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Cascade Amp
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o If all r, are the same and g, = 9m1 = 9m3

@ Vo = (—=Gmlo/2)(—Ggmlo/2)V; = %(ero)zvi
@ But we use twice as much current

..|_+§Lrl
T

212



Cascode Amp

@ We will see its gain is approx —%(gmro)2
@ So twice as much gain and no extra current

@ Will need a higher power supply value 3/12



Output Impedance of Active Transistor

@ To find impedance R,, zero all independent sources, apply voltage
vy and find iy
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@ Since vgs = 0, gmVgs = 080 ix = Vx /1o
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Output Impedance of Cascoded Transistor
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Output Impedance of Cascoded Transistor

@ iy flows through gmaVvys2 and rp> and recombines so that iy flows
through ry1

@ Vgso = 0 — ixlo1

@ iy = ip2 + GmaVgs2 = io2 + Gmz2(—ixro1)
@ oo = (Vx — ixlo1)/ro2

@ ix = (Vx — lotlx)/ o2 — Gmaro1ix

@ ix(1+ gmalor + (Fo1/ro2) = Vx/lo2

@ R, = vy/ix

@ Ry =roo+ (1 + Gmaloz)rot
@ If gmoroo > 1 and ry1 = rpp (2 cOmmon occurrence)
— Ro ~ gmarozrot

@ Note: gmro > 1isthe same as r, > 1/gm
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Output Impedance of Cascoded Transistor

@ In general,
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Short Circuit Current of Cascoded Transistor
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Short Circuit Current of Cascoded Transistor

@ We can find Rx = (1/gmz)||ro2

@ Now using the current divider rule, we find
i r r

@ — ol _ V) = ol _ Vi
e r01+RX( Gmt I) ro1+(g,1nz||r02)( Gm I)

@ Forgmro > 1, isc = —gm Vi

9/12



Cascode Amp Gain
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/L Rop = ro3 + (1 + 9maros)roa

Vo
\1,_ Ron = ro2 + (1 + gmato2)ro1
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Cascode Amp Gain

Vo = isc(RopHRon)

@ Vo/Vi= _Qm1(Rop||Ron) <rm+(fo1)

:
%Hrd)

@ For all g, and r, the same and gmro > 1
Vo/Vi = _1§(gmro)2

@ Cascode amps and current mirrors are commonly used in
integrated circuits.

@ A cascode transistor can be put on top of a cascoded transistor
and get even more output impedance but a even higher power
supply is needed
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Topics Covered

@ Cascade Amp
— To increase gain with multiple amps
@ Cascode Amp
— To increase gain with single amp
— Output impedance of cascoded transistor
— Increased gain for cascode amp
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