C ha,rer ?\

Problem 7.

The small S’g"a/ moddel of P-channe!l MOSFE‘T s Shown be low.

G

Problem 9.2

*** Top Level Netlist ***

Mi 9100CMOSNB L=5u W=5u
V_AMM1 190V

VGS 10 DC5ACO00

***x* Spice models and macro models *****

.MODEL CMOSNB NMOS LEVEL=4
+VFB=-9.73820E-01, LVFB=3.67458E-01,WVFB=-4.72340E-02

+pbsw=0.8 mj=0.66036 mjsw=0.178543 wdf=0 dell=0

**%%* End of spice models and macro models *****

.DC VGS‘O 50.1
.end



uA ’ v_amm1#branch

3500

3000 - /

250.0 : , 4

200.0 /

150.0 /

100.0 7

//

0.0
0.0 05 18 15 28 25 0 35 40 45 50
sweep \'
Fig 9.2(a) Drain current vs Vgs
UA derv{v_amml#branch)
1400
s

1200 /
1000 /

80.0 /

A
600 /
/]
400 /
/
200 /
1
0o
00 05 1.0 15 20 25 30 35 40 45 5.0
sweep v

Fig 9.2(b) Derivative of curve in Fig 9.2(a)

The line tangent at Vgs = 2V is about 44 uA/V. The reciprocal of this slop corresponds to the

resistance of the MOSFET in diode connection.



Problem 9.3

Vg = lomV ll}(
e
A

Ves=1.5v

MOSFET Gperutes in satullition rcgion. View =0- 83 v
dm = B (Ves - Vruw) = kow s W (Vs - Vruw )

= SomMAfz Smm « ( 1Sy -0~33V) = 83'7;/“/4/\;
2Zum

'".V_AMMI.'IZIIIZIIIIIIIIIII
_...ﬁfj'llfﬁ"‘Iiﬁfiﬁ‘:i—"vds'ﬁiﬁ:f;;;;
------ M1, -+ - - - DC|1.5vAC 10mv Q- - - - -

CMOSNB A R

..............................

*** (TurboSim V 1.87) Netlist for CATURBOSIM\EE445\P91.CKT

*** Top Level Netlist ***

M1 3100CMOSNB L=2u W=5u
V_AMMI 130V

VGS 10 DC 1.5v AC 10mv 0

*¥*x=** Spice models and macro models *****
-MODEL CMOSNB NMOS LEVEL=4
+VEFB=-9.73820E-01, LVFB=3.67458E-01, WVFB=-4.72340E-02

+pbsw=0.8 mj=0.66036 mjsw=0.178543 wdf=0 dell=0

***** End of spice models and macro models *****
.ac LIN 100 1 100
.end



The AC SPICE simﬁlation rc’sult‘is shown below:

A v_ommifbrench

900.0

880.0

880.0

8400

780.0

7500

740.0

Problem 9.4

1. Method one;

a
Generally, id= D vds.
DS

~

4 _ .
—2 = (Br2)*(VGS-Vthn)?*A = (50/2)*(15/5)*(1.5-0.83)*0.06 = 2.02uA/V.
os

id = 2.02ua/V * 100mV = 202 nA.
2. Method Two-small signal model.
D = (Bn/2)*(VGS-Vthn)? and r0 = I/(A*ID) . Plug into the vaiues ==> 0 = (1/2.02) V/uA.

id = vde/r0 = 100mV/[(1/2.02) V/uA] = 202 nA.



1d

Problem 9.5

ﬁﬁﬁﬁﬁiﬁﬁﬁﬁﬁi‘.V'_AMMlﬁII:IIZI]IﬁIIZ
....................... P
Lﬁilﬁiiﬁﬁﬁﬁ{gﬁ"'Iﬁiﬁﬁﬁ‘—f:—ﬁVDS'iﬁl.Z

=2 s Lo ML DT DT pelsvAC 100mv O -
..... VGS . CMOSNB S
DejtsAcoel DD L DD DD DDl

..................................

