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Abstract 

In this paper, a low-power method for double-tail comparators is introduced. Using the proposed method, 
the power consumption of the pre-amplifier which is the dominant part is reduced considerably. Thanks to 
this method, the pre-amplifier is not able to draw more than required amount of power, therefore, the 
power is saved. Post layout and corner simulation results show the power consumption is reduced by 
about 40%. Moreover, several Monte-Carlo (M) simulations suggest the proposed method results in about 
20% offset reduction at the cost of 5% area and 10% speed degradation.  

Keywords: Dynamic Comparators; Low-power; Pre-amplifier;  

 

Introduction: 

these days, there are lots of battery-powered applications such as hand held devices, wearable electronics, 
and portable medical devices. In order to increase the battery lifetime, it is essential to reduce power 
consumption as much as possible. Comparators are essential parts of many mixed-mode circuits such as 
Analog to Digital Converters (ADC) as described in [1-3]. Therefore, the power consumption of 
comparators has a significant effect on the total power consumption [4-6]. Researchers have proposed 
several circuits and techniques to reduce the power consumption of the comparators [7]; some of the 
recent works are presented as follows. 

In [8], a low-power low-offset comparator is presented. In that comparator, the pre-amplifier current tail 
is replaced with a positive feedback half latch circuit which considerably increases the number of 
transistors and area. Also, the half latch connected to the top of the pre-amplifier generates a significant 
differential kickback noise in the input nodes of the comparator. The kickback noise mechanism and the 
reduction techniques are properly explained in [9]. In [10], a bulk-tuned offset calibration is proposed to 
reduce the offset voltage, therefore, smaller transistors can be used resulting in a lower power 
consumption for a given offset voltage. This method significantly reduces the offset voltage; however, its 
area overhead (due to calibration capacitors) is also considerable. Moreover, the calibration circuitry 
increases the design area and implementation complexities. As another example, in [11], a double tail 
comparator is proposed using a current mirror to reduce the kickback noise and increase the speed. This 
method increases the power consumption, since the pre-amplifier is kept on during the entire pre-
amplification process. The comparator reported in [12] with its special clock signals was proposed to 
reduce the power consumption although the low-power behavior is not effective for high resolution 
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applications. In fact, for a low offset voltage a big latch must charge and discharge the large parasitic 
capacitors of the large pre-amplifier input transistors causing significant power consumption and speed 
reduction. Moreover, generating special control signals requires especial circuitry which incurs area and 
power overheads. It is shown in [3] the power can be reduced by using another supply voltage for the pre-
amplifier stage while the speed performance is enhanced. However, this method sacrifices the offset 
voltage. Also, generating the second supply voltage causes more power, area, and complexity to the 
design. In [13], a structure similar to the double tail comparator is introduced which works with delayed 
clock signals to reduce the power and enhance the speed performance. This comparator suffers from a 
large kickback noise, since the input transistors are directly connected to the latch internal nodes with a 
rail-to-rail differential swing. Moreover, in order to generate the delayed clock signals additional circuitry 
is required which increases power and area. A wise control scheme of the pre-amplifier could result in 
power/offset benefits as presented in [14-16]. The methods reported in [17, 18] are some of the most 
recent low-power methods. These methods are efficient in power reduction, however, their benefit is for 
ultra low-voltage applications.  

In this paper, an efficient method is proposed to reduce the power consumption of the double tail dynamic 
comparators. Employing this method is easy and straight forward meaning that in its simplest form no 
design procedure is required. In fact, the proposed method is applied to a previously designed 
conventional comparator resulting in considerable power reduction. More than simplicity and 
effectiveness, the proposed method does not increase the kickback noise or offset voltage.  
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The Proposed Circuit 

Fig. 1 presents the conventional dynamic comparator [19, 20]. In the reset phase (��� =”1”, ������� =”0”), the 
output nodes (O1+, O1-) of the pre-amplifier are discharged to Vss while the output nodes of the latch are 
charged to Vdd. When evaluation phase starts (��� =”1”→”0”, ������� =”0” 	→”1”), the pre-amplifier 
amplifies the difference between the input signals and a small differential voltage appears at the output 
nodes of the pre-amplifier [6, 21]. When the output common mode voltage of the pre-amplifier become 
larger than the voltage threshold of the latch input NMOS transistors (Vthn) the latch starts working and 
makes a decision (creates Vdd at one side and Vss at the other side) based on its input differential signal. 
In this circuit, the pre-amplifier continues consuming power even after the comparison is made until both 
of the outputs of the pre-amplifier goes to Vdd. Therefore, in each comparison, the pre-amplifier is 
wasting energy. In fact, when the output nodes of the pre-amplifier are more that Vthn (somewhere around 
1.5 to 2 times of Vthn), the pre-amplifier strongly turns on the latch finishing the comparison, and there is 
no need to consume more energy after that.  

