEO2D 38 0 37 0 -1 MODEL 3:CMOSP 3:0M08P
ID -1.0112-04 -1.011E-04
* AMPLIFIER WITH CM OUTPUT IBS 0. 0.
IBD 2.500%-14 2.500B-14
XCMO (43 44 47 43 46) ANP VG8 -9.000R-01 -9.000E-01
EO1C 47 0 37 0 2 vDs -2.5002+00 -2.500E+00
EO2C 48 0 47 0 1 VBS 0. 0.
VTH -7.0002-01 -7.000E-01
.OPTIONS NOMOD VDSAT -2.0002-01 -2.000E-01
* CALCULATE THE MAGNITUDE OF THE DIFFERENCES INSTEAD OF BETA 5.057B-03 5.057E-03
+ THE DIFFERENCE OF THE MAGNITUDES GAM EFP 0. 0.
OPTIONS ACOUT=0 1.011x-03 1.011k-03
ACDEC 1110 GDs 4.4952-06 4.495B-06
JPRINT AC VM(17) VM(18) VP(17) VP(18) GMB 0. 0.
.PRINT AC VM(27) VM(28) VP(27) VP(28) cpror 3.806E-16 3.806E-16
.PRINT AC VM(17, 18) VM({17) VK(18) ceToT 8.598E-14 8.598E-14
JPRINT AC VM(27, 28) VM(27) VM(28) C8TOT 7.612B-14 7.612B-14
.MEASURE AC A_DM FIND VM(17, 18) AT=1 CBTOT 9.476E-15 9.476E-15
.MEASURE AC A_CM FIND PAR(’ (VM(27)+VM(28))/2.’) AT=l CGS 7.612E-14 7.612E-14
JMEASURE AC A CM2DM FIND VN{27, 28) AT=l CGD 3.806E-16 3.806E-16
.MEASURE AC A IM2CM FIND PAR{‘ (VM(17)-VM(18))/2.'} AT=l
.MEASURE AC A_CNS FIND VM(45) AT=1 SUBCKT XCH0 p (o o]
.MEASURE AC A_DM2CHS FIRD VM(36) AT=1 ELEMERT 4:M4 4:M5
* SUBTRACTION IS USED IN THE EQUATION FOR A_DM2CM BECAUSE MODEL 4:CMOSP 4:CMOSN
+ THE TWO OUTPUTS HAVE OPPOSITE POLARITY el -1.011E-04 2.080E-04
MEASURE A_DM/A_CM PARAM=’A DM/A_CM’ IBS 0. 0.
MEASURE A_n(lh_ml'l PARAM='A_DM/A_CM2DM’ IBD 2.500E-14 -1.595E-14
MEASURE A_DM/A_DM2CH PARAM=’A_DM/A_DNCCNM' vGs -9.000E-01 9.000E-01
WIDTH OUT=80 vDs -2.500B+00 1.594E+00
.OPTIONS SPICE YBS 0. 0.
.ERD VTR -7.000E-01 7.000E-01
VDSAT -2.000E-01 2.000E-01
tsts2t  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000 BETA 5.057E-03 1.040R-02
GAM EFF 0. 0.
+0:13 = 0. 0:14 = 0. 0:16 =-1.602E+00 GM 1.011E-03 2.0B0E-03
+0:17 =-2.780B-03 0:18 =-2.780E-03 0:23 = 0. GDS 4.495B-06 1.794E-05
+0:24 = 0. 0:26 =-1,602E+00 0:27 =~-2.T80E-03 0. 0.
+0:28 =-2.7808-03 0:33 = 0. 0:34 = 0. coToT 3.806E-16 2.212E-16
+0:36 =-1.600B+00 0:37 = 0. 0:38 = 0. CGTOT 8.5988-14 7.823E-14
+0:43 = 0. 0:44 = 0. 0:46 =-1.600E+00 CSTOT T7.612B-14 6.937E-14
+0:47 = 0. 0:48 = 0. 0:51 = 0. CBTOT 9.476B-15 8.635E-15
+1:1 = 2.5008+00 1:2 =-2.500B+00 1:5 =-9.0258-01 CGS 7.612B-14 6.937B-14
+1:9 = 1.600E+00 2:1 = 2,500E+00 2:2 =-2.500E+00 CGD 3.806EB-16 2.212E-16
+2:5 =-9,0258-01 2:9 =2 1.600E+00 3:1 = 2.500EB+00
+3:2 =-2,500E+00 3:5 =-9_053B-01 3:9 = 1.600E+00 A_DM= 7.2509E+01
+4:1 = 2,500B+00 4:2 =-2.500B+00 4:5 =-9,053E-01 A_CM= 8.3867E-03
+4:9 = 1,600B+00 A_CM2DM= .0000R+00
A_DM2CM= 3.6092E-01
*s¢r NOSFRETS A_CMS= 1.0000E+00
A_DM2 = 5,0000E-03
SUBCKT I por | X Xm XM XCK A_DM/A CM= B.6457E+03
ELEMENT 1:M1 1:M2 1:3 1:M4 1:M5 2:M1 A_DM/A_CM2DM= 7.2509E+29
MODEL 1:CMOSN 1:CMOSHN 1:CM08P 1:CMOSP 1:CMOSN 2:CMOSN A_DM/A DM2CM= 2.0090E+02
Ip 1.011%-04 1.011E-04 -1.011E-04 -1.011E-04 2.023E-04 1.011E-04
IBS -1.597E-14 -1.597E-14 0. 0. 0. -1.597E-14
IRD ~2.497B-14 -2.497E-14 2.503E-14 2.503E-14 -1.597E-14 -2.497E-14
vGS 9.0258-01 9.025E-01 -9.000E-01 -9.000E-01 8.972E-01 9.025E-01
vDs 8.998E-01 8.998E-01 -2.502E+00 -2.502E+00 1.597E+00 8,998B-01
VBS -1.597E+00 -1.597E+00 0. 0. 0. -1.597E+00
VT8 7.000E-01 7.000E-01 -7.000E-01 -7.000B-01 7.000E-01 7.000E-01
VDSAT 2.025E-01 2.025E-01 -2.000E-01 -2.000E-01 1.972E-01 2.025E-01
BETA 4.9312-03 4.931E-03 5.057E-03 5.057E-03 1.040B-02 4.931E-03
GAM EFP 0. 0. 0. 0. 0. 0.

