EE 434
Lecture 19

Model Extension
Small signal model extension
Small signal analysis



Quiz 13

Assume the MOS transistor in this circuit was designed in a 0.6u process with
device parameters pC,,=100pA/V? and V. =1V. With the square-law model of the
device introduced in class, it can be shown that the small-signal gain for this circuit
is A, =-9.R, where g, is the transconductance gain of the transistor.
Assume a reverse-engineering team is trying to determine what the dimensions
are of the device and can not open the package to see the device. They did,
however, measure the small signal voltage gain and it was -4 and they measured
the quiescent VGS and it was 3V. What is W/L for the transistor?
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Quiz 13

Assume the MOS transistor in this circuit was designed in a 0.6u process with
device parameters pC,,=100pA/V? and V. =1V. With the square-law model of
the device introduced in class, it can be shown that the small-signal gain for this
circuit is A, =-9.R, where g, is the transconductance gain of the
transistor. Assume a reverse-engineering team is trying to determine what the
dimensions are of the device and can not open the package to see the device.
They did, however, measure the small signal voltage gain and it was -4 and they
measured the quiescent V4 and it was 3V. What is W/L for the transistor?
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Review from Last Time

Small signal model for MOS transistor was developed
1, =0
, =0
Id — gmvgs
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Review from Last Time

Model Extension to Account for Slope of 15-V 5 Characteristics

!

0 Ve <V;
W V,

MCox T(VGS -V _%SJVDS Vs 2 Vi Vps < Vs — Vi
W 2

MCox I(Ves - VT) ° (1"‘ ﬂ’VDS) Vs 2 Vp Vpg 2 Vs — Vs

Introduces a discontinuity between triode and saturation regions
Does not exist in real devices
Multiply by 1+AV 4 in triode region as well in simulators

Issue of how gm varies with I, discussed and apparent delima identified



Review from Last Time

How does g, vary with |57

2uC, W
gm:\/ IJ LOX IDQ

Varies with the square root of |54

2lpq 2lpq

gm — —
VGSQ _ VT VEBQ

Varies linearly with 154

_ MC W
On L

(VGSQ o VT )

Doesn'’t vary with |y,



Graphical Interpretation of MOS
Model

V
(VGS - Vi _ﬁjvos Vs 2Vr Vpg < Vs = Vi

(VGS -V )2 ° (1+ ﬂ‘VDS) Ves 2 Vi Vpg 2 Vg — Vi



Graphical Interpretation of MOS

Model
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Further Model Extensions

Existing model does not depend upon the bulk voltage !
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Observe that changing the bulk voltage will change the electric field in the

channel region ! Vs
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Further Model Extensions

Existing model does not depend upon the bulk voltage !

Observe that changing the bulk voltage will change the electric field in the
channel region !
|*

Changing the bulk voltage will change the thickness of the inversion layer
Changing the bulk voltage will change the threshold voltage of the device

Vi :VT0+7(\/¢_VBS _\/g)



Typical Effects of Bulk on Threshold Voltage for n-channel Device

Vi =V +7/(\/¢_VBS _\/g)
y=04V:  $=0.6V

— - Vs
~ -3V
Bulk-Diffusion Generally Reverse Biased (Vz4< 0 or at least less than 0.3V) for n-

channel
Shift in threshold voltage with bulk voltage can be substantial

Often Vz4=0




Typical Effects of Bulk on Threshold Voltage for p-channel Device

V, =V, -7 (J8+ V. ~¢)

y =0.4V> ¢ =0.6V
A VBS

o
»

Bulk-Diffusion Generally Reverse Biased (Vgg > 0 or at least greater than -0.3V)
for n-channel

Same functional form as for n-channel devices but V-, is now negative and
the magnitude of V; still increases with the magnitude of the reverse bias



Model Extension Summary
.

