EE 330
Lecture 26

« Small Signal Analysis
« Small Signal Models for MOSFET and BJT



Exam Schedule

Exam 2 will be given on Friday March 11

Exam 3 will be given on Friday April 15



Photo courtesy of the director of the National Institute of Health ( NIH)

As a courtesy to fellow classmates, TAs, and the instructor

Wearing of masks during lectures and in the
laboratories for this course would be appreciated
irrespective of vaccination status



Review from Last Lecture

Small-Signal Analysis

Biasing

— Nonlinear Jom Nonlinear
Circuit — Vourss Analysis

J

Map Nonlinear circuit to linear
small-signal circuit

wesohes | LINEAr SMall o Linear
Signal Circuit = [ Yo Analysis

&

«  Will commit next several lectures to developing this approach
» Analysis will be MUCH simpler, faster, and provide significantly more insight
» Applicable to many fields of engineering




Review from Last Lecture
“Alternative” Approach to small-signal
analysis of nonlinear networks

Nonlinear
Network

v
Q-point Sme_all—signal (linear)
"4 equivalent network
Values for small-signal parameters

Small-signal output
|

Total output

(good approximation)



Review from Last Lecture .

Inearized nonlinear devices

. Lineariz
Nonlinear —P Smaellasi ?\dal
Device . 9

Device

14, —~ &
4 A

This terminology will be used in THIS course to emphasize difference
between nonlinear model and linearized small signal model




Review from Last Lecture
Small-signal and simplified dc equivalent elements

Element ss equivalent Simplified de
equivalent
1
dc Voltage Source Voc L I Voo T

ac Voltage Source Vac

ac Current Source lac

Resistor R

T
dc Current Source loc @



Review fr ast |_ecture

L
Orer\aII-S|gnaI and simplified dc equivalent elements

Simplified dc

Element ss equivalent .
equivalent

o ] !
Large/|\ ‘

Capacitors T

L L

C

smal T T ‘

e |
¢
- Yy ¥
:
ﬁ

Inductors

Simplified

LI

Simplified

MOS ‘{

transistors

(MOSFET (enhancement or
depletion), JFET)

H#£

Simplified



Review from Last Lecture
Small-signal and simplified dc equivalent elements

Element ss equivalent Simplified dc
equivalent
Bipolar Simplified

Transistors

{

Simplified

Dependent
Sources
(Linear)

<«

& o 9
G thens @ @ @

> >



Review from Last Lecture

Small-Signal Model of 4-Terminal Network

. + i
4-Terminal = + 4-Terminal - ¥
Device s ﬁ - .
v = ¥ v Vi Linear Device —*+— Vi
(Nonlinear) v, '!/' V2
|, =f,(V,,V,,V,) i=2(v.0,.0,)

V

Iz = fz(V1,V2,V3)

é:gz((vla(vzﬂ%) [
|3 = fs(Vsz!Vs)

§=g; (‘U] ,‘1)2,‘1}3)
Mapping is unique (with same models)




Review from Last Lecture

Small Signal Model

4 =)y Yt + Vst
L =Yty + Vyt, + Vst
G =Yyt + Vit + Vit

where of(V,,V,,V,)
Vi = oV, _

j V:VQ

* This is a small-signal model of a 4-terminal network and it is linear

* 9 small-signal parameters characterize the linear 4-terminal network
« Small-signal model parameters dependent upon Q-point !

« Termed the y-parameter model or “admittance” —parameter model



Review from Last Lecture
A small-signal equivalent circuit of a 4-terminal nonlinear network
(equivalent circuit because has exactly the same port equations)

2. Vir ®Y12‘v2 0 Y133

V V
(%, Y22 ® Yort ® yaos y. = of (V1 V2, V3)
ij =

V V
(U3 Y33 G>y31 1 ®Y32 2

Equivalent circuit is not unique
Equivalent circuit is a three-port network



Review from Last Lecture
Consider 3-terminal network

Small-Signal Model

|
3 - +
2
/gl'erminal | + Vv
Device -— 1
V2 >
V3

i =y, U +y,0,

=1, + ,,,




Review from Last Lecture
Consider 3-terminal network

Small-Signal Model

3-Terminal <—|2 +
Device \-}-2 V,
y - OEVaV,)
' _ Ij —
i =y, U +»,V, Nl
b =Y, U + 3,7, \—,:(VmJ
VZQ
. A Small Signal Equivalent Circuj;[ (not unique)
I -—
‘U+ y s y '
1 11 22
Y21V b2

