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1. Introduction




ECE569 Analog IC Ch 9

Ideal OP amp

(1) Differential mode voltage gain: infinity
(2) Common mode voltage gain: O

(3) Input resistance: infinity

(4) Output resistance: 0

(5) Bandwidth: inifinity
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General purpose OP amp :
(1) example 741 OP amp
(2) small Rout to drive any load including R load
(3) needs output stage
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20Iog|Av|‘ A(s) = Ao/(1 + s/wg)

Single pole characteristic assumed
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Vin

Vin = au(t)

R
Vout (1) = a (1 + R—;) (1 — exp T) u(t)
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reduced by 1+(loop gain)

For 1% settling, V,,; = 0.99Vg

tie, = TIn 100 =~ 4.67
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Simple differential pair : voltage gain not enough

(< 20 for submicron devices)

For high gain
= 1-stage cascode OP amp (gain boost optional)
(telescopic OP amp, folded cascode OP amp)

=» reduced output swing
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2-stage OP amp : pro =» high gain + large output swing

High Gain High Swing

2-stage OP amp :

con = requires frequency compensation (Miller
pole-splitting frequency compensation)
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Fig 9.1.1 2-stage CMOS OP amp circuit
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coeses anaog 1© [ 2-StAGE OP@mp (Single ended out) ™ on
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cceses anaiog ¢ [ 2-STAGE OP'aMp (Cascode ISt stage)”  ons
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Fig 9.1.22 2-stage CMOS OP amp with a cascode 1st stage
M9 config. increases input common mode range
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(1) Input common mode range: extended up to VDD
(2) Output voltage range increased compared to telescopic
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Fig 9.2.9 folded cascode CMOS OP amp with PMOS input transistors(M1, M2)

(1) Input common mode range: extended down to VSS

(2) Output voltage range increased compared to telescopic
19
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V ~ V.
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Telescopic OP amp : narrow output swing and narrow
Input common mode range =» not suitable for unity-
gain buffer application (folded cascode OK)
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Unity gain buffer using simple diff pair

Voo

Vin v—ADTA - Ma’:lj I m,
— Mz';]—“ Vout

/
Rout — r02 ” r.04 1 % SS

1+ Ot (r02 ” r.04) Om1 =
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Unity gain buffer using simple diff pair

Voo Assume the same VDSAT

Maéj_":‘"“ (For open loop)

Input CM min: 2 VDSAT + VTH

Vout
‘ Input CM max: VOD - VDSAT
Vin°—'"__ﬂM1 Mzr—_l

%,SS Output min: 2 VDSAT
Output max: VDD - VDSAT

(For unity—gain feedback)
Vout min: 2 VDSAT + VTH (limited by input CM)
Vout max: VDD - VDSAT
Vout swing: VDD - 3 VDSAT - VTH -
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Unity gain buffer using telescopic OP amp
Voo
Mflj_“:_]ms

Vin *’—AD_I_A Vout " "

+—— Vout

Voo i, M4“‘: )
Vin °—||;M1 le:_"—
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Unity gain buffer using telescopic OP amp

ME-HHM: Assume the same VDSAT

- (For open loop, optimum Vb)
T Input CM min: 2 VDSAT + VTH

h—— ‘ " Input CM max: VDD — 3 VDSAT - VTH
"M, M,
X
a

Vin°—|I:|M1 M, ]
é Output min: 3 VDSAT
Iss

Output max: VDD - 2 VDSAT - VTH

Mg

(For unity—gain feedback , optimum Vb)
Vout min: 2 VDSAT + VTH (limited by input CM)
Vout max: VDD — 3 VDSAT - VTH (limited by input CM)
Vout swing: VDD - 5 VDSAT — 2 VTH (severely limited)
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