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Abstract: 

The need for ultra low-power, area efficient and high speed 

analog-to-digital converters is pushing toward the use of 

dynamic regenerative comparators to maximize speed and 

power efficiency. In this paper, an analysis on the delay of the 

dynamic comparators will be presented and analytical 

expressions are derived. From the analytical expressions, 

designers can obtain an intuition about the main contributors 

to the comparator delay and fully explore the tradeoffs in 

dynamic comparator design. Based on the presented analysis, a 

new dynamic comparator is proposed, where the circuit of a 

conventional double-tail comparator is modified for low-power 

and fast operation even in small supply voltages. Without 

complicating the design and by adding few transistors, the 

positive feedback during the regeneration is strengthened, 

which results in remarkably reduced delay time. Post-layout 

simulation results in a 0.18- μm CMOS technology confirm the 

analysis results. It is shown that in the proposed dynamic 

comparator both the power consumption and delay time are 

significantly reduced. The maximum clock frequency of the 

proposed comparator can be increased to 2.5 and 1.1 GHz at 

supply voltages of 1.2 and 0.6 V, while consuming 1.4 mW and 

153 μW, respectively. The standard deviation of the input-

referred offset is 7.8 mV at 1.2 V supply 

 

INTRODUCTION 

High Performance energy efficient logic style is one 

of the famous research topic in the field of VLSI 

circuits because of the continuous demands of power, 

speed and area constraints. As transistor integration 

increases, new advances are established in the 

concerned design strategies and related tools are used 

to design the VLSI circuits, which results cost 

effective and low power high performance VLSI 

circuits. 

 DIGITAL CIRCUITS 

A digital circuit is a circuit where the signal must be 

one of two discrete levels. Each level is interpreted as 

one of two different states (for example, on/off, 0/1, 

true/false). Digital circuits use transistors to create 

logic gates in order to perform Boolean logic. This 

logic is the foundation of digital electronics and 

computer processing. Digital circuits are less 

susceptible to noise or degradation in quality than 

analog circuits. It is also easier to perform error 

detection and correction with digital signals. To 

automate the process of designing digital circuits, 

engineers use electronic design automation (EDA) 

tools, a type of software that optimizes the logic in a 

digital circuit.In this digital circuits, a digital 

comparator or magnitude comparator is 

a hardware electronic device that takes two numbers 

as input in binary form and determines whether one 

number is greater than, less than or equal to the other 

number. Comparators are used in central s (CPUs) 

and microcontrollers (MCUs). Examples of digital 

comparator include the CMOS 4063 and 4585 and 

the TTL 7485 and 74682-'89. For example, X NOR 

gate is a basic comparator, because its output is "1" 

only if its two input bits are equal. 

The analog equivalent of digital comparator is 

the voltage comparator. Many microcontrollers have 

analog comparators on some of their inputs that can 

be read or trigger an interrupt. 

 COMPARATOR 

Comparator is one of the fundamental building 

blocks in most analog-to-digital converters  

(ADCs).A comparator is a device that compares 

two voltages or currents and outputs a digital signal 

indicating which is larger. It has two analog input 

terminals  and and one binary digital 

output . The output is ideally 
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A comparator consists of a specialized high-

gain differential amplifier. They are commonly used 

in devices that measure and digitize analog signals, 

such as analog-to-digital converters (ADCs), as well 

as relaxation oscillators.  

 DIFFERENTIAL VOLTAGE 

The differential voltages must stay within the limits 

specified by the manufacturer. Early integrated 

comparators, like the LM111 family, and certain 

high-speed comparators like the LM119 family, 

require differential voltage ranges substantially lower 

than the power supply voltages (±15 V vs. 36 V). 

Rail-to-rail comparators allow any differential 

voltages within the power supply range. When 

powered from a bipolar (dual rail) supply, 

 

or, when powered from a 

unipolar TTL/CMOS power supply: 

 

Specific rail-to-rail comparators with p-n-p input 

transistors, like the LM139 family, allow input 

potential to drop 0.3 volts below the negative supply 

rail, but do not allow it to rise above the positive 

rail.
[2]

 Specific ultra-fast comparators, like the 

LMH7322, allow input signal to swing below the 

negative rail and above the positive rail, although by 

a narrow margin of only 0.2 V.
[3]

 Differential input 

voltage (the voltage between two inputs) of a modern 

rail-to-rail comparator is usually limited only by the 

full swing of power supply 

 

BIT DIGITAL COMPARATOR 

 
Then the operation of a 1-bit digital comparator is 

given in the following Truth Table. 

