
IJRECE VOL. 7 ISSUE 1 (JANUARY- MARCH 2019)                 ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  2562 | P a g e  
 

Design Development of Low Offset High Speed CMOS 

Voltage Comparator  
Priyesh P. Gandhi, Ph. D 

                   Principal, Sigma Institute of Engineering, Vadodara 
 

 

ABSTRACT 

In today's world, where demand for portable battery-operated devices is increasing, a major thrust is given towards low power 

methodologies for high resolution and high-speed applications. In this high-speed low power, low voltage era there is an increasing 

demand of a High-Speed Comparator for ADC, DAC and various applications in analog and digital domain. Various types of dynamic 

latch comparators such as resister dividing comparator, current sensing comparator and charge sharing latch comparator are used for 

high speed application. The fully dynamic latch comparator Lewis-Gray structure is simulated in different technologies with different 

characteristics like propagation delay, ICMR and offset voltage for low offset high speed. A Rail-to Rail high speed comparator is 

simulated for power offset, propagation delay and input common mode range in different CMOS technologies. Generally, NAND 

latch are used in most of the comparator in literature; in proposed comparator NOR base latch is used and two separate Clk1 and Clk2 

are used which results in low offset voltage and low propagation delay at the cost of small increase in power dissipation as compare to 

the conventional Lewis Gray comparator. Simulation are done in 180 nm and 90 nm CMOS technology which shows that proposed 

comparator gives low propagation delay and low offset voltage compare to the conventional Lewis Gray comparator at the cost of 

small increase in power dissipation. 
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I. INTRODUCTION 

The schematic symbol and basic operation of a voltage 

comparator as shown in Figure 1, this comparator can be thought 

of as a decision-making circuit. 

 

 
Figure 1.  Circuit Symbol for a Comparator 

 

The comparator is the circuit which compares an analog signal 

with another signal or reference signal and gives outputs a binary 

signal based on the comparison. VP is the positive input voltage 

applied to the positive terminal of comparator and VN is the 

negative input or reference voltage applied to the negative 

terminal of comparator. If positive input voltage of the 

comparator VP, is greater value than the VN, which is negative 

input voltage then comparator output is at logic ‘1’ where as if 

negative input voltage of the comparator VN, is greater value 

than the VP, which is positive input voltage at potential less than 

VN then comparator output is at logic ‘0’ [21, 22]. 

If VP ≥ VN, then Vo = logic’1’ -------(1) 

If VP ≤ VN, then Vo = logic’0’-------(2) 

 

 Here an analog signal is mean one of that signals which can 

have any one of a continuous time of amplitude values at a given 

point in time. In the strictest sense a binary signal can have only 

one of two given values logic 1 or logic 0 at any point in time, 

but this concept of a binary signal is too ideal for real world 

situations, where there is a transition region between the two 

binary states. It is essential for the comparator to pass quickly 
through the transition region. The comparators can be divided 

into this type of structure, open-loop and regenerative 

comparators. The open- loop comparators basically op-amps 

without compensation. Regenerative comparators use positive 

feedback, like sense amplifiers or flip-flops, to accomplish the 

comparison of magnitude between two signals. A third type of 

comparator emerges that is an arrangement of the open-loop and 

regenerative comparators. This arrangement results in 

comparators that are extremely fast [22]. 
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1.1 Static Characteristics 

A comparator was defined above as a circuit that has a binary 

output whose value is based on a comparison of two analog 

inputs. This is shown in Figure 1. The output of comparator is 

high (VOH) when the difference between the non-inverting and 

inverting inputs is positive, and low (VOL) when this difference 
is negative. Even though this type of behavior is impossible in a 

real-world situation, it can be modeled with ideal circuit 

elements with mathematical descriptions. One such circuit model 

is shown in Figure 2 comprise a Voltage Controlled Voltage 

Source (VCVS) whose characteristics are described the 

mathematical formulation given on the Figure 2. 

 

 
         (a)                                                (b) 

 
Figure 2. (a) Ideal Transfer curve of a Comparator 

      (b) Model for an Ideal Comparator 

 
Gain: The gain of the comparator is the derivative of the dc 

transfer curve at VI   ̴ VR. The transfer curve of an ideal 

comparator with infinite gain is as shown in Figure 2. The 

second non-ideal effect seen in comparator circuit is input offset 

voltage, VOS. In Figure 2 the output changes the input 

difference crosses zero. If the output did not change until reached 

a value +VOS then this difference would be defined as the offset 

voltage. This would be a problem if the offset could be predicted, 

but it varies randomly from circuit to circuit for a given design. 