1.011E-03
4.495E-06
0.
3.810E-15
8.5982-14
7.612B-14
9.476E-15
7.612B-14
3.810E-16

p(w ]
2: 04
2:CMOSP
-1.011E-04
0.
2.503B-14
-9.000E-01
-2.502B+00
0.
-7.000E-01
-2.000E-01
5.057E-03
0.
1.011E-03
4.4958-06
0.
3.810E-16
8.598E-14
7.612B-14
9.476E-15
7.612E-14
3.810E-16

3:
3:

2,080K-04

-1.595E-14
9.000E-01
1.554EK+00

0.
7.000E-01
2.000E-01
1.0402-02

0.
2.080E-03
1.794E-05

0.
2.2128-16
7.823E-14
6.937E-14
8.635E-15
6.937E-14
2.212E-16

oo

1.011E-03
4.495E-06
0.
3.810E-16
B.598E-14
7.612B-14
9.476E-15
7.612E-14
3.810E-16

o
2:M5
2:CHMOSN
2.023E-04
0.
-1.5978-14
8.972E-01
1.597E+00
0.
7.000E-01
1.9722-01
1.040E-02
0.
2.052E-03
1.7442-05
0.
2,.216E-16
7.835B-14
6.937E-14
8.756E-15
6.937E-14
2.216E-16

1

EE

-

1.040E-04
-1.595E-14
-2.500E-14
9.053K-01
9.0532-01
-1.594E+00
7.000E-01
2,0532-01
4.934x-03
0.
1.0132-03
9.536E-06
0.
6.3362-17
3.930K-14
3.499E-14
4.2442-15
3.499E-14
6.336%-17

2.
1.

2.
.835E-14
6.
.7568-15
-937E-14
2.

?

052E-03
T44E-05
0.
216E-16

937E-14

216B-16

§
¥

3:
3

w0 -

ww o

-2.
9.
9.

-1.
7.
2.
4.

1.
9.

6.
3.
3.
4.
3.
6.

&

:CMOSN
1.
-1.
-2.
9.
9.
-1.
7.
2.
4.934E-03

040R-04
595B-14
500E-14
053E-01
053E-01
594E+00
000E-01
053K-01

0

.013E-03
.536E-06

0.

.336R-17
.930B-14
-495E-14
4.
3.
6.

244E-15
499E-14
336K-17

500E-14
053K-01
053E-01
S94E+00
000E-01
053E-01
934%-03
0.
0138-03
S$36B-06
0.
336E-17
930E-14
495E-14
244E-15
499E-14
336E-17

.988R-04
-280B-06
0.
-297E-17
.936E-14
-4992-14
.302E-15
.499B-14
.297E-17

AW WWR VO

w W
gﬁ

040B-04
595E-14
500E-14
053E-01
0538-01
594E+00
0002-01
053E-01
934E-03
0.
013E-03
536E-06
0.

6.336E-17
3.930E-14
3.499E-14
4.244E-15
3.499E-14
€.336B-17

-l WO W R e e

0

XCMO
4:03
4:CM0SP
-1.0118-04
0.
2.5008-14
-9.000E-01
-2.5008+00
0.
-7.000E-01
-2.000E-01
5.0572-03
0.
1.011E-03
4.4958-06
0.
3.806E-16
8.598E-14
7.6128-14
9.476E-15
7.6138-14
3.806E-16
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12,23 (b)

FULLY DIFFERENTIAL OP AMP
.SUBCKT AMP (15 16 17 18)