 

 
Fig. 1 The circuit of the conventional dynamic comparator containing a latch and a pre-amplifier proposed in [19, 20]. 

 

Fig. 2 presents the proposed method applied to the comparator of Fig. 1. The functionality of this circuit 
is the same as the comparator of Fig. 1. However, in this circuit the pre-amplifier is not able to waste a 
large amount of power. In fact, when the output voltages of the pre-amplifier go to a value close to Vdd-
|Vthp| the tail current approaches zero wasting no energy (Vthp is the threshold voltage of the PMOS 
transistors M14, M15). As discussed earlier, an output common mode voltage of 1.5 times to 2 times of 
Vthn is large enough to strongly activate the latch and finish the comparison. Assuming a nominal supply 
voltage of Vdd in a given technology, Vdd-|Vthp| is higher than 1.5×Vthn; therefore, the proposed technique 
avoids wasting power after enough guard to the edge of 1.5×Vthn. This results in an efficient and safe 
power reduction method. The proposed method can be applied to double tail comparators. When 
employing the proposed method, the supply voltage should be large enough so that Vdd-|Vthp| is 
sufficiently larger than Vthn, thus, the latch is activated strongly during the evaluation phase with no delay 
overhead. Therefore, the minimum appropriate supply voltage is about Vdd-(|Vthp|+1.5×Vthn). 
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Fig. 2 The proposed method applied on the conventional comparator. 

 

Fig. 3 presents the output voltages of the pre-amplifier of the proposed circuit compared to the 
conventional circuit presented in Fig 1. As seen, in the proposed comparator the output voltages goes 
from 0 to Vdd-|Vthp| while in the other one it goes from to 0 to Vdd. 

Vdd

thpVdd V−

2
clkT

 
Fig. 3 The voltage of the pre-amplifier outputs during the evaluation phase in the proposed and conventional comparators. 

 

Usually, especially in low offset comparators, the sizing of the pre-amplifier transistors is dominant to the 
sizing of the latch transistors. Therefore, the pre-amplifier consumes a large part of the total power 
dissipation (due to larger parasitic capacitors). As a result, reducing the power of the pre-amplifier 
noticeably reduces the total power of the comparator. The added tail transistors (M14, M15) are 
considerably smaller than the pre-amplifier input transistors (less than 10%). Therefore, their power 
overhead is negligible (due to small size and small voltage swing), and the proposed method is able to 
considerably reduce the total power consumption.  
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In the proposed circuit, it is essential that the connection from the output nodes of the pre-amplifier (O1-, 
O1+) to the tail current is done in a way that it does not add a term in the input referred offset voltage. In 
the circuit of Fig. 2, the output nodes affect the tail current which is seen as a common-mode value for the 
input transistors (M3,4). Thus, the proposed method does not affect the input referred offset voltage, 
although the output nodes of the pre-amplifier has a differential term. 

Analytical derivations 

In this section, analytical derivations of the power consumption are presented. In the proposed 
comparator, the output nodes of the pre-amplifier are charged from 0 to Vdd-|Vthp|. If the output capacitor 
of the pre-amplifier is C at each side the power consumption of the pre-amplifier (which is dominant to 
the latch) is evaluated as follows: 

��	�
� = 1
����	� ������
���. �� = 1

����	� ������ + ���. ��
��� �
!

 (1) 

Where Itail is the current of the tail transistor (M5), I1 and I2 are presented in Fig. 4, and Tclk/2 is half of the 
clock period which is allocated for the evaluation phase (the other half is for the reset phase).  

 
Fig. 4  Modeling of I1 and I2 in the circuit of the proposed pre-amplifier. 

In a capacitor, the following equation holds.  

