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Common Source (Inverter, Gain Stage)
@ (High Gain, Moderate Rq;t) )
VT =1V VDD =5V
y k' =60mM/V? Rp=1kW
Vo | =0.01 g=0.1
---W/L=5 Vv ;
| out : . .
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- Edge of
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Two Port Analysis S1
4 N
I'"_>|' ____________ '; Iout
o Ro ¥ 1 Small Signal
N | | Analysis
| I?|N an ><r.Iin |
- I 'Onoul
R, Rour, & Set independent sources to zero
Rin = _In
lin iour=0 a, = hl
Roth - n.OU! n, oa‘«‘t‘i:nupul
(_Ioul) u,.=0
N J
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INTRODUCTION

Common Source (Cont.) S3
( DC Analysis: N
Vo = Voo — 1R,
Vo= VDD—gx\LLV x( _st_—VT)z xR,
VO3 VDSAT = Ves—VT = VB—VT
‘ AVRGY \VAE)
VO‘EDS = VDD —K X\Al ><(VB —VT)2 XRD B B
2 b 300 —> 447
Vo =V, # Voo - W v, -V, ) xR, 4.47 =g 3.19
S 319 — 433
V& = V—DD _V(BE) + Vi ‘ +V : .
2R — 412
> J
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Common Sour ce (Cont.) S-4

( Small Signal Analysis: N
Ry = :I:kW
oniLo D o Ny
G . -
®$ =>
| S

Letssay V.., = 25V then 1, = 2.5mA
n, = g X(RlIr) n, = 2IOE 0, x R,
1 1 1kwW

_‘
|
|
|

N

o

=

=

>
5

= —g, X(1KW|| 40kW) » —g,, x(1kW) = 1.2

>

N J
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S6 )

Rout Calculation :

ROLIt -

f_‘l;

n
Ru=7

thy,=0
n = (R, llr) xi,
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4 ™
Common Sour ce (Cont.) S5
If we bias the output at Vpp/2 , then the equation for gainis,
| - VDD
DS T 2 XRD
_no_ i} W Vot o
a = = 0 xR = SRR P X R,
R\N = ¥ ROUT = RD ” ro
Rout
Nin RIN No
n.
q‘l n N
N\ J
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Circuit Transconductance GM : S7
VDD
R,
Fou GM = o
— I A
.| 3
o 1 o
+ | | +
| R |
nin : R out : nout Now = GM XNy, xRom
| N |
- GM xn,, L5
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e 58)
o— m —2 N = a,xn,
I ROLH I p—
nin : R : nout nnul - GM ann XR)ul
IN noul
s a, xn,, Lo = = 5 = GMxR,,
| | O nln
[ -4
T 1 _
o— , forR_ =0,
| Rou | . i, = GM xn,
nin | | Iou! |
IN — lout
. GM xn,, ! GM= o
| |
[ -4
(G J/
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S-10)
1
a, = GM xR,, a, = =g, %(R, IIr.) r, =
| Xlgg
1 1
g, H 15 GM I, Ry »r,
1
2. 1
Apmex = —Qn XM M 22~ =
IDs 2
IDS
For Bipolar
g. = L
" VTHERMAL V
(gm XrO)MAX = \%
r B VEARLV THERMAL
o IC
\ J
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4 . . 7
Common Sour ce with Sour ce Degener ation S11
iout
Ro oy
nO gmngs gmbnbs l

Rp

\ /
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Common Sour ce with Sour ce Degeneration (Cont.) S-12
Calculate circuit transconductance GM

G = —out - _ =
= = —
Mg - ow Ny

i. = 9o (N, =N+ g, X(—N,) = ?—

o

- =0
I, = N, Xg,—n E\a + +
s in gm se m gmb r- ﬂ

o

Small compared to gy,

n, = i, xR
S —9, _ =9,
M= T THR (9. 0) 1+R.xg, X(1 +c)
= Owd
g_é T 0.9
(N J
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Common Sour ce with Sour ce Degeneration (Cont.) S-14
ROUT = RIOUT”RD
i, =10, n, = i, XR, n,=n,=20
N = i, xrg+n,
= (1= Ga XN — Gy XNy ) XIp + 1 XRs
= (il_(gm + gmb) an) xr, + i\ XRS
i xR,
M= R+ 1 X1+ (gt Gu) ¥R:}]
Ror = § = {R+ T X1+ (0. + 9.) R} IR,
9. xR if
A =GMxR,,, = —-—m—=2——— _ g x5, = R®¥
" L¥RX(g, +0,) 2
» unchanged
N J/
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Common Sour ce with Sour ce Degeneration (Cont.) S-13

Rout Calculation :

(Ground N,,)

1 .n
J 0 d

N I Omblos ro Ry
: ®
!

