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Abstract:  

Clocked comparators have found widespread use in sensitive applications including analog-to-digital converters, wire line receivers, 

and memory b it-line detectors. High impedance differential input stage is presented. It investigates the impact of supply voltage, 

transistor sizing, and input dc level. The input dc level turns out to be most significant. A low power and a h igh speed analog to digital  

convertor uses clocked comparators for h igh speed and low Power consumption. In this paper Transient analysis on the delay of 

clocked regenerative comparators is presented. Technology used for the simulation process is 70nm CMOS technology using Tanner 

EDA tool for simulat ion and design. It  achieves 2.25GHz clock rate while dissipating 275.997nW power. 
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I. INTRODUCTION 

 

This paper introduces a number of comparator design techniques 

for use in A/D converters that are implemented in CMOS VLSI 

technologies. The suggested methods are intended to provide 

improved resolution and speed while maintaining low power 

dissipation, a small input capacitance, and low complexity. The 

techniques are presented within the context of practical designs 

2.25GHz speed. The CMOS comparator employs a low-gain  

preamplifier followed by two regenerative amplifiers to achieve 

speed by using back to back inverters design methodology. 

Clocked comparator is a circu it element that makes decision as to 

whether the input signal is high or low at every clock cycle. It  

has found widespread use in applicat ions where dig ital 

informat ion needs to be recovered from analog signals  or data 

transmission, such as analog-to-digital (A/D) converters, wire 

line receivers, and memory  bit-line detectors, switching power 

regulators, sensing device. While a comparator is by definition a 

nonlinear circu it element that makes a hard  decision on the input 

signal polarity, almost every clocked comparator does so by 

sampling the input signal and then regenerative amplify ing it, 

each of which operation can be treated as that of a linear system.  

 

II. COMPARATOR ARCHITECTURE 

 

 Comparator is a circuit that compares an analog signal (voltage) 

with another analog voltage or reference voltage and outputs a 

binary signal based on the comparison. Comparator are being  

used in today's A/D converters extensively because these 

comparator are high speed ,consumes lesser power dissipation 

,having zero static power consumption and provide full-swing  

digital level output voltage in shorter time duration. Back to back 

inverter in this clocked  comparator provides positive feedback 

mechanis ms which  convert a smaller voltage difference in full 

scale digital level output. 

 
Figure.1.symbol of the comparator  

 

 
Figure. 2. Shows i ts ideal transfer characteristics 

 

Figure 1 shows the symbol of the comparator and figure 2 shows 

its ideal transfer characteristics. Vp  is the input voltage (Pulse 

voltage) applied to the non- inverting input terminal of 

comparator and Vn is the reference voltage (constant DC 

voltage) applied to the inverting terminal of Comparator. Now if 

Vp , the input of the comparator is at a greater potential than the 

Vn, the reference voltage, then the output of the comparator is 

high that means a logic 1, where as if the Vp is at a  potential less 

than the Vn , the output of the comparator is low that means a 

logic 0. 

If Vp > Vn, then Vo= logic 1. 

If Vp < Vn, then Vo= logic 0. 
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A block diagram of a high-performance comparator is shown in 

figure 3 the comparator consists of three stages: the input 

preamplifier, a positive feedback or decision stage, and an output 

buffer. The pre-amp stage (or stages) amplifies the input signal 

to improve the comparator sensitivity (i.e., increases the 

minimum input signal with which the comparator can make a 

decision) and isolates the input of the comparator from switching  

noise (often called  kickback noise) coming from the positive 

feedback stage [2]. The positive feedback stage determines 

which of the input signals is larger. The output buffer amplifies 

this information and outputs a digital signal. Designing a 

comparator can begin with considering input common-mode 

range, power dissipation, propagation delay, and comparator 

gain. 

 

 
Figure.3.Three stages of Comparator  

 

III. COMPARTOR CIRCUIT & DES IGN 

 

The proposed low power comparator works on the concept of 

pre-charging and discharging by the clock input with the period  

of 0.4ns by a 30ps of rise t ime and fall t ime and consumes the 

power of 275.997nW. The comparator goes through a set of 

distinct operating phases, namely: sampling, regeneration. We 

will describe both operating phases in more detail and some 

signatures in the comparator responses that can be used to 

distinguish one operating phase from another [1]. 

 

A. Sampling Phase 

 

Initially, the comparator shown in figure 4 is in the resetting 

phase when the clock input clk is low. The reset switches 

Pmos_3 and Pmos_4 pull the output nodes to and the internal 

nodes and to approximately Vdd-Vthn, where n is the threshold 

voltage of an Nmos. During this phase, the noise currents from 

the reset switches can contribute to the noise voltages on the 

output nodes. When clk switches is high, the input differential 

pair and starts discharging the internal nodes and depending on 

the input voltage difference. The cross -coupled Nmos pair, 

Nmos_1 and Nmos_2 then discharges the output nodes 

depending on the voltage difference between internal nodes. 

Hence, the comparator is sampling the input voltages onto the 

internal nodes internal nodes and the output nodes drop below 

Vdd-Vthp, where is the threshold voltage of Pmos, the Pmos 

cross-coupled pair Pmos_1 and Pmos_2 remains in cutoff state.  

