Analog IC Design ¢ 2022-23
Lecture 3
MOSFET Single Stage Amplifiers Part-2
By Dr. Sanjay Vidhyadharan
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CS Amplifier
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CS Amplifier

V2 Design Steps
RD
.include tsmc018.lib 10K i i i .
1.8 1. Fix Ipg Meeting following conditions
() Ipg * Vpp < Max Power Constraint

.tran 5m
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CS Amplifier
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Gain is a function of.Lead Resistance Gain= —gm * (Rp||rol|RL)
High Input Impedence

High Miller Capacitance
Current, Voltage and Power Gain
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CS Amplifier

CS stage with source degeneration.
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CS Amplifier

/
CS stage with source degeneration out
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CS Amplifier

CS Amplifier Output Resistance
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CS Amplifier

CS stage with source degeneration and bypass capacitor.

O Vo Gain~ —g, Rp
R1 Ro Ip
Design Steps
O Varr ] ) ] o
C D + 1. Fix Ipg Meeting following conditions
L /: T | (8) oo * Vpp <Max Power Constraint
VIN @ }I = > ¥
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CS Amp with Current Source Supply
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CS Amp with Current Source Supply
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P-Channel CS Amplifier
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CS Amplifier with Active Load
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CS Amplifier with Active Load

Design Steps

VDD 1. Fixlpo Meeting following conditions
(@) Ipg * Vpp<Max Power Constraint
(b) SR= dVo / dt maximum V/us
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Active Loads
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Active Loads

By applying KVL,.
Vgs = Vg -V =-V, [ Body is connected to ground]

By applying KCL at Node A, We get,
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Common Gate Amplifier
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Common Gate Amplifier
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ro High Frequency Applications

Gain is'a function of Load Resistance
Low Input Impedence

Low Miller Capacitance Simulation
Current, Voltage and Power Gain 18
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Common Drain Amplifier
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Common Drain Amplifier
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Summary of CS, CG & CD Amplifiers with Current Source Bias

Transistor Type
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Telescopic Cascode Amplifier
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Telescopic Cascode Amplifier

.include tsmc018.lib
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Telescopic Cascode Amplifier

Cascode Amplifier Output Resistance
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Telescopic Cascode Amplifier

Cascode Amplifier with Simple Active Load
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Telescopic Cascode Amplifier

Cascode Amplifier with Cascode Current-Source Load
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Folded Cascode Amplifier

VIJ!'J

"Folding" the CG stage using PMOS.
Q, 1s biased with I, — I,
/‘\ Q, is biased with 7,
Folded cascode avoids stacking too many

0—'|:Q1 Qj'_o i transistors vertically, which will be difficult

for low power supply voltage V,,

f
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Folded Cascode Amplifier

Voo - Vpp Vop
=Rp Rp I4
Vin 0—“: My +—o Vour Vin G—II: My Vout M,
My :_"—. Vb M3 _||—=Vb Vin o—{[_ M, Ve
L X Vout
ImiVi =
mi¥in h ﬁ'n

(a) (B) (c)
Figure 3.74 (a) Simple folded cascode; (b)folded cascode with proper biasing; (c) folded cascode with NMOS
input.

Source: Design of Analog CMOS Integrated Circuits by Behzad Razavi
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Folded Cascode Amplifier

Folded cascode with cascode load.

T T TP Ty L. T I

Source:-Design of Analog CMOS Integrated Circuits by Behzad Razavi
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Useful Transistor Pairings

Vop

CC+CE CD+CS CD + CE
* High input resistance « _ Main benefit is wider in BiCMOS technology
* Much wider bandwidth bandwidth than single (BJT+CMOS)

than single CE CE amplifier « Similar to MOS version
amplifier (To be but use BJT for higher
discussed later) I
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Thankyou
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