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Outline

 Building blocks of IC amplifier 3

 Cascode Amplifier

 IC Source Follower

 Current-Mirror Circuits with Improved Performance

 Reading: SEDTRA/SMITH book pages 539-560
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Review: Basic Gain Cells w/ Ideal Current Source Load

■ Intrinsic gain
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Review: Intrinsic Gain ݃௠ݎ௢

 MOSFET

Smaller current gives higher intrinsic gain, but paid by smaller 
݃௠ and bandwidth.
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Review: Output Resistance of Current Source Load
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Review: How To Increase Voltage Gain?

■ Current buffer: passes
current but raises
resistance level

 Low input resistance

 Unity current gain

 High output resistance

Pass the current gm1vi through
Raise the resistance by K

CG, CS, CD, which circuit has the 
best current buffer performance? 
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Review: Common Gate Amplifier

■ ܴ௜௡: input resistance

■ ܴ௢: output resistance

■ ௜௦: short-circuit current gain (output grounded)ܣ
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Review: Impedance Transformation of CG Amp

CG Amplifier is an ideal current 
buffer load to boost voltage gain! 
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■ RS transformed to the output by multiplying by the intrinsic gain.

■ RL transformed to the input by dividing by the intrinsic gain.
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MOS Cascode Amplifier
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Implementation of Constant-Current Source Load
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Cascode Amp w/ Cascode Current-Source Load
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If all transistors are identical

௩ܣ = −
1
2 ݃௠ݎ௢

ଶ = −
1
2 ௢ܣ

ଶ

Q2 vo

vi

Q1

VG2

VG3 Q3

VG4

VDD

Q4

ro4

Rop=(gm3ro3)ro4

Ron=(gm2ro2)ro1

ro1

Ron
gm1vi voRop

11/16

Example: Cascode current source
Design the Cascode current source to provide a current of 100 mA and an output resistance of 500 kW. Given 
0.18-mm CMOS technology, vDD= 1.8 V, vtp= -0.5 V, mpCox=90 μA/V2, and VA’=-5 V/mm. Use |Vov| = 0.3 V and 
determine L and W/L for each transistor, and bias voltages VG3, and VG4. Design to maximize the allowable signal 
swing at the output terminal.
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Distribution of Voltage Gain in Cascode Amp
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IC Source Follower
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Wilson MOS Mirror
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Cascode MOS Mirror

Pro: output resistance increased by gm3ro3

Con: consumes a large portion of steadily 
shrinking supply voltage
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