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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. 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 circuit is simulated with 1V DC supply voltage and 250 MHz clock 

frequency. 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.  Previous reported comparators are designed and simulated their DC 

response and Transient response in Cadence® Virtuoso Analog Design Environment 

using GPDK 90nm technology. Layouts of the proposed comparator have been done in 

Cadence® Virtuoso Layout XL Design Environment. DRC and LVS has been checked 

and compared with the corresponding circuits and RC extracted diagram has been 

generated. After that post layout simulation with 1V supply voltage has been done and 

compared the speed, power dissipation, Area, delay with the results before layout and the 

superior features of the proposed comparator are established. 
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1.1. BASICS OF CMOS COMPARATOR: 
Comparators are most probably second most widely used electronic components 

after operational amplifiers in this world. Comparators are known as 1-bit analog-to-

digital converter and for that reason they are mostly used in large abundance in A/D 

converter. . In the analog-to-digital conversion process, it is necessary to first sample the 

input. This sampled signal is then applied to a combination of comparators to determine 

the digital equivalent of the analog signal. The conversion speed of comparator is 

limited by the decision making response time of the comparator. Apart from that, 

comparators are also can be found in many other applications like zero-crossing 

detectors, peak detectors, switching power regulators, BLDC operating motors, data 

transmission, and others. The basic functionality of a CMOS comparator is used to 

find out whether a signal is greater or smaller than zero or to compare an input signal 

with a reference signal and outputs a binary signal based on comparison.  The 

schematic symbol and basic operation of a voltage comparator are shown in fig1.1, 

this comparator can be thought of as a decision making circuit.  

1.1.1 Definition: 
The comparator is a circuit that compares an analog signal (voltage) with another analog 

voltage or reference voltage and outputs a binary signal based on the comparison.  

 

Figure 1.1 (a): Schematic of Comparator 
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Figure 1.1 (b): Ideal voltage transfer characteristic of comparator. 

 

Figure 1.1(a) shows the schematic symbol of the comparator and 1.1 (b) shows its 

ideal transfer characteristics. VP is the input voltage (Pulse voltage) applied to the 

positive input terminal of comparator and Vn is the reference voltage (constant DC 

voltage) applied to the negative terminal of comparator. Now if Vp , the input of the 

comparator is at a greater potential than the Vn, the reference voltage, then the output 

of the comparator is a logic 1, where as if the Vp is at a potential less than the Vn , the 

output of the comparator is at logic 0. 

If Vp > Vn , then Vo= logic 1. 

If Vp < Vn , then Vo= logic 0. 

What is meant here by an analog signal is one that can have any of a 

continuum of amplitude values at a given point in time .In the strictest sense a binary 

signal can have only one of two given values 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 important for the comparator to pass quickly through 

the transition region of the analog signal.  The presentation on comparators will first 

examine the requirements and characterization of comparators. It will be seen that 

comparators can be divided into open-loop and regenerative comparators. The open-loop 

comparators are basically op amps without compensation. Regenerative comparators use 

positive feedback, similar to sense amplifiers or flip-flops, to accomplish the comparison 

of the magnitude between two signals. A third type of comparator emerges that is a 
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combination of the open-loop and regenerative comparators. This combination results in 

comparators that are extremely fast. 

1.2 Motivation: 
Nowadays high speed devices like High speed ADCs, operational amplifiers 

became of great importance. And for these high speed applications, a major thrust is 

given towards low power methodologies. Minimization in power consumption in these 

devices can be achieved by moving towards smaller feature size processes. However, as 

we move towards smaller feature size processes, the process variations and other non-

idealities will greatly affect the overall performance of the device. Now analog-to-

digital converter requires lesser power dissipation, low noise, better slew rate, high 

speed, less hysteresis, less Offset. The performance limiting blocks in such ADCs are 

typically inter-stage gain amplifiers and comparators. The power consumption,  speed 

takes major roll on performance measurement of ADCs. D y n a m i c  c o m p a r a t o r s  a r e  

b e i n g  u s e d  i n  t o d a y ’ s  A / D  c o n v e r t e r s  e x t e n s i v e l y  b e c a u s e  t hese 

comparators are high speed, consume lesser power dissipation, having zero static power 

consumption and provide full-swing digital level output voltage in shorter time duration. 

Back-to-back inverters in these dynamic comparators provide positive feedback 

mechanism which converts a smaller voltage difference in full scale digital level output. 

However, an input-referred latch offset, resulting 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 [7], [8]. This offset 

voltage can be minimized by introducing preamplifier based comparators as shown in 

Figure 1.2. 

