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 To reduce power consumption of regenerative comparator three different 

techniques are incorporated in this work. These techniques provide a way to 

achieve low power consumption through their mechanism that alters the 

operation of the circuit. These techniques are pseudo NMOS, CVSL (cascode 

voltage switch logic)/DCVS (differential cascode voltage switch) & power 

gating. Initially regenerative comparator is simulated at 90 nm CMOS 

technology with 0.7 V supply voltage. Results shows total power 

consumption of 15.02 µW with considerably large leakage current of 52.03 

nA. Further, with pseudo NMOS technique total power consumption 

increases to 126.53 µW while CVSL shows total power consumption of 

18.94 µW with leakage current of 1270.13 nA. More then 90% reduction is 

attained in total power consumption and leakage current by employing the 

power gating technique. Moreover, the variations in the power consumption 

with temperature is also recorded for all three reported techniques where 

power gating again show optimum variations with least power consumption. 

Four more conventional comparator circuits are also simulated in 90nm 

CMOS technology for comparison. Comparison shows better results for 

regenerative comparator with power gating technique. Simulations are 

executed by employing SPICE based on 90 nm CMOS technology. 
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1. INTRODUCTION 

Comparators are backbone of many imperative ADC’s & DAC’s circuits [1]-[3]. Converter circuits 

are mainly studied with parameters i.e. data conversion speed, precision & power consumption [4]. 

Comaprators are the most essential component of ADC’s as its precision significantly defines the working 

genre of these circuits [5]. As to attain these high-performance parameters new techniques are evolving 

which led to more complex and heavy architectures. It is found that energy-controlled applications such as 

portable cellphone devices, devices in health field, wireless networks, etc., require effective power managing 

analog-to-digital converters (ADCs) for a longer working extent [6], [7]. High speed comparators consume 

high power with greater chip area which led to degraded reliability with increased cost of cooling & 

packaging [8]. Hence, designing a high-speed comparator having small power consumption becomes difficult 

with least power supply.  

As in the UDSM CMOS technology device size & supply voltage is dwindling so it is strenuous to 

design a high-speed comparator circuit for low voltages levels [9]-[11]. Regenerative comparator is very high 

speed stable comparator with large power consumption which restrict its applicability in nano electronics 
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domain [12], [13].  So, in order to counter this regenerative comparator is designed by incorporating different 

power reduction techniques such that it can comply with the device designer’s requisites. 

Three different power reduction techniques are employed on regenerative comparator [13] in order 

to drop its power consumption level so that it can be employed for designing high performance circuits with 

marginal power consumption. Initially regenerative comparator is design with pseudo NMOS technology 

with load circuit used as grounded PMOS transistor [14]. After that CVSL (cascode voltage switch 

logic)/DCVS (differential cascode voltage switch) technology is used on regenerative comparator. CVSL 

technique certainly improves parameters like circuit delay, power dissipation. One more point which makes 

this technique more applicable is that the digital circuits can be easily structured on the basis of tabular 

methods and Karnaugh maps (K-maps) [15]. Third power reduction technique is power gating that 

substantially reduces the power consumption of regenerative comparator. Power gating technique provides a 

mechanism through gating device that save static leakage power [16]. Nano scale circuits are very subtle to 

temperature variations so temperature variations are also noted for these comparators [17]. 

The further arrangement of article is as follows. Segment 2 provides a hasty overview of the circuit 

description along with different power reduction techniques. Section 3 provides details about the simulations, 

analysis of power dissipation and temperature variation for different power reduction techniques following 

comparison with conventional comparators in segment 4 with conclusion & references in the end. 

 

 

2. DIFFERENT POWER REDUCTION TECHNIQUES 

2.1. Regenerative Comparator in CMOS Technology 

Figure 1 depicts the architecture for regenerative comparator in CMOS technology. The input is a 

differential pair amplifier which cosists mos devices. These devices are kept in feeble inversion state that 

amplifies the input difference signal. Positive feedbeck & regeneration are employed in the second stage & 

they became active when reset point is initiated with low signal and thus difference signal is transformed to 

VDD & VSS accordingly as final digital output [13]. This comparator architecture easily incorporates large 

signals due to high input common-mode range. An ON & OFF chip current source utilized in this schematic 

provides additional functionalities with which current can be modified for various sampling frequencies. 

