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Lecture 6 and 7- recorded for: may 13th and 20 
2021..  

Comparator:  Operation and Design

Welcome to

0510.7720.01 Winter semester 2021
Mixed Signal Electronic Circuits 

Instructor:  Dr. M.  Moyal  
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Agenda 

Quick review on analog circuits basics  

 Comparator Basics  

 Architectures 

 Error Sources

 Comparator Examples 
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Current sources- the heart of Analog Ics..-Video discussions.. 

Cascode/cascade  
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For the project assignment---convert the digital back to numbers..
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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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 Comparator: 
 A Link from Analog to Digital – Quantizer

 Definition: 
 Compares between 2 or more inputs 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 Architecture – 1 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)
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Mathematical Descriptions – Low Frequency

Vout=clamp at either supply

A = Gain of the combine structure  

For small  Vin1-Vin2

For all  Vin1-Vin2

Vin_2 

+

-

Vdd

Vss

Ideal
 results fall between supplies (realistically its exponential)

Vout
Vin_1 

A 
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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 of Comparators
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Errors in Comparators:
 Gain
 Offset
 Meta State
 Speed 
 Kick Back 
 Noises and supply noise

Errors 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) 

Example:  8 bit ADC   
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)  
If:
Vos1=2mv, vos2=10mv,  vos3=20mv
If we take:  A1=10mv  A2=25mv  A3=20mv 

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 – Non Sampled – Non Latched 

Model     (vi is Vin)
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With Positive Feedback – Sampled

Small signal representation
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Math – Positive Feedback Comparator Latch

Look not R but gm–
Great speed improvement 
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Cascade Stages

Band width reduction 

h1xh2

h1xh2xh3
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Meta Stability in Comparator

Not defined place 
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Meta Stability

~ Set it for > month 
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source: Prof. Murmann stanford

Example
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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
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v2
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v1

vb

v0

vcc

v2

I

v1

v0

vcc

Input Stage: Architectures Options - Using PMOS 

gm x what
gm x Rop/Ron
Kickback
Large gain

gm x 1/gmp
Low gain
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positive feedback to raise Rout

v0

w/l p ch

Rout

Added Feedback to Load 

Effective rout =infinite

Source: Willy Snasen 2005
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Input Stage: Architectures Options 

AV ~ gm1 x ro

v2

I

v1

v
0

vcc

w/l

gm1 ro 
v2

I

v1

v
0

vcc

w/l

r

Av ~ gm1 x r

gm1 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

Differential – Latched with Calibration Differential
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End  Lecture 8 



35TAU 0510.7720.01/2021  Lect 08

Additions
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Basic Feedback to Boost BW

R C

“SLOW” “FAST”

Vin
Vout

A

R

C

1A

v2
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Simulation:  A=2 and A=10

AC Response Time Domain   

)(/ fViVo )(/ fViVo

)(/ fViVo

Frequency

Time

AC TF RC/feedback 

Step 
Response 