 

Figure 1.2: Preamplifier based comparator. 
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It can amplify a small input voltage difference to a large enough voltage to overcome the 

latch offset voltage and also can reduce the kickback noise [11]. However, the pre-

amplifier based comparators suffer large static power consumption as well as from the 

reduced intrinsic gain with a reduction of the drain-to-source resistance rds due to the 

continuous technology scaling [10]. 

1.3 Thesis Organization: 
This thesis provides a new dynamic comparator which shows lower power dissipation, 

better speed and least effected by noise than the conventional and existing comparators. 

The Thesis can be organized as follows. Chapter 2 provides the literature survey and 

advantages and disadvantages of the existing comparators. Chapter 3 describes the 

comparator characteristics. Chapter 4 provides analysis of the present comparators and 

compares their results. Chapter 5 introduces the proposed comparator and provides its 

analysis. Chapter 6 provides the results of the simulation and discussion about it. 

Chapter 7 discusses about conclusion and future scope of work with the proposed 

comparator. 
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LITERATURE REVIEW  



 
 

14 
 

By literature review, we find that there are various types of comparator architectures 

available in our today’s electronic world. Among these comparators, we analyzed the static 

and dynamic characteristics & advantages and disadvantages of Preamplifier Based 

Comparator i.e. comparators having a preamplifier followed by a regenerative latch stage 

which is again followed by an output buffer (which is basically a self-biased differential 

amplifier) and Fully Dynamic Latched Comparators i.e. comparators having positive 

feedback based back-to-back latch stage that determines output of the circuit. 

2.1. Preamplifier based comparator [11, 12, 14]:

 
Figure 2.1: Preamplifier based comparator. 

 

Figure 2.1 shows the preamplifier based comparator. The comparator consists of three 

stages: the input preamplifier stage, a latch stage, and an output buffer stage (it is basically 

a self-biased differential amplifier followed by an inverter which gives the digital output. 

The preamplifier stage is basically a differential amplifier with active loads [11]. The 

preamp stage (or stages) amplifies the input signal to improve the comparator sensitivity 

(i.e., increases the minimum input signal with which the comparator can make a decision) 

and isolates the input of the comparator from switching noise (often called kickback noise) 

coming from the positive feedback stage [11].  It also can reduce input referred latch offset 



 
 

15 
 

voltage. The sizes of Ml and M2 are set by considering the diff-amp transconductance and 

the input capacitance. The transconductance sets the gain of the stage, while the size of Ml 

and M2 determines the input capacitance of the comparator [11]. Here gm1= gm2.  

The positive feedback latch stage is used to determine which of the input signals is 

larger and extremely amplifies their difference [12]. It takes positive feedback from the 

cross gate connection of M8 and M9. Consider i+ >> i- so that M7 and M9 are ON and M8 

and M10 are OFF. Here also β7= β10=βa and β8= β9=βb for which vo- is ~ 0V and v0+ is 

 

If we start to increase i- and decrease i+, when drain to source voltage of M9 is equal to 

the threshold voltage, Vth of M8, switching takes place. At this point M8 takes current 

away from M7 which decreases drain to source voltage of M7 and M9 turns off. If we 

assume that maximum value of v+ or v- is equal to 2Vth, then under these circumstances 

M8 and M9 operate under cut-off or triode region under steady state conditions [11]. Then 

voltage across M9 becomes Vth and M9 enters into saturation and current of M9 is 

 

This is the point at which switching takes place; i.e. M9 shuts off and M8 turns on. If 

βa= βb , then switching takes place when the currents, i+ and i-, are equal. A similar 

analysis of increasing i+ and decreasing i- results in 

  

The output buffer, the final component of our comparator, converts the output of the 

latch stage into a full scale digital level output (logic 0 or logic 1). The output buffer 

should accept a differential input signal and not have slew-rate limitations. The circuit of 

the output buffer is basically a self-biased differential amplifier followed by an inverter. 

The inverter is added as a separate additional gain stage and isolates any load capacitance 

from differential amplifier [11].  

In summary, the preamplifier based comparator offers high speed and less offset voltage 

but has huge static power consumption. 
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2.2 Fully dynamic latch based comparators:  

2.2.1. Latch-Type voltage SA (Sense Amplifier) [1, 2]: 

 

Figure 2.2: A Latch Type Voltage Sense Amplifier [1, 2]. 

