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Abstract: A new CMOS dynamic comparator using dual input single output differential amplifier as latch stage suitable for 
high speed analog-to-digital converters with high speed, low power dissipation and immune to noise than the previous 
reported work is proposed. As compared to the existing design layout that consists of switching flip-flops, which shows 
high delay time and more power consumption during operations. In order to avoid these problems there by minimizing 
delay time and consuming less power. Back to- back inverter in the latch stage is replaced   with dual-input single output 
differential amplifier. This topology completely removes the noise that is present in the input. The structure shows lower 
power dissipation and higher speed than the conventional comparators. The proposed topology is based on two cross 
coupled differential pairs positive feedback and switchable current sources, has a lower power dissipation, higher speed, 
less area, and it is shown to be very robust against transistor mismatch, noise immunity. Layouts of the proposed 
comparator have been done in Model-Sim Design Environment. 
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I. INTRODUCTION 
From the device mismatches such as threshold 

voltage, current factor β(=μCoxW/L) and parasitic node 
capacitance and output load capacitance mismatches, limits 
the accuracy of such comparators. 

In this paper, we present a new double-tail dual-rail 
dynamic comparator which shows lower input-voltage and 
lesser delay time than the conventional dual-rail dynamic 
comparators. The remaining sections of the paper are 
organized as follows. Section II provides the operation of the 
existing comparator and the performance comparisons with 
the previous works, section III describes the optimization of 
the proposed comparator and the conclusion is followed in 
section IV. 

II. HIGH SPEED REGENARATIVE 
         COMPARATOR 

In many high speed ADCs, such as flash ADCs, 
require high-speed, low power comparators with small 
chip area. Designing high-speed comparators is more 
challenging when the supply voltage is smaller. In other 
words, in a given technology, to achieve high speed, 
larger transistors are required to compensate the reduction 
of supply voltage, which also means that more die area 
and power is needed. 

A. Conventional Dual-Rail Dynamic Comparator 

In this system a comprehensive analysis about the 
delay of dynamic comparators has been presented for 
various architectures. Furthermore, based on the double-
tail structure proposed in  a new dynamic comparator is 
presented, which does not require boosted voltage or 
stacking of too many transistors. Merely by adding a few 
minimum-size transistors to the conventional double-tail 
dynamic comparator, latch delay time is profoundly 
reduced. This modification also results in considerable 
power savings when compared to the conventional 
dynamic comparator and 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 dual rail 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. 
 

B. Operation 

During reset phase (CLK = 0, Mtail1 and Mtail2 
are off, avoiding static power), M3 and M4 pulls both fn 
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and fp nodes to VDD, hence transistor Mc1 and Mc2 are 
cut off. Intermediate stage transistors, MR1 and MR2, 
reset both latch outputs to ground. During decision-
making phase (CLK = VDD, Mtail1, and Mtail2 are on), 
transistors M3 and M4 turn off. Furthermore, at the 
beginning of this phase, the control transistors are still off 
(since fn and fp are about VDD). Thus, fn and fp start to 
drop with different rates according to the input voltages. 
Suppose VINP > VINN, thus fn drops faster than fp, 
(since M2 provides more current than M1). As long as fn 
continues falling, the corresponding pMOS control 
transistor (Mc1 in this case) starts to turn on, pulling fp 
node back to the VDD; so another control transistor (Mc2) 
remains off, allowing fn to be discharged completely. In 
other words, unlike conventional double-tail dynamic 
comparator, in which _Vfn/fp is just a function of input 
transistor transconductance and input voltage difference  
in the proposed structure as soon as the comparator 
detects that for instance node fn discharges faster, a 
pMOS transistor (Mc1) turns on, pulling the other node fp 
back to the VDD. Therefore by the time passing, the 
difference between fn and fp (Vfn/fp) increases in an 
exponential manner, leading to the reduction of latch 
regeneration time. 
 

 
        Fig. 1 Schematic diagram of the dual-rail dynamic comparator  

      The latch stage of this dual-rail dynamic comparator is to 
increase the environmental noise during the operation and 
the voltage becomes reduced. 

C. Simulation Output 

 
 
                   Fig 2 simulation output of dynamic comparator 

The designed dynamic comparator was simulated 
using modelsim. In every clk pulse is given in the input of 
the comparator the output becomes changed respectively. 
The nmos and pmos transistors are used in the circuit so 
the operations are done respective given input. In the 
positive and negative edge the output become triggered. 

 
TABLE 1 

SUMMARY OF POWER OF THE COMPARATOR 

 
TABLE 2 

SUMMARY OF DELAY OF THE COMPARATOR 

 
 

III. PROPOSED COMPARATOR 
 
A. Dual Input Single Output Differential Amplifier 

Circuit Diagram of Proposed Comparator is 
shown in figure 3 .This circuits mainly is a derived 
version the back-to-back latch stage is replaced with 
back-to-back dual input single output differential 
amplifier. Differential amplifier has so many advantages 
over the conventional latch which nothing but an inverter. 
It has higher immunity to environmental noise. And it 
rejects common mode noise or in other words it has better 
CMRR. Another property of differential signaling is the 
increase in maximum achievable voltage swings. It also 
provides simpler biasing and higher linearity. Here our 
main purpose is to eliminating the noise that is present in 
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the latch stage and for which output is getting fluctuated 
with clock transition. 
B. Operation 

During reset phase (clk= 0V), PMOS transistor 
M4 and M5 turn on and they charge Ni node voltages to 
VDD. And Hence NMOS transistors M 17 and M 19 
turns on and discharges Ni’ nodes voltages to GND. Then 
M14, M15 and PMOS transistors of differential amplifier 
blocks M12 and M13 turns on, NMOS transistors of 
differential amplifier block M8, M9 and M6, M7 turns 
off. The out nodes are charges to VDD. During evaluation 
phase (clk= VDD), the Ni node capacitances are 
discharged from VDD to GND in a rate which is 
proportional to the input voltages. 
 

 

 
Fig 3 Schematic diagram of dual input single output differential 

amplifier 
At a certain voltage of Ni nodes, the inverter 

pairs M16/M17 and M18/M19 invert the Ni node signal 
into a regenerated signal. These regenerated signals turn 
PMOS transistors M14, M12, M13, and M15 off. And 
eventually M6, M7, M20, M21 turns on. Hence the back-
to-back differential pair again regenerates the Ni’ node 
signals and because of M6 and M7 being on, the output 
latch stage converts the small voltage difference 

transmitted from Ni’ node into a full scale digital level 
output. 

            IV. CONCLUSION 

       A new dynamic comparator using positive 
feedback which shows better noise response, higher 
speed, lower power dissipation than the conventional 
dynamic latched comparator has been proposed & 
targeted for ADC application. The results are simulated in 
model-sim. In the proposed design, the back-to-back 
inverter is replaced with dual input single output 
differential amplifier in the latched stage. Output of the 
latch stage in the proposed design is not affected by noise. 
The noise present in the input and the clock is completely 
suppressed by the differential amplifiers present in the 
output latch stage. The proposed structure shows 
significantly lower power dissipation, higher speed 
compared to the dynamic comparators present in the 
literature. The transistor count in the proposed comparator 
is higher to an extent among all the comparators analysed.  
. 
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