BIT MAGNITUDE COMPARATOR

 

Some commercially available digital comparators 

such as the TTL 74LS85 or CMOS 4063 4-bit 

magnitude comparator have additional input 

terminals that allow more individual comparators to 

be “cascaded” together to compare words larger than 

4-bits with magnitude comparators of “n”-bits being 

produced. These cascading inputs are connected 

directly to the corresponding outputs of the previous 

comparator as shown to compare 8, 16 or even 32-bit 

words 

BIT WORD COMPARATOR 

 

When comparing large binary or BCD numbers like 

the example above, to save time the comparator starts 

by comparing the highest-order bit (MSB) first. If 

equality exists, A = B then it compares the next 

lowest bit and so on until it reaches the lowest-order 

bit, (LSB). If equality still exists then the two 

numbers are defined as being equal. If inequality is 

found, either A > B or A < B the relationship 

between the two numbers is determined and the 

comparison between any additional lower order bits 

stops. Digital Comparator are used widely in 

Analogue-to-Digital converters, (ADC) and 

Arithmetic Logic Units, (ALU) to perform a variety 

of arithmetic operations 

LITERATURE SURVEY 

INTRODUCTION 
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This section explains the papers which are referred 

for the entire project to implement the Constant 

Delay Logic style in Tanner EDA tool. 

 PAPERS REFERRED 

Low-power logic styles: CMOS versus pass-

transistor logic  

NORA: A race free dynamic CMOS technique for 

pipelined logic structures  

Zipper CMOS  

Output prediction logic: A high-performance CMOS 

design technique 

Low power arithmetic circuit in Feed Through 

dynamic CMOS logic 

Analysis of high-performance fast Feed Through 

logic families in CMOS 

Design of a 64-bit low-energy high-performance 

adder using dynamic Feed Through logic 

Design of 64-bit Full Adder by using Dynamic Feed 

through Logic 

LOW-POWER LOGIC STYLES: CMOS 

VERSUS PASS-TRANSISTOR LOGIC 

This paper presents the comparison of 

Complementary Pass Transistor and Complementary 

CMOS based on full-adder circuits and proves 

Complementary Pass Transistor logic (CPL) to be 

much more power-efficient than complementary 

CMOS. However, new comparisons performed on 

more efficient CMOS circuit realizations and a wider 

range of different logic cells, as well as the use of 

realistic circuit arrangements demonstrate CMOS is 

to be superior to CPL in most cases with respect to 

speed, area, power dissipation, and power-delay 

products 

EXISTING METHODOLOGIES 

INTRODUCTION 

In this section, the basic fundamental building block 

of ADC i.e COMPARATOR is explained and when 

we analyzethesehigh speed ADCs, such as flash 

ADCs which require high-speed, low power 

comparators with small chiparea. To achieve this, we 

are going for conventional dynamic comparator and 

conventional double tail comparator. 

CLOCKED REGENERATIVE 

COMPARATORS 

CMOS fully dynamic latched comparators are 

majorly used in Analog to Digital converters (ADCs), 

data receivers and Memory Sense Amplifiers (SAs) 

because they provide high speed, reduced power 

consumption, full swing output and high input 

impedance. Dynamic latched comparators employ re-

generative stage, which consist of cross coupled 

inverters, to provide a positive feedback mechanism. 

This regenerative stage is used to convert a 

differential voltage, from the input stage, into a full 

swing digital output state at a very fast rate. Clocked 

regenerative comparators have found wide 

applications in many high-speed ADCs since they 

can make fast decision due to the strong positive 

feedback in the regenerative latch. Recently many 

comprehensive analyses have been presented, which 

investigate the performance of these comparators 

from different aspects, such as noise, offset, random 

decision errors and kickback noise 

PROPOSED DOUBLE-TAIL DYNAMIC 

COMPARATOR 

demonstrates the schematic diagram of the proposed 

dynamic double-tail comparator. Due to the better 

performance of double-tail architecture in low-

voltage applications, the proposed comparator is 

designed based on the double-tail structure. 