VDD 1 0 1.65

vss 2 0 -1.6€5

VCH 12 0 -0.65

IDC 14 9 -1000

M1 5 15 3 2 CMOSE W=64U L=0.8U
M2 6 16 3 2 CMOSN W=64U 1=0.8U
MIC 17 4 5 2 CMOSN W=64U L=0.80
M2C 18 & 6§ 2 CMOSH W=64U L=0.80
M3 17 91 1 CMOSP Wa960 L=1.40
K4 18 9 1 1 CMOSP W296U L=1.4U
M1l 9 9 1 1 CMOSP W=96U L=1.40
M12 4 9 1 1 CMOSP W=19.20 L=1.4U
M13 4 4 3 2 CMOSN W=1.40 L=0.80
Mid4 14 14 2 2 CMOSH W=16U L=0.8U
M21 2 18 10 1 CMOSP W=6U L=0.80
M22 13 12 10 1 CMOSP W=6U L=0.8U
M23 13 12 11 1 CMOSP W=6U L=0.80
M24 2 17 11 1 CMOSP W=6U L=0.8U
M25 13 13 2 2 CMOSK W=16U L=0.30
K26 10 9 1 1 CMOSP W=96U L=1.4U
M27 11 9 1 1 CHOSP W=96U L=1.4U
M51 3 14 2 2 CMOSN W=19.20 L=0.8U
M52 3 13 2 2 CMOSN W=16U L=0.8U

.MODEL CMOSN NMOS LEVEL=3

+ TOX=0.8000E-08 XJ=0.1500000 TPG=1 PHI=0.600000

+ DELTA=2.1370E-01 LD=9.0003E-08 VTO=0.60 GAMMA=0.5947

+ DO=450. THETA=1.9240E-01 RSH=1.7260B+01 KP=1.96E-04

+ RSUB=1.2706E+17 NFS=6.0410E+11 VMAX=1.8610E+05 ETA=2.1370E-02
+ KAPPA=8.4220E-02 CGDO=3.5E-10 CGSO=3.5E-10

+ CGBO=3.0251E-10 CJ=5.2E-04 MJ=0.59 CJISW=1.2E-10

+ WI5W=0.31 PB=0.98

+ ACM=3 HDIF=0.4U

.MODEL CMOSP PMOS LEVELa3

+ TOX=0.80008-08 XJ=0.1500000 TPG=-1 PHI=0.600000

+ DELTA=2.07292-01 LD=9.0000E-08 VTO=-0.80 GAMMA=(0.5200

+ DO=137.3 THETA=1.6710B-01 RSH=3.6310E+00 KP=6.6E-05

+ RSUB=9.7132E+16 NFS=5.9890E+11 VMAX=3.0560E+05 ETA=1.8760E-02
+ KAPPA=5.9230E+00 CGDO=3.5K-10 CGSO=3.5E-10

+ CGBO=3.1661E-10 CJ=9.1191E-04 MJI=0.49 CJSWs1.2E-10

+ WI8SW=0.201 PB=0.96

+ ACM=3 HDIFs0.4U

DS AMP

¢ AMPLIFIER WITH IM INPUT

I (21 22 23 24) AP
VID 21 19 0 AC 0.5
BI2D 22 19 21 19 -1

* AMPLIFIER WITH CM INPUT

XCK (31 32 33 34) AWP
BINC 31 19 21192
BI2C 321931191

VIC 19 0 -0.65

ACDEC 1110

.PRINT AC VM(23) VM(24) VP(23) VP(24)"
LPRINT AC VM(33) VM(34) VP(33) VP(M)
.PRINT AC VM(23, 24) VN(23) M(24)
LPRINT AC VM(33, 34) VM(33) WM(34)
MEASURE AC A DM FIND VM(23, 24) AT=l
A_CM FIND PAR(’{VM({33)+VM(34)}/2.’) AT=1
A_QDDM FIRD VM(33, 34} AT=1

A_DM2CM FIND PAR(’(VM(23)-VM(24))/2.’) AT=1

* SUBTRACTION 1S USED IN THE EQUATION FOR A_DM2CM BECAUSE
* THE TWO OUTPUTS HAVE OPPOSITE POLARITY.

.MEASURE A_DM/A_CM PARAM=‘A DM/A_CM‘

.MEASURE A_DM/A_CM2DM PARAM=‘A DM/A_CM2DM’

.MEASURE A_DM/A_[M2CM PARAM='A_DM/A_TSQCH’

.OPTIONS SPICE

-WIDTH OUT=80

.END

setess  OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:19 =-6.500E-01 0:21 =-6.500E-01 0:22 =-6.500E-01
+0:23 =-5.3838-01 0:24 =-5.3838-01 0:31 =~6.500E-01
+0:32 =-6.5008-01 0:33 =-5.383B-01 0:34 =-5.3838-01
+1:1 = 1.650E+00 1:2 =-1.650E+00 1:3 =-1.386E+00
+1:4 =-4.152E-01 1:5 =-1.190E+00 1:6 =-1.190E+00
+1:9 = 6.583E-01 1:10 = 7.433E-01 1:11 = 7.433E-01
+1:12 =-6.500E-01 1:13 =-8.566E-01 1:14 =-8.810E-01
+2:1 = 1.650E+00 2:2 =-1.650E+00 2:3 =-1.386E+00
+2:4 =-4.152E-01 2:5 =-1.190E+00 2:6 =-1.190E+00
+2:9 = 6.588E-01 2:10 = 7.433E-01 2:11 = 7.433E-01
+2:12 =-6.500E-02 2:13 =-8.566E-01 2:14 =-8.810E-01
L2 2 msms
SUBCKT XM pes | XDM X o p oo
ELEMENT 1:M1 1:m2 1:M1c 1:M2C 1:3 1:M4