I
5 =0 #

®
I
o

0 V. <V ﬂ
ID =9 IJCOX %(VGS o VT o %j VDS VGS 2 VT VDS < VGS _ VT
w :
“COX z (VGS o VT ) ¢ (1 + ZVDS ) VGS 2 VT VDS 2 VGS o VT

Vi =Vq, +7(\/¢_VBS _\/g)
Model Parameters : {4,Coy,V+10,®P,Y,A}

Design Parameters : {W,L} but only one degree of freedom W/L



Small-Signal Model Extension
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Small Signhal Model Summary

lg
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Vgs > Small
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Small Signal Model Observation

Consider:
Id — gmvgs + gmbvbs + govds

3 alternate equivalent expressions for g,

C W 2l
gm — lJ OX \/EBQ gm _ \/ZI«l COXW IDQ gm — VDQ
L L EBQ
If UCx=T100pA/NVZ | A=.01V-1, vy = 0.4V0°, V=1V, W/L=1, Vgqo=0V
| =~ “CoxW V2 = 10°W (1\/)2 =5E-5 In this example
DQ 2L EBQ ZM g <<g g
IJCOXW 0 m?~Imb
9, = Vau = 1E-4 9,,<d.
g = )\|D — KhE-7 This relationship is

y common
= = 20 In many circuits,
oo = I 28— V.., ) I V=0 as well



Small Signal Model Summary

Large Signal Model Small Signal Model

| |

: £

—T

i, =0
0 V, <V, j
C W V l, =0
—I V.-V —= |V V.>V V <V _-V -
u oX L( GS T 2) DS GS T DS Gs T Id zgmvgs+gmbvbs+govds
G V(v e+ A,) Vo2V vz v -y | where
. 2L C W
— IJ OX V
m L EBQ
VTZVTO+7(\/¢_ BS_\/g) g —g{ y )
mb m 2 ¢—VBSQ

g, = Alpg



How does g, vary with |57

2uC, W
gm:\/on

L IDQ

Varies with the square root of |54

2lpq 2lpq

gm — —
VGSQ _ VT VEBQ

Varies linearly with 154

_MC W
On L

(VGSQ o VT )

Doesn'’t vary with |y,



How does g, vary with |57

All of the above are true — but with qualification

d., Is a function of more than one variable (l,5) and how
it varies depends upon how the remaining variables are
constrained



Small Signal Model Summary

An equivalent circuit

G
Cbgmbvbs ¢9m gs @90\/“ Vds
S
O = “COLXW Vesa = Vr)
9o = Alpq

_ y
gmb gm(z\/¢_VBSQJ

This contains absolutely no more information than the previous model



Small Signhal Model Summary

G B I D

-

R Vv +
Vs Vbs (D ImbVos (1) grVgs JoVas Vs
G B ld D

4+ + +
Vgs VbS d} gmebS @ nggS %go Vds

More convenient representation




Small Signhal Model Summary

G

Simplification that is often adequate

Ig

-

B g D
—+ —+ —+
Vgs VbS d} gmebS @ nggS %go VdS
Se—— — =

(1) 9m Vs %go

Vds




Small Signhal Model Summary

G

B g D
—+ —+ —+
Vgs VbS d} gmebS @ nggS %go VdS
Se—— — =

Even further simplification that is often adequate

la D
G ~——— L
+ +
VQS @ gmvgs Vds




Small Signhal Model Summary

lq D

G <a

B
T+ T v +
VQS Vbs ImbVbs Qngs Jo Vds
Se - —

Alternate equivalent representations for g,

W
g, = UCoLxW (VGSQ _VT) from I, = HC E(VGS -V, )2
gm — \/ZUCLOXW IDQ
g 2l5q _ 2l5q

VGSQ B VT VEBQ



Small-Signal Circuit Analysis

Obtain dc equivalent circuit by replacing all
elements with large-signal (dc) equivalent
circuits

Obtain dc operating points (Q-point)

Obtain ac equivalent circuit by replacing all
elements with small-signal equivalent
circuits

Analyze linear small-signal equivalent
circuit



Dc and small-signal equivalent elements

Element ss equivalent dc equivalnet
| 1
dc Voltage Source Ve T I Voc T
ac Voltage Source Vac @ Vac @ I
dc Current Source Ibc @ Ioc @
ac Current Source lac @ lac @
Resistor R R



Dc and small-signal equivalent elements

Element

Capacitors
L
Small /I\
L
Large
Inductors
L
Small
MOS Transistors

ss equivalent dc equivalnet
[ J
!
l s
!

L

Simplified

£ 1

Simplified





