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3. Folded Cascode OP amp
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cCes69 Analog Ic | CONVEFSiON of cascodeamprinto folded cascode] cr o
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Vb affects both max Vin and min Vout Vb affects Vout range only
(max Vin=Vb-Vdsat, min Vout=Vb-Vth) (min Vin: Vdsat-Vth,
Tradeoff between Vin and Vout ranges min Vout=Vb-Vth=2 Vdsat), no tradeoff
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Av =gml x Rout
(about the same in both cases)
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ECES69 Analog IC Conversion of Diff cascode amp into Diff folded cascode Ch 9
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NO cascading of input device and cascode-device
Vb1 affects both max Vin and min Vout Vb1 affects Vout range only

(max Vin=Vb-Vdsat, min Vout=Vb-Vth) (min Vin: Vdsat-Vth,
Tradeoff between Vin and Vout ranges min Vout=Vb-Vth=2 Vdsat), no tradeoff

Av =gml x Rout (about the same in both cases)
Rout (left) =gm3 ro3rol, Rout (right) =gm3ro3 (ro2 || rossl)
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FCE569 Analog IC _ Folded cascode OP amp Ch 9

Telescopic OP amp 2| tH&:
(1) limited output swing, limited input CM range
(2) limited swing in unity-gain feedback configuration
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ECE569 Analog IC Ch 9

Input Common mode voltage range
(1) Telescopic: 2 VDSAT + VTH, Vbl - VDSAT (2 VDSAT+VTH)
(2) Folded cascode: 2 VDSAT + VTH, VG56+VTH (VDD-VDSAT)
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ECE569 Analog IC Ch 9

Output voltage range
(1) Telescopic: Vbl-Vth, Vb2+Vth (3 Vdsat+Vth, VDD-2 Vdsat)
(2) Folded cascode: Vb1l-Vth, Vb2+Vth (2 Vdsat, VDD-2 Vdsat)
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Fig 9.2.11 fully differential folded cascode CMOS OP amp with the rail-to-rail input common

mode voltage range 17
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ECES69 Analog I L Erequencyresponsel i ono
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Increase CL =» decrease pl, no effect on p2
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Slew : non-linear behavior
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Ch 9
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Ch 9
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Ch 9
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Increase gain of 1-stage cascode OP amp by gain-boosting

gain-boosting of cascode amp

A\, — gml Rout Rout ~ Al gmz r02 r01

Razavi
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gain-boosting of cascode amp
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ECE569 Analog IC

o, sl

l4 I,

Ms | I, Mg

. é’ssa .

v,,,:_":IM’ 1' MzF“—I
? Issq

Min Vout : VDSAT(ISS2)+VDSAT5+VDSAT3+VTHS

Ch 9

I4 M, M, I
I Iss2 o
Voe— F— x Ye—1 W
Ms Mg
M, Mg

—IH M,

M,

é I ss1

Min Vout : VDSAT(ISS1)+VDSAT1+VDSAT3

Razavi

35



ECEB69 Analog IC Gain-boosted cascode OP amp Ch 9
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Frequency response: not much degraded by gain-boosting amp
(due to only error signal passes gain-boosting amp) -
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e

Output Power
Gain Swing Speed Dissipation  Noise
Telescopic Medium Medium Highest Low Low
Folded-Cascode = Medium Medium High Medium Medium
Two-Stage High Highest Low Medium Low

Gain-Boosted High Medium Medium High Medium

Sa— — — ——
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'SPICE simulation: Folded cascode OP amp  cn g
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o 2 a | B S SPICE-
G ol Siemens]- B 1.28 %10 % 1.24 102+
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SPICE simulation: Folded cascode OP amp

Ch 9
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#-9.21  OPamp o Fof== S4 23 WED|H S(ESH AMAE- C, =10pF ).

SPICE simulation: Folded cascode OP amp
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