 

B. Regeneration Phase 

 

When the output nodes and fall sufficiently low that the Pmos 

devices Pmos_1 and Pmos_2 finally turn on, the cross coupled 

inverter pair Nmos_1-Nmos_2 and Pmos_1-Pmos_2 starts 

regenerating the voltage difference stored on the output nodes 

via positive feedback. During this phase, we assume that the 

input devices Nmos_4 and Nmos_5 and are in linear region with  

very large conductance compared to the other devices, hence the 

internal nodes and are considered almost short-circuited to  

ground. During the resetting phase, the positive noise current 

from Nmos_1 pulls the node voltage on X higher and therefore 

helps keeping the output voltage at high values. On the other 

hand, during the sampling phase, the same polarity noise current 

from Nmos_1 causes the output node voltage to be discharged to 

a lower value. As a result, the noise from Nmos_1 and Nmos_2 

pair has a low dc value which is desirable for suppressing 1/f 

noise or mismatch effects. This makes sense as the Nmos_1 and 

Nmos_2 precharges its source nodes X-X1 to  Vdd-Vthn  , 

canceling the mis match between and by a first order.  

 

 
Figure. 4. A Proposed Clocked Comparator  

 

In short we can say that during the reset phase when clk is low 

and Nmos_3 tail is off, reset transistors Pmos_3 & Pmos_4 pull 

both output nodes to VDD to define a start condition and to have 

a valid logical level during reset. It is also called as the Pre-

charge phase. During the comparison phase, when clk  =Vdd, 

transistors Pmos_3 and Pmos_4 are off, and Nmos_3 tail is on. 

Output voltages which had been pre-charged to Vdd, start to 

discharge with different discharging rates depending on the 

corresponding input voltage (Inn/Inp). Assuming the case where 

Inp > Inn, Out1 discharges faster than Out2, hence when Out1 

(discharged by Nmos_4 drain  current), the corresponding 

Pmos_1 will turn on initiating the latch regeneration caused by 

back-to-back inverters (Nmos_2, Pmos_2 and Nmos_1, 

Pmos_1). Thus, Out1 pulls to Vdd and Out 2 discharges to 

ground. If Inp < Inn Out 2 discharges faster than Out1, hence 

when Out 2 (discharged by transistor Nmos_5 drain current), the 

corresponding Pmos_2  will turn on init iating the latch 

regeneration caused by back-to-back inverters (Nmos_2, Pmos_2 

and Nmos_1, Pmos_1). Thus, Out 2 pulls to Vdd and Out1 

discharges to ground. A pass gate as a equalizer is introduce 

between a both outputs to equalize to each other. In order to 

work this circuit  at 2.25GHz, the size of transistors are as 

follows: 

 

1) W/ L, Pmos_1 = W/ L, Pmos_2 = 3µ / 70n 

2) W/ L, Pmos_3 = W/ L, Pmos_4 = 10µ /  70n 

3) W/ L, Pmos_8 = W/ L, Nmos_7 = 200n / 70n 

4) W/ L , Nmos_1 = W/ L,  Nmos_2 = W/ L, Nmos_4 = W/ L,  

Nmos_4 = 3µ / 70n 

5) W/ L, Nmos_3 = 20µ / 70n   
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C. 2-Stage Buffer  

 

This buffer is use to protect comparator block from any reverse 

current. Without this buffer any reverse current  will change the 

operation mode of the comparator and we get the incorrect  

output [5]. In order to get correct results we inserted 1-stage 

buffers at the output of comparator as shown in figure 4. 

The sizes of the transistors are as follows: 

 

1) W/  L, P1 = W/ L , N1 = 200n / 70n 

 

IV. RES ULT AND ANALYS IS 

 

The design is simulated in the design is simulated in 70nm 

CMOS Technology using Tanner EDA Tools. Comparator 

design shows reduced delay and high speed with a 1.0 V supply. 

Finally simulation results of the comparator are given below, 

when a differential signal is applied as an input to the clocked 

comparator. The simulated results are shown below: 

 

A. Proposed Clocked Comparator  

 

As shown in the figure  5 when clk=0 then both Out1 and Out2 

pre-charged to Vdd and when clk=1 the Out1 and Out2 depends 

on the input we provide as Inn and Inp. As we can see when Inp 

> Inn , Out1will discharge faster than Out2. When Inn > Inp, 

Out2 will discharge faster than Out1. 

 

 
Figure.5.Output wave form of Clocked Comparator  

 

V. POWER S UPPLY 

 

VDD is a dc voltage of 1V.  

VSS is a dc voltage of 0V. 

VI. POWER CONS UMPTION: Proposed clocked  

Comparator power consumption is  275.997n Watts. 

DELAY: Proposed clocked Comparator DELAY is 180ps. 

 

VII. CONCLUS ION 

 

A proposed clocked comparator shows better performance for 

low power and high speed. As it is shown that the speed of 

comparator is 2.25 GHz and the delay of the proposed design is 

180ps which is comparat ively lesser than the earlier also energy 

per conversion is reducing in  proposed comparator to  

275.997nW. The proposed clocked comparator can be used for 

the design of high speed ADCs as the delay is reduced and hence 

the operation will be faster. As in the proposed structure the 

number of transistor is less that’s way a consumption of power is 

less.  
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