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Abstract 
 
Comparator is a key component in energy-efficient applications such as 

memory-sensing, radiofrequency identification (RFID), analog-to-digital 

converter (ADC), etc. Among different types of comparator circuits, the 

preamplifier-based design is lack of increasing the power consumption due to 
large current. Moreover, dynamic latch comparators can provide high speed, 

low offset and high resolution, which makes it highly in demand compared to 

other comparators schemes. Additionally, the circuit can reduce the power 
dissipation due to its simple latch circuitry. Therefore, the design 

optimization of the comparator is a key research area in energy efficiency. 

Among various comparator circuit existed, the Dynamic Latch Comparators 

(DLCs) are more power efficient as it removes the usage of preamplifiers. 
Another important feature in optimizing the DLC circuit is the circuit 

complexity, rapidity, resolution and low-offset voltage. A very efficient and 

robust comparator design lead the researchers to analyze various parameters 
such as propagation delay, technology, power consumption, speed and offset 

for different types of the comparator. This review paper presents the 

comparative study between several types of DLCs and the methodologies 
used in designing optimized latch comparators. Major parameters such as  
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low power and low supply voltages, propagation delay, input offset voltages 

as well as the techniques are compared among various recently published 

research works. The results and discussion among the comparison results will 
act as a design optimization guideline for future researchers especially in the 

optimization of DLCs. 

 
Keywords Dynamic Latch Comparator; ADC-DAC; low offset voltage; 

high-speed; energy efficient; design optimization. 

 

1 Introduction 
 

The word demands energy efficiency applications and by 2030 one of 

Sustainable Development Goals (SDG) is to double this improvement. 
Therefore, low power applications such as Radio Frequency Identification 

(RFID), memory circuits, analog to digital converter (ADC) currently facing 

various design challenges, which involves reducing power dissipation, 
reduced chip area and long-term reliability. The smallest variances of input 

voltages are a key component to determine the performance of ADCs. In 

fact, in any kind of analog circuits, a significant architecture is the dynamic 

latch structure [1]. The power competence of the dynamic latch comparator 
(DLC) made it the most widespread structure among all the comparator 

topologies. The speed, offset voltages, resolution and power indulgence are 

the key performance measuring features for any kind of DLCs. The growing 
demand for energy-efficient, high-speed applications like memory, data 

receivers, fast serial links, switching power regulators, RFID, memory-

sensing circuits and high-speed measurement systems actually drive the 
researchers to do research on the optimization of designing the DLC [1]-[3].  

Several types of comparators are existed such as preamplifier latch 

comparator, the latch-type voltage sense amplifiers, the double tail 

comparator, the regenerative latch comparator, multistage open-loop 
comparator, etc. [2]-[6]. All of these comparators are pushing towards low 

power, area-efficient, and high-speed design. Thus, the power efficiency of 

the DLC is recently the most selectable design for influential the presentation 
[7]. However, the optimization of circuit designing is mainly reducing the 

input dynamic range, the corresponding disparity methods, etc. [8]-[9].  

This paper presents a review of the DLC by describing the basic concept 
of the comparator, the common varieties of comparators, the relationship 

between the types of comparators and the techniques used in the optimization 

of the comparators. The review article also includes the discussion according 

to the review findings and a guide for researchers to design optimized DLC. 
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2 Material And Method 

 
From the name, it is easily understandable that a comparator mainly 

compares the input signal to the reference signal. The core circuit of a 

general comparator is shown in Figure 1. The DLC has one differential 
amplifier working as a biasing circuit and one cross-coupled regenerative 

latch to work as a load [10-11]. The general comparator circuit performed as 

1-bit ADC, where voltages act as a reference signal to output the digital 

signal. 
 

 
 

Figure 1:  Symbol of the basic comparator [10] 

 

DLC is also known as clocked comparators [12]. Normally, the 

regenerative feedback is used in DLCs meanwhile it is seldom used in non-
clocked comparators. DLCs have two stages where it initially does the 

interfacing of the input signals then pairs the end-to-end cross-coupled latch 

[13]. Each of the input connected with the output of each other. The latch 
circuit in the comparator is also known as the heart of the comparator [14]. A 

simple DLC is shown in Figure 2. Generally, the DLC uses positive feedback 

in order to change the differences of the voltage at the input to a digital signal 

level in a short period [12-13]. 
 