�" = # �$��� → �" . �� = 	#. �$� (2) 

Based on (2), (1) can be written as:  
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In the comparator, the output nodes of the pre-amplifier are charged from 0 to Vdd-|Vthp|. Therefore, the 
total power consumption is evaluated as presented in (5).  
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��	�
� = 2#
����	 ���1��� − 3��4536 (5) 

The proposed derivations are independent of the linearity or operating region of the input/tail transistors, 
since the steady-state voltage variation is observed (as proved in (3)). The parasitic capacitors available at 
the pre-amplifier output nodes are mostly overlap capacitors which are almost constant during the 
operation. Therefore, (5) presents a good approximation of the pre-amplifier power consumption.   

Similar to the mentioned derivations, it can be shown the power consumption of the conventional 
comparator of Fig. 1 is equivalent to: 

��	�
� = 2#
����	 ��� × ��� =

2#
����	 ���� (6) 

As discussed earlier, in low-offset comparators, the power consumption of the latch is negligible 
compared to the power consumption of the pre-amplifier. Therefore, the percentage of the power 
reduction is calculated as follows. 

�89:;	<:�=��>8?	�%� = 100 × B1 − �5C	5	DEF��	GHEG��	G
�I = 100 × 3��453���  (7) 

Considering the average of typical values in 0.18KL CMOS technology, the power reduction is about 
36%. Using hvt transistors with a larger value of 3��453 in the proposed comparator results in about 50% 
power reduction while it reduces the speed of the comparator.  

Totally, the proposed method is able to reduce the power consumption by about 30%-50%. As a benefit 
of the proposed method, there is no need to redesign the circuit and few components are added to the 
circuit (M14,15). In fact, first the comparator (e.g., the one presented in Fig. 1) is designed, then, two 
transistors are added to the circuit as presented in Fig. 2. Therefore, without changing the initial transistor 
sizing the proposed method is applied to the conventional circuit.  

 

Simulation Results 

In this section, the simulation results of a typical comparator before and after using the proposed method 
is presented. First, the comparator proposed in Fig. 1 was designed in 0.18KL CMOS technology with 
Vdd=1.8V for an offset voltage of about 2.5mV at Vcm=Vdd/2 (Vcm=0.5(Vin+-Vin-)), a clock frequency of 
0.5GHz, and power consumption of less than 500uW. This comparator is a good candidate for a 10bit 
high speed differential ADC where LSB is about 3.5.mV. Then, the proposed method is applied to the 
comparator. In order to do so, the following sizing (shown in Fig. 5) and replacement is applied to the tail 
transistor and the rest of the comparator remains untouched.  
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Fig. 5 The sizing of the tail transistor in the proposed comparator based on the conventional comparator. 

In the designed comparator, the size of the tail transistor is about 3.7% of the total size, therefore, the 
sizing illustrated in Fig. 5 increases the area by a maximum of about 11% (4X-X=3X=3*3.7). In the 
layout section, it is shown the area overhead of the proposed method in this design is about 5% compared 
to the conventional comparator.  

It is noteworthy that after applying the proposed method, it is possible to make a refinement into the 
sizing of the other transistors for a better improvement. However, we did not do that to see how much the 
proposed method is effective in the worst case meaning when minimum design effort is made (keeping 
the rest of the comparator exactly the same).  

Fig. 6 presents the output of the pre-amplifier in the proposed and conventional comparators for different 
Vcm’s ranging from 0V to 1V with the steps of 0.1V. As expected, in the proposed circuit, the voltage goes 
to Vdd-|Vthp| while in the other circuit it goes to Vdd wasting power.  

 
Fig. 6 The output voltage of the pre-amplifier in the proposed and conventional comparators during the evaluation phase. Vcm is 

changed from 0V to 1V to create different figures. 

In the proposed comparator, the pre-amplifier output voltage goes from somewhere between 1.1V to 
1.25V. Therefore based on (7), the power reduction of the pre-amplifier is about 30%-40%. As a result, 
we expect the total power reduction to be about 35%. 

Fig. 7 presents the power consumption at 0.5GHz clock frequency versus input Vcm of the comparator. As 
seen, for different values of Vcm the power reduction is about 35%. For example, for Vcm=0V the power 
reduction is about 40% and for Vcm=0.9 the power reduction is about 33%. The average power 
consumption of the proposed and conventional comparators over the operating range of Vcm is about 
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347uW and 556uW, respectively. Therefore, the proposed method reduces the total power consumption by 
about 37%.  

 
Fig. 7 Power consumption of the proposed and conventional comparators versus input Vcm at 0.5GHz clock frequency. 

