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Abstract- Designing a high speed, low power of two stage dynamic comparator is presented.Low power 

consumption is a great interest because it increases the battery lifetime.The main block in many 

applications is the analogue to digital converter (ADC) which serves as an interface between the analog 

world and a digital processing unit. In this circuit the first stage of the preamplifier stage is limited to 

vdd/2 and NMOS is connected at the second stage for reducing power consumption. The second stage of 

the comparator is to start comparison based on inputs and reference voltages. Simulation results prove 

that the proposed comparator speed ups the conventional comparator and also reduces power. 

Furthermore, proposed comparator is followed by post layout. This method will be designed and its 

power is evaluated in the ASIC design GUI software of 130 nm technology. 

Keywords- Analog to Digital Converter (ADC), Application Specific Integrated Circuits (ASIC), Graphic 

User Interface (GUI). 

I .  INTRODUCTION 

 Low power and high speed are natural candidates for portable electronic devices. Comparators are 

crucial circuits in analogue-to-digital converters (ADCs) to convert analogue signals into digital form. The 

comparator is a device used to sense when an arbitrary varying signal reaches some threshold level. A 

comparator is designed to give limited output voltages that easily interface with digital logic. The accuracy of 

comparators depends on voltage gain, common -mode rejection ratio (CMRR), input offset voltage. There is a 

demand for portable devices, the main thrust is lower methods for high speed applications. Power can be 

reduced by choosing smaller size process. Comparators play a main role for high speed and low power. Pre 

amplifier Comparators are suffering from more offset voltages. Whereas, dynamic comparator will make 

comparison for every clock cycle and require less offset voltages. 

 Comparators are important role in efficiency of commonly used ADCs, such as Flash and SAR ADCs 

[1–15].Generally, moving toward the smaller feature size allows for the reduction in the power consumption and 

higher speed. However, the process variation and mismatch increases at finer processes and limits the 

performance of the ADCs.One of the critical parts of an ADC greatly influenced by the process variation and 

mismatch is the comparator. Static comparators have been used in the past, however, they are impractical for 

portable applications because of their limited speed and significant amounts of power consumption [1].One-

stage dynamic comparators were proposed to reduce the power consumption and improve speed [2]. These 

comparators, however, suffer from an inherent trade-off between the power consumption and offset voltage. 

Moreover, one-stage dynamic comparators suffer from kick-back noise caused through the capacitive path from 

the output nodes to the input nodes of the comparator [3]. Two-stage dynamic comparators are proposed to 

mitigate the kickback noise and it will decouple the offset versus speed trade-off of the single-stage dynamic 

comparators [4]. Comparator are proposing a low-power, high-precision dynamic comparator with a novel time-
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domain bulk-tuned offset cancellation is used as optimized to minimize the noise and offset. OC schemes are 

proposed which samples the offset and closed loop bulk timing will be cancelled. It consumes negligible power, 

does not sacrifice speed, or require complex timing control [5].In order to break the deadlock between the offset 

and the power consumption at low power and the low offset dynamic comparator are proposed. The double 

phase architecture takes the advantage of a cascade of amplifying stage and a usual latch stage. The structure 

benefits from two phases signaling to cancel the mismatch of the inner devices. The offset voltage was obtained 

using analytical derivations as a function of mismatch and delay [6]. Comparators are proposed as single-stage 

dynamic comparator with a large input common-mode range. It is compared with dynamic comparators along 

with their size input transistors and load capacitance. Comparators power are reduced [7]. 

 Calibration technique will embrace comparator decision time in order to calibrate gain errors and 

capacitor mismatches in pipelined analog to digital converters (ADC). Proposed techniques improve the signal-

to-noise-and distortion ratio. Capacitor (DAC) proposed that will have an effecting reference voltage and 

accurate voltage division is provided [8-13]. Comparator are proposed to reduce the power consumed in the pre-

amplifier stage by preventing the operation of the pre-amplifier stage when the output differential voltage of the 

latch stage is large enough. Then, the proposed technique was employed in these circuits and the average power 

consumption, including the XOR gate at the same clock frequency was measured. Thus reduces the power 

consumption of dynamic comparator [14]. A high speed, low power comparator is achieved by minimizing 

voltage variation of the first stage with an acceptable offset voltage latch stage is activated more than 

conventional circuit by improving input common mode range [15]. 

 

II. CONVENTIONAL COMPARATOR 

  Conventional of two-stage dynamic comparator is shown in Fig.1. This comparator is composed of 

two stages: the preamplifier stage (first stage) and the latch stage (second stage). Pre-amplifier amplifies the 

signal and the latch will compares signal. The operation of this circuit is described as follows. 

