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Ch 9 ECE569 Analog IC

3. Folded Cascode OP amp
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Ch 9 ECE569 Analog IC Telescopic OP amp

Telescopic OP amp: 
(1) Large gain
(2) High speed 
small parasitic cap high freq 

non-dominant pole
(3) Small ICMR
(4) Small OVR
(5) Not suitable for unity gain 

buffer
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Ch 9 ECE569 Analog IC Conversion of cascode amp into folded cascode

Vb affects both max Vin and min Vout
(max Vin=Vb-Vdsat, min Vout=Vb-Vth)
Tradeoff between Vin and Vout ranges

Vb affects Vout range only
(min Vin: Vdsat-Vth, 
min Vout=Vb-Vth=2 Vdsat), no tradeoff

cascading of input device and cascode device NO cascading of input device

Razavi
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Ch 9 ECE569 Analog IC Conversion of cascode amp into folded cascode

Razavi

Av = gm1 x Rout 
(about the same in both cases)
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Ch 9 ECE569 Analog IC
Conversion of Diff cascode amp into Diff folded cascode

Razavi

Av = gm1 x Rout  (about the same in both cases)
Rout (left) = gm3 ro3 ro1 ,  Rout (right) = gm3 ro3 (ro2 || ross1)

Vb1 affects both max Vin and min Vout
(max Vin=Vb-Vdsat, min Vout=Vb-Vth)
Tradeoff between Vin and Vout ranges

Vb1 affects Vout range only
(min Vin: Vdsat-Vth, 
min Vout=Vb-Vth=2 Vdsat), no tradeoff

NO cascading of input device and cascode device
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Ch 9 ECE569 Analog IC Folded cascode OP amp
Telescopic OP amp의 단점: 

(1) limited output swing, limited input CM range
(2) limited swing in unity-gain feedback configuration 

Folded cascodeTelescopic
Razavi
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Ch 9 ECE569 Analog IC Folded cascode OP amp

Input Common mode voltage range 
(1) Telescopic: 2 VDSAT + VTH, Vb1 - VDSAT (2 VDSAT+VTH)
(2) Folded cascode: 2 VDSAT + VTH, VG56+VTH (VDD-VDSAT) 

Folded cascodeTelescopic

Razavi
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Ch 9 ECE569 Analog IC Folded cascode OP amp

Output voltage range 
(1) Telescopic: Vb1-Vth, Vb2+Vth (3 Vdsat+Vth, VDD-2 Vdsat)
(2) Folded cascode: Vb1-Vth, Vb2+Vth (2 Vdsat, VDD-2 Vdsat)

Folded cascodeTelescopic

Razavi
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC Single-ended folded cascode OP amp
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Ch 9 ECE569 Analog IC
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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

Fully diff folded cascode OP amp
Rail-to-rail input CM range
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Ch 9 ECE569 Analog IC Single ended folded cascode OP amp
Rail-to-rail input CM range

Razavi
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC Equivalent Input Noise Voltage
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC Frequency response
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC
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Ch 9 ECE569 Analog IC VX droop prevention circuit

Increase slew rate by 
supplying extra 

current during slewing

Razavi
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Ch 9 ECE569 Analog IC VX droop prevention circuit

Increase slew rate by 
supplying extra 

current during slewing
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Ch 9 ECE569 Analog IC Gain-boosted cascode OP amp

Razavi

Increase gain of 1-stage cascode OP amp by gain-boosting

gain-boosting of cascode amp

outmv RgA 1= 1221 oomout rrgAR ≈
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Ch 9 ECE569 Analog IC Gain-boosted cascode OP amp

Razavi

gain-boosting of cascode amp
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Ch 9 ECE569 Analog IC Gain-boosted cascode OP amp

Razavi
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Ch 9 ECE569 Analog IC Gain-boosted cascode OP amp

Limited output range

Min Vout : VDSAT(ISS1)+VDSAT1+VDSAT3Min Vout : VDSAT(ISS2)+VDSAT5+VDSAT3+VTH5

Improved output range

Razavi
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Ch 9 ECE569 Analog IC Gain-boosted cascode OP amp

Razavi

Frequency response: not much degraded by gain-boosting amp
(due to only error signal passes gain-boosting amp)
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Ch 9 ECE569 Analog IC

Razavi

Comparison of OP amps

Razavi
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Ch 9 ECE569 Analog IC

Razavi

SPICE simulation: Folded cascode OP amp
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Ch 9 ECE569 Analog IC SPICE simulation: Folded cascode OP amp



41

Ch 9 ECE569 Analog IC SPICE simulation: Folded cascode OP amp
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