Latch type sense amplifiers are used to read the contents of the different kinds of 

memory, A/D converters, data receivers and on-chip transistors since they yield fast 

decision due to positive feedback. These are very effective comparators [3].  Figure 2.2 

shows the circuit diagram of the latch type voltage sense amplifier that uses back to back 

latch stage to generate positive feedback. This circuit was introduced by Kobayashi et al. 

in 1993 [1]. The current flow of the differential input transistors M8 and M9 controls the 

latch circuit. A small difference between currents through M8 and M9 converts to a large 

output voltage.  Extra switching transistors M10 and M11 are added to increase its 

characteristics.  These circuits are used in sense amplifier based flip-flop, current-sensed 

SRAM [2]. 
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 2.2.1.1. Operation: 

During reset phase when clk=0V, the output nodes of the comparator are reset to VDD 

through the reset transistors M10 and M11.  During evaluation phase when clk=V DD, M1 

turns ON and the input transistors M2 and M3 starts to discharge Ni node voltages to 

GND. When any of Ni node voltages falls from VDD to VDD-Vtn, NMOS transistors of the 

cross coupled inverters turn ON initiating positive feedback. Further when any of out node 

voltage drops to VDD-Vtp, PMOS transistors of the inverters turns ON and further enhances 

the positive feedback and converts a small input voltage difference to large full scale 

output. 

 2.2.1.2. Drawbacks [5]: 

 To increase the drive current of the cross-coupled latch stage, M1 has to be size up. If 

size of M1 is increased, then the drain currents of both M2 and M3 will be increased 

during the evaluation phase (clk = VDD). Because of that the Ni nodes of M2, M3 will be 

discharged from VDD to ground in a very short period because of which the the time 

duration of M2 and M3 being operated in the saturation region decreases. Hence the lower 

amplification of the input voltage difference will be made. Moreover this structure shows 

very strong dependency on speed with different common mode input voltages, it is now 

become less attractive for ADCs [5]. 

Using this SA in low-voltage deep-sub-micron CMOS technologies is difficult because 

stack of the four transistors requires large voltage headroom. And also speed and offset of 

this SA is very much dependent on the common mode voltage of the input because of 

which it is problematic to use this SA in A/D converters where wide common mode ranges 

are used [3].   

 2.2.2. Double-Tail Latch Type Voltage SA [3]: 

Figure 2.3 shows the schematic of the Double-Tail Latch type Voltage SA. Double-Tail 

derived from the fact that the comparator uses one tail for input stage and another for 

latching stage. It has less stacking and can therefore operate at lower supply voltages [3].  

Large size of the Transistor M14 enables large current at latching stage which is 

independent of common mode voltages at inputs and small size of M1 offers lower supply 

voltages resulting lower offset. 
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Figure 2.3: Double-Tail Latch Type Voltage Sense Amplifier [3]. 

 2.2.2.1. Operation: 

During rest phase (clk=0V), M4 and M5 charges to VDD which in turn charges Ni nodes 

to VDD. Hence M10 and M11 turns on and discharges output nodes to GND. During 

evaluation phase (clk=VDD), the tail current transistors M1 and M14 turns ON. On Ni 

nodes common mode voltage decreases and one input dependent differential mode voltage 

generates. M10 and M11 pass this differential mode voltage to latch stage. The inverters 

start to regenerate the voltage difference as soon as the common-mode voltage at the Di 

nodes is no longer high enough for M10 and M11 to clamp the outputs to ground [3]. M10 

and M11 also provide additional shielding between the input and output which in turn 

reduces kickback noise.  
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2.2.2.2 Disadvantages: 

clk and clkb requires high accuracy timing because the latch stage has to regenerate the 

differential input voltage coming from input stage at very limited time. Now if we replace 

the clkb with the inverter whose input is clk signal then clk has to drive heavier load in 

order to drive largest transistor M14 in a smallest possible delay. Now if clkb leads clk, 

then comparator will undergo increased power dissipation and if clkb lags clk, it results in 

increased delay means less speed of operation due to short circuit current path from M14 

to M10/M11 through M12/M13 [5]. 

2.2.3. Energy Efficient Two Stage Comparator [13]: 

 
Figure 2.4: Energy Efficient Two-Stage Comparator [13] 

 

Figure 2.4 shows the energy efficient two-stage comparator. The circuit is almost same 

as Figure.2.3 except the output latch stage. By modifying the output latch stage during 

reset phase (clk=0V and clkb=VDD), the drain diffusion capacitances of PMOS transistors 

M14 and M15 & NMOS transistors M2 and M3 is much lesser than the Ni node 

capacitances. And hence it can be operated in lesser power dissipation and higher speed 
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than the previous comparator.  But still the clocking problem was not solved since clk and 

clkb is operating in same clock signal as that was in previous comparator. 