Inputs are given through transistor T1, T2 and lower rail of MOS transistors are used for biasing purpose. 

Two NOR gates are used at end of the schematic which are latched together to provide regenerative feedback 

at the output that enhances the speed of this comparator. 

 

 

 
 

Figure 1. Regenerative Comparator in CMOS Technology 

 

 

2.2. Regenerative Comparator in PSUEDO NMOS Technology 

Figure 2 shows the structure of regenerative comparator employing pseudo NMOS technology [14], 

[18]. This technique engages a grounded PMOS as load for NMOS steering circuit.  
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Figure 2. Regenerative comparator in pseudo NMOS technology 

 

 

This circuit use overall 25 MOSFET. The input signal is feed through T1 & T2 MOSFET’s which 

are arranged in fully differential pair. Second stage is used for amplification then two NOR gates to provide 

regenerative feedback in the end. G1, G2, G3, G4, G5 & G6 MOSFET’S are structured in pseudo NMOS 

technology which forms the two NOR gates at end of circuit. Inverted and non-inverted output is then taken 

from Vout (-) & Vout (+). 

 

2.3. Regenerative Comparator in CVSL Technology 

Figure 3 depicts the architecture for regenerative comparator designed in CVSL technology [15] 

[19]. CVSL technology is nothing but cascade voltage switch logic or differential voltage switch logic [20]. 

MOS transistors G1 to G12 are used to design NOR gates in CVSL technology. Gate voltage to these 

MOSFET’S are applied in differential form that alter the on & off time of these MOSFET’S which results in 

decrease in power dissipation [21]. Inputs are given to the gate terminal of T1 & T2 MOSFET’s & output 

from Vout (+) and Vout (-). The number of MOSFET used for this architecture is 31. 

 

 

 
 

Figure 3. Regenerative Comparator in CVSL technology 

 

 

2.4. Regenerative Comparator in Power Gating Technology 

Figure 4 depicts the architecture for regenerative comparator using power gating technology [16]. 

Power Gating is the most effective technique to reduce the power dissipation especially leakage power [22] 

[23]. Pre-charge and evaluation mode are followed for the execution of full comparison phase. Dual input 

fully differential pair that comprise of T1 & T2 MOSFET’s are used for feeding the input signal and output 
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from Vout (+) and Vout (-). P1, P2, P3 & P4 MOSFETS are used to operate the circuit in Pre-charge and 

evaluation mode. G1 to G8 MOSFET’S are used for designing two nor gates at the end of the schematic. 

Substantial power reduction is obtained with this technique. Total MOS devices used in this technique is 

same as CVSL technology. 

 

 

 
 

Figure 4. Regenerative Comparator in Power Gating Technology 

 

 

3. RESULTS AND DISCUSSION 

In this segment transient analysis for the above four circuits are done by varying channel width, 

supply voltage and temperature. Simulations are performed using spice based 90 nm CMOS technology. 

Figure 5 gives the graphical details regarding to the power consumption and current drawn for the 

regenerative comparator [8] and its variation with channel width and supply voltage respectively. In Figure 

5(a) channel width is varied from 1 µm to 5 µm by keeping the supply voltage constant (0.7 V). The 

percentage increase due to the variation in channel width is 38.67. Figure 5(b) shows variations in power 

dissipation and current drawn by varying the supply voltage from 1.7 V to 0.7 V at channel width of 1µm. 

Due to this variation power dissipation decreases by 98 percent.  