Figure 3 (a) illustrates offset in the transfer curve for a 

comparator, with the circuit model including an offset generator 

shown in Figure 3 (b). The sign of the offset voltage accounts for 
the fact that VOS unknown in polarity. 

 

 
               (a)                                                             (b) 
Figure 3. (a) Transfer curve of Comparator with Infinite    Gain (b) Transfer 

curve of a Comparator including Input-Offset Voltages 

 

In addition to above characteristics, the comparator can have a 

differential input resistance and capacitance and the output 

resistance. All these aspects can be modeled in the same manner 

as was done for the Op-amp. Because of the comparator is 

usually differential, the input common mode range is also 

important. The ICMR for a comparator would be that range of 
input common mode voltage over which the comparator 

functions normally. This input common mode range is generally 

the range where all transistor of the comparator remains in 

saturation. Even through the comparator is not designed to 

operate in the transition region between the two binary output 

states, noise is still important to the comparator. The noise of a 

comparator is modeled as if the comparator were biased in the 

transition region of the voltage transfer characteristics. The noise 

will lead to an uncertainty in the transition region as shown in 

Figure 4. The uncertainty in the transition region will lead to 

jitter or phase noise in the circuits where the comparator is 

employed. 
 

 
                (a)                                                   (b)  

Figure 4 (a) Model for a Comparator including Input-        

Offset Voltage.  (b) Influence of Noise on a Comparator 

 

1.2 Dynamic Characteristics  

The dynamic characteristics of the comparator include both 

small signal and large signal behavior. We do not know, at this 
point, how long it takes for the comparator to respond to the 

given differential input. The characteristics delay between input 

excitation and output transition is the time response of the 

comparator. Figure 5 illustrates the response of a comparator to 

an input as a function of time. Note that there is a delay between 

the input excitation and the output response. This time difference 

is called the propagation delay time of the comparator. It is a 

very important parameter since it is often the speed limitation in 

the conversion rate of an A/D converter. The propagation delay 

time in comparators generally varies as the function of the 

amplitude of the input. A larger input will result in a smaller 

delay time. There is an upper limit at which further increase in 
input voltage will no longer affect the delay. This mode of 

operation is called slewing or slew rate. The small-signal 

dynamics are characterized by the frequency response of the 
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comparator. A simple model of this behavior assumes that the 

differential voltage gain, AV, is given as, 

 

𝐴𝑣(𝑠) =
𝐴𝑣(0)

𝑆

𝑊𝑐
+1

  =
𝐴𝑣(0)

𝑆𝜏𝑐+1
 ---------(3) 

 
Where AV (0) is dc gain of the comparator, and Wc = 1/𝜏c is the 
-3 db frequency of the single (dominant) pole approximation to 

the comparator frequency response. 

Normally, the AV (0) and Wc of the comparator are smaller and 

larger, respectively, than for an op-amp. 

Let us assume that the minimum change of voltage at the input 

of the comparator the resolution of the comparator. We will 

define this minimum input voltage to the comparator as 

𝑉𝑖𝑛(𝑚𝑖𝑛) =
𝑉𝑂𝐻 − 𝑉𝑂𝐿

𝐴𝑣(0)
− − − −(4)     

For a step input voltage, the output of the comparator modeled 
by equation 3 rises (or falls) with a First-order exponential time 

response from VOL to VOH (or VOH  to VOL).  If Vin is larger 

than Vin (min), the output rise or fall time is faster. When Vin 

(min) is applied to the comparator, we can write the following 

equation: 

  𝑉𝑂𝐻 − 𝑉𝑂𝐿

2
= 𝐴𝑣(0) [1 − 𝑒

𝑇𝑝

𝑇𝑐 ] 𝑉𝑖𝑛 

= 𝐴𝑣(0) [1 − 𝑒
𝑇𝑝

𝑇𝑐 ] (𝑉𝑂𝐻 − 𝑉𝑂𝐿 )/𝐴𝑣(0))----- (5) 

Therefore, the propagation delay time fosssr an input step of 

Vin(min) can be expressed as, 

    𝑡𝑝(𝑚𝑎𝑥) =  𝜏𝑐  ln 2 = 0.693  𝜏𝑐    ------ (6) 

This propagation delay time will be valid for either positive – 

going or negative-going comparator outputs. The propagation 

delay time is given as 

   𝑡𝑝 =  𝜏𝑐  ln
2𝑘

2𝑘−1
  --------(7) 

 

Where 𝑘 = (
𝑉𝑖𝑛

𝑉𝑖𝑛(𝑚𝑖𝑛)
)𝑉𝑖𝑛  

 

 

Obviously, the more overdrive applied to the input of this 
comparator, the smaller the propagation delay time. As the 

overdrive increases to the comparator eventually the comparator 

enters a large signal mode of operation. Under large-signal 

operation, a slew-rate limit will occur due to limited current to 

charge or discharge capacitors. 