2.2.4 Dynamic Comparator without Calibration [4]: 

 

Figure 2.5 Self-Calibrating Dynamic Comparator [4] 

Figure 2.5 shows the Self-Calibrating Dynamic Comparator. This comparator resolved 

the above said problem by replacing clkb signal with Ni nodes. But it results in increased 

delay since transistor M16/M17 use Ni node voltages as their input signal which shows a 

slow exponential decay shape and hence the current drivability of the output node 

decreases. The input referred latch offset is also reduced in this circuit due to the fact that 

output latch stage takes load from the M10/M11 and M16/M17. Maximum drive current of 

the output node also decreased to half since the supply voltage VDD has been divided into 

two transistors.  
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2.2.5 Double-Tail Dual-Rail Dynamic Latched Comparator [5, 15]: 

 

Figure 2.6: Double-Tail Dual-Rail Dynamic Comparator  

Figure 2.6 shows the schematic of the Double-Tail Dual-Rail Dynamic Comparator. 

This comparator eliminated the weakened Ni nodes by inserting an inverter between input 

and output stages. Due to inverter, weak signal of Ni node is regenerated and fed to the 

output stage. This comparator shows faster operation and lesser power dissipation than the 

previous comparators.  
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In this section we will describe both static and dynamic characteristics of comparator. 

Figure 3.1 shows the ideal characteristics of the comparator. 

3.1 Static Characteristics: 

Static characteristics comprises of gain, output high (VOH) and low states (VOL), Input 

Resolution, Offset and Noise.  

3.1.1 Gain: 
 Gain of comparator can be written as: 

 

a. First-Order Model for a Comparator: 

 

 

Figure 3.1 First-Order Model of Comparator [8]. 

 

VIH= Smallest input voltage for which the output voltage is VOH 

VIL= Largest input voltage for which the output voltage is VOL 

 

 

b. First Order Model With Input Offset Voltage and Noise: 

Figure 3.2 shows the first order model with input offset voltage and noise. 
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Figure 3.2: First order model with input offset voltage and noise. 

 

3.1.2 Resolution:  It is the input voltage change which is necessary to make output swing 
to valid binary states. 

3.1.3 Offset: Offset voltages can be classified as two types viz. (i) systematic offset and 
(ii) random offset. Offset in the Operational amplifier as well in the comparators generates 
due to input transistor mismatches (i.e. mismatches in threshold voltages and mismatches 
in transconductance parameter β=µCox W/L).  

3.1.3.1 Input Offset Current: The input offset current is the difference between the 
separate currents entering the input terminals of a balanced amplifier. 
 

3.1.3.2 Input Offset Voltage: The input offset voltage is that voltage which must be 
applied between the input terminals to balance the amplifier. 

3.1.3.3 Output Offset Voltage:  The output offset voltage is the dc voltage present at the 
output terminal when the two input terminals are grounded. 

3.1.4 Noise: Noise of a comparator is modeled as if the comparator were biased in the 
transition region. Noise leads to an uncertainty in the transition region which causes jitter.  

 

3.1.5 Input Common Mode Range (ICMR): This can be defined as the range of input 
voltage where comparator functions normally & meets all required specifications. 

3.2 Dynamic Characteristics: 

Dynamic characteristics of the comparator comprises of Propagation delay and Gain. 
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3.2.1 Propagation delay: 
 

 

 

Figure 3.3: Propagation Delay Time of Comparator. 

 

Propagation delay can be defined as at how much speed the amplifier responds with 

applied input. Simply speaking propagation delay is the delay between output and input. 

Figure 3.3 shows the propagation time delay characteristics of comparator. It can be 

calculated as:  

Propagation time delay= (Rising Propagation Delay time + 

Falling Propagation Delay Time) /2 

 

 

3.2.2 Slew Rate: 

Slew rate can be defined as the rate of change of output voltage with respect to time.  

SR= dVout/dt 

If the rate of rise or fall of a comparator becomes large, the dynamics may be limited by 
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the slew rate.Slew rate comes from the relationship, 

I=C dV/dt  

where I is the current through a capacitor and V is the voltage across it. 

If the current becomes limited, then the voltage rate becomes limited. Therefore for a 

comparator that is slew rate limited we have, 

tp = ∆T= ∆V/SR = (VOH- VOL)/ 2·SR 

where SR= slew rate of the comparator. 
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Table 1: Input Specifications 

 

Table 2: Transistor Dimensions (µm) 

 

