EECS 105 Spring 2002 Lecture 22 R. T. Howe

Lecture 22

e Last time:

— Small-signal model of the npn bipolar transistor
« Today :

— Introduction to amplifiers: a common-source
MOS single-stage amplifier
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An MOS Amplifier

+Vgrp (positive DC supply)

Dictionary definition:
amplify =
fRD¢ Ry

O

Your

l—|

Vin
Varas

Verp (negative DC supply)
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Selecting the Output Bias Point

Vs 18 selected so that V. 1s centered between
Vgyp and —Vgp (Why?)

Vour=0V ..NOT v,,.=0 V!

Constraint on the DC drain current:

Ixp = (Vsup - Vour) / Rp = Vsup/ Rp

Izp = Ip=Ip g47 ... verity that MOSFET 1s
saturated after finding Vg
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Finding the Input Bias Voltage

Hand calculation: neglect “tudge tactor” in I, ¢,
2
Ipsar =W /2L) 1, Cor Vs = Vi)

Typical numbers: W=40 um, L =2 pm, R, =25k Q
wC =100 uA/V2, V., =1V,
Vep=25V

Ipp = V]‘zUP = Ipsar =10-100- (Vg5 —1)°
D
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Applying the Small-Signal Voltage

Approach 1. Just use v, in the equation for the total drain
current i, and find v,

Vi = VerastVs  vgs =viv — (Vsup) =Vaius +vs +Vsup]
v (1) = v.cos(w?)
Result:

_ . o /4 2
vour = Vsup~Epip= VSUP_RD(“nCox)<2_)(VGS+ Vs~ V)
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Solving for the Output Voltage v,

4 2 v ’
= Verp—Rn(n, C (—J VsV 1+ a
vour = Vsup~Rp(H,Coy) 5 Ves= V) ( (VGSVTn)j

T

Il

D

2
¥
1% = Vermp—Rnpl (1+ - )
ouUT SUP " D'D (VGS_ VTn)

%

SUP
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Small-Signal Case

Linearize the output voltage for the s.s. case

Expand (1 +x)?=1+ 2x + x2... last term can be
dropped when x << 1

1+ =1+ +
Vas— Vi Vos—Vrn \Vas—Vrn
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Linearized Output Voltage

For this case, the total output voltage 1s
( 2"s j 2RDleS
=V —RnIH 1+ =V, s/ -
Your=Vsup~ oo\ T (v TV, ) A) A V= V)

The average output voltage V= 0 V so the total output
voltage 1s the small-signal voltage 1n this special case:

Voutr = Youtr ~ =4,y

L Vs~ VTn)}}S i LVGS_ VTn)}/S v
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Plot of Output Waveform
Numbers: 2 IR,/ (Vs —Vy,) =(2x2.5)/0.31 =16.1
A Vj(f) Vour(r)

V(D)
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Is there a Better Way?

What’s missing: no inclusion of fudge factor term or of
charge storage effects

Approach 2. Do problem in two steps.

1. DC voltages and currents (ignore small signals sources):
set bias point of the MOSFET ... we had to do this to

pick V,, ¢ already

2. Substitute the small-signal model of the MOSFET and
the small-signal models of the other circuit elements ...

Dept. of EECS University of California at Berkeley



	Lecture 22
	An MOS Amplifier
	Selecting the Output Bias Point
	Finding the Input Bias Voltage
	Applying the Small-Signal Voltage
	Solving for the Output Voltage vOUT
	Small-Signal Case
	Linearized Output Voltage
	Plot of Output Waveform
	Is there a Better Way?

