EECS 105 Spring 2002 Lecture 23 R. T. Howe

Lecture 23

e Last time:

— Introduction to amplifiers: a common-source
MOS stage

» Today :

— Small-signal model for the entire common-
source amplifier

— Limits to model
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Small-Signal Analysis

Problem 1. Find DC Bias — ignore small-signal source

+Verrp (positive DC supply)
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j\iﬁ_{ E Vs Was found in

Lecture 22
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Verp (negative DC supply)
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Small-Signal Modeling

@itive DC supply)

YouTt
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Verp (regative DC supply)

What are the small-signal models of the DC supplies?
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Small-Signal Models of Ideal Supplies

Small-signal model:

‘fSLF
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Small-Signal Circuit for Amplifier

Rp
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Low-Frequency Voltage Gain

Consider first o = 0 case ... capacitors are open-circuits

Vout ~ _ngS(RDHro)

Av - _gm(RDHro)

Transconductance

21p sar

Em :/unCox(W/L)(VGS _VTn) =
VGS _VTn
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Voltage Gain (Cont.)

Substitute transconductance:

Output resistance: typical value A = 0.05 V-!

r0=( : J:( : jkgz:zoom
InIpsar ) \0.05-0.1

2-0.1
Voltage gain: 4, = ( 031 )(25 1200)=-14.3

R. T. Howe
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Input and Output Wavetorms

Input small-signal voltage amplitude: 25 mV
Output small-signal voltage amplitude: 14 x 25 mV =350
A

A (D) 1 - vour( 1)
t

: >

0.5

VBias
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What Limits the Output Amplitude?

1. vpy(t) reaches Vo por— Voyp ... Or

2. MOSFET leaves constant-current region and enters
triode region

Vbs <Vps.sar =Vgs — V5, =031

VOUT,M]N — _VSUP + VDS,SAT — —25V + 03 lV
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Maximum Output Amplitude

v, (H)=-2.19 V cos(wt) 2 v () = 153 mV cos(w?)

How accurate 1s the small-signal (linear) model?

Vg _0.15
Vas —Vr, 0.31

0.5

Significant error 1n neglecting third term 1n expansion
of ip=1ip(Vgs)
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