-

FEEEREERREED
:

ggazaasevggg 823339

ggug

LK

WWr 0O e e

: aaggggsaﬂsggaaaaaecggg 32§

{

aaeaeggg aaggggsaﬂsggaaaaaev

1:CMOSN
1.023E-04
-2.636B-15
-4.594B-15
7.365E-01
1.959E-01
-2.635B-01
6.259E-01
9.503E-02
1.912K-02
5.270E-01
1.8078-03
3.055E-05
4.5608-04
5.743E-14
1.592B-13
1.742E-13
7.279E-14
1.366E-13
2.240E-14

por
1:111
1:CM08P
-1.0008-04
.513E-20
.912B-15
-9.912R-01
-9.912E-01
0.
~-7.7568-01
-1.855E-01
.980E-03
-905E-01
.110E-04
.909E-06
.639K-04
.032E-13
.0468-13
.639E-13
.6333-13
.706B-13
.360R-14

w

i

1
1:
-6.079E-05
9.067B-15
2.507B-14
-1.3938+00
-1.599E+00
9.067E-01
-9.1618-01
-4.3108-01
5.749E-04
4.404E-01
2.431E-04
4.291E-06
3.647E-05
5.694E-15
1.510B-14
1.739E-14
8.378E-15
1.280E-14
2.100E-15

por |
1:M52
1:CMOSN
1.134E-04
-4.895B-19
-2.635E-15
7.934E-01
2.635E-01
0.
5.499E-01
1.5995E-01
4.498E-03
5.3542-01
8.816E-04
1.513E-05
2.661E-04
1.513E-14
3.993BE-14
4.483E-14
2.040E-14
3.415E-14
5.600E-15

p du_}

2:M4
2:CM08P
-1.023E-04
1.548E-20
2.188E-14
-9.912E-01
-2.188E+00

1:CMOSH
1.023E-04
-2.6362-15
~4.5942-15
7.3658-01
1.9592-01
-2.635E-01
6.259E-01
9.503E-02
1.9128-02
5.2708-01
1.807E-03
3.0552-05
4.560E-04
5.743E-14
1.592x-13
1.742E-13
7.2795-14
1.3662-13
2.240E-14

XN
1:02
1:CMOSP
-2.037E-05
1.541E-20
2.065E-14
-9.912E-01
-2.065E+00
0.
-7.737B-01
-1.870E-01
9.956B-04
4.509E-01
1.841E-04
3.862E-07
5.336E-05
1.851E-14
8.123E-14
9.2393E-14
3.0992-14
7.413E-14
6.720E-15

pes |
1:M24
1:CM08P
-3.905E-05
9.067E-15
3.3002-14
-1.281E+00
-2.3932+00
9.0672-01
~9.043E-01
-3.4182-01
5.871E-04
4.404E-01
2.003E-04
3.3342-06
3.036E-05
5.419B-15
1.5102-14
1.739E-14
8.103E-15
1.280E-14
2.100E-15

I

M
2:CHOSH
.023E-04
.636E-15
.5948-15
-3658-01
.959E-01
.635E-01
.259E-01
.503E-02
.912E-02
.270E-01
807E-03
.055E-05
S60E-04
.743E-14
592E-13
.742E-13
.279B-14
366E-13
240E-14

N AR PR WHEAHRO AN R

XCM

2:M11

2:CMOSP

-1.000E-04
1.513E-20
9.912E-15

-9.912E-01

-9.912E-01

1:CMOSK
1.023E-04
-4.594E-15
-1.1128-14
7.754E-01
6.523E-01
-4.594E-01
6.656E-01
9.563E-02
1.912%-02
5.2182-01
1.820E-03
3.076E-05
4.081E8-04
5.1728-14
1.592E-13
1.716E-13
6.4532-14
1.3662-13
2.240E-14

par

1:M13

1:CMOSN
2.037E-05

-2.636K-15

-1.2352-14
9.7128-01
9.7128-01

-2.635E-01
6.177E-01
2.5082-01
3.746E-04
5.270E-01
1.065E-04
1.860E-06
2.656B-05
1.260B-15
3.665E-15
3.984R-15
1.954R-15
2.988E-15
4.900K-16

I

1:M25

1:CM08N
1.2168-04

-5.246E-19

-7.933E-15
7.934E-01
7.9342-01

0.

5.409E-01
2.065B-01
4.4802-03
5.354E-01
9.100E-04
1.563E-05
2.7422-04
1.365E-14
3.9938-14
4.483E-14
1.8928-14
3.415E-14
5.600E-15

p (o
2:M2
2:CMOSN
1.0238-04
-2.636E-15
~-4.594E-15
7.365E-01
1.9592-01
-2.635E-01
6.2592-01
9.503E-02
1.9122-02
5.270E-01
1.807E-03
3.055E-05
4.560B-04
5.743B-14
1.592E-13
1.742E-13
7.279E-14
1,.366E-13
2.240E-14

p (o |

2:M12
2:CHM0SP
-2.037E-05
1.5412-20
2.065E-14
-9.912E-01
-2.065E+00

1:CMOSN
1.023E-04
-4.594B-15
-1.112E-14
7.754E-01
6.5232-01
-4.594R-01
6.6562-01
9.5632-02
1.912x-02
5.2182-01
1.820E-03
3.076E-05
4.0812-04
5.172K-14
1.5922-13
1.716E-13
6.453E-14
1.366E-13
2.240E-14

p o |
1:M14
1:CMOSH
1.000E-04
-4.315E-19
-7.690E-15
7.690E-01
7.690E-01
0.
5.414E-01
1.870B-01
4.529E-03
5.354E-01
8.345E-04
1.429E-05
2.527E-04
1.370E-14
3.993E-14
4.483B-14
1.8972-14
3.415K-14
5.600E-15

