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Lecture 7 part b. + 8 

Comparator:  Operation and Design

Welcome to
046188 Winter semester 2012

Mixed Signal Electronic Circuits 
Instructor:  Dr. M.  Moyal  

www.gigalogchip.com
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Agenda 

Comparator Basics  

Architectures 

Error Sources

Comparator Examples 
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Comparator:  Non Sampled, Sampled 

Error in Comparators 

Basic Analysis    

Architectures

Special topics – Calibrated and differential

Comparator Basics-Design Methods 
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Basic Feed back to boost BW
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Simulation:  a=2 and a=10

Ac response Time domain   
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OTA
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A Comparator: 

LINK FROM ANALOG TO DIGITAL – QUANTIZER

Definition: Compare 2 or more input and produce 
a digital value high or low- “ Its a 1 bit ADC !” 

Structure: 
A chain of gain stages (no feed back-unlike amplifier)

It is used in an “open Loop” configuration
to achieve fast digital response ( opamps are slow and big)

Comparator Basics 
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Non Sampled:  Continuous Time  (CT) 

Output is gain time input differences: 
slow because internal nodes need to be recovered 

Basic Architecture1 of comparators  

To get vcc/vss swing
Output/s usually look like 
It has inverters 

vcc

vss

Last section

0

Vcc

A1 

Vin vout 

A2 A3 

Pre_amp
(remove kick back)

More gain 
w/positive f/b 



Technion 046188/2012  Lect 7+8

Mathematical Descriptions ( low frequency) 

Vout=A(vin1-Vin2)

Vout=clamp at either supply

Ideal 
Vout=A(vin1-Vin2) results fall between supplies
(realistically its exponential)

Vout=Vdd if A(Vin1-Vin2)   > Vdd-Vss

Vout = Vss is A(Vin1-Vin2)  < Vdd-Vss

A is the gain of the combine structure  

For small  Vin1-Vin2

For all   Vin1-Vin2

Vin 
+ +

-

V supply +

V supply -
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Mathematical Descriptions with noise. 

Important model in
Sigma delta ADCs
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Sampled Comparator:
Much faster  
clamp high gain stages
Need clock or digital signal

Concept: 

Basic Architecture 2 type-Latched
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Error in Comparators :

Gain 
Offset
Meta State
Speed 
Kick Back 
Noises and supply noise

Error in Comparators :
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Main Parameters Definitions
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Offset and gain  basics in  comparator

Vos1 

A1 

Vos2 Vos3 

A2 A3

Vin vout 

Vos(total) 

2221/2)( AAtotalVos 2Vos32/A12Vos22Vos1 ++=

Example:  8 bit ADC 1GS/s ( through put=2ns)   
for 8 bit with Vfs=0.5v , Vdd=1v at 1/10LSB = 
A1 x A2 X A3 required  ~ 5000 � (1v/(0.5/255 x 10) in under 1ns  

If 
Vos1=2mv , vos2=10mv vos3=20mv
If we take :  A1=10  A2=25  A3=20 

+++= 225210/)( 2202/1021022 totalVos Vos(total)=2.23mV

Key:  Vos is a statistic parameter
Further stages (A2 and A3) have larger offset 
Using minimum sizes..
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Transistor as linear gain blocks

Gm Rout  … diff stage..
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Basic Analysis- small signal
Non Sampled – Non Latched 

gm=i/vin 

Model

i 
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With Positive feedback- sampled

Small signal representation
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Math- Positive feed back comparator latch
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Cascade stages:

Band width reduction 

h1xh2

h1xh2xh3
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Meta state

Example in class 

Not defined place 
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Meta state

~ Set it for > month 

example in class 
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large signal transfer: assuming square law 
devices in saturation region.

Express Iout as a function of differential Vi.

Resulting expression is a linear term multiplied by  a 
non-linear square root function.

The   ‘CML ’

(I1-I2)R
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The   ‘CML ’

• CML (current mode logic) is a differential structur e

• Basic block in Ananlog/Mixed signal 
• Less sensitive to supply noises and noise 

from aggressors
– Less noise (AC current) injected to 

supply -> less supply noises in 
analog portion

• Good for high speed operation
– No PMOS devices ( slower)
– Differential switching is faster than 

single ended rail-to-rail
– Noninverting cells are just as fast 

as inverting cells (unlike CMOS: 
inverter vs. buffer)

• Drawback: Static current consumption• The output load (CL) and the operation 
speed (BW) determine the value of R*

• CL must include the capacitance of the next 
stages and all parasitic capacitances of 
wires and Cgd of switching transistors in 
differential pair

• f must be taken higher than target frequency 
for margin (10% higher)

• When used in large signal inputs !
• The typical CML swing for 1.2V process is 

400mV -> this determines Iss, Iss = 400mV/R 
dB

dB

Cf
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f
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1. P. Heydari & R. Mohanavelu, “Design of Ultrahigh- speed Low-V CMOS CML 
Buffers..”, 2004
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BW = 1 / 2pi(RoutC)

Front stage Architectures- with resistors

CRout

Summary: 
Number of stages and gain needed
is process and project dependent no fixed analytical solution.

Best empirical gmR=4-8 number of stages ~ 2-4

Source:  P Gray 
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w/l

v2v1

w/l

I

v2

I

v1

vb

v0

vcc

v2

I

v1

v0

vcc

Input stage: Architectures options- using P cmos

gm x what
Gm x Rop/Ron
Kickback
Large gain

Gm x 1/gmp
Low gain
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v0

w/l p ch

positive feedback to raise Rout

Rout

Added feed back to load

Effective rout =infinite

Source: Willy Snasen 2005
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v2

I

v1

v0

vcc

Input stage: Architectures options

w/l

AV ~ gm1 x ro

v2

I

v1

v0

vcc

w/l

r

Av ~ gm1 x r

gm1 gm1 ro 
ro1 

Source: Willy Snasen 2005
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Comparator Examples
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Simple 

Good for low supply 
Reset switch to ground
Kick back

Question can the outputs (inverter) swing to Vss ? 
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Differential input Two Stage Comparator   Option ( no pre_amp)
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More Example of comparators
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Special Topics – Calibrated and differential
Architectures examples

Source: Esat-Micas esscirc00

More Example of comparators
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Offset calibration of Comparators:

Why : Main reason lower input capacitance
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inp

VDD

VSS

vrefpvrefninn
clk2clk2

bias

biasp biasp

trim4trim3 trim2 trim1 trim0

clk1

outp outn

DIFFERNTIAL:  LATCHED With CALIBRATION AND DIFFERNETIAL !
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End   Lecture 7b + 8 

www.gigalogchip.com