The main idea of the proposed comparator is to 

increase Vfn/fp in order to increase the latch 

regeneration speed. For this purpose, two control 

transistors (Mc1 and Mc2) have been added to the 

first stage in parallel to M3/M4 transistors but in a 

cross-coupled manner  
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Design of Dynamic Clocked Comparator 

Comparator is the basic building block for the ADC 

applications. This application module developed 

consists of a single-tail this comes under the clocked 

regenerative comparator that can make fast decisions 

with the positive feedback. The main parameters 

considered here are the clock inputs and with this the 

double tail comparator is developed.  

 

 

Design of Double-Tail Comparator  

This module is implemented to show the difference 

between the dynamic clocked regenerative 

comparator and the double-tail comparator. The 

conventional double tail comparator is developed and 

its delay analysis is performed. The analysis results 

help to find out the disadvantages of the current 

double-tail comparator design.  

 

Design of Auto Tunable Threshold Comparator  

This module is designed with the tuanble 

threshold.Using the auto-tunable threshold a 

comparator is capable of generating digital signal 

from analog input which can achieve good tolerance 

and efficiency.This module helps to avoid the kick-

back noise and Mis-match in the existing double tail 

comparator design using autotunable threshold.  

Design and Analysis of the Integration Module 

 We integrate all the sub-modules and their analysis 

and performance are implemented with the Model 

Sim software simulation results 
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SIMULATION RESULTS 

INTRODUCTION 

All simulation results are simulated in the schematic 

level in the Tanner EDA design environment. The 

conventional dynamic comparator, conventional 

double tail comparator and proposed comparator are 

designed, simulated and synthesized. The synthesized 

results of these comparators are in TABLE I 

 

 

 

 

 

Output waveform of contention and C-Q delay modes 

of CD logic. In the contention mode, Out has 

temporary glitch. In the C-Q Delay mode, the delay is 

measured by the falling edge of both CLK and Out 

 

Output waveform of D-Q delay mode of CD logic. 

Here the output is pre-calculated before getting the 

inputs from the previous stage. The delay is measured 

by the falling edge of both Data and Out 

SIMULATIONS AND SYNTHESIS RESULTS 
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CONCLUSION 

In this paper, we presented a comprehensive delay 

analysis for clocked dynamic comparators and 

expressions were derived. Two common structures of 

conventional dynamic comparator and conventional 

double-tail dynamic comparators were analyzed. 

Also, based on theoretical analyses, a new dynamic 

comparator with low-voltage low-power capability 

was proposed in order to improve the performance of 

the comparator. Post-layout simulation results in 

0.18-μm CMOStechnology confirmed that the delay 

and energy per conversion Of the proposed 

comparator is reduced to a great extent in comparison 

with the conventional dynamic comparator and 

double-tail comparator. 

REFERENCES 
1.B. Goll, H. Zimmermann, "A comparator with 

reduced delay time in 65-nm CMOS for supply 

voltages down to 0.65", IEEE Trans. Circuits Syst. II 

Exp. Briefs, vol. 56, no. 11, pp. 810-814, Nov. 2009 

2. S. U. Ay, "A sub-1 volt 10-bit supply boosted SAR 

ADC design in standard CMOS", Int. J. Analog 

Integr. Circuits Signal Process., vol. 66, no. 2, pp. 

213-221, Feb. 2011 

3. A. Mesgarani, M. N. Alam, F. Z. Nelson, S. U. Ay, 

"Supply boosting technique for designing very low-

voltage mixed-signal circuits in standard 

CMOS", Proc. IEEE Int. Midwest Symp. Circuits 

Syst. Dig. Tech. Papers, pp. 893-896, 2010-Aug 

4. B. J. Blalock, "Body-driving as a Low-Voltage 

Analog Design Technique for CMOS 

technology", Proc. IEEE Southwest Symp. Mixed-

Signal Design, pp. 113-118, 2000-Feb 

5 .M. Maymandi-Nejad, M. Sachdev, " 1-bit 

quantiser with rail to rail input range for sub-1 

V DeltaSigma modulators ", IEEE Electron. Lett., 

vol. 39, no. 12, pp. 894-895, Jan. 2003 

6. Y. Okaniwa, H. Tamura, M. Kibune, D. Yamazaki, 

T.-S. Cheung, J. Ogawa, N. Tzartzanis, W. W. 