 

 

(a)      (b) 

 

Figure 5. (a) Power consumption & current drawn vs channel width; (b) Power consumption & current drawn 

vs supply voltage 

 

 

Table 1 gives the details regarding to the variations in power consumption and current drawn by the 

circuit to the varying temperature in different modes i.e. leakage, static, dynamic, total. Power consumption 

and current drawn values shows variations when temperature varies from -35ᵒ to 80ᵒ Celsius. 
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Table 1. Total, static, dynamic & leakage power consumption of regenerative comparator at different 

temperature 

Temp 

Leakage Static Dynamic Total 

PC (nW) CD (nA) PC (µW) CD (µA) PC (µW) CD (µA) PC (µW) CD (µA) 

80ᵒ 122.85  175.50  13.57  19.39  1.91  2.73  15.49  22.12  

75ᵒ 111.62  159.46  13.62  19.45  1.84  2.64  15.47  22.10  

65ᵒ 091.41  130.59  13.70  19.58  1.71  2.44  15.41  22.02  

55ᵒ 074.02  105.75  13.78  19.69  1.56   2.23  15.35  21.93  

45ᵒ 059.22  084.60  13.85  19.79  1.41  2.02  15.26  21.81  

35ᵒ 046.76  066.81  13.90  19.86  1.25  1.79  15.16  21.65  

25ᵒ 036.42  052.03  13.92  19.89  1.09  1.56  15.02  21.46  

15ᵒ 027.96  039.94  13.92  19.89  0.93  1.34  14.86  21.23  

05ᵒ 021.14  030.20  13.88  19.83  0.78  1.12  14.66  20.95  

00ᵒ 018.28  026.11  13.84  19.77  0.71  1.01  14.55  20.79  

-05ᵒ 015.74  022.49  13.79  19.70  0.64  0.91  14.43  20.62  

-15ᵒ 011.56  016.52  13.64  19.49  0.51  0.73  14.16  20.23  

-25ᵒ 008.39  011.99  13.44  19.20  0.41  0.58  13.85  19.79  

-35ᵒ 006.04  008.63  13.18  18.82  0.32  0.46  13.50  19.29  

 

 

As the temperature increases leakage & dynamic power consumption increases on the other hand 

static power consumption also shows this increasing pattern but slight variation at higher temperatures. Thus, 

the total power consumption also increases from 13.50 µW at -35ᵒ C to 15.49 µW at 80ᵒ C. Total power 

consumption increases by 14 percent due to the variation in temperature.  

Figure 6 gives the graphical details regarding to the power consumption and current drawn for the 

regenerative comparator designed using psuedo NMOS technology and its variation with channel width and 

Supply voltage respectively. In Figure 6(a) channel width is varied from 1 µm to 5 µm by keeping the supply 

voltage constant (0.7 V). The power consumption is maximum at 2.5 µm that is 137.13 µW at this circuit 

also draw maximum current from supply voltage. Figure 6(b) shows variations in power dissipation and 

current drawn by varying the supply voltage from 1.7 V to 0.7 V at channel width of 1 µm. Due to this 

variation minimum power consumption is at 0.7 V that is 126.53 µW and maximum at 1.5 V that is 1106.00 

µW. 

 

 

   (a)      (b) 

 

Figure 6. (a) Power consumption & current drawn vs channel width; (b) Power consumption & current drawn 

vs supply voltage 

 

 

Table 2 gives the details regarding to the variations in power consumption and current drawn by the 

circuit to the varying temperature in different modes i.e. leakage, static, dynamic, total. Power consumption 

and current drawn values shows variations when temperature varies from -35ᵒ to 80ᵒ Celsius. As the 

temperature increases leakage & dynamic power consumption increases with approximately 300% variation.  
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Table 2. Total, static, dynamic & leakage power consumption of regenerative comparator (psuedo NMOS) at 

different temperature 

Temp 
Leakage Static Dynamic Total 

PC (µW) CD (µA) PC (µW) CD (µA) PC (µW) CD (µA) PC (µW) CD (µA) 