*** Top Level Netlist ***
3600 CMOSNB L=5uW=15u

M1
V_AMMI
VDS 10
VGS 60

130V
DC 3v AC 100mv O
DC15ACO00

*¥*x*x Spice models and macro models *****
.MODEL CMOSNB NMOS LEVEL=4

+VFB=-9.73820E-01, LVFB=3.67458E-01, WVFB=-4.72340E-02

+pbsw=0.8 mj=0.66036 mjsw=0.178543 wdf=0 dell=0

**%%* Fnd of spice models and macro models *****

.ac LIN 100 1 100
.end

The AC SPICE simulation result is shown below:

—e

v_smm1#branch

1750

1700

1850

1600

1550

1500

1450

1490

frequency

Ht

'[



Problem 9.4

 Vos = l.5v < Vs - Viuw = 3v-0-33v = 2. 17y
. MOSFET operates in ‘ﬂidc/e'?’?}fon

Reh = e ! o
&S = Vrun) - 8 Vps 5 /‘/Uz",—};ﬁi:’—l(,;,- -83¢~15v)

T 295k
- Vets (oo my

id = vds/r0 = 100mV/[(1/2.02) V/uA] = 202 nA.
Problem 9.7

The plot is shown below.

uA “sgttbranch

60.0 /

400 / :

0.0
0.0 1.0 20 a0 40 50 &o
VSG v



Pro biem 9. §
VS'J = |0MV

| % Since the sourvce s Common, It

=1.5V
CDVSCT a petential is irrelevant,
-P B

7°/
—i

‘\/Sv =3v

Fm = (( Vsg - Vrup) = kpp» W = +(Veg -Vrwp) = - «(15v~-0.71v

" Sum
-~ M‘-OJ[—MA/V |
?m Vsz = 140;4},%4 x ovof v ~ /\4.;1,,,4

Problem 9.9

VSG: '
DC [ SvAC 10mv 0~

*** Top Level Netlist ***

M1 1230 CMOSPB L=5u W=70u
V_AMMI1 030V

VSD 01 DC3ACO0

VSG 02 DC 1.5v AC 10mv 0

*xxxx Spice models and macro models *****
-MODEL CMOSPB PMOS LEVEL=4
+ vib=-2.65334E-01, lvfb=6.50066E-02, wvfb=1.48093E-01

+ pbsw=0.8, mj=0.60438, mjsw=0.244194, wdf=0, dell=0

***%* End of spice models and macro models *****
.ac LIN 100 1 100
.end '



The AC SPICE simulation result is shown below:

—a

uA . v_amml#branch
150
1.4%
_ 1.40
1d
\1.35&‘ 10— 0—0—0—0-010-0-0 0 SPSSANININNNINNI
1.30
125
120
1 10 100
frequency He
Problem9.10
vob= 5V
. . )
0 YL
Ve (rg
=15V =3v
70/ \Vep
S (2
\LI d too MV

MUSFET operates in Saturation Yegion.

- A 1 Zoum
To= e B (FSv=0710)" k14 pun
f = J = ( — =

’ T 2 i epproogyd T DM borka
Z“z - ]'/5(1 /OOmV

Vo T Yoy k =0 ‘IS-MA




Problem 9.10 { Cont.)

wo (0yooo
NS 1. .
DC-1.5¢|AC00- - CMOSPB | -

) i

*** Top Level Netlist ***

M1 1235 CMOSPB L=5u W=70u
V_AMMI1 S30v

VDD 50 DC5AC00

VSD 51 DC 3 AC 100mv 0

VsG 52 DC15vAC(0

*¥%%x Spice models and macro models *****
.MODEL CMOSPB PMOS LEVEL=4
+ vib=-2.65334E-01, Ivfb=6.50066E-02, wvfb=1.48093E-01

+ pbsw=0.8, mj=0.60438, mjsw=0.244194, wdf=0, dell=0

**%%* End of spice models and macro models *****

.acLIN 1001 100
.end

The AC SPICE simulation result is shown below:

v_ammi#branch

1108

1050

1000

950

300

-@-

frequency




Problem 9.11

ANS: The size of the drain and source regions is 6umx14um. Assume VDB = VSB = 0.