 

 

 
  

Fig. 1  Preamplifier and latch stages of the conventional two-stage dynamic comparator 

 

 Before the comparison is made, the comparator state is reset (clk = „„1”, clkn = „„0”) to discharge the 

output nodes of the first stage to Gnd and charge the output nodes of the second stage to Vdd.In the next phase, 

the evaluation phase, „„clk” and „„clkn” goes to „„0” and „„1”, respectively, to start the comparison. Then, the 

output voltages of  

The first stage (V01+ - V02) start to grow gradually. The growth rate depends on the magnitude of the input 

differential voltage (Vin1 –Vin2). Gradually, a differential voltage appears at the output nodes of the first stage 
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(i.e., Vo1- V02). When the output voltages of the first stage approach the threshold voltage of an NMOS transistor 

(M10, M11), the second stage (latch) is activated. 

  Hence, the positive feedback nature of the latch amplifies the differential voltage until the latch is 

locked. Consequently, the voltage of one of the output nodes of the latch stage settles at Gnd and the other one 

settles at Vdd while the output voltages of the first stage both reach Vdd. Thus the output nodes of the first stage 

are discharge to the ground during the reset phase and charged toward Vdd during the evaluation phase. The 

output nodes of first stage reaches gnd and output nodes of second stage reaches vdd. The power is calculated 

for conventional comparator 6.33567 MW.As a result this makes the conventional comparator is an unsuitable 

choice for low power, high resolution application. 

 

III. PROPOSED COMPARATOR 

 The proposed comparator is shown in Fig.2. At the reset phase, the node voltages of the first stage are 

discharged to V (Vdd/2) which is large to keep the second stage active. To avoid a DC power consumption in 

the second stage, NMOS is placed to cut the path from Vdd to Gnd during the reset phase. 

 

Fig. 2 Proposed two stage dynamic comparator and its difference in comparison to the conventional comparator. 

 The voltage of the first stage of the comparator is limited to vdd/2. The power consumption of the first 

stage of the comparator is a dominant part of total power consumption is reduced by a factor of two when 

compared to the conventional comparator.  In order to activate the latch stage the proposed method has no delay 

time to charge the output voltage of the first stage.  Due to the large common mode voltage at input of the latch 

(>vdd/2) enhance the speed of the latch.  At the beginning of evaluation phase the first stage of output voltage is 

large enough to activate the second stage.  This strong activation enhances the speed of the latch.  While 

decreasing clock time period the proposed method operates at high speed, because of frequency increases. So, 

thus pre-amplifier and latch stage enhance the speed while compare to conventional comparator. 

 The size of the input transistor of the two stages should be designed carefully.  By adding an nMOS at 

the latch stage reduces the power consumption. Thus the proposed comparator improves speed and reduces the 

power consumption. 
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 Fig. 3  Simulation result  of  2MHZ 

 

 

 

 Fig. 4 Simulation result of 6MHZ 
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 Fig. 5 simulation result of 20MHZ 

IV. SIMULATION RESULTS 

 Comparators are also known as mixed-mode circuits (analog-digital).  Their specification depends 

upon the technology, which is used.  To draw fair comparison the proposed circuits are carefully designed in 

130 nm CMOS technology.  The circuits are designed as similar 2.5mV input transferred offset voltage and 420 

Uw power consumption at 500 MHZ clock frequency except for the circuit [10]. These circuits consume a 

significant amount of power that is not adjustable. These figures show that the proposed comparator is faster 

than the conventional comparator with a factor of two. 

 Fig.3 represents the speed of the circuits. When vin>vref the circuits starts comparison and result as 

output1 settles at gnd and output 2 settles at vdd. When vin<vref  the output 1 settles at vdd and output 2 settles 

at gnd. While giving clock period of 250n to 500n the proposed comparator operates at good speed. Fig.4 

operates at 6MHZ.The clock period ranges from 100n to 200n it increases the frequency and operates at 

maximum speed. Fig.5 operates at 20MHZ. Here the clock period ranges from 25n to 50n the proposed 

comparator works at high speed. On decreasing the clock period, frequency get increases and thus proposed 

comparator operates at high speed. Moreover, the proposed comparator works on wider input common mode 

ranges, since the latch stage is activated faster when compared with other methods. 

  F = 1/T  

 

Fig. 6 Power analysis of 2MHZ 
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Fig.7 Power analysis of 6MHZ 

 

Fig. 8 Power analysis of 20MHZ 

 Simulation result of power for the proposed comparator is shown above.Fig.6 shows that power is 

measured as 5.9197MW. Fig.7 shows that power is measured as 4.56636 MW. Fig.8 shows that power is 

measured as 4.38733 MW. Thus, different power is measured by comparing these while giving clock period 

low, power is reduced. On inserting nMOS at the second stage of latch in order to reduce power consumption. 

Through using proposed circuit suggest best clock frequency and an acceptable power consumption. 