80ᵒ 15.62 22.31 080.43 114.90 326.61 466.59 407.04 581.49 

75ᵒ 14.84 21.20 081.36 116.23 330.40 472.00 411.77 588.24 

65ᵒ 13.34 19.06 083.29 118.99 080.38 114.83 163.67 233.82 

55ᵒ 11.92 17.03 085.31 121.87 063.16 090.23 148.47 212.11 

45ᵒ 10.59 15.13 087.42 124.89 051.38 073.40 138.81 198.30 

35ᵒ 09.35 13.36 089.64 128.06 042.21 060.30 131.85 188.37 

25ᵒ 08.22 11.74 091.97 131.39 034.55 049.36 126.53 180.75 

15ᵒ 07.19 10.28 094.42 134.89 027.51 039.30 121.93 174.19 

05ᵒ 06.28 08.98 097.01 138.58 020.06 028.66 117.07 167.25 

00ᵒ 05.87 08.39 098.35 140.50 016.10 023.00 114.46 163.51 

-05ᵒ 05.49 07.84 099.73 142.48 012.09 017.27 111.82 159.75 

-15ᵒ 04.82 06.89 102.61 146.59 004.00 005.72 106.62 152.32 

-25ᵒ 04.29 06.13 105.66 150.95 -003.97 -005.68 101.69 145.27 

-35ᵒ 03.89 05.56 108.90 155.57 -011.31 -016.17 097.58 139.40 

 

 

On the other hand, static power consumption follows inverse rule with temperature having 

maximum value of 108.90 µW at -35ᵒ C. Thus, the total power consumption also increases from 97.58 µW at 

-35ᵒ C to 407.04 µW at 80ᵒ C. Total power consumption increases by 317% due to the variation in 

temperature.  

Figure 7 gives the graphical details regarding to the power consumption and current drawn for the 

regenerative comparator designed using CVSL technology and its variation with channel width and supply 

voltage respectively. Figure 7(a) depict the varitions when channel width is varied from 1 µm to 5 µm by 

keeping the supply voltage constant (0.7 V). The power consumption for this circuit is maximum at 5 µm that 

is 256.67 µW and draw maximum current from supply voltage. On the otherside in figure 7(b) the variations 

in power dissipation and current drawn by varying the supply voltage from 1.7 V to 0.7 V at channel width of 

1 µm is shown. Due to this variation minimum power consumption is at 0.7 V that is 18.94 µW and 

maximum at 1.3 V that is 399.59 µW. 

 

(a)      (b) 

 

Figure 7. (a) Power consumption & current drawn vs channel width; (b) Power consumption & current drawn 

vs supply voltage 

 

 

Table 3 gives the details regarding to the variations in power consumption and current drawn by the 

regenerative comparator designed using CVSL technology to the varying temperature in different modes i.e. 

leakage, static, dynamic, total. Power consumption and current drawn values shows variations when 

temperature varies from -35ᵒ to 80ᵒ Celsius. As the temperature increases leakage power consumption 

increases with approximately 300% percent variation maximum value of 2378.64 nW at 80ᵒ C. On the other 

hand, static power consumption increases with increase in temperature having maximum value of 0.93 µW at 

80ᵒ C. Dynamic power consumption shows abrupt nature as it increases and decreases with temperature 

variations. Maximum value of dynamic power consumption is 23.37 µW at 65ᵒ C & minimum value of 16.34 

µW at -5° C. Thus, the total power consumption also follows the same abrupt nature as dynamic power 

consumption follows. Total power consumption attains its maximum value of 24.20µW at 65ᵒ C and 

minimum value of 16.77 µW at -5° C.   
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Table 3. Total, static, dynamic & leakage Power consumption of regenerative comparator (CVSL 

Technology) at different temperature 

Temp 
Leakage Static Dynamic Total 

PC (nW) CD (nA) PC (µW) CD (µA) PC (µW) CD (µA) PC (µW) CD (µA) 

80ᵒ 2378.64 3398.06 0.93 1.33 00.00 00.01 00.94 01.34 

75ᵒ 2261.27 3230.38 0.89 1.28 00.00 00.01 00.90 01.29 

65ᵒ 2035.81 2908.30 0.82 1.18 23.37 33.39 24.20 34.57 

55ᵒ 1823.35 2604.78 0.76 1.08 21.25 30.36 22.02 31.45 

45ᵒ 1624.54 2320.77 0.69 0.99 19.96 28.52 20.66 29.52 

35ᵒ 1439.97 2057.09 0.63 0.91 19.06 27.23 19.70 28.14 

25ᵒ 1270.13 1814.47 0.58 0.83 18.36 26.23 18.94 27.06 

15ᵒ 1115.49 1593.55 0.52 0.75 17.74 25.34 18.27 26.10 

05ᵒ 0976.45 1394.94 0.47 0.68 17.05 24.37 17.53 25.05 

00ᵒ 0912.92 1304.18 0.45 0.64 16.69 23.85 17.15 24.50 

-05ᵒ 0853.44 1219.21 0.43 0.61 16.34 23.34 16.77 23.96 

-15ᵒ 0746.86 0166.95 0.38 0.55 22.19 31.71 22.58 32.26 

-25ᵒ 0657.17 0938.82 0.34 0.49 19.33 27.62 19.68 28.12 

-35ᵒ 0584.98 0835.69 0.30 0.44 18.03 25.76 18.34 26.20 

 