Supply voltage (VDD) 1V

TECHNOLOGY CADENCE GPDK 90 nm

INPUT VOLTAGE RANGE  0V‐0.9V

CLOCK FREQUENCY 250 KHz

CLOCK RISE TIME 100 ps

CLOCK FALL TIME 100 ps

CLOCK DELAY 1 ns

CLOCK PULSE WIDTH 2 ns

TEMPARATURE 27 ◦C

REFERENCE VOLTAGE 0.2V‐0.7V

W L W L W L W L W L

M1 8 0.1 8 0.1 8 0.1 8 0.1 4 0.1

M2 4 0.1 4 0.1 4 0.1 4 0.1 4 0.1

M3 4 0.1 4 0.1 4 0.1 4 0.1 4 0.1

M4 X X 2 0.1 2 0.1 2 0.1 2 0.1

M5 X X 2 0.1 2 0.1 2 0.1 2 0.1

M6 X X X X 2 0.1 2 0.1 2 0.1

M7 X X X X 2 0.1 2 0.1 2 0.1

M8 2 0.1 2 0.1 2 0.1 2 0.1 1 0.1

M9 2 0.1 2 0.1 2 0.1 2 0.1 1 0.1

M10 2 0.1 4 0.1 4 0.1 2 0.1 0.5 0.1

M11 2 0.1 4 0.1 4 0.1 2 0.1 0.5 0.1

M12 2 0.1 2 0.1 2 0.1 4 0.1 0.5 0.1

M13 2 0.1 2 0.1 2 0.1 4 0.1 0.5 0.1

M14 4 0.1 4 0.1 4 0.1 4 0.1 4 0.1

M15 4 0.1 X X 4 0.1 4 0.1 4 0.1

M16 X X 0.18 0.1 4 0.1 0.18 0.1 0.18 0.1

M17 X X 0.18 0.1 4 0.1 0.18 0.1 0.18 0.1

M18 X X X X X X 0.18 0.1 0.18 0.1

M19 X X X X X X 0.18 0.1 0.18 0.1

M20 X X X X X X X X 1 0.1

M21 X X X X X X X X 1 0.1

[4] [5] PROPOSED COMP.

TRANSISTOR

[1] [3]
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In this section we will analyze the existing comparators that were discussed in literature 

review. We will compare their advantages and disadvantages in respect of their speed, 

delay, power dissipation, slew rate and offset voltage. We are using Cadence Virtuoso® 

Analog Design Environment, Virtuoso® XL Layout Editing Software for analyzing the 

circuits. 

4.1 Preamplifier Based Comparator: 

4.1.1 Circuit Diagram: 

Figure 4.1 shows the schematic (designed in Cadence) of the Preamplifier based 

comparator circuit. The supply voltage of this comparator is 1 V. Input voltage is .9 V and 

Reference voltage is .5 V. The temperature is 27◦C. The input specifications are specified 

in detail in Table 1.  

 

Figure 4.1:  Preamplifier Based Comparator. 

4.1.2 DC Analysis: 

Figure 4.2 shows the DC analysis of the preamplifier based comparator. For calculating 

DC analysis, both input and reference voltage is taken as the DC voltage source. DC 

analysis states that the above comparator works perfectly. Back-to-back NMOS transistors 

in preamplifier stage keep the PMOS transistors in the preamplifier from turning off.  
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Figure 4.2 DC Response of the preamplifier based comparator. 

 

4.1.3 Transient Analysis: 

Figure 4.3 shows the Transient response of the above circuit. For calculating transient 

response a PULSE voltage source is used as input voltage source and reference voltage 

source is a DC voltage source.  

 

Figure 4.3 Transient response of the circuit. 

 

4.1.4 Results: 

Offset Voltage: 64.35 mV 

Static Power Dissipation: 10.89 µW 
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Dynamic Power Dissipation: 72.56 µW 

Delay: .3935 nS 

Speed: 2.54 GHz 

Slew Rate: 21.23 V/nS 

4.2 Latch Type Voltage Sense Amplifier: 

4.2.1 Circuit Diagram: 

Figure 4.4 shows the Circuit Diagram (designed in Cadence) of Latch type voltage sense 

amplifier. Specifications are given in Table 1. Transistor sizes are specified in Table 2. The 

circuit comprises of a latch stage followed by buffer stage (which is nothing but a self-

biased differential amplifier followed by an inverter). 

 

Figure 4.4 Circuit Diagram of Latch Type Voltage Sense Amplifier. 

4.2.2 DC analysis: 

Figure 4.5 shows the DC analysis of the circuit. From Figure 4.5, we can say that the 

comparator is working fine. Input voltage is swept from -1V to +1V and reference voltage 

is taken as .2 V. 
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Figure 4.5 DC analysis of the circuit.  

 

4.2.3 Transient Analysis: 

Figure 4.6 shows the transient response of the circuit. From transient response we can 

conclude that output of outp( as well as outn node) node which acts as an one of the input 

of the output buffer  stage (which is mainly comprises of a self-biased differential 

amplifier followed by an inverter) is distorted by the noise present in the comparator.   

 

Figure 4.6 Transient response of the circuit. 

4.2.4 Results: 

Before Layout Simulation: 

Offset Voltage: 339.6 mV 

Dynamic Power Dissipation: 14.84 µW 

Delay: 1.247 nS 
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Speed: .802 GHz 

Slew Rate: 11.08 V/nS 

After Post Layout Simulation: 

Dynamic Power Dissipation: 16 µW 

Delay: 1.35 nS 

Speed: .735 GHz 

Slew Rate: 18.27 V/nS 

4.3 Double Tail Latch Type Voltage Sense Amplifier: 
 

 
Figure 4.7 Circuit Diagram of Double Tail Latch Type Voltage Sense Amplifier. 