Walker, T. Kuroda, "A 40 G-b/s CMOS clocked 

comparator with bandwidth modulation 

technique", IEEE J. Solid-State Circuits, vol. 40, pp. 

1680-1687, Aug. 2005 

7 .B. Goll, H. Zimmermann, " A 0.12 murmm CMOS 

comparator requiring 0.5 V at 600 MHz and 1.5 V at 

6 GHz ", Proc. IEEE Int. Solid-State Circuits Conf. 

Dig. Tech. Papers, pp. 316-317, 2007-Feb 

8. B. Goll, H. Zimmermann, " A 65 nm CMOS 

comparator with modified latch to achieve 7 GHz/1.3 

mW at 1.2 V and 700 MHz/47 murmW at 0.6 V 

", Proc. IEEE Int. Solid-State Circuits Conf. Dig. 

Tech. Papers, pp. 328-329, 2009-Feb 

9. B. Goll, H. Zimmermann, " Low-power 600 MHz 

comparator for 0.5 V supply voltage in 

0.12 murmm CMOS ", IEEE Electron. Lett., vol. 43, 

no. 7, pp. 388-390, Mar. 2007 

10. D. Shinkel, E. Mensink, E. Klumperink, E. van 

Tuijl, B. Nauta, " A double-tail latch-type voltage 

sense amplifier with 18 ps rmSetup+rmHold time 

", Proc. IEEE Int. Solid-State Circuits Conf. Dig. 

Tech. Papers, pp. 314-315, 2007-Feb 

11. P. Nuzzo, F. D. Bernardinis, P. Terreni, G. Van 

der Plas, "Noise analysis of regenerative comparators 

for reconfigurable ADC architectures", IEEE Trans. 

Circuits Syst. I Reg. Papers, vol. 55, no. 6, pp. 1441-

1454, Jul. 2008 

12. A. Nikoozadeh, B. Murmann, "An analysis of 

latched comaprator offset due to load capacitor 

mismatch", IEEE Trans. Circuits Syst. II Exp. Briefs, 

vol. 53, no. 12, pp. 1398-1402, Dec. 2006 

13. S. Babayan-Mashhadi, R. Lotfi, "An offset 

cancellation technique for comparators using body-

voltage trimming", Int. J. Analog Integr. Circuits 

Signal Process., vol. 73, no. 3, pp. 673-682, Dec. 

2012 

14. J. He, S. Zhan, D. Chen, R. J. Geiger, "Analyses 

of static and dynamic random offset voltages in 

dynamic comparators", IEEE Trans. Circuits Syst. I 

Reg. Papers, vol. 56, no. 5, pp. 911-919, May 2009 

15. J. Kim, B. S. Leibowits, J. Ren, C. J. Madden, 

"Simulation and analysis of random decision errors in 

clocked comparators", IEEE Trans. Circuits Syst. I 

Reg. Papers, vol. 56, no. 8, pp. 1844-1857, Aug. 

2009 

16. P. M. Figueiredo, J. C. Vital, "Kickback noise 

reduction technique for CMOS latched 

comapartors", IEEE Trans. Circuits Syst. II Exp. 

Briefs, vol. 53, no. 7, pp. 541-545, Jul. 2006 



 

International Journal of Research 
Available at https://journals.pen2print.org/index.php/ijr/  

 

e-ISSN: 2348-6848 
p-ISSN: 2348-795X 
Volume 06 Issue 09 

August 2019 

 

Available online: https://journals.pen2print.org/index.php/ijr/  P a g e  | 81   

17. B. Wicht, T. Nirschl, D. Schmitt-Landsiedel, 

"Yield and speed optimization of a latch-type voltage 

sense amplifier", IEEE J. Solid-State Circuits, vol. 

39, pp. 1148-1158, Jul. 2004 

18.D. Johns, K. Martin, Analog Integrated Circuit 

Design, USA, New York:Wiley, 1997 