 

Figure 8 gives the details regarding to the power consumption and current drawn for the 

regenerative comparator designed using power gating technology. Figure 8(a) grphicaly shows the variations 

when channel width is varied from 1 µm to 5 µm by keeping the supply voltage constant (0.7 V). The power 

consumption is maximum at 5 µm that is 62.20 µW at this circuit also draw maximum current of 88.86 µA 

from supply voltage. Figure 8(b) shows variations in power dissipation and current drawn by varying the 

supply voltage from 1.7 V to 0.7 V at channel width of 1 µm. Due to this variation minimum power 

consumption is at 0.7 V that is 21.66 µW and maximum at 1.5 V that is 192.75 µW. 

 

  

(a)      (b) 

 

Figure 8. (a) Power consumption & current drawn vs channel width; (b) Power consumption & current drawn 

vs supply voltage 

 

 

Table 4 gives the details regarding to the variations in power consumption and current drawn by the 

regenerative comparator designed using power gating technology to the varying temperature in different 

modes i.e. leakage, static, dynamic, total. As the temperature increases leakage power consumption increases 

with approximately 300% percent variation maximum value of 33.53 nW at 80ᵒ C. On the other hand, static 

power consumption increases with increase in temperature having maximum value of 46.53 nW at 80ᵒ C. 
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Table 4. Total, static, dynamic & leakage Power consumption of regenerative comparator (gating 

Technology) at different temperature 

Temp 
Leakage Static Dynamic Total 

PC (nW) CD (nA) PC (nW) CD (nA) PC (nW) CD (nA) PC (nW) CD (nA) 

80ᵒ 33.53 47.91 46.53 66.47 0.00760 0.01086 46.52 66.46 

75ᵒ 30.36 43.37 43.74 62.48 0.00511 0.00730 43.73 62.48 

65ᵒ 24.66 35.24 38.48 54.97 0.00238 0.00339 38.48 54.97 

55ᵒ 19.80 28.29 33.66 48.09 0.00118 0.00167 33.66 48.08 

45ᵒ 15.69 22.41 29.26 41.81 0.00062 0.00087 29.26 41.80 

35ᵒ 12.25 17.51 25.26 36.09 0.00034 0.00048 25.26 36.09 

25ᵒ 09.43 13.47 21.66 30.95 0.00019 0.00026 21.66 30.95 

15ᵒ 07.13 10.19 18.46 26.38 0.00009 0.00013 18.46 26.38 

05ᵒ 05.30 07.58 15.68 22.41 0.00003 0.00003 15.68 22.41 

00ᵒ 04.54 06.49 14.45 20.65 0.00000 0.00000 14.45 20.65 

-05ᵒ 03.58 05.11 13.32 19.03 0.00003 0.00003 13.32 19.03 

-15ᵒ 02.58 03.68 11.37 16.25 0.00007 0.00009 11.37 16.25 

-25ᵒ 01.83 02.62 09.82 14.03 0.00011 0.00015 09.82 14.03 

-35ᵒ 01.41 02.01 08.92 12.95 0.28376 0.61164 08.64 12.34 

 

 

Dynamic power consumption shows very small variations of few nW. Thus, the total power 

consumption also attains marginal value as compared to earlier discuss circuits. Total power consumption 

attains its maximum value of 46.52 nW at 80ᵒ C and minimum value of 8.64 nW at -35° C.   

Table 5 shows the brief comparison of the results for all four types of schematics discussed above. 

The regenerative comparator using power gating technique shows minimum power consumption of 21.66614 

nW as compared to others while drawing a current of 30.95163 nA from 0.7 V supply voltage.  