4.3.1 Circuit Diagram: 

Figure 4.7 shows the Circuit Diagram (designed in Cadence) of Double tail latch type 

voltage sense amplifier. Specifications are given in Table 1. Transistor sizes are specified 

in Table 2.This circuit also comprises of latch stage followed by buffer stage. 

4.3.2 DC Analysis: 

Figure 4.8 shows the DC Analysis graph of the circuit. Input voltage is taken as 1 V and 

swept from -1V to +1V. Reference Voltage is taken as .2V. From the graph we can 
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conclude that the comparator is working fine.  

 

 

Figure 4.8 DC analysis of comparator. 

4.3.3 Transient Analysis: 

Figure 4.9 shows the transient analysis of the circuit. From this analysis we can say that 

the output of out+ node in latch stage is affected by noise and fluctuating with the clock 

transition as that was in the previous comparator. For the transient analysis we have taken 

pulse voltage source as Input stage and a dc voltage source as reference node. 
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Figure 4.9 Transient Analysis of the comparator. 

 

4.3.4 Results: 

Before Layout Simulation: 

Offset Voltage: 259.8 mV 

Dynamic Power Dissipation: 127.9 µW 

Delay: 1.745 nS 

Speed: .573 GHz 

Slew Rate: 39.85 V/nS 

After Post Layout Simulation: 

Dynamic Power Dissipation: 145.07 µW 

Delay: 2.52 nS 

Speed: .390 GHz 

Slew Rate: 2.16 V/nS 
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4.4 Dynamic Comparator without Calibration: 

4.4.1 Circuit Diagram: 
Figure 4.10 shows the Dynamic Comparator without Calibration (Designed in Cadence). 

This figure also consists of a latch followed by a output buffer stage. Specifications are 

given in Table 1. Transistor sizes are specified in Table 2. 

 

Figure 4.10 Figure of Dynamic Comparator without Calibration. 

4.4.2 DC Analysis: 

 
Figure 4.11 DC Analysis of Comparator. 

Figure 4.11 shows the DC response of the circuit. Input voltage is taken as 1 V and swept 

from -1V to +1V. Reference Voltage is taken as .4V. From the graph we can conclude that 
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the comparator is working fine. 

4.4.3 Transient Analysis: 
Figure 4.12 shows the transient analysis of the circuit. From this analysis we can say that 

the output of out+ node in latch stage is affected by noise and fluctuating with the clock 

transition as that was in the previous comparator. For the transient analysis we have taken 

pulse voltage source as Input stage and a dc voltage source as reference node. 

 
Figure 4.12 Transient Response of Comparator. 

4.4.4 Results: 

Before Layout Simulation: 

Offset Voltage: 300.1 mV 

Dynamic Power Dissipation: 105.33 µW 

Delay: .61 nS 

Speed: 1.639 GHz 

Slew Rate: 3.09 V/nS 

After Post Layout Simulation: 

Dynamic Power Dissipation: 110 µW 

Delay: 1.95 nS 

Speed: .570 GHz 

Slew Rate: 16.37 V/nS 
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4.5 Double-Tail Dual-Rail Dynamic Latched Comparator: 

4.5.1 Circuit Diagram: 

Figure 4.13 shows the schematic diagram of the Dynamic Comparator without 

Calibration (designed in Cadence). This circuit also comprises of latch stage followed by 

buffer stage. Specifications are given in Table 1. Transistor sizes are specified in Table 2. 

 

Figure 4.13 Schematic Diagram of Double-Tail Dual-Rail Dynamic Latched Comparator. 

4.5.2 DC Characteristics: 

 
Figure 4.14 DC Characteristics of the Comparator. 

 

Figure 4.14 shows the DC response of the circuit. Input voltage is taken as 1 V and 

swept from -1V to +1V. Reference Voltage is taken as .4V. From the graph we can 
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conclude that the comparator is working fine. 

4.5.3 Transient Analysis: 

Figure 4.15 shows the transient analysis of the circuit. From this analysis we can say 

that the output of out+ node in latch stage is affected by noise and fluctuating with the 

clock transition as that was in the previous comparator. For the transient analysis we have 

taken pulse voltage source as Input stage and a dc voltage source as reference node. 

 
Figure 4.15 Transient Response of the Comparator. 