 

 
Figure 5. Propagation Delay Time of a Non-Inverting 

Comparator 

 
 The offset can be minimized or ignored by proper layout. If the 

input step is sufficiently small the output should not slew the 

transient response will be a linear response. The settling time is 

the time needed for the output to reach a final value within a 

predetermined tolerance, when excited by a small signal. Small-

signal settling time is determined by the gain bandwidth product 

of the amplifier; this will be shown in the op-amp circuit section 

later. If the input step magnitude is sufficiently large, the 

comparator will slew by virtue of not having enough current to 

charge or discharge the compensating and/or load capacitance. 

The slew rate is determined from the slope of the output 

waveform during the rise or fall of the output. Slew rate is 
limited by the current sourcing/sinking capability in charging the 

output capacitor. Settling time is important in analog signal 

processing. It is necessary to wait until the amplifier has settled 

to within a few tenths of a percent of its final value in order to 

avoid errors in the accuracy of processing analog signals. A 

longer settling time implies that the rate of processing analog 

signals must be reduced. 

 

II. EXISTING ARCHITECTURES OF 

COMPARATOR AND ITS ANALYSIS 

 A widely used ADC architecture for dynamic comparator is 
called ‘Lewis Gray’ dynamic comparator. The main advantages 

of this comparator are its low power consumption or no DC 

power consumption. This comparator is same as all the single-

phase comparators which comprising a preamplifier stages and 

cross coupled latch. In this both stage which is operate as 

asynchronously and simultaneously when this dynamic 

comparator in evaluation phase [11].   
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Figure 6. ‘Lewis Gray’ Comparator 

 

The circuit operation is like this where in this circuit the input 

transistors Vin+, Vin-, Vref+, Vref-, operate in the triode region 

and act like a voltage-controlled resistor, so that this comparator 
is also called ‘Resistor Divider Comparator’. Now in this circuit 

where in reset phase when the (Vlatch=0V), so M9 to M12 

PMOS transistors are reset and charge up and the Out node is 

going up to VDD. At that time the NMOS transistors M5 and M6 

on and the node voltage at the VD5,6 discharge to ground. Same 

as when transistor M1 and M2 discharge to ground while NMOS 

transistor M7 and M8 are off [23]. 

Now during the evaluation phase where control signal goes up 
(Vlatch=VDD), where the operation regions of the entire 

transistor are well defined. Input transistor M1 to M4 connecting 

to the input and reference voltages are in the triode region and 

act like a voltage-controlled resistor. If no mismatch is present 

the comparator changes its output when the conductance of the 

left and right input branches is equal gL = gR. 

        𝑉𝑖𝑛 (𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑) =
𝑊𝐵

𝑊𝐴

𝑉𝑟𝑒𝑓 − − − (8)      

Where   WA=W2=W3         WB=W1=W4 

             Vin=Vin+ - Vin-       Vref=Vref+ -Vref- 

Where M10 and M11 both PMOS transistors have equal drain 

and gate voltage, which make them both work at saturation 

region. Transistors M7 and M8 work as switches in cross-

coupled transistor pairs including M5M10 and M6M11, this all 

are turned on during comparison stage and also working in the 

triode region because of its high gate voltage Vg7,8 = VDD. The 

drain voltage of M5 and M6 is pulled up closed to Vout+ or 

Vout- and works in saturation because switches M7 and M8 are 

in the triode region. Transistors M9 and M10 are both turned off 

because control signal Vlatch is VDD, which indicates that 

mismatch effects in M9 and M12 is negligible [11].  The offset 

of the comparator depends on the mismatch of the transistor M1-

M4. This is true only when all other transistors M5-M12 are 
assumed to match perfectly. Since during the evaluation phase 

the input transistors M1 to M4 are operate in linear region, so the 

transconductance of this both transistors is approximately written 

as by this equation: 