 

 

Table 5. Comparison of results 

 
Regenerative 

comparator 

Regenerative 

comparator with 

pseudo NMOS 

Regenerative 

comparator with 

CVSL 

Regenerative 

comparator with 

power gating 

Temperature 25ᵒC 25ᵒC 25ᵒC 25ᵒC 

No. Of MOSFETS 27 25 31 31 

Channel Length  90 nm 90 nm 90 nm 90 nm 

Channel Width  1 µm 1 µm 1 µm 1 µm 

Supply voltage 0.7 V 0.7 V 0.7 V 0.7 V 

Total Power consumption 15.02696µW 126.53128 µW 18.94745 µW 21.66614nW 

Total Current drawn 21.46708µA 180.75897 µA 27.06779 µA 30.95163nA 

 

 

Table 6 shows the variations in the power consumptions for all four schematics when the 

temperature is varied from -35ᵒ to +80ᵒ Celsius. 

 

 

Table 6. Percentage variation Power consumption (PC) with temperature 
 Regenerative 

comparator 

Regenerative comparator 

with pseudo NMOS 

Regenerative comparator 

with CVSL 

Regenerative comparator 

with power gating 

Temperature -35ᵒ to +80ᵒ -35ᵒ to +80ᵒ -35ᵒ to +80ᵒ -35ᵒ to +80ᵒ 

Leakage PC 83.39 to 237.27 52.63 to 89.93 45957.2 to 87.27 85.02 to 255.65 

Static PC 5.37 to 2.51 18.40 to 12.55 46.79 to 60.57 58.80 to 114.76 

Dynamic PC 70.19 to 74.16 132.75 to 845.24 1.79 to 99.95 149247 to 3900 

Total PC 10.10 to 3.08 22.87 to 221.69 3.17 to 95.02 60.11 to 114.72 

 

 

4. COMPARISON 

In order to compare simulation results four more comparator structures are again simulated in 90nm 

CMOS technology. These four structures are dynamic comparator (conventional) [24], dynamic comparator 

(double tail) [24], dynamic comparator (modified double tail) [24], comparator with two cross-coupled 

inverters [25]. Results that are obtained after simulation along with four recent comparator structures [26] 

[27]-[29] which are also included for comparison are shown in Table 7. Regenerative comparator (Power 

gating) shows optimum results in comparison. 
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Table 7. Comparison of results at 25ᵒ Celsius 
 No. of 

MOSFETS 

Channel 

Length 

Channel 

Width 

Supply 

voltage 

Total Power 

consumption 

Dynamic Comparator (Conventional) [24] 09 90 nm 1 µm 0.7 V 02.77 nW 

Dynamic Comparator (Double Tail) [24] 14 90 nm 1 µm 0.7 V 10.60 nW 

Dynamic Comparator (Modified Double Tail) [24] 18 90 nm 1 µm 0.7 V 14.19 nW 

Comparator with two cross-coupled inverters [25] 15 90 nm 1 µm 0.7 V 13.84 µW 

[26] 14 90 nm - 1.0 V 82.00 µW 

[27] - 40 nm - 0.6 V 01.50 µW 

[28] 16 180 nm - 1.6 V 17.00 µW 

[29] 06 65 nm - 1.2 V 755.00 µW 

Regenerative comparator [13] 27 90 nm 1 µm 0.7 V 15.02 µW 

Regenerative comparator with power gating 31 90 nm 1 µm 0.7 V 21.66 nW 

 

 

So, by comparing on the basis of power consumption with its variation with channel width, supply 

voltage & temperatures it is clearly observed that regenerative comparator with power gating show good 

performance with respect to others. 

 

 

5. CONCLUSION 

Three different power reduction techniques are implemented on regenerative comparator circuits. 

Out of these three techniques power gating technique shows substantial decrease in total power consumption 

along with the reduction in leakage current. Total power consumption of 15.026 µW reduced to 21.666 nW 

for regenerative comparator with power gating technique which certainly improves its performance. Four 

conventional & four recent comparator structures are compared with regenerative comparator (power gating). 

Hence it is observed that the regenerative comparator with power gating technique shows optimum power 

consumption with high speed of operation due to regenerative latch at its end. This definitely will increase its 

applicabilties in high speed and low power UDSM data converter circuits designs. 
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