XM
1:326
1:CM08P
-9.984R-05
1.510E-20
9.067E-15
-9.9128-01
-9.0678-01
0.
-7.758E-01
-1.853E-01
.980R-03
-909E-01
.1022-04
.9072-06
.637E-04
-0452-13
-046E-13
-639E-13
-645E-13
.706E-13
-360E-14

R A N e el A

p (o}

2:m0
2:CMOSN
.023E-04
.594E-15
.112E-14
.7548-01
.523E-01
.594E-01
.6568-01
.563E-02
.912E-02
.218E-01
.820E-03
.076E-05
.081E-04
.172E-14
.592E-13
.T16E-13
.453E-14
366E-13
240E-14

MOV U e WU WY RO

2:M13
2:CMOSN
2.037E-05
-2.636E-15
-1.235B-14
9.712E-01
9.712E-01

1:CM08P
-1.0232-04
1.5488-20
2.188E-14
-9.912E-01
-2.188E+00
0.
-7.733E-01
-1.875E-01
4.978E-03
4.503E-01
9.225E-04
1.936E-06
2.671E-04
9.1038-14
4.0462-13
4.635E-13
1.511E-13
3.706B-13
3.360E-14

P |
1:M21
1:CM0SP
-3.9052-05
9.067E-15
3.3002-14
-1,2818+00
-2.393E+00
9.067E-01
-9.0438-01
-3.4182-01
5.871E-04
4.404E-01
2.003E-04
3.3342-06
3.036E-05
5.419E-15
1.510E-14
1.7392-14
8.103E-15
1.2808-14
2.100E-15

o
1:27
1:CM08P
-9.984E-05
1.510E-20
9.067E-15
-9.912E-01
-9.067E-01
0.
-7.758E-01
-1.853x-01
980E-03
909E-01
102E-04
907E-06
§37E-04
045E-13
046E-13
639E-13
645E-13
706E-13
3.360E-14

-

WHe -0

oM

2:M2C
2:CM03M
.023E-04
.594E-15
L112R-14
.7T54B-01
.5232-01
.5942-01
.656B-01
.5638-02
.9128-02
.218E-01
.820E-03
.076E-05
.081E-04
.172B-14
.592B-13
.716E-13
.453B-14
.366E-13
.240B-14

WA HEPNEWHUNHOARG R

1.000E-04
-4.315BE-19
-7.690E-15
7.690E-01
7.690B-01

1:CHOSP
-1.023E-04
1.5482-20
2.188E-14
-9.9128-01
~-2.1888+00
0.
-7.7332-01
-1.8758-01
4.9782-03
4.5092-01
9.2252-04
1.936E-06
2.671B-04
9.103E-14
4.0462-13
4.6392-13
1.511%-13
3.706E-13
3.3608-14

pe:
1:022
1:CHMOSP
-6.079E-05
9.067E-15
2.507E-14
-1.393E+00
~1.599E+00
9.067K-01
-9.161K-01
-4.3102-01
5.749E-04
4.4048-01
2.431x-04
4.291E-06
3.647B-05
5.6948-15
1.510R-14
1.7398-14
8.3782-15
1.280R-14
2.100E-15

Ms1
CHOSN
-1152-04
011R-19%
635B-15
690E-01
2.635K-01
0.

5.4988-01
1.803E-01
5.4562-03
5.354R-01
9.683E-04
1.656K-05
2.9372-04
1.8122-14
4.788E-14
5.376B-14
2.437E-14
4.098E-14
6.720R-15

1
1

1
-4
-2

7

o
2:13
2:CHOSP
-1.023E-04
1.543E-20
2.188E-14
-9.912£-01
-2.18BE+00
0.
-7.733E-01
-1.8758-01
4.978B-03
4.9098-01
9.225E-04
1.936E-06
2.671B-04
9.103E-14
4.046E-13
4.639E-13
1.511E-13
3.706E-13
3.360E-14

XCM

2:121

2:CMOSP

-3.905B-05
9.067E-15
3.300E-14

-1.281E+00

-2.393E+00



0.

LEEE

4.978E-03
4.509E-01
9.225E-04
1.936B-06
2.671E-04
9.103E-14
4.046KE-13
4.639E-13
1.5118-13
3.706E-13
3.360E-14

g
g

sigggqees

SUBCKT XCM

2:M22
2:0M08P
-6.0798-05
9.067E-15
2.507E-14
-1,393E+00
-1.5998+00
9.067E-01
-9.161E-01
-4.310E-01
5.749K-04
4.4042-01
2.4312-04
4.291R-06
3.647E-05
5.694K-15
1.5102-14
1.739E-14
8,378%-15
1.280E-14
2.100E-15

xcn

2:M51

2:CHOSN
1.1158-04

-4.011K-15

-2.635B-15
7.690E-01
2.6358-01

0.