» Small-signal model is a “two-port”
« 4 small-signal parameters characterize this 3-terminal linear network
« Small signal parameters dependent upon Q-point



Review from Last Lecture
Consider 2-terminal network

Small-Signal Model

)
2
-
/zl'erminal
. |3 V1
Device b —
A v

&= Ut

i, =y, U + 1,0,
i =y U +5,U, + y, U




Consider 2-terminal network

i=y VU

Review from Last Lecture

Small-Signal Model

2-Terminal +
Device V1
of (V
Y, = 1@( : V=V,

A Small Signal Equivalent Circuit

| 1
—>

¥
Vi

Y11

Small-signal model is a one-port

This was actually developed earlier !



Review from Last Lecture
Linearized nonlinear devices

. Linearized
Nonlinear —P :
— : —Small-signal
Device .
Device

i, — -




Review from Last Lecture

How Is the small-signal equivalent circuit
obtained from the nonlinear circuit?

What is the small-signal equivalent of the
MOSFET, BJI, and diode ?

€ ¥




Small Signal Model of MOSFET

1. +

3-terminal device 4-terminal device

MOSFET is actually a 4-terminal device but for many applications
acceptable predictions of performance can be obtained by treating it as
a 3-terminal device by neglecting the bulk terminal

In this course, we have been treating it as a 3-terminal device and in this
lecture will develop the small-signal model by treating it as a 3-terminal device

When treated as a 4-terminal device, the bulk voltage introduces one additional
term to the small signal model which is often either negligibly small or has no
effect on circuit performance (will develop 4-terminal ss model later)



Small Signal Model of MOSFET

{ ﬁ Large Signal Model

3-terminal device
0 V_<V
ID = < “COX W(VGS - VT \/DS) VDS VGS Z VT VDS < VGS - VT
L 2
o VV 2
Triode “COX 2|_(VGS - V ) (1 + ﬂ'VDS) VGS 2 VT VDS > VGS _ VT

Saturation ___ve, Cutoff
Region Vs Region

-
Vbs

MOSFET is usually operated in saturation region in linear applications
where a small-signal model is needed so will develop the small-signal
model in the saturation region



Small Signal Model of MOSFET

,=f(VV,) =—= =0
W

I2 :fz (\/1’\/2) < ID=“COX Z(VGS _VT)2 (1+/IVDS)
IG — f1 (VGS’VDS)
ID — fz (VGS’VDS)
Small-signal model:
_ 81:| (V1 ’V 2 )
T
ol _ 0l
v SRR
ol _ Oy
Y aVes V-V T Vo V=Va




Small Signal Model of MOSFET

| =0
W 2
| =pC_, Z(VGS — VT) (1 + /IVDS)
Small-signal model:
— a—IG — 7 y = aIG = ?
aVGS vV =Vq * GVDS .
ol
— D —?
y21 aVGS V =V y22 — aID — ?
V =V, aVDS \7:\7Q

Recall: termed the y-parameter model



Small Signal Model of MOSFET

|1 :f1 (\/1’\/2) — IG :O

W 2
|2 :fz (\/1’\/2) ID=“COX Z(VGS _VT) (1+/IVDS)
Small-signal model:
B % - y = . =
12 aVDS o
ol W | W
= > =2 —(V_.-V.) (1+ AV = — —
21 aVGS \7:\70 IJCOX 2 ( GS T) ( + DS)V_V “COX L (VGSQ VT)(1+/IVDSQ)
W
Yo 2 BCo (Ve = V1)
ol W 2
= ol =pC, (V. -V.Y 4 =
yzz aVDS o oxX 2L( GS T) o DQ




Small Signal Model of MOSFET

Nonlinear model: .
| =0

W 2
| =uC_—(V.. -V ) (1+ AV
D “ OX2L( GS T) ( +ﬂ’ DS)

Small-signal model:

y11 :O y12 — O

w
OXL

Y. = HC (Ve = V1) y,, =



Small Signal Model of MOSFET

*

!