Csb = Cdb = CI*AD+CISW*PD = 3.25x10 * F/m* x 6umx14um + 2.54x10 '° F/m x 2(14+6)um = 27.3 f
+10.16f = 37.46 fF.

Cgb = CGBO*L = 3.85x10 "'° F/m * 10um = 3.85 fF. _

In triode region: Cgs = Cgd = (1/2)Cox’WL = 0.5x(800aF/um?®)x14umx10um = 56 fF.

In saturation region: Cgs = (2/3) Cox’WL = 74.67 fF. Cgd = CGDO*W = 5.03x10"°F/m*14um = 7.04 fF.

Problem 9.12

ANS: The circuit, netlist and plots are shown in the following figure and VGS = 1.83v. For n-channel,
SPICE simulation gives fr = 2.2ghz. Notice it is depend on the VGS value. At f; |id/ig| =1 and at DC
lid/ig| = c.

1
1 248
2 1 >
l-e-‘v‘. . ey i
SRIGHHE
2 )
3
pal BT 0 124 Hovng
T DO R AC 100 O T—DT FACHN0
- 5
3
¢

The netlist is as following:

*** (TurboSim V 1.1) Netlist for CA\TS\P912.CKT
*** Top Level Netlist ***

M1 1200 CMOSNB L=2u W=3u

VDS 10 DC3ACO00

VGS 20 DC1.83 AC 100m 0

***x* Spice models and macro models *****
.MODEL CMOSNB NMOS LEVEL=4

**BSIM Model Parameters**

***x* End of spice models and macro models *****
.ac DEC 50 100MEGhz 100ghz

.end



N-channel SPICE simulation plot:

A : T db(vdsfiranch Aqafbranch)
3.0
5.0 \
200 \\
150 ™ .
\NN
a
10.0
N\~~~
5.0 ~\\
60 \\\
\\\
—
-%0 \..‘."--..
-10.0 '
10-8 105 10-10

(requency Hr

Problem 913

The wnity current gain frequency, £r | of « MoSFET, is
3;V€h b}

kp W {( Ves— Vru

2L (Cab+ Cos + C5d )

If Ves - VTyn

will be [(ow.

is very small, +he speed of the cirait



Problem 9.14

ANS: a) With VGS around Vthn, as we can see from figure 9.10, that Vthn deéreases with increasing
temperature. With VGS >>Vthn, as we can from figure 9.11, that Vthn will increase as the temperature
goes up.

b) For the case Vthn around a few hundred millivolts, if the temperature goes up, since Vthn will
decrease, the MOSFET designed to be cutoff may turn on because Vthn decreases and the MOSFET
designed to be in saturation VDS>VGS-Vthn may get into the triode region as VDS<VGS-Vthn as Vthn
decrease. In addition, if we design to let MOSFETs operating in subthreshold region for low power
consideration, since the drain current is exponentially related to the VGS-Vthn, any changes in Vthn can
cause significant changes in the drain current and mismatch problems.



Probiem 9. 14
+5v

ook

i Vout
1.5V
— "%
Iook .‘/°"T
1+he1M

- -
Ip = kox W ( Vgs—Vruw) = : A ~ 1.7 MA
X - - i

p/l‘-zrhenn = JGKT
[28I0 = Jewwﬁﬁ;
00 [2¢ 5oMbin, 12 x
b i e= X INYA
10

ht
/\/ T2y, _ KF‘IDAF
f £ Cox * L2 = 0™ x (il z’(’”—éﬁ)';
jF" Xoo“ﬁw‘(lo)um)lx/o’”

= 0677 nA/'/;_
/jv;.l/ = 0.677nA
f nﬁ X loo l( = 57\7}4\/4‘{‘

,"/ [/ 1ook — /4"‘ k { 4‘ ’ 33"10 3 4 A
— - Ioo ‘o - 0\ ' f /
/v v 2z = O\ f , 1
, {(}()F P%—- b3 IOO k - ’n%lli




Problem .16 ( cont.)

[eoo . '
2 V2 9\ '
Vow = S: [ (91x107°)" + (41 x1077) "+ (47 71076)? JZIJ oA

X 3.2 x(078 y*

‘;"/Von} = h79x/o™%y = 179 mV
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