 

4.5.4 Results: 
Before Layout Simulation: 

Offset Voltage: mV 

Dynamic Power Dissipation: 57.37 µW 

Delay: 1.49 nS 

Speed: .671 GHz 

Slew Rate: 10.77 V/nS 
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After Post Layout Simulation: 

Dynamic Power Dissipation: 65 µW 

Delay: 2.15 nS 

Speed: .460 GHz 

Slew Rate: 11.07 V/nS 

 

4.6 Result Summary: 
 

 

Table 3: Result Summary before layout: 

COMPARATORS 
Transistor 
Count

Offset 
Voltage 
(mV)

Power 
Dissipation 

(µW)
Delay 
(nS) 

Speed 
(GHz) 

Slew 
Rate 
(V/nS)

Preamplifier Based 
Comparator  22  64.35  83.45  0.393  2.54  21.23 

Latch Type Voltage Sense 
Amplifier  19 

339.6  
14.84  1.247  0.802  11.08 

Double Tail Latch Type 
Voltage SA  22 

259.8  
127.9  1.745  0.573  39.85 

Dynamic Comparator 
without Calibration  23 

300.1 
105.33  0.61  1.639  3.09 

Double Tail Dual Rail 
Dynamic Latched Comp.  27 

 300 
57.37  1.49  0.671  10.77 
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Table 4: Result Summary after Post Layout Simulation: 

COMPARATORS 
Power 

Dissipation 
(µW) 

Delay (nS)  Speed (GHz) 
Slew 
Rate 
(V/nS) 

Area 
(µ݉ଶሻ 

Latch Type Voltage Sense 
Amplifier 

16  1.35  0.735  18.27  349.08 

Double Tail Latch Type Voltage 
SA 

145.07  2.52  0.390  2.16  86.24 

Dynamic Comparator without 
Calibration 

110  1.95  0.510  16.37  124.23 

Double Tail Dual Rail Dynamic 
Latched Comp. 

65  2.15  0.460  11.07  110.24 

 

4.7 Conclusion: 
Preamplifier based comparators; Dynamic comparators are simulated in Cadence® 

Analog Design Environment using gpdk 90nm technology. The results are compared and 

given in Table 3 and 4. The main problem with all these comparators is the output signal of 

the latch stage is fluctuating during clock transition. This is happening due to the presence 

of noise in input terminals. Now here we have to design a circuit which removes the noise 

from the output and dissipates less power and provides high speed. Keeping these things in 

mind we have designed a new differential amplifier based comparator which is described 

in the next chapter.    
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5.1 Circuit Diagram: 

Circuit Diagram of Proposed Comparator is shown in Figure 5.1. This circuit mainly is a 

derived version of the [5]. 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 the latch stage and for which output is 

getting fluctuated with clock transition. 

 

 
Figure 5.1: Schematic of the Proposed Comparator 
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5.2 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 M17 and M19 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. 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.  

 

5.3 Analysis of Proposed Comparator:   

 

Figure 5.2 Schematic of the proposed comparator. 
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The circuit diagram drawn in Cadence® Virtuoso Analog Design Environment is shown 

in Figure 5.2. Figure 5.3 shows the DC response of the circuit. Figure 5.3 shows the 

transient response of the circuit. From transient response curve, it is confirmed that out+ 

node voltage does not get distorted during clock transition and it works fully fine. The 

supply voltage for DC analysis is taken as 1V and input is varied from -1V to +1 V. 

Reference voltage is taken as .5 V. 

 
Figure 5.3 DC response of the Proposed Comparator. 

 
Figure 5.4: Transient Response. 
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Figure 5.4 shows the transient response of the circuit. Input specifications are 

mentioned in Table 1. Table 2 shows the sizes of the transistors. From transient response it 

is evident that the output of the buffer stage and the output of the out+ node are almost 

equal which was not seen in the previous comparators either.  
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6.1 Results and Discussions: 

To compare the performance of the proposed comparators with previous works, each 

circuit was simulated in Cadence® virtuoso analog design environment. Technology used 

is gpdk 90nm technology with VDD=1V as supply voltage. The layout diagrams and RC 

extracted diagrams has given in Appendix B. Table 5 shows the result summary before 

post layout simulation. Table 6 shows the result summary after post layout simulation. 