i Ry

s Test Current
(N J
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4 S-15)

VDD
[
R, GM = = = g,

n.| L R = ¥

A, = GM xRy,
I
L Bem
I

Gy XN, éR‘m =T,
|

\ /
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é S-16)

c = Doy
RouTI g’“

Rour = Re+r,X{1+ (1 +c)xg, ¥R}

Ru = RIR,

0. ¥R;» 1 Ry » I, x(1 +C) xg,, xR,

\ J
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4 S-18)

o O
GM = T¥Roxg,x(1+¢)

a, = GM xRy,

= — O
~ 1+R,xg, x(1+c) 1 X1+ (g + gu) ¥R} IR,

" J
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4 n S17)
r{ i Rnull = 'Ei
t I‘
Ve = RsXi,
+
VGS = Ve_vs = - .t
A R, Ry xi
- VBS = VE _Vs = _Rs xix
it
More current gets shoved
into r,, because of polarity of
r, VGS and VBS dueto RS
N\ J
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VDD

Vs

ne)

Ng V
1

-

G

out

Common Gate (High Gain, Non-Inverting)

S-19)

___ 9
2(2f,+Vy)

(o3
Vi = Voo + gx[(25F ,+ V) = (2 %f )]
For Saturation :

VOUT > Vs _VS_VT

gn = k' X\fl X(Vss_VT)
IDS = K X\LV X(VGS_ VT)Z
2 L
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e AN
Common Gate (Cont.) S-20
Ny, n, = 0-n,
*Nyy Ny, = N,
“OnMin =
N, = (ot Gn) ¥R, xn, + Lo lour s
A =D [1+(9.+gn)xr] xR,
“n, ro+R
G.=+g,X1+c)  Ru =rlR, A =GR
\ J
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4 S-22)
Common Gate with Rg

Rosr = (Ro+1,X[1+ (0, +g) XR) [IRs
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4 oM
Common Gate (Cont.) S21

Rinfor common gate:

nt /L ro e nOUt
I D\ R,
7 ¢ )
Test +  (Tc)gyn,

Current
n|_nouT
i, = ———*-g,x(1+c)xn = 0
. n _ _ r.+R,
nOUT_ IIXRD it - Rn_ 1+(1+C)><gm><r0
1
R,<r, r,® ¥ R, ® -
(1+x)>g,
R,>r, R® ¥ R,® — Ro
(1 +x) xg, xr,
(N J
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4 S-23)
Common Gate with Rg(Cont.)

ng :
° | o
Rj/ o 4/ as ‘

(1+c)xg, xn,

p—t— e N I e (=

4|/7

1
Reo = (T+0) =g,

\ /
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iour = L
out T R5+ 1
(1+c)xg,

oy 1
Gm_nm_ 1

Rt Tvo)xa,

_ (1+c)xg.,
T 1+ (1+c)xg, xR,

A, = GAIN = G, xR

A, = g, x(1+c)xr,

/
Common Gate with Rg(Cont.)

S-24)

for R, LARGE» I,

Rs typical «T,

&
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4 S-26)
Sour ce Follower (Cont.)
IDS = KXWX(V\N_VOUT_VT)Z
2 L
VOUT = IDSXRS
VOUT = @5 XK X\LVO X(Vm - VouT _VT)2
e 2 L@

® 03
Vo, + V., +9Mf =V,

eRs xK X\LV;

L
Solve iteratively !
N
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e o5
Sour ce Follower S25

DC Analysis:

Good for Buffering &
Impedance Transformation

o

Vg Voltage GAIN~1

High R, = ¥

T Rs Low  Royr~10-1kW

\§ J
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4 S-27)
) Sour ce Follower (Cont.)
Small Signal :
Voo ¢ * =
nm
nin l |DS GPgmngs C#'gmbns< ro
N Nout . N
Rs Rg
ngs = n,—n, Noyr = Ny
ns = (gm xngs _gmb an) x(ru ” Rs)
= gm st ><nm—(l+C) ><gm >Rs ro»Rs
N = 9. XRs xn,, -
P o1+ (1+c)xg, xR

-
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Ve

&

\
Sour ce Follower (Cont.) S-28

n,.=-n
gs s =
n,=0

L Qe e ]
-

Rout: ]

Ror = =12 lIr. IR
g

m mb
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Single Transistor Circuits Summary S-30)

Common Drain

(Source Follower) :

Common Gate:

:
1
I noul
| n,
| I R,
Nout !
I Ve
[
1
[
e %R -
- (1+ C) Xgm XRS+ 1 : An - gm X(1+ C) XROUT
L | Ru =R,
ROUT = —_— I
(1+c¢)xg, R, : R.n=¢
| 1+(1+c) xg, xr,
_ 1 . 1
A e = m.gf“as » 0.9 :
- J
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e