            𝑔𝑚1.2.3.4 =  𝜇𝑛𝐶𝑜𝑥 (
𝑊1,2,3,4

𝐿
) 𝑉𝑑𝑠1,2,3,4 − − − (9) 

Also, during evaluation phase transistors M5 and M6 are 

operated in the saturation region, for those transistors the 

transconductance can be written as: 

   𝑔𝑚5,6 = 𝜇𝑛𝐶𝑜𝑥 (
𝑊5,6

𝐿
) (𝑉𝑑𝑠5,6 − 𝑉𝑡) − − − (10) 

The transconductance of the this transistor M5 and M6 is very 

larger than the M1 to M4 input transistor pairs, hence the 

differential voltage gain built from the input transistor pair is not 

big enough to overcome an offset voltage caused from such a 

mismatch between transistor pair M5 and M6. For that the result 
of these transistors are the most critical mismatch pair in this 

dynamic comparator also needed to the big enough size to 

minimize the offset voltage at the cost of the increased power 

consumption. So, it can be concluded that the zero-static power 

consumption and threshold voltage adjustable as advantages, so 

in, Lewis Gray comparator for mismatch sensitivity this can be 

avoided by adding an extra latch or inverters as a buffering stage 

after the comparator core outputs. 

III. LOW OFFSET HIGH SPEED COMPARATOR 

The circuit operation is like this where reset phase when the Clk1 

and Clk2 both are low, so PMOS transistors M11, M12, M13 

and M14 on and NMOS transistor M5 and M8 are off, and both 

output nodes are precharges to VDD.  

Now during the comparison phase where Clk1 goes to high and 

Clk2 still at low, where the operation region of the all transistor 

are well defined. PMOS transistors M11 and M12 are off and 

NMOS transistor M5 and M8 are on. PMOS transistor M13 and 

M14 on because of Clk2 is low. During the phase when the 

comparator is not making decision when Clk1 and Clk2 is low. 
This will ensure that all the internal nodes are reset before the 

comparator goes into the decision mode.  

Drain voltage of M1, M2, M3 and M4 are high at VDD supply 

and the difference between the amounts of current produce in 

input branches is related to the voltage difference between the 

input and reference. The latch circuit is operating and induced 

differential voltage is compare and gives the output. 
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Generally NAND latch are used in most of the comparator in 

literature; in proposed comparator NOR base latch is used and 

two separate Clk1 and Clk2 are used which results in low offset 

voltage and low propagation delay at the cost of small increase in 

power dissipation as compare to the conventional Lewis Gray 

comparator. 

 
Figure 7. Low Offset High Speed Comparator 

 

a. Designing of Low Offset High Speed Comparator  

In Table 1, different voltage values are given for supply voltage 

VDD and Vss, Clk1 and Clk2 signal, input voltages Vin+ and 

Vin- and reference voltages Vref+ and Vref-. 

 

Table 1. Different Voltage Values for Different Technology 

 

Voltage Terminals Technology 

180 nm 90 nm 

VDD 1.8V 0.9V 

Vss -1.8V -0.9V 

Clk1 1.8V 0.9V 

Clk2 -1.8V -0.9V 

Vin+ 1.8V 0.9V 

Vin- -1.8V -0.9V 

Vref+ 0.9V 0.45V 

Vref- -0.9V -0.45V 

IV. SIMULATION RESULT 

To verify its operation and the consistency with the analytical 
derivations including delay, offset ICMR, frequency response 

and input –output noise spectral density. The circuit operates 

from a ± 0.9V power supply. The simulation results shown in 

Fig. -8 to 15.  

a. Simulation Results of Simulation Result for 180nm 

Technology 

 Figure 8. Input as Sin wave 

Figure 9. Transient Response 
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Figure 10. Input Common Mode Range 

Figure 11. Offset Voltage 

b. Simulation Results of 90 nm Technology 

 

 
Figure 12. Input as Sin wave 

 
Figure 13. Transient Response 
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Figure 14. Input Common Mode Range 

 
Figure 15. Offset Voltage 

Table 2. Comparative Analysis of Different Architectures      

of Voltage Comparator in 180 nm Technology 

Parameter Lewis Gray 

Comparator 

Rail to Rail 

High Speed 

Comparator 

Low Offset 

High Speed 

Comparator 

Propagation 

Delay (ns) 