From table 5 we can say that though proposed comparator have highest transistor count 

but it still consumes less power than [2], [3], [4], [5]. We can also say that from Table 5, 

the speed is improved with respect to [5]. from Table 6, we can say that the power 

dissipation of proposed comparator, after post layout simulation is increased by 31% but it 

is still less than [5]. After post layout simulation the speed of proposed comparator is 

decreased from 0.910 GHz to .485 GHz but is still better than that of [5].  
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Table 5:  Result summary before layout 

COMPARATORS 
Transistor 

Count 

Offset 
Voltage 

(mV) 

Power 
Dissipation 

(µW) 

Delay 
(nS) 

Speed 
(GHz) 

Slew 
Rate 

(V/nS) 

Preamplifier Based 
Comparator [11] 22 64.35 83.45 0.393 2.54 21.23 

Latch Type Voltage Sense 
Amplifier [2] 19 339.6  14.84 1.247 0.802 11.08 

Double Tail Latch Type 
Voltage SA[3] 22 259.8  127.9 1.745 0.573 39.85 

Dynamic Comparator 
without Calibration [4] 23 300.1  105.33 0.61 1.639 3.09 

Double Tail Dual Rail 
Dynamic Latched 

Comp.[5] 27  300 57.37 1.49 0.671 10.77 

Proposed Comparator 29 300  44 1.1 0.910 10.26 
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Table 6: Result Summary after Post Layout Simulation 

COMPARATORS 
Power 

Dissipation 
(µW) 

Delay (nS) Speed (GHz) 
Slew 
Rate 
(V/nS) 

Area 
(µ݉ଶሻ

Latch Type Voltage Sense 
Amplifier[2] 

16  1.35  0.735  18.27  84.28 

Double Tail Latch Type Voltage 
SA[3] 

145.07  2.52  0.390  2.16  86.24 

Dynamic Comparator without 
Calibration[4] 

110  1.95  0.510  16.37  124.23

Double Tail Dual Rail Dynamic 
Latched Comp.[5] 

65  2.15  0.460  11.07  110.24

Proposed Comparator  58.25  2.06  0.485  8.95  130.42
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Table 7:  Comparison of Results before Layout and After 

Post Layout Simulation 

 

 

 

Preform

ance 

Metrice

s 

 Latch Type 

Voltage SA 

Double Tail 

Latch Type 

Voltage SA 

Dynamic 

Comparator 

without 

Calibration 

      Double-

Tail Dual-

Rail Dynamic 

Latched 

Comparator 

Proposed 

Comparator 

Bef

ore 

Lay

out 

After 

Post 

Layout 

Simula

tion 

Bef

ore 

Lay

out 

After 

Post 

Layout 

Simula

tion 

Bef

ore 

Lay

out 

After 

Post 

Layout 

Simula

tion 

Bef

ore 

Lay

out 

After 

Post 

Layout 

Simula

tion 

Bef

ore 

Lay

out 

After 

Post 

Layout 

Simula

tion 

Power 

Dissipat

ion 

(µW) 

14.8

4 
16 

127.

9 
145.07 

105.

33 
110 

57.3

7 
65 44 58 

Delay 

(nS) 

1.24

7 
1.35 

1.74

5 
2.52 0.61 1.95 1.49 2.15 1.1 2.06 

Speed 

(GHz) 

0.80

2 
0.735 

0.57

3 
0.39 

1.63

9 
0.51 

0.67

1 
0.46 0.91 0.485 

Slew 

Rate 

(V/nS) 

11.0

8 
18.27 

39.8

5 
2.16 3.09 16.37 

10.7

7 
11.07 

10.2

6 
8.95 
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7.1 Conclusion: 

A new dynamic comparator using positive feedback w h i c h  s h o w s  b e t t e r  n o i s e  

r e s p o n s e ,  higher speed, lower power dissipation than the conventional dynamic latched 

comparators has been proposed & targeted for ADC application. The results are simulated in 

Cadence® Virtuoso Analog Design Environment with GPDK 90nm technology. 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 analyzed. After Post layout simulation the power 

dissipation of the comparator is increased by 31% and speed is decreased by 46% as 

compared to the simulation results that was achieved before layout. But still the 

comparator gives lesser power dissipation and higher speed than that of from which it 

was derived. The layouts and RC extracted files are given in Appendix A.  

 

7.2 Scope for future work: 

From simulation results, we can see that power dissipation is increased by 31% and speed is 

decreased to 46% than that of before post layout simulation, then the optimization in the circuit as 

well as the layout of the proposed comparator can be one topic. Furthermore searching of the 

suitable application can be another topic. Offset voltage after post layout simulation has not been 

analyzed. Offset voltage optimization can be another topic of interest. 
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APPENDIX A: 
CIRCUIT LAYOUTS AND 

RC EXTRACTED 
DIAGRAMS  
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Latch Type Voltage Sense Amplifier 

 Layout: 

 

 

 

RC EXTRACTED: 
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Double Tail Latch Type Voltage SA: 

Layout: 

 

 

RC Extraction: 
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Dynamic Comparator without Calibration: 

Layout: 

 

 

RC Extracted: 
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Double Tail Dual Rail Dynamic Latched Comparator: 

Layout: 

 

 

RC EXTRACTED: 
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PROPOSED COMPARATOR: 

Layout: 

 

 

RC Extracted: 
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