N

Common Source:

\
Single Transistor Circuits Summary S-29

Common Sour ce
with Source Degeneration :

R,

|
l
I
| R,
Onout : noul

| o
]
|
]

A, = GM xR, I R,

GM = —g, | .
] —Ym

ROUT =T, ||2RD : GM = 1+gm X(1+C) XRS

_ 2 1 '

Ao = g Ti(Re 1)) Ror» 1,41+, X(1+¢) R] IR,
I
|
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-

-

S-31)

Common Source A Calculation

V,max

Ar\‘MAX = _gm ><ROUT IRu”'o = _gm Xru

k‘ XVIV X(VGS_VT)
=k )(W X(Vss _VT) x L = K W
L I X|DS | XE XE )(VGS_VT)Z
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s ) : ; N
Differential Pair S-32
DC Analysis:
\ J
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4

~
Differential Pair (Cont.) s34

If we have alot of gain, low current and alarge R, then
Vod

This can quickly become unbiased
\ Vig

To make sure your output voltage is at zero when your input voltage is zero,
do a DC sweep in spice.

-34mV Vig

" J
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4 . . . N
Differential Pair (Cont.) S-33
R, «r, Vog
4 1Rp
Vo = Vo=V,
slope =-g,\Rp
I I Vlﬂ = V\1 V\Z
-DVig DVi4 Vig
— “IssRp
Solveegns:  V,—Vi, + Ve, —V, = 0
IDS+ID52 = ISS — IS
® o5 22
Voo = Vo # 682 g o e W00
D W e L P
ek XIQJ
® 03
xRy _ 1Ry _ ¢ 1 =
also DV¢s » SLOPE = R
ek x—g
(N J
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4 A
Differential Pair (Cont.) S35
Define New Variables for Differential 2-Port :
Nint Nout1
Nin2 Nout2
Differential Mode : Common Mode :
Nog = Noyrs — Noura n, = Oovn & Mour,
o 2
n =n —n n _ Nt Ny,
id inl in2 ic T 2
= Ny
Then the differential mode gainis ~ Aou = n.
and the common mode gain is Acy = O
n;
_ J
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XN,

- Ny _ A
Ny, = nnc"’? - ACM Xnm+ 2DM

N, . A — ey
Soforour example, No = Acy 5 f xn, = n, x=2 +

&

/
Differential Pair (Cont.)

n, n,

Ny = Ny + 27 n. = n.—7

N,y Ny

N, = N, —7 n, = nN.+7%

02 oc 2 i 2
Min ——— No1 n,=n,-0
_n,+0
S No2 Ni. = o

S-36)
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-
Differential Pair (Cont.)

Common Mode 2-Port :

Ric
L r‘ic
ic

S-38)

lic— Q
r‘ic - —
A, = N R = Do R =M
cM T ic T H oc T H
N lic lic
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7 =
Differential Pair (Cont.) S-37
Differential Mode 2-Port :
iic »l
Nig
I Rid
iid
Ny _ Ny Ny
ADM - nm Rd - |u1 Rod - iod
\§ J
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S-39)

Differential Pair - Half Circuits

Differential M ode Operation :

| .
LI
> Di

N2

\ /
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4 N
Differential Pair - Half Circuits (Cont.) S-40
Half Circuit : n
2 _n,
A == ===-g(RIr)
R % N
D 2
N2 N
———e 2
- T = Rellr R, = ¥
nid/2 IOd od
It Nt
- No1 No2
Neg
Rm:i—ZZX(RD”r‘D) RD”ru RD|er
(N J
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4 22
Differential Pair - Half Circuits (Cont.) S42

Half circuit :

VDD

ACM = :_T: = [ 9o :IX[ROUT]

N S P

GM

Rour » I, X[1+ g, X(1 + ¢) XR.] || Ry » Roc
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EECS140 ANALOG CIRCUIT DESIGN

e

Differential Pair - Half Circuits (Cont.)

Common Mode Operation :

\ J
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-

CMRR and Single vs Double Ended Diff. Pairs

CMRR®° Common Mode Rejection Ratio (dB) =-20 XIog%”

DM

garbage gets
Nin f\U coupled in /MW noise gets amplified
aong with signal
TAN
VA",

ROBERT W. BRODERSEN LECTURE 9

>

since the noise is common, and the common mode gain
is much smaller than the differential mode gain, the
noise doesn’'t get amplified as much as the signal
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é S-44)

Single Ended Differential Pair
Voo
Voo
Ro
Nour
e
Nout _nid./i{ lout
+Nn/2 -, /2 -
~. Noyr
" till approximately = —g. X(R, llr,)
avirtual ground A
S 2
= Nowr _ G X(RoIT.)
Ny 2
nOUT
ROUT = l_ = RD ” ro
\ ouTt /
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