Fig. 8 presents the dynamic behavior of the comparators. In this figure, the delay of the proposed and 
conventional comparators versus input Vid and Vcm are presented. Both the figures suggests that the delay 
of the proposed and conventional comparators are comparable. The delay of the proposed comparator is 
larger, since the pre-amplifier tail current is reduced. The delay degradation is about 10%.  

 
Fig. 8 Delay versus Vcm (Vid=1mV) and versus Vid (Vcm=0.9V) of the proposed and conventional comparators. 

In recently proposed capacitive DACs of SAR ADCs such as the ones reported in [22-24], it is important 
that the comparator is able to work in the Vcm range of 0.25Vdd-0.75Vdd. The proposed method does not 
have a noticeable bad effect in the mentioned range, thus, this method is an acceptable low-power 
candidate for SAR ADCs. It is noteworthy that in some other capacitive DACs of SAR ADCs the 
required Vcm range is one point which is usually equal to 0.5*Vdd. For example, the output Vcm range of 
DACs reported in [25, 26] is 0.5*Vdd or very close to it like the method presented in [27].  

To evaluate the offset voltage, 1k-point Monte-Carlo simulations were performed for each Vcm value (e.g., 
Vcm=0.5V) in the input Vcm range of the comparator. The statistical behavior of the comparators originated 
from several Monte-Carlo simulations is depicted in Fig. 9. In this figure, the standard deviation of the 
input referred offset voltage versus input Vcm is presented. Generally, the input referred offset voltage of 
the proposed comparator is better by 20%. The proposed method reduces the tail current of the pre-
amplifier enhancing the gain so the effect of the latch on the offset voltage is reduced. This offset voltage 
reduction is achieved with the overhead of speed reduction as the results presented in Fig. 8 reveals. 
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Fig. 9 Offset voltage of the proposed and conventional comparators. Each point represents several Monte-Carlo simulations. 

 

Corner Simulations  

In this section, corner simulations are presented to confirm the effectiveness of the proposed method in 
different corners. Extreme PVT corners were considered for simulations. First, the circuit was simulated 
for slow-slow (ss) process at T=75oC, and Vdd=1.6V. The results are presented in Fig. 10(a). The delay 
of the proposed comparator is larger than the conventional comparator while still 40% power reduction is 
achieved. Next, the circuit was simulated for typical-typical (ss) process at T=25oC, and Vdd=1.8V. Also 
in this case, 36% power reduction is achieved while the speed reduction is negligible as shown in Fig. 
10(b). Finally, the comparators were simulated for fast-fast (ff) process at T=-25oC, and Vdd=2.0V as the 
results are depicted in Fig. 10(c). Again in this case, the power reduction is 38% which is a considerable 
value. In this corner, the delay of the proposed and conventional comparators are almost the same. As a 
conclusion, corner simulations show the proposed method is able to considerably reduce the power in 
different corners. The delay degradation of the proposed method is large in extreme slow corner while in 
extreme fast corner the delay is almost equal to the conventional comparator.  



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
10 Template/ Procedia Analog Integrated circuits 00 (20XX) 000–000 
 

 
Fig. 10 Corner simulations: (a) Process=ss, Temperature=75oC, and Vdd=1.6V, (b) Process=tt, Temperature=25oC, and Vdd=1.8V, 

(c) Process=ff, Temperature=25oC, and Vdd=2.0V . 

 

Layout and Post Layout Simulation 

In order to further confirm the low-power behavior of the proposed comparator, a symmetric layout was 
created then Fig. 7 simulation was repeated for the extracted circuit. Fig. 11 presents the layout and the 
schematic of the proposed and conventional comparators. The labels of the transistors have been written 
using white color on the layout image. As seen, the size of the proposed comparator is 19um by 19um and 
almost equal to the conventional comparator. The only difference is the lack of M14 and M15 in the 
layout of the conventional comparator; the area of this part (14 × 1.3	=L�) is about 5% of the total area 
of the comparators (19 × 19	=L�). Therefore, the area overhead of the proposed comparator is negligible 
compared to the total area.  
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Fig. 11 Layout structure and schematic of the proposed and conventional comparators compared to each other. The label of the 

transistors is placed on the layout image using white color. 

 

  Fig. 12 presents post layout and schematic simulation results of the power consumption 
versus input Vcm range of the comparators. 
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 Fig. 12 Post layout versus schematic simulation of the power consumption of the proposed and conventional comparators. 

Fig. 12 confirms the proposed comparator is able reduce the total power consumption. Parasitic 
components has led to about 10% and 15% increase in total power consumption of the proposed and 
conventional comparators. 