V. POST LAYOUT SIMULATION 

 Post layout simulation are performed should be compared with schematic results. Fig. 9 shows post 

layout simulation along with schematic simulation results.Fortunately,the symmetry of the layout, post layout 

simulation results almost matches schematic results. 
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 Fig.9 Post layout of preamplifier 

 

 

 Fig. 10  Post layout of dynamic latch 
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Fig. 11  Post layout of proposed comparator  

 The proposed circuit represents a high speed comparator with acceptable amount of power 

consumption. By using proposed circuit, the maximum clock frequency 20 MHZ is achieved. Fig.12 shows 

transient analysis of post layout it is similar to schematic results. Fig. 13 shows power measurement of post 

layout same results as a schematic. 

 

Fig. 12  Simulation of post layout 

 

 

Fig. 13 Power of post layout 
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VI. CONCLUSION 

 Designed a high speed, low power comparator is presented. In this circuit, the voltage variation of the 

first stage is limited to vdd/2 and NMOS is connected at the second stage for reducing power consumption. 

Moreover, the speed of the circuit and the input common mode is increased. The post layout simulation proves 

similar to the schematic results. As a result, the proposed comparator is efficient for high speed, low power 

applications. These comparators are used in analog to digital converter (ADC) applications like flash ADC, 

successive approximation  register ADC. 

REFERENCES 

[1] Razavi B and Wooley BA, “Design techniques for high- speed, high-resolution comparators”,IEEE J 

Solid –State circuits, vol. 27, no. 12, pp.No. 1916-1926, Dec 1992. 

[2] Cho TB, Gray PR, “A 10 b,20 Msample/s,35 mW pipeline A/D converter” , IEEE J Solid – State 

Circuits, vol. 30, no.3, pp. no. 166-172, Mar 1995. 

[3] Figueiredo PM, Vital JC, “Kickback noise reduction techniques for CMOS latched comparators”,IEEE 

J Trans Circuits SystII Express Briefs, vol. 53, no. 7, pp. no.541-545, July 2006. 

[4] Abbas M, Furukawa Y, Komatsu S, Takahiro JY, and Asada K, “Clocked comparator for high- speed 

applications in 65nm technology”, IEEE Asian, pp. No. 1-4, (A-SSCC) 2010. 

[5] Lu Junjie, and  Holleman J, “A low-power, high – precision comparator with time-domain bulk-tuned 

offset cancellation” IEEE Trans Circuits Syst I, vol. 60, no. 5, pp. no. 1158-1167, May 2013. 

[6] Hassanpourghadi Mohsen, ZamaniMilad, and sharifkhani Mohammad, “A low-power, low-offset 

dynamic comparator for analog to digital converters”, Microelectron J, vol. 45, no. 2, pp. no.256-262, 

2014. 

[7] GaoJunfen, Li Guangjun, and Li Qiang, “High speed Low power common mode insensitive dynamic 

comparator”,  vol. 51,  no. 2,  pp. no.134-136, 2015. 

[8] Nikoozadeh A and Murmann B, “An analysis of latch comparator offset due to load capacitor 

mismatch”, IEEE Trans Circuits Syst II Express Briefs, vol. 53, no. 12, pp. no. 1398-1402, Dec 2006.  

[9] Khorami A  and  Sharifkhani M, “One –dimensional adiabatic circuits with inherent charge recycling”,  

Vol. 51, no. 14, pp. no. 1056-1058, 2015. 

[10] Khorami Ata, and Sharifkhani Mohammad, “Elimination of the effect of bottom plate capacitors in C-

2C DACusing a layout technique”, Microelectron J, vol.46, no.12, pp. no. 1275-1282, 2015. 

[11]  Hong Hyeok-Ki,  Kang Hyun-Wook,  Jo Dong-Shin,  Lee Dong-Suk,  You YongSang,  Lee Yong-

Hee,  Park Ho-Jin, and  RyuSeung-Tak, “A 2.6b/cyclearchitecture-based 10b 1 JGS/s 15.4mW 4_-

time-interleaved SAR ADC with a multistep hardware-retirement technique”,  In: Solid- state circuits 

conference – (ISSCC), IEEE international, pp. no.  1–3, 2015. 

[12]  Ragab K,  Chen Long,  Sanyal A, and  Sun Na, “ Digital background calibration for pipelined ADCs 

based on comparator decision time quantization”,  IEEE Trans Circuits Syst II Express Briefs, vol.62 

no.5, pp. no. 456–460, May 2015. 

[13]   Khorami A and Sharifkhani M,  “Zero –power mismatch-independent digital to analog converter” 

vol.69, no. 11, pp. no. 1599-1605, 2015. 

[14]   Khorami A and Sharifkhani M, “Low-power technique for dynamic comparators”, Electron Lett, vol. 

52, no. 7, pp. no. 509–511, 2016. 

[15]   Khorami A  and Sharifkhani M, “High –speed, low –power comparator for analog to digital 

converters”,  International Journal of Electronics and Communications (AEU),  pp. no. 886-894, April 

2016. 


