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Lect. 12: Two-Stage Amplifier

Current Mirrors

Differential Pair

CS Amp

Miller Compensation

Transconductance Amplifier

(9.1 in S&S)

(OTA: Operational Transconductance Amplifier)
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Input Common-Mode Range

Q1, Q2 should be in saturation

VSD1 > VSG1 - |Vtp|

VS1 – VD1 > VS1-VICM - |Vtp|

VICM > VD1- |Vtp| 

VICM,min = -Vss+ VGS3 - |Vtp|

Q5 should be in saturation

VSD5 > VSG5 - |Vtp|

VS5 – VD5 > VS5-VG5 - |Vtp|

VD5 < VG5+ |Vtp| = VDD – VSG5 + |Vtp| 

VICM+VSG1 <  VDD – VSG5 + |Vtp| 

VICM,max=  VDD – VSG5 –VSG1 + |Vtp|

Large I Large VSG5, VSG1, VGS3

Small input CM range 
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Voltage Gain (DC)

Small Signal Model

Two CS amps in cascade

Gm1= gm1=gm2 (Ignoring Body Effect)

R1= ro2//r04

Av1 = -gm2 (r02//ro4)

Gm2=gm6
R2=ro6//ro7
Av2 = - gm6(ro6//ro7)

Av= gm2 gm6 (ro2//ro4) (ro5//ro7)

Rin: infinity

Rout: ro6//ro7
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Frequency Response

1 2 2 4 4 6gd db gd db gsC C C C C C= + + + +

2 6 7 7db db gd LC C C C C= + + +

C2 >> C1 since CL is usually larger

(Cgd6 is included in Cc)
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Assume we want the following Bode plot so that sufficient phase margin is allowed.
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More phase margin is possible with a resistor in series with CC

Different Pole-Zero characteristics!
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Slew Rate: Maximum rate of vo change 
max

o

C

dv ISR
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= =

Slew Rate What does the circuit do?

v+

Apply step input at v+ vo(t)=? 

Q2 off I through Q1, Q3 I through CC

( )ov t =
C

I t
C


