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Voltage Transfer Curves
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* Transistors are transimpedance amplifiers
— MOSFET: vgs controls ip

- Adding load resistors converts current to voltage - voltage
amplifiers

— Drain voltage free to change in saturation mode !i
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Voltage Amplifier
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Maximum Input Signal Amplitude

— — Uggman=Vas + Do To keep the MOSFTET in Saturation region
(linear part of I-V curve):
e e Vps =V, =V — V., atall time.,

This condition is met if

0 t Vpsmin = Vos = Vs Z Vosmax — Vi = Vos + Vos — |2
v, Since v, =‘Av‘vgs
Vs —‘Av‘vgs =V, +V,, -V

t
A Vv < VDS — VOV
. i}I)SEin :_VI)S - Uu’.\' gs 1 + ‘AV ‘

The input amplitude must be smaller than this

Y

value to ensure MOSFET stays in Saturation




Graphical Analysis with Load Line

Vs = Vop

Triode —>;<— Saturation

KVL:

VDD = ZDRD + Vps

vGS s

Ugs = VGS|B
This is the equation for load line

UGS =...

‘/ /\ The intersection of load line and
Q

\<Load-line R MOSFET I_V (Wlth : SpeCifiC VGS)
| g
| slope="~<11R, defines the bias point (Q)

Vi = ***
\A

|
|
I
—% Vbs Vo Ups
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Consideration for Bias Point

* Q, : too close to Vp

— Not enough room for
positive signal swing

w-v * Qp:too close to Triode region

— Not enough room for
negative voltage swing
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MOS as Voltage-Controlled Current
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Simplified Small-Signal Model of
MOSFET

G o5t oD
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i (v.,v ):lkn(vas —Vt)2(1+ﬂ,vDS)

)
GS’ DS 2

_ D —
I ID+8V 1% —ID+gmng
GS Q
Transconductance:

gm = kn (VGS _Vt): anOV
Alternative g expression:

21
g =—>=4/2k I

n D
ov




Small-Signal Model for MOSFET

Hybrid-mr Model

Go_o 4 OD

+

U,
8s 8m vgs g Fo

]

S

1
2
At DC bias point, Q
i

g
IV, )

iD(VGS’VDS) = kn (VGS a Vt)z(l-'_ﬂ“vps)

di
v+ D

ov

1D:1D+ 1%

ds

DSQ

g 1
ID o D+‘gmvgs +r_vds

o

Transconductance: g =kV

. 1
Output Resistance: r =—

Al
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Applying Small-Signal Model

VDD

A

/,,¢§RD

—0O Ups

Ugs
{ '( 7S

Previously, we used

1
Vps = Vip — Ekn (VGS - Vt)2 R,

_ dv

Ay = -k, (VGS _Vt)RD

dv 0

Voltage Gain: A, =-k,V, R,

With small-signal model, gain can be obtained

much more easily:

V= —nggs(”o | RD)

Ay = Y —8m (ro ”RD)

Vgs

Usually r, >> R, A, =-g R,
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Systematic Procedure for
Transistor Amplifier Analysis

. Perform DC analysis (ignore small signal source)
. Calculate small-signal parameters (g,, r,, etc)

. Generate AC small-signal equivalent circuit
— Replace DC voltage source by short circuit

— Replace DC current source by open circuit

— Replace transistor by hybrid-r model

. Perform circuit analysis to determine voltage
gain or other amplifier performance parameters
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MOSFET Amplifier Example:

Vop=+15V

Ry = 10 kQ ;

Rg = 10 MQ

)
/\\H

(1) Solve DC Bias Point

Find voltage gain for the amplifier. The
MOSFET has V; = 1.5V, k, = 0.25 mA/V?
and A= (50V)-1

Coupling capacitor is open circuit in DC,
and short circuit for AC signal.

To solve DC bias point, replace coupling
capacitor withVopen circuit:

V.. =V, from bias connection R

)2 R, +V,,

t

k
VDD = IDRD +VDS = ?”(VGS -V

15=1.25(Vps =1.5)" +V,y
Solve quadratic equation: V,, = 4.4V
I, =106 mA

A

=]

i
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MOSFET Amplifier Example:
(2) Solve AC Small Signal Circuit

Vop=+15V . . . . .
Now replace coupling capacitor with short circuit,
Rp = 10 kQ ;

and replace MOSFET with hybrid-pi model with
g, =kV,, =025-(44-15)=0.725 mA/V
R,=10kQ 1 =£=47 kQ

ID
Next, simpliy resistance at output to
R, =r IR IR, =45kQ

Do circuit analysis:

R = 10 MQ

L

[ L =

rvo = (lz - gmvgs )R'L

) Vi B vo
I, =
RG
A--gR 1—1/|ngG
1+R, /R,
For large R,, A ~-g R, =-0.725%4.5=-33 V/V
i
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MOSFET Amplifier Example:
(3) Additional Parameters of Interest

VI)I): +15.V

R - & - vi - vi - RG
R IOkQL i ii Vi~V Vi—AVVl I-A
< ic RG RG
Rg = 10 MQ 10 MQ
R = =2.3 MQ
2—1 I: R; = 10 k() mn 1+33

Maximum signal that can be applied while

— oA ——o—p——1— keeping MOS in Saturation:
L t
—
v; Ci) Ugs gnf”&’.s# % To % RD % RL Up vDSmln 2 VGSmaX - V
E O

. Vs —|A Vi 2 Vs +v, =V,
" - V. < Vs =Vos +VY, — v
’ 1+|A,| 1+|A,

i )
e 3
-3 b A Vs =V, here.
TOIEEITROL: S v, <035V

. 4 | il
[2
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Small-Signal Model for PMOS

Hybrid-1r Model The equivlent circuit is valid for

G o—o0 s oD both NMOS and PMOS.
+
s 8m Us § Yo In PMOS, use absolute sign for
- all parameters:

O
l Vsl VI Vols Vi)

: and replace k, with k,

A Ai



