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INTRODUCTION

Common Source (Cont.) S3
” DC Analysis: N
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Common Sour ce (Cont.) S4
(~ Small Signal Analysis: ™
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S5)

/

Common Source (Cont.)
If we bias the output at Vpp/2 , then the equation for gain Is,

I VDD
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Rout Calculation :
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4 Circuit Transconductance GM :
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On H 15
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|
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Common Sour ce with Sour ce Degener ation S11°
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4 Common Sour ce with Sour ce Degener ation (Cont.) S-12)
Calculate circuit transconductance GM :
G. = | o _ s
inlr =ow r]in
n,
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|n gm_n% gmb r ﬂ
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Common Sour ce with Sour ce Degener ation (Cont.) 513"

Rout Calculation :
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4 . . 1)
Common Sour ce with Sour ce Degener ation (Cont.) S14
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4 S-15)

Voo
R, GM = In—‘ = —0On
- Rovr = Ry llT,
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4 S-16)

c = dm
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S-18)
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Common Gate (High Gain, Non-I nverting) S-19°
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/
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Common Gate (Cont.)

S-20)

gmnin =
(gm + gmb) XR ><nm + n'” r nOUT XR
A = Moo [1%(9nt Gu) XM ] XRy
" in ro+ IQD
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4 S-21)
Common Gate (Cont.)
Rinfor common gate:
n
t /I/ r ¢ nOUt
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i
N o "
/
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4 2
Common Gate with Rg 522

I:QOUT - (RS+ ro ><[l + (gm+ gmb) ><IQS]) ” IQD

N J
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4 2)
Common Gatewith Rg(Cont.) 523

n
. $ s $ i
R I, —
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" (1+c)xqg,

Reo

N J
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g Common Gate with Rg (Cont.) S-24)

Gm — IOUT — 1
nln R + 1
> (1+c)xg,
_ __(1+c)xg,
1+ (1+c)xg, xR
A, = GAIN = G, xR, for Rs LARGE » I’

A, = g.X(1+c) xr, Rs typical «TI,
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DC Analysis:

S-25)

Sour ce Follower

N

Good for Buffering &
|mpedance Transformation

Voltage GAIN~1
High R, =¥
LOW ROUT — 10 - 1kW
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N

Sour ce Follower (Cont.)

IDS - 'lf' xy—v X(VIN_VOUT_VT)Z
2 L
VOUT — IDS XRS
_ gy K W6 :
VOUT - gRSXZ XLQX(V'N VOUT VT)
& O3
Vour + Vy + GV X2 5 =y
&Rk W

Solve iteratively !

S-26)
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Small Signal :

- VDD - o —

Sour ce Follower (Cont.)

S-27)

'gmbns% ro

gmngs

n

s — nin_ns r.]OUT — ns

g

ns — (gm ><r]gs_ gmb xns) ><(ro ” RS)

= On XRsxn,,— (1 + C) Xg,, XRs ro»Rs
gm ><FQS ><r-]in
ns — — nOUT
1+ (1+c) xg,*xRs
\
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g Sour ce Follower (Cont.) S-28"
ROUT : Jj ngS: - Ng N =0
. in

~—Rout

Roor = < I I, I R

m gmb

N J
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4 . — N
Single Transistor Circuits Summary S-29

Common Source: Common Sour ce
with Sour ce Degeneration :
éRD

=

|
|
|
l
‘ o Nout : F—Nout

|

|>l :
|

A, = GM xR, : Rs

GM = -0 : g
I —Hm

ROUT — rO”§D : GM = l+ng(1+C) XRS

1. |

A, rex Voo x=(Rp» 1) : Ror» I, X[1+g.%(1+c) xR || R,

I
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/

N

. _ _ _ ~
Single Transistor Circuits Summary S-30
Common Drain . Common Gate:
(Sour ce Follower) : |
|
- .
rH Con o
in | —
nout : ~ D
|
! VDD
R, |
I
|
— On XRS | _
AT @ro) g R A, = o X(1+ ) xRy
1 l R, = R, IIT,
— |
out — S r +R
1+c) x 0 ' = 0 D
( )0 | R 1+(1+c)xg,xr,
1 1s
A = _-@S —0
n, max l+ C,e » gmg :
)
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e

N

Common Source A, ax Calculation

An,MAX = —0On. XROUTlRD»rO = —0n %I,

kl X\_/\_/ X(VGS - VT)
1 L

- kl XW ><(VGS_\/T) X - kl W
L | X DS I x_é_ X_E X(VGS_VT)Z

S-31)