5.493E-01
1.8032-01
5.456B-03
5.354E-01
9.683E-04
1.6568-05
2.937E-04
1.8128-14
4.788R-14
5.376E-14
2.437B-14
4.0988-14
6.720E-15

gaaaaaesggg aaggggsaﬂsggazaaasaﬁg

I

:

ﬁﬁg

7.59572+02
1.

D=
= 2148E-01

e v

0

4.9802-03
4.9098-01
9.110E-04
1.909R-06
2.639E-04
1.032E-13
4.046E-13
4.6392-13
1.633E-13
3.706B-13
3.360E-14

Icn
2:M23
2:CMOSP
-6.079E-05
9.067E-15
2.507E-14
-1.393E+00
-1.599E+00
9.067E-01
-9.161E-01
-4.310E-01
5.749K-04
4.404E-01
2.431K-04
4.291E-06
3.647E-05
5.694B-15
1.510E-14
1.739E-14
8.378K-15
1.280K-14
2.1002-15

p {e

n52
CHOSN
1.134E-04
-4.895E-19
-2.6358-15

7.934E-01
2.635E-01
0

2:
2:

5.499E-01
1.995E-01
4.498E-03
5.354E-01
8.816E-04
1.5138-05
2.661E-04
1.513E-14
3.993E-14
4.483E-14
2.040E-14
3.415B-14
5.600E-15

CM2DM= 4.4409E-16

A_DM2CM=  .0000E+00
A_IM/A_CH= 6.2526E+03
A_DM/A_CM2DM=  1.7104B+18
A_DM/A_DM2CM=  7.5957B+30

0.

-7.733E-01 -7.756B-01 -7.737E-01
T -1.875E-01 -1.855E-01 -1.870E-01

9.956E-04
4.9509E-01
841E-04
862E-07
336E-05
851E-14
123E-14
293E-14
099E-14
413E-14
720E-15

VI W DLW

o
2:024
2:CH08P
-3.9058-05
9.0678-15
3.300E-14
-1.281B+00
-2.393E+00
9.0672-01
-9.043E-01
-3.418E-01
5.871E-04
4.404E-01
2.003B-04
3.334B-06
3.0362-05
5.419B-15
1.510E-14
1.739%8-14
8.1038-15
1.280E-14
2.100E-15

-2.635E-01
6.1778-01
2.908E-01
3.746E-04
5.270B-01
1.065E-04
1.860E-06
2.656E-05
1.260E-15
3.665E-15
3.984E-15
1.954E-15
2.988E-15
4.900E-16

s

CMOSN
1.216B-04

-5.246K-13

-7.9
7

2
2

33E-15

-934E-01

7.9342-01
0

5.409E-01
2.065E-01
4.480%-03
5.3542-01
9.100E-04
1.563B-05
2.742B-04
1.365E-14
3.993E-14
4.483R-14
1.892K-14
3.4152-14
5.600K-15

0.
5.414E-01
1.370E-01
4.5298-03
5.354E-01
8.345E-04
1.429E-05
2.527E-04
1.370E-14
3.9932-14
4.4836-14
1.897E-14
3.415E-14
5.600E-15

XCH
2:M26
2:0M08P
-9.984E-05
1.510E-20
9.067E-15
-9.9125-01
-9.067E-01
0.
-7.758E-01
-1.853E-01
4.980E-03
4.9092-01
9.1028-04
1.9072-06
2.637E-04
1.0458-13
4.0462-13
4.6398-13
1.6458-13
3.7062-13
3.360E-14

| 2-20

9.067E-01
-9.043R-01
-3.418E-01
5.871E-04
4.404E-01
2.003E-04
3.334E-06
3.036E-05
5.413B-15
1.510B-14
1.7392-14
8.103B-15
1.280B-14
2.100E-15

XCH
2:27
2:0M08P
-9.984E-05
1.510E-20
9.067E-15
-9.9122-01
-9.067E-01
0.
-7.758E-01
-1.853E-01
4.980E-03
4.909E-01
9.102E-04
1.9072-06
2.637E-04
1.045E-13
4.046E-13
4.6398-13
1.645E-13
3.7068-13
3.3602-14



(2.2%(e)
FULLY DIFFERENTIAL OP AMP
.SUBCKT AMP (15 16 17 18)

(2-Z|

A_IM/A CM=  2.7160E+03
A_IM/A OW2IM= 3.7069E+04

VDD 1 0 1.65 A_DM/A_DM2CH=  2.0844E+00
vss 2 0 -1.65

vcKH 12 0 -0.65

IDc 14 9 -1000

M1 5 15 3 2 CMOSN W=63U L=0.8U
M2 6 16 3 2 CMOSN W=65U L=0.80
MIC 17 4 5 2 CMOSN W=64D L=0.8U
M2C 18 4 6 2 CMOSN W=64U L=0.8U
M3 17 9 1 1 CMOSP W=96U L=1.4U
M4 18 9 1 1 CMOSP W=96U L=1.40
M1 9 9 1 1 CMOSP W=96U L=1.40
H12 4 91 1 CMOSP W=15.2U0 L=1.4U
M13 4 4 3 2 CMOSN W=1.4U L=0.807
M14 14 14 2 2 CHWOSN W=16U 1=0.80
M21 2 18 10 1 CMOSP W=6U L=0.80
M22 13 12 10 1 CMOSP Ws=6U L=0.8U
M23 13 12 11 1 CMOSP W=6U L=0.8U
M24 2 17 11 1 CHOSP W=6U L=0.30
M25 13 13 2 2 CMOSN W=16U L=0.8U
M26 10 9 1 1 CHOSP W=96U Lx1.4U
27 11 9 1 1 CHOSP W=96U L=1.40
M51 3 14 2 2 CHOSN W=15.2U0 L=0.8U
M52 3 13 2 2 CNOSM W=16U L=0.8U