. =0

W
| = C o
D IJ OX2L

(V. -V.,) (1+4V,,)

y12 = O
Yy, =0
11 W
m%qufWg—w)
Y., = Al
iG — yll(l)GS _I_ ylZ(I)DS
iD — y21(l)GS + yZZ‘UDS
C——=
Ves yszS# Y22
S _

An equivalent circuit

(y-parameter model)




Small-Signal Model of MOSFET

*

+
v Y22
GS Y21Vas

(y-parameter model)

Note: g, vanishes when A=0

by convention, ¥,,=0,,, Y2,=9q

W
Y. =&, =HCOXT(VGSQ —VT)
y22 — go E AIDQ
D
C——=
Ves ImVUss %
S _
i =0

i =gV +g%

DS

still y-parameter model

but use “g” parameter notation



Small Signal Model of MOSFET

Saturation Region Summary

Nonlinear model: B | =0

= W 2
| =uC_—(V.. -V ) (1+ AV
D “ OX2L( GS T) ( +ﬂ’ DS)

—

Small-signal model:

L _yn(v _I_ylZQ)DS =0

l:D — yZl(l)GS _I_ y22(l)

DSE

—

Yy, =0 y,=0

Y, =g, = MC,—(V..— V) Y,= &, = /“



Small-Signal Model of MOSFET

W

gm :HCox T(VGSQ o VT)
‘{E g =

G

+
v Jdo
©S ImVUss
s _

Alternate equivalent expressions for g,,:

W 2 W 2
| =pC V. -V ) (1+AV )= —(V . -V
DQ “ ox2L( GsQ T) ( + DSQ) IJCOXZL( GsQ T)
W
g, :HCox T(VGSQ _VT)
g, :\/2“C0x¥. IDQ
21,
g =




Consider again:

Small-signal analysis example

Vn=VySinwt

Recall the derivation was very tedious and time consuming!

Vout

. WEM

§R

N
SS circuit

A

2l R

Wy
2L

y —
[V, +V ]
Derived for A=0

| =uC

(equivalently g,=0)
=V,

|

.

Vout

do

J




Consider again:

Small-signal analysis example ’

M;
Vour U |
’ + Vss
‘vIN %} (UGS gm(vGS Jdo R

Vour

]
LT
Vv, g +lR

This gain is expressed in terms of small-signal model parameters

For A=0, go=Alpq=0

Your 4, = ?7// =—g R
WEM SR b;t: 21, v oy
Un TV v Gsa = ~Vss
thus
4 AL 2LR




Consider again:
Small-signal analysis example

Vout
| +
‘vIN%} (UGS gm(vGS Jdo R
Il
LT
Vv, g +1IR
For A=0, go=Alpg=0
(U.OUT A — 2|DQ R
" [V + V]

UL
Ui « Same expression as derived before !

» More accurate gain can be obtained if
% A effects are included and does not significantly
increase complexity of small-signal analysis




Small Signal Model of BJT

3-terminal device

Forward Active Model:

Saturation % V
\ IC — JSAEe t 1+ CE
V

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ v AF

VBE

VCE I = ﬁe Vt

' \ »> B B
Cutoff

« Usually operated in Forward Active Region when small-signal model is needed
* Will develop small-signal model in Forward Active Region



Small Signal Model of BJT

Nonlinear model: J.A Vee
—_ “S""E \/
| =f1(\/1,V2) <= Ig= . e
| =1 (\/1,V2) <—> | =JAe 3 (1 + VCE)

Small-signal model:
g iB — yll(vBE _I_ ylZ(I)

CE

iC :yZI(I) +y22(l)

BE CE

y = ('3f ( 1’V2) y-parameter model
U a\/J Vv =V,
_ . - 9 ol,
I TE T v Vo= v |
m=&=a0 y = _ ol
6VBE V =V, # go 6VCE ¥ <%

Note: g,,, 9,; and g, used for notational consistency with legacy terminology



Small Signal Model of BJT

Nonlinear model:

VBE
lp = JsAe eVt
B
w0V
| =JAe" (1+ j
VAF
Small-signal model:
iB — yll(I)BE _I_ ylZ(I)CE
iC — yZI(UBE + y22(l)CE
y _ afn (V1’V 2)
N o
V=g = oe =2 y = Je | o
aVBE e " aVCE V=V,
ol ol
= = c = ? — = c = ’?
y21 gm aVBE » . y22 go aVCE -




Small Signal Model of BJT

Nonlinear model: y
| — JSAE VLtE

S :
| =JAe" (1 +

VCE
VAF

Small-signal model:

iB — yll(vBE + ylZ(v

CE

iC — yZl(l)BE + yZZ(I)CE

Y, =8, = a, =lJSAEeVVL‘E sl y =g = o, —iJAeVVB'E 1+£
’ ) aVBE V=Y V' B V=Vq Vt - th 3 "’ a\/BE Vv =V, Vt o VAF V =V,
ol v
y12 — 6VB — O y = g = alc — JS'A\—Ee ~
L 22 0 —
ce lv _v, N, v, |
V =V,

