Ideal vs Non-ideal Amplifier

(a) (b)
* Ideal amplifier (Fig. a)
y(t) = oo + oqx(t)
— Large-signal characteristic is a straight line
— a, is the “gain”, a, is the “dc bias”
* Nonlinear amplifier (Fig. b)
y(t) = ag + arz(t) + aox®(t) + - - 4 a2 (t)
— Large signal excursions around bias point
— Varying “gain”, approximated by polynomial
— Causes distortion of signal of interest
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Analog Design Tradeoff
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* Along with gain and speed, other parameters
also important for amplifiers

* Input and output impedances decide interaction
with preceding and subsequent stages

* Performance parameters trade with each other
— Multi-dimensional optimization problem
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COmMmmon-source stiage witn Resistive
*

Voo « Very high input impedance at
ERD low frequencies
I:T—c Ve  ForV, <V_,, M, is off and V,.
Vino—| M, = VDD
= Vieur = VDD — ff.[;lji ( %k Ve — Vrrr )

e When V, > V_, M, turns on in
saturation region, V_ falls

out

« When V, >V, ,, M, enters triode

| 1 . W,
Viuk = V1 = Vpp — Bp5jnCor—(Via — Vo)
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CLOmMmmon=-oource stage€ witn Resistive

ForV, >V,
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Vino—Z=R,, « If V,_is high enough to drive M,

M . : :
it into deep triode region so that
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COmMmmon-source stiage witn Resistive

A, = OV ou » Taking derivative of /, equation

)'I‘r . - - -
UVin In saturation region, small-signal

- —Ip ﬂ_._,b(_(_”,!_( V... — Vrg) gain is obtained
= —¢ulip.
ri °Vout * Same result is obtained from
V. () V4 Im¥1 =R, small-signal equivalent circuit
= Vout = —9m V18D = =4 Vi Kp

* g,and A, vary for large input

signal swings according to
G = 1 Coal W/ L) Vs — V)

* This causes non-linearity
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