.MODEL CMOSN JMO8 LEVEL=3

+ TOX=0.8000E-08 XJ=0.150000U TPG=1 PHI=0.600000

+ DELTA=2.1370E-01 LD=9.0003E-08 VIO=0.60 GAMMA=0.5947

+ DO=450. THETA=1.9240E-01 RSH=1.7260E+01 KP=1.96E-04

+ NSUB=1.2706E+17 NPS=6.0410E+1]1 VMAX=1.8610E+05 ETA=2.1370X-02
+ KAPPA=S.4220E-02 CGDO=3.52-10 CGSO=3.5E-10

+ CGBO=3.0251E-10 CJ=5.2E-04 WJ=0.53 CJSW=1.2E-10

+ WISW=0.31 PB=0.98

+ ACM=3 HDIF=(.4U

.MODEL CMOSP PMOS LEVEL=3

TOX=0.80002-08 XJ=0.1500000 TPG=-1 PHI=0.600000
DELTA=2.07298-01 LD=$.0000E-08 VTO=-0.80 GAMMA=0.5200
VO=137.3 THETA=1.6710E-01 RSH=3.6310E+00 KP=6.6E-05
RSUB=9.7132E+16 NFS=5.9890E+11 VMAX=3.0560E+05 ETA=1.8760E-02
KAPPA=5.9230KE+00 CGDO=3.5E-10 CG80=3.5E-10

CGBO=3.1661E-10 CJ=9.1191E-04 KJ=0.49 CJSW=1.2E-10

WIEW=0.201 PB=0.96

ACMs3 HDIF=0.4U

.ENDS AMP

LR B R R B

* AMPLIFIER WITH DM INPUT

I (21 22 23 24) AP
VILD 21 19 0 X 0.5
BI2D 22 19 21 19 -1

* AMPLIFIER WITH CM INPUT

ICH {31 32 33 34) amp
EII1C 31 19 21 19 2
EI2C 32 1931191

VIC 19 0 -0.65

AC VK(23) VM(24) VR(23) VP(24)

AC VM{33) VM(34) VP(33) VP(34)

AC VK(23, 24) VM{23) VM{24)

AC VK(33, 34) VM(33) VH(34)

AC A_DM FIND VM{23, 24) AT=1

AC A_CM FIND PAR{’(VM(33)+VM(34})/2.’) AT=1

AC A_CM2DM FIND VM(33, 34} AT=1

AC A_DM2CM FIKD PAR{’(VM(23)-VM(24}}/2.’) AT=1

* SUBTRACTION IS USED IN THE EQUATION FOR A_DM2CM BECAUSE
* THE TWO OUTPUTS BAVE OPPOSITE POLARITY.

.MEASURE A_DM/A_CM PARAM='A IM/A_CNM’

.MEASURE A_DM/A_CM2DM PARAM='A_DM/A_CM2DM'

.MEASURE A_DM/A_DM2CM PARAM='A_DM/A_DM2CM’

.OPTIONS SPICE

.WIDTH OUT=80

.EXD

stsree OPERATING POINT INFORMATION THOM= 27.000 TEMP= 27.000
+0:19 =-6.500E-01 0:21 =-6.500E-01 0:22 =-6.500E-01
+0:23 = 4.319E-01 0:24 =-9.111E-01 0:31 =-6.500E-01
+0:32 =-6.500B-01 0:33 = 4.319E-01 0:34 .111E-01
+1:1 = 1,650E+00 1:2 =-1.650B+00 1:3 .386B+00
+1:4 =-4.148E-01 1:5 =-1.176E+00 1:6 .195E+00
+1:9 = §.588E-01 1:10 = 5.682E-01 1:11 .648E-01
+1:12 =-6.500E-01 1:13 =-8.579E-01 1:14 .810E-01
+2:1 = 1.650B+00 2:2 =-1.650B+00 2:3 .386E+00
+2:4 =-4.148B-01 2:5 =-1.176B+00 2:6 -195E+00
+2:9 = 6.588E-01 2:10 = 5.682E-01 2:11 .648E-01
+2:12 =-6,500E-01 2:13 =-8.5798-01 2:14 =-§.810B-01

A_DM= 7.5617E+02

CH= 2.7842E-01

A
A_O2DM=  2.0399E-02
A _DM2CH=  3.6278E+02



12.23(5)