Note: usually prefer to express in terms of I




Small Signal Model of BJT

Forward Active Region Summary

Nonlinear model:

{

Small-signal model:

y22 :gO E




Small Signal Model of BJT

iB — yll(vBE + ylZ(l)

CE

i =y, U, +y

CE

iB — gﬂ:‘vBE
iC — gm(l)BE + gO?)CE
ICQ _ ICQ — ICQ
AV A
B n C
On \ do
Vse gm?)BEO
c _

An equivalent circuit

y-parameter model using “g” parameter notation



Consider again:
Small signal analysis example

¢ Vee
2 R A - | R
_ : VB
Vn=Vysinwt - VouT Vt
Q1 . .
Derived for V,=0 (equivalently g,=0)
Vin(t)
VEE
Recall the derivation was very tedious and time consuming!
— Your Vour
‘- .
R (N @ Voe O ImUse Jdo R
Un _
< <

SS circuit



Neglect V, effects (i.e. V=) to be consistent with earlier analysis

Vour _ oo _
5 VAF A
E R . . Vour
_*_
U @ Vbe G ImUbe R
AV
V.- = R Vour _
ouT OmN Uge A, = = -g. R
Vv = Vg VU
_ICQ
Im vV,

Note this is identical to what was obtained with the direct nonlinear analysis



Small Signal BJT Model — alternate
representation

i«b iC
B T _|_= C
Ve % O @ % 9o Vee
Ee— i —
ICQ l.q _ e
Om = VA 9, = BT 9, = V.
Observe : t t
gﬂube — ib
gmube = é) g_m
ol .
gmube o B‘Z)

O Rﬂ =

On { IQ } Can replace the voltage dependent current source

with a current dependent current source



Small Signal BJT Model — alternate

_ representation
L LN
B T _|_= C
Ve % 9n (”m % Yo Vee
Ee— —
g _la g _ oo g, = ca
" Vt ’ B\/t T VAF

Alternate equivalent small signal model

b, Lo
B T _|_= C
‘vbe gTr @E % go ‘vce
Ee— =
— IC_Q lea
g;z' _ g =——



Small-Signal Model Representations

(3-terminal network — also relevant with 4-terminal networks)

(1 %,

—» -+

+ Bi-Linear Relationship between +
¢ i1 ,62, 1, U2 t2

Linear Two Port

» Have developed small-signal models for the MOSFET and BJT

* Models have been based upon arbitrary assumption that «,, ¢, are independent
variables

11 7

* Models are y-parameter models expressed in terms of “g” parameters

« Have already seen some alternatives for “parameter” definitions in these models

« Alternative representations are sometimes used



Small-Signal Model Representations

] v

(1 2

—» -+

+ Bi-Linear Relationship between
¢ i1 ,62, U1, U2 t2

Linear Two Port

The good, the bad, and the unnecessary !!
what we have developed:

i1 i> . Using g-parameter notation
—> y-parameters - (2] (%)
+ — y-parameters -—
@) | e @ o ewwen T
b=y, +y,Y N L i=g V+g?,

Linear Two Port -
Linear Two Port

The hybrid parameters:
@ . Using alternate h-parameter notation

H-parameters @2 U H-parameters 2
+— (Hybrid Parameters) + + (Hybrid Parameters) — @20 +
‘l)IZhllil-i_hlzuz ‘l)lzhieil+hreu2
a1 - _ h - h u1 - _ h - h u2
_ L, =h,4+h,e, _ L, =ng4+nu, .

Linear Two Port Linear Two Port

Independent parameters O



Small-Signal Model Representations

(7 2

— -—

+ Bi-Linear Relationship between +
t i1,i2, 41, 42 v2

Linear Two Port

The z-parameters

@> Z-parameters B

+ V=z,4+z,i, +

1 _ . . ({29
V, =z,4 +2,i,
Linear Two Port
The ABCD parameters:
(1 @
—> ABCD-parameters B S

+ V =Av, -Bi, +

o i, =Cu, —Di, (v

Linear Two Port



Small-Signal Model Representations

(7 2

— -—

'I' Bi-Linear Relationship between +
1 i1 ,62, 1, U2 v2

Linear Two Port

Amplifier parameters

(1 2
—> Amplifier parameters -
+ V =R+ A,e, -I-
1 UV, =Ry, + 41y u2

Linear Two Port

« Alternate two-port characterization but not expressed in terms of
independent and dependent parameters