0.473  0.684  0.368  

ICMR (V) -1.3  to 0.56  -0.68  to 0.21 -1.07  to 1  

Offset 

Voltage  

21.30 mV 105 mV 11.20 mV 

Power 

Dissipation 

0.238 mW 26.43 nW 1.27 mW 

Table 3. Comparative Analysis of Different Architectures of 

Voltage Comparator in 90 nm Technology 

Parameter Lewis Gray 

Comparator 

Rail to Rail 

High Speed 

Comparator 

Low Offset 

High Speed 

Comparator 

Propagation 

Delay (ns) 

0.270  0.486 0.155  

ICMR (V) -0.4  to 1.03  -0.79  to 

0.74  

-0.4  to 0.35  

Offset 

Voltage 

9.20 mV 4.48 mV 0.66 mV 

Power 

Dissipation 

3.508 µW 8.05 µW 2.69 mW 

 

V. CONCLUSION 

The comparator architectures are characterized in terms of 

Propagation Delay, ICMR, Offset and Power Dissipation. The 

simulation result allows the circuit designer to fully explore the 

tradeoffs in comparator design; such as offset voltage, speed, 

power for A/D converters. Different types of comparator 

architectures in which pre-amplifier is used before the 

comparator to reduce the input offset voltage, but it also 

increases the power consumption. Therefore, the latched 

comparator is good alternative for lower power consumption and 

high-speed operation. A Rail-to Rail high speed comparator for 

low power low offset dynamic comparator simulated for 
different characteristics of comparator in terms of propagation 

delay, offset voltage, and input common mode range. Generally, 

NAND latch are used in most of the comparator in literature; in 

present comparator NOR base latch is implemented and two 

separate Clk1 and Clk2 are used which results in low offset 

voltage and low propagation delay. Simulation are done in 180 

nm and 90 nm CMOS technology which shows that present 

comparator gives low propagation delay and low offset voltage 

compare to the conventional Lewis Gray comparator at the cost 

of small increase in power dissipation 

VI. REFERENCES 

1. P. Uthaichana, E. Leelarasmee, “Low Power CMOS Dynamic 
Latch Comparators”, TENCON 2003, Conference on 
Convergent Technologies for the Asia-Pacific Region, pp605-
608 Vol.2 Oct 2003. 

2. Vipul Katyal, Randall L. Geiger and Degang J. Chen, “A New 
High Precision Low Offset Dynamic Comparator for High 
Resolution High Speed ADCs”, IEEE Asia Pacific Conference 
on Circuits and Systems, 2006 (APCCAS 2006) pp.5-8, 
Dec.2006 



IJRECE VOL. 7 ISSUE 1 (JANUARY- MARCH 2019)                 ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE) 

INTERNATIONAL JOURNAL OF RESEARCH IN ELECTRONICS AND COMPUTER ENGINEERING 

 A UNIT OF I2OR  2569 | P a g e  
 

3. Jun He, Sanyi Zhan, Degang Chen and Randall Geiger, “A 
Simple and Accurate Method to Predict Offset Voltage in 
Dynamic Comparators”, IEEE International Symposium on 
circuits and systems 2008 (ISCAS) pp. 1934-1937, May 2008. 

4. Priyesh P. Gandhi, N. M. Devashrayee, “High Performance 
CMOS Voltage Comparator”. Nirma University International 
Conference on Engineering (NUiCONE), Nov- (2013) ,pp 1-
5,No-2013. 

5. M. Akbari, M. Maymandi-Nejad, S.A. Mirbozorgi, “A New 
Rail-to-Rail Ultra Low Voltage High Speed Comparator”, 
21st Iranian Conference on Electrical Engineering 2013 
(ICEE), pp.1-6, May 2013. 

6. IIi Shairah Abdul Halim, Nurul Aisyah Nadiah Binti Zainal 
Abidin, A’zraa Afhzan Ab Rahim, “Low Power CMOS 
Charge Sharing Dynamic Latch Comparator using 0.18µm 
Technology”, 2011 IEEE Regional Symposium on Micro and 
Nanoelectronics (RSM), pp.156-160,Sep.2011. 

7. Heung Jun Jeon and Yong-Bin Kim, “A CMOS Low Power 
Low Offset and High Speed Fully Dynamic Latch 
Comparator”, SOC Conference (SOCC), 2010 IEEE 
International pp.285-288, Sept.2010. 

8. Khosrov Dabbagh-Sadeghipour, “A New offset Cancelled 
Latch Comparator for High-Speed, Low Power ADCs”, 2010 
IEEE Asia Pacific Conference on Circuits and Systems 
(APCCAS), pp.13-16, Dec, 2010. 