FULLY DIFFERENTIAL OP AMP
.SUBCKT AMP (15 16 17 18}

VDD 10 1.65

V88 2 0 -1.65

VCHM 12 0 -0.65

IDC 14 9 -1000

Ml 5 15 3 2 CMOSH W=64U L=0.3U
M2 6 16 3 2 CMOSN W=64U L=0.80
M1C 17 4 5 2 CHOSN W=64U L=0.8U
M2C 18 4 6 2 CMOSN W=64U L=0.80
M3 17 9 1 1 CMOSP Wx95U L=1.4U
M4 18 9 1 1 CMOSP W=37U L=1.4U
M1l 9 9 1 1 CMOSP W=96U L=1.40
M12 4 9 1 1 CMOSP W=19.20 L=1.4U
M13 4 4 3 2 CHOSN W=1.4U L=0.80
N1é 14 14 2 2 CMOSN W=16U L=0.80
M1 2 18 10 1 CMOSP W=60 L=0.8U
M22 13 12 10 1 CMOSP W=6U L=0.8U
M23 13 12 11 1 CHOSP W=6U L=0.8U
M24 2 17 11 1 CMOSP W=6U L=0.80
M25 13 13 2 2 CMOSN W=16U L=0.8U
M26 10 9 1 1 CMOSP W=96U L=1.4U
M27 11 9 1 1 CHOSP W=96U L=1.4U
NS1 3 14 2 2 CMOSN W=19.2U0 L=0.80
M52 3 13 2 2 CMOSN W=16U L=0.8U

.MODEL CMOSN NMOS LEVEL=3

WISW=0.31 PB=0.98
ACM=3 HDIF=0.4U
.MODEL CMOSP PMOS LEVEL=3

L N I A R A

MIBM=0.201 PB=0.96
ACM=3 HDIF=0.40
.ENDS ANP

PR A I

* AMPLIFIER WITH DM INPUT
XDM (21 22 23 24) AMP
VIiD 21 19 0 AC 0.5

EI2D 22 19 21 19 -1

¢ AMPLIFIER WITH CM INPUT
XCM (31 32 33 34) AP
EIIC 31 19 21 19 2

EI2C 32 19 31 131

vIic 19 0 -0.65

.ACDEC 1110

TOX=0.8000E-08 XJ=0.1500000 TPG=1 PHI=0.600000
DELTA=2.1370E-01 LD=9.0003E-08 VTO=0.60 GAMMA=0.59547

DO=450. THETA=1.9240E-01 RSH=1.7260E+01 KP=1.96E-04
RSUB=1.2706E+17 NFS=6.0410E+11 VMAX=1.8610E+05 ETA=2.1370E-02
KAPPA=S . 4220E-02 CGDO=3.5E-10 CG80=3,5E-10

CGBO=3.0251E-10 CJ=5.2E-04 WJ=0.59 CJSW=1.2E-10

TOX=0.8000E-08 XJ=0,1500000 TPG=-1 PHI=0.600000
DELTA=2.0729E-01 LDs9.0000B-08 VTO=-0.80 GAMMA=0.5200
00=137.3 THETA=1.6710E-01 RSH=3.6310K+00 KP=6.6E-05
NSUB=9.7132E+16 KFS=5.9890E+11 VMAX=3.0560E+05 ETA=1.8760E-02
KAPPA=S.9230E+00 CGDO=3.5E-10 CGS80=3.5K-10

CGBO=3.16618-10 CJ=9.1191K-04 WI=0.49 CJSW=1.2B-10

.PRINT AC VM{23) VM{(24) VP(23) VP(24)

AC VM(33) VM(34) VP(33) VP(34)
AC VN{23, 24) VM(23) VM(24)
AC VM(33, 34) VE(33) VN(34)
A_DM FIND VN(23, 24) AT=1

CM2DM FIND VM(33, 34) AT=1

CM PIND PAR{‘(VM(33)+VM{34))/2.’) AT=1

AC
AC A
AC A
AC A

Hiik

+ SUBTRACTION IS USED IN THE EQUATION POR A_DM2CM BECAUSE

* THE TWO OUTFUTS HAVE OPPOSITE

DI2CM FIND PAR('(VM(23)-VK(24})/2.’}) AT=1

POLARITY.

.MEASURE A_DM/A_CM PARAM=’A_DM/A CM’
.MEASURE A _DM/A_CM2IM PARAM=’A_DM/A_CX2DM’
.MEASURE A_DM/A_DM2CK PARAM=’A_DM/A_DM2CK’

.OPTIORS SPICE
WIDTH OUT=80

ttetee  OPFRATING POINT INFORMATION

+0:19 =-6.500B-01 0:21 3-6.500E-01
+0:23 9.018E-01 0:24 = 5,783E-03
+0:32 =-6.500E-01 0:33 =-9,018E-01
+1:1 = 1.650E+00 1:2 =-1.650E+00
+1:4 =-4.151E-01 1:5 =-1.195E+00
+1:9 = 6.588E-01 1:10 = 8.646E-01
+1:12 =-6.500B-01 1:13 =-8.570E-01
+2:1 = 1.650E+00 2:2 =-1.650B+00
+2:4 2-4.151E-01 2:5 =-1.195E+00
+2:9 = 6.588E-01 2:10 = 8.646B-01
+2:12 =-6.500E-01 2:13 =-8.570E-01

A_DM= 7.5724E+02

A CM= 2.6762B-01

A CH2DM= 1.4495E-02
A_DM2CH= -3.4873E+02

THOM= 27.000 TEMP=

5.783E-03
=-1.386E+00
-1.183E+00

5.734%-01

810E-01
386E+00
183E+00
734E-01
810E-01

DM/
DM/A_DM2CM= -2.1714E+00

27.000

7

N

DM/A_CM= 2.8295E+03
CH2DM=  5.2242E+04
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