« Widely used notation when designing amplifiers



Small-Signal Model Representations

(7 2
_> 4_

+ Bi-Linear Relationship between +

t i1,i2, 1, 12 2
o Linear Two Port —
The S-parameters
{1 7
—> S-parameters -
01 U2

Linear Two Port
(embedded with source and load impedances)

The T parameters:

—> T-parameters -

Linear Two Port

(embedded with source and load impedances)



Small-Signal Model Representations

4

—

[

-

+ Bi-Linear Relationship between +
¢ i1 ,62, U1, U2 v2

Linear Two Port

The good, the bad, and the Unnecessary !

. . (2] 0
“ © — Amplifier parameters - . .
— y-parameters -— + 2] ©Q
+ i =W+, —|— + V=R i+A,e, — y-parameters -~
=ruY 1292
] - u 1 U, = Royry + Aty “2 + Q=g +g,Y, +
- - Bk — “ 6=g,Y+gl w2
L Two Port Linear Two Port — -
Linear Two Port
l: i ” H-parameters L2 .
—1> S-parame ters -— + (Hybrid Parameters) + 4 y g—%a;ameter(s ) ©
q rid Parameters;
+ + U =y +hou, + o +
uq vy V=heb+he,
iy =hyi+h,
o v b2 =hah + s oy =i v2
Linear Two Port Linear Two Port R Linear Two Port -
i'1 i2 i1 k2 ‘—1> ABCD-parameters 42
— paramet - — T-parameters - p: +
+ u : + -|- + + v, =Av, -Bi,
“1 VU, =z, u L (L] 1 i,=Cu,-Di, u2

Linear Two Port Linear Two Port

« Equivalent circuits often given for each representation
« All provide identical characterization
« Easy to move from any one to another



Small-Signal Model Representations

U1 ‘:2

_> 4_
+ Bi-Linear Relationship between +
¢ i1,i2, ¢, U2 2

Linear Two Port

The good, the bad, and the Unnecessary !

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 42, NO. 2, FEBRUARY 1994

Conversions Between S, Z., Y, h, ABCD,
and T Parameters which are Valid for
Complex Source and Load Impedances

Dean A. Frickey, Member, IEEE

Conversions between S, Z, Y, H, ABCD, and T parameters which are valid for

complex source and load impedances

DA Frickey - IEEE Transactions on microwave theory and ..., 1994 - ieeexplore.ieee.org

... 2. FEBRUARY 1994 TABLE m EQUATIONS FOR THE CONVERSION BETWEEN s PARAMEIERS

AND NORMALIZED 2,Y , h ... V. CONCLUSION This paper developed the equations for €¢ comments on" Conversions between Sz, Y. h ABCD, and T parameters

which are valid for complex source and Ioad imDedances"[with reply]

between the yadaus common 2-port parameters, Z, Y, h, ABCD, S, and T ... DF W, 0 Py EE Tarsclonson 15 osmriooso

F H H I his r, Fricke: nts fol \ s for bt etwork

ﬁ{ DD @‘ Blated amdes A” ? Versions mamces Four ofthese m;lt:ljces ZY, rrmm:ndABCD)relate vo\iag\e,‘l:z?\;ac:xrrents at the
ports:

nd T) relate wave quantities. These relationships depend on the
As of Oct 14, 2020 ¥ DCtdby56 Related articles  All 4 versions




Small-Signal Model Representations
LR 2
+ Bi-Linear Relationship between +
t i1 ,62, U1, U2 v2

Linear Two Port

The good, the bad, and the Unnecessary !

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 42, NO. 2, FEBRUARY 1994

Conversions Between S, Z., Y, h, ABCD,
and T Parameters which are Valid for
Complex Source and Load Impedances

Conversions between 5, 7. Y, H, ABCD, and T parameters which are valid for
complex source and load impedances
D& Frickey - IEEE Transactions on microwave theory and ..., 1994 - ieeexplore.ieee.org

This paper provides tables which contain the conversion between the various common two-
port parameters, 2. Y, H, ABCD, 5, and T. The conversions are valid for complax normalizing
impedancas. Ap e le is provided which verifies the conversions to and from 5

ir By elated articles  All & versions

As of Mar 6, 2018




Small-Signal Model Representations

(2 2

_> 4_
+ Bi-Linear Relationship between +
¢ i1,i2, ¢, U2 2

Linear Two Port

The good, the bad, and the Unnecessary !