ROBERT W. BRODERSEN LECTURE 8



EECS140 ANALOG CIRCUIT DESIGN LECTURES ON SINGLE TRANSISTOR CIRCUITS

: Differential Pair S-32)
DC Analysis:

|

lss V lse
2 I bP 2
i Rp Rp l

%%

NV A4
Vs - FVGSZ

Tail Current Source

lss

N J
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g Differential Pair (Cont.) S-33"

RD «r, Vod
—+ IssRp
Vod - Vol_V02
slope = -g,Rp
I I Vid — Vil_ViZ
-DVigq DVig Vig
— -lssRp
Solve eqns . Vil_V681 + VGSZ _Vi2 =0
IDSl+ IDSZ — ISS _ I__S;S
o 2
Vo, = V, + 92 al. DS1°+ @ xK' x— X 82
Qk W
L° & 0
| XR |« XR | =
ss D _ Iss b _C_ ls =
so DVer5 oPET g.R, T ¢ we
ek Xrﬂ

N J
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g A
Differential Pair (Cont.) S-34

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

\ This can quickly become unbiased

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

Vod

—34mV\ Vig
¥
N J
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Differential Pair (Cont.) S35

Define New Variables for Differential 2-Port :

Ning Nout1
Nin2 Nout2
Differential Mode : Common Mode::
Ny = Nouri— Nour n, = Nours T Nouro
2
—_ _ ninl + nin2
Nig = Nipg = Nipz n. = T
. . o _ DNy
Then the differential mode gainis ~ Aov =
id
. n
and the common mode gain is A, = =
nic
\ /
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g )
Differential Pair (Cont.) S>-36

Nn., = Nn.+ L N, = N L
ol oc 2 i2 Ic 2
Moy = Moo 2 Ny = N+
02 oc 2 i1 Ic 2
nin nOl n|d - nin_ — nln
n _ nin+ —_ n_ln
r No2 e 2 -2
N,
nol - noc + - - ACM ><r.]in + h/‘ Xnin
2 2
r]in A %CM ADME)
N, = A,y X= +—2xn, = n, X% +
So for our example, 1 om 5 > e 2 2 9

N J
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/
Differential Pair (Cont.)
Differential M ode 2-Port :

lic /I/Rod +—> log
- @

Ri Aom Nig R,

o

I Iod
r]od nld nod
Aow = — R. = T Re = T
nid Ild Iod

NG
LECTURE 8
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/

Common Mode 2-Port :

Differential Pair (Cont.)

S-38)

ic —» Roc
®
Ri
C
T
Nic Aocnic
— —>
lic — % ®
),
Aocnic
| The — =
n n. n.
A, = — R. = — R, = —
N nic Iic Iic
N
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: )
Differential Pair - Half Circuits S39

Differ ential M ode Oper ation :

Voo |l

AR S S
R

nod/2 _nod/2

N2 %g | ;%—nid/Z

N J

ROBERT W. BRODERSEN LECTURE 8




EECS140 ANALOG CIRCUIT DESIGN LECTURES ON SINGLE TRANSISTOR CIRCUITS

: 5
Differential Pair - Half Circuits (Cont.) S40

Half Circuit :

nod

T —gn(Ro [l 1.)

Nog/2

nld{z—{ IOd IO

>
g

]

o

Ry = = = 2x(R, [Ir.) Rollr. Ro T,

id

N J
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4 N
Differential Pair - Half Circuits (Cont.) sS4l
Common Mode Operation .
TVDD TVDD
o Ro Rp Ry
- < o ]
b N . N,
::> r]ic
e ;\ /g}i 4{ 1 %’ Nic
- 2R 2R
RS — —
~ J
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g 22
Differential Pair - Half Circuits (Cont.) S-42

Half circuit :

__VDD

A — .r.].ﬂ? — |: gm :| [R ]
Ry N, 1+ 2 xR x(1+c) xgm o
L I om

nOC.—.
r]ic #

2R Rour» 1o X[1 49, X(1 + ¢) xR | Ry » Ry

N J
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/

”in%_

CMRR and Single vs Double Ended Diff. Pairs S-43)

CMRR®° Common Mode Rejection Ratio (dB) = 20 x| og%ﬂ

DM

garbage gets

N

N
AVE)*

W

\ coupled in D noise gets amplified

along with signa

v%

I >f\

J

since the noise is common, and the common mode gain

— J‘Rb is much smaller than the differential mode gain, the
< noise doesn’'t get amplified as much as the signal

J
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g ' : : . N
Single Ended Differential Pair S44
—Vop
‘ Voo
%RD
%RD ——o Nout
/2 ]‘——F\idlz =
. Nour
T il approximately — = =0, (R, I 1.)
% R. avirtual ground _id
) 2
- .r@.T — O X(RD ” ro)
nid 2
r]OUT
Roor = 7 = RD”rO

K IOUT J
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