Comparison and Discussion 

Schematic simulations, analytical derivations, and post layout simulations show the proposed method is 
effective in reduction of the power consumption in different PVT corners. However, power reduction is 
achieved with some advantages and disadvantages. Table I presents a comparison between the proposed 
and conventional comparator. As discussed earlier, the current proposed method is the simplest version 
which is achieved with no design effort (explained in Fig. 5). Therefore, if this version of the proposed 
method is effective in power reduction, sizing refinement will further improves its benefits. 

Table I COMPARISON BETWEEN THE PROPOSED AND CONVENTIONAL COMPARATORS 

 Average Power 
consumption @0.5GHz 

Input referred offset 
voltage @ Vcm=0.9V 

Speed @ Vcm=0.9V Layout Area 

Conventional 556	KR 2.6 L� 1.16 STU 343 KL� 

Proposed 347 KR 2.19 L� 1.05 STU 361 KL� 

relative +37.6 % +15.8 % - 9.5 % - 5 % 

 

Based on Table I, the proposed method reduces the power by 37.6% and the input referred offset voltage 
by 15.8% while speed and area are degraded by about 10% and 5%, respectively. 
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Table II presents a comparison between the proposed and some recently proposed comparators.  

Table II COMPARISON BETWEEN THE PROPSOED AND SOME OTHER COMPARATORS 

 Average 
Power  

offset 
voltage  

Operating 
Frequency 

Vdd 
Area Technology 

Measurement 
/Simulation 

[13] 600	KR 7.78 L� − 1.2 V − 130 nm Simulation 

[10] 766	KR 0.056 L�  100 �TU 5.0 V 64000 KL� 0.5	KL Measurement 

[11] − 5.62 L� 1 STU 1.2 V − 90 nm Measurement 

[12] 51	KR 16.5 L� 0.9 STU 1 V 260 KL� 90 nm Simulation 

[28] 252	KR 5.8 L� 2.5 STU 1.2 V − 65 ?L Simulation 

[3] 420	KR 2.5 L� 0.5 STU 1.8 V 453 KL� 0.18 KL Simulation 

conventional 556	KR 2.65 L� 0.5 STU 1.8 V 343 KL� 0.18 KL Simulation 

Proposed 347	KR 2.19 L� 0.5 STU 1.8 V 361 KL�  0.18 KL Simulation 

 

As seen in Table II, the proposed method offers a low-power and a low-offset with 1.8V in 0.18Km 
technology. Also, applying the proposed method to a given double-tail comparator is simple compared to 
the other ones where a new design procedure or additional circuitry are required. As a result, the proposed 
method is an effective and easy to use way of power reduction suitable for low-offset low-power 
applications. 

Conclusion  

This paper presents a method to reduce the power consumption in dynamic comparators. The proposed 
method is easy to implement and does not require an extra design procedure. First a comparator is 
designed then the proposed method is applied to the tail transistor of the pre-amplifier using a simple 
sizing. Simulation results confirm the proposed method is able to reduce the power consumption by about 
40% and offset voltage by 20% while area is increased by 5% and speed is reduced by about 10%. 
Analytical derivations as well as PVT corner and post layout simulation validate the low-power behavior 
of the proposed method. 
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In dynamic comparators, the pre-amplifier amplifies the input differential signal to 

some extent then the latch finalizes the comparison. After some moment from the 

latch activation, the pre-amplifier is wasting power and sometimes reduces the gain 

worsening the power consumption and offset voltage. The aim of the proposed 

comparator is to overcome this issue. In low-offset comparators, the sizing of the 

input transistors of the pre-amplifier is chosen large for matching purposes so that 

the pre-amplifier consumes the dominant part of the total power consumption 

making it a good candidate to work on for low-power applications. In this paper, a 

low power method for dynamic comparators is presented using which the power 

consumption of the pre-amplifier is controlled in a proper way. Therefore, not only 

the power is saved but also the input referred offset voltage is improved.  

In the paper, analytical derivations are presented to quantify the amount of power 

saving. Simulations showed the derivations are consistent with the circuit. The 

proposed method is able to reduce the power consumption by about 30%-40% and 

the offset voltage by about 20%. Post layout simulation of the RC-CC extracted 

circuit confirms the benefits of the proposed comparator.  

The proposed method is applicable to different types of the double tail comparators. 

This method is simple yet effective in power reduction.  

 

 