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 42, NO. 2, FEBRUARY 1994

Conversions Between S, Z., Y, h, ABCD,

and 7' Parameters which are Valid for
Complex Source and Load Impedances

Dean A. Frickey, Member, IEEE

Conversions between S, Z, Y, H, ABCD, and T parameters which are valid for complex

source and load impedances

DA Frickey - IEEE Transactions on Microwave Theory and ..., 1994 - osti.gov Comments on" Conversions between S, Z, Y, h, ABCD, and T parameters
Conversions between S, Z, Y, h, ABCD, and T parameters which are valid for complex which are valid for complex source and load impedances"[with reply]

source and load impedances This paper provides tables which contain the conversion . DF Williams, DA Frickey - Microwave Theory and ..., 1995 - ieeexplore.ieee.org
In his recent paper,'Frickey presents formulas for conversions between various network

----- he various common two-port parameters, Z, Y, h, ABCD, S, and T. The ..
- matrices. Four of these matrices (Z, Y, h, and ABCD) relate voltages and currents at the
Cited by 226 JRelated articles All 6 versions Cite Save More peadbagiher two (S and 7 ') relate wave quantities. These relationships depend on the .

Cited by 30 Rel¥ed articles All 3 versions Cite Save
As of Oct 16, 2015 -

nist.gov [PDF]



Small-Signal Model Representations
LR 2
+ Bi-Linear Relationship between +
t i1 ,62, U1, U2 v2

Linear Two Port

The good, the bad, and the Unnecessary !

IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 42, NO. 2, FEBRUARY 1994

Conversions Between S, Z., Y, h, ABCD,
and T Parameters which are Valid for
Complex Source and Load Impedances

Dean A. Frickey, Member, IEEE

Conversions between S. 7. Y. H ABCD . and T parameters which are valid for complex source and
load impedances

DA Frickey - ... theory and techniques, IEEE Transactions on, 1994 - ieeexplore.ieee.org
Abstract This paper provides tables which contain the conversion between the various
common two-port parameters, Z, Y, H, ABCD, S, and T. The conversions are valid for

complecnnrmalizing impedances. An example is provided which verifies the conversions ...
Iated articles Al 5 versions Cite

As of Oct 28, 2013




Active Device Model Summary

Element ss equivalent dc equivalnet

- Y ¥ ¥
LS S N
o4

Simplified

Bipolar
i Simplified

Simplified

What are the simplified dc equivalent models?



Active Device Model Summary

What are the simplified dc equivalent models?
dc equivalent

iz 0.6V

Simplified
G_____ D
+
_I Vesa HC(Z)%W (Vesa-Vmn )2
Simplified — S
G D
s T CoxW 2
M
Vesa OX=(Vesa-Vrp)
2L
Simplified — S
B C
|BQ¢
L Bleq
0.6V
Simplified E
B C

lza
4: ¢ Pleq
0.6V

Simplified |
E




Example: Determine the small signal voltage gain A,=V5,1/V,y- Assume M, and M,
are operating in the saturation region and that A=0

VDD ﬁ ® VOUT

@ VgsZ ngVgsz
i oYe) —

~ Vou ‘\ Vi
Vaa % +
QEMz VlN Vgs1 ¢9m1vgs1
Vx i é
Vi 4D\/|1
BykcL g,V =g,
Vss i
ng(I)gs2R — _(I)OUT

V
Solving obtain: A, =2+ =-g R—©

IN

Unexpectedly large, need better device models!



Example: Determine the small signal voltage gain A,=V5,1/V,y- Assume M, and M,
are operating in the saturation region and that A#0

Voo — ~ Vour
@ oo V_gsZ Om2Vgs2 Go2
Yoy Vx
Vea2 -
M
4& VN (% Vgs1 Om1Vgst %901
Vax .
By KCL J7
ol I Y gV +g V=g +g.(Y,-V)
72 =- >

(U, -V)g.+g,2,.=0

GS2

gV +(g.+g, +g,)U = goﬂéw}
V,2.=(g,.+2,)U

A — ‘Q)UT — _gmlgm2 +gm1g02 ~ _gml gmz

thUS QJN golg()Z gol g02

* Analysis is straightforward but a bit tedious
e A, isverylarge and would go to = if g,, and g,, were both O
* Will look at how big this gain really is later
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Stay Safe and Stay Healthy !