9. D. Jackuline Moni, P. Jisha, “High-Speed and Low-Power 
Dynamic Latch Comparator”, International Conference on 
Devices, Circuits and Systems (ICDCS), 2010, pp. 259-263. 
2010 

10. Jinda yang, Xu Cheng, Yawei Guo, Zhang Zhang, Xiaoyang 
Zeng, “A Novel Low-Offset Dynamic Comparator for High-
Speed Low-Voltage Pipeline ADC”, 10th IEEE International 
Conference on Solid-State and Integrated Circuit Technology 
(ICSICT), 2010,pp.548-550,2010. 

11. M. Hassanpourghadi, m. Zamani and M. Sharifkhani, “A low-
Power Low-Offset  Dynamic Comparator for Analog to 
Digital Converters”, Microelectronis Journal, 2013. 
pii/S0026269213002863 Elsevier, pp.256-262. 2013.  

12. Madhumathis, Ramesh Kumar J, “Design and Analysis of 
Low Power And High Speed Double Tail Comparator”, 
International Journal of Emerging Engineering Research, 
Vol.2, issue 5 issn-2014. 

13. S. Babayan-Mashhadi, R. Lotfi, “Analysis and design of a 
Low-Voltage low-Power Double-Tail Comparator”, IEEE 
Transactions on Very Large Scale Integration (VLSI) 
Systems, (Volume:22, Issue: 2), pp.343-352, Feb.2014. 

14. Bernhard Goll, Horst Zimmermann, “A Comparator with 
Reduced Delay Time in 65-nm CMOS for Supply Voltage 
Down to 0.65V”, IEEE Transactions on Circuits and Systems-
II: Express Briefs, Vol.56, No.11, November 2009. 

15. Riyan Wang, Kaihang Li, Jianqin Zhang, Bin Nie, “A High-
Speed High-Resolution Latch Comparator for Pipeline Analog 
to Digital Converters”, 2007 IEEE International Workshop on 
Anti-Counterfeiting, Security, Identification, pp. 28-30. 2007. 

16. Li Zhang, “A High Speed Comparator for a 12-bit 100 MS/s 
Pipelined ADC”, 2011 International Conference on Intelligent 
Computation Technology and Automation (ICICTA), pp. 28-
29. March 2011. 

17. Dhanisha N. Kapadia, Priyesh P. Gandhi, “Design and 
Comparative Analysis of Differential Current Sensing 
Comparator in Deep Sub -Micron Region”. Proceedings              

of2013 IEEE Conference on Information and Communication 
Technologies (ICT 2013).  

18. Yu Lin, Kostas Doris, Hans Hegt, Arthur van Roermund, “A 
Dynamic Latched Comparator for Low Supply Voltage Down 
to 0.45 V in 65-nm CMOS”, Circuits and Systems (ISCAS), 
2012 IEEE International Symposium, pp. 2737-2740. 20-30 
May 2012. 

19. Dhanisha N. Kapadia, Priyesh P. Gandhi, “Implementation of 
CMOS Charge Sharing Dynamic Latch Comparator in 130nm 
and 90nm Technologies”. Proceedings of 2013 IEEE 
Conference on Information and Communication Technologies 
(ICT 2013). 

20. Priyesh P. Gandhi, N. M. Devashryaee, “Characterization & 
Comparative Analysis of High Speed CMOS Comparator for 
Pipelined ADC”, Nirma University Journal of Engineering 
and Technology, pp. 90-98. Jul-Dec 2010. 

21. Philip E. Allen and Douglas R. Hallberg. CMOS Analog 
Circuit Design. Oxford University Press, Inc USA-2002, 
pp.259-397. 

22.  R. Jacob Baker Harry W. Li David E. Boyce. CMOS Circuit 
Design, Layout and Simulation. IEEE Press Series on 
Microelectronics Systems, 2005. 

23. Heung Jun Jeon, “low-power high-speed low-offset fully 
dynamic CMOS latched comparator”, Thesis Northeastern 
University, Department of Electrical and Computer 
engineering, January 01, 2010. 

24. Kapadia Dhanisha, “Characterization and Comparative 
Analysis of High Speed CMOS Voltage Comparator”, Thesis 
Gujarat Technological University, Department of Electronics 
and communication Engineering, May-2013.  

25. Unnati Patel, Priyesh P. Gandhi “Characterization of High 
Performance CMOS Voltage Comparator”, Thesis Gujarat 
Technological University, Department of Electronics and 
communication Engineering, May-2014 