 
 

Figure 2: (a) Back-to-back inverter stage DLC (b) Transistor-level representation of 

DLC [12] 
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The DLC structure represents by Amico et al. is widely held because of 
its full-swing output, no consumption of the static power as well as high 

input impedance as depicted in Figure 3[15]. However, the major 

disadvantage of this comparator is the large kickback noise that eventually 
degrades the input signal. Therefore, the performance is affected too [15]. 

Another major disadvantage is the offset error caused by unbalanced charge 

residues and transistor mismatch [16]. Recently, various research works have 
been carried out that most choose the parameter such as offset and kickback 

noise and random decision errors for evaluating the performance of 

comparators [12, 17-20]. 

 

 
 

Figure 3: The conventional DLC transistor-level representation [15] 

 

The Latch type voltage sense amplifiers structures are presented by 

Amico et al. and Schinkel et al. [21]-[22]. The schematic diagram that is 

depicted in Figure 4 consists of two cross-coupled inverters. DLC that used 
latch-type SA is a good optimized design choice as this way positive 

feedback can be generated as well as low-offset voltage due to the 

differential input stages. The strong positive feedback eventually makes these 
DLCs achieving a fast decision. However, during the optimization of this 

design process, one should also remember that the decision might be 

incorrect due to noise and mismatch [23]. Research from Oklobd et al. 

designs a SA based flip-flop in 2008 [24]. That SA circuit was a major 
revolution as it was one of the rapid flip-flops in processors/VLSI 

applications [24]. However, it is noticed that in latch-type SAs, once started, 

the decision process does not recover the state its metastable point [3]. 
Hence, Metastability became an issue in designing of the optimized DLCs. 
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Figure 4: Transistor level representation of the latch-type voltage SA [3] 

 

Metastability is the latched comparator failure in reaching a decision 

within the time available due to insufficient input swings [20, 25-26]. This 

Metastability failure can be reduced by increasing the signal input to the 
latch using an amplifier. Figure 5 shows a flash A/D converter in previous 

work to optimize the Metastability errors [26]. 
 

 
(a) (b) 

Figure 5: (a) Flash A/D converter (b) Enhanced Flash A/D converter by pipeline 

comparator [26] 

 

Several authors have presented the use of a calibration technique to 

compensate circuit inaccuracy [21],[27]. However, calibration methods have 

several drawbacks. Thus, as an alternative, the design of ADC without 
calibration has been proposed as shown in Figure 6. Several comparator 

circuits that can be implemented to fulfill the non-calibration techniques such 

as second-order folded interpolated structure and algorithmic ADC using a 
capacitance ratio-independent technique [15], [21], [27]. 
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Figure 6: The double tail comparator transistor-level design [21] 

 

Ghosh et al. introduced the second-order folded interpolated structure for 

optimized DLCs. Their optimization mainly comprises of the track and holds 

circuit (T&H), input buffer, a folding comparator and a comparators string 
[28]. In this design, the kickback noise is decreased and the input transistor 

size is increased for matching improvement. The preamplifier-latched 

structure consists of an amplifier added before the decision circuit, which is a 
comparator as shown in Figure 7. The comparator works in the amplification 

stage and the regenerative (evaluation) stage while executed [10]. Research 

from Shrimali & Liberali showed that during designing the DLCs, the input-

referred offset can be reduced by using the amplification stage [29]. The 
basic operation of the circuit is that the input signal is amplified by the 

preamplifier then the signal will be fed to DLC input. Generally, the DLC 

that consist of dual cross-coupled of inverters is set in active mode by using 
the clock [30]. However, the preamplifier based DLC consumes more power 

due to its wide bandwidth amplifiers. Although in high-frequency operation 

reducing of the offset voltage is achieved by using the amplifiers [31]. 
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Figure 7: Block diagram of preamplifier based comparator [28] 

 

The offset error of the DLC is a major disadvantage as it caused to a 

mismatch. In Figure 8 the inverter buffers are inserted to differentiate the 

large load capacitance and the comparator output [22]. The offset errors are 
minimized by the inverter buffers. Pair inverter switches are used for 

switching the connection. In this design, the optimization is done by 

precisely design the latch timing signals (Lth) and the bus (CLK) signals for 
representing the link between reference and the input. 
 

 
 

Figure 8: The DLC with inverter buffer [22] 

 

A basic double-tail comparator is shown in Figure 9(a) and the improved 

of the comparator circuit is shown in Figure 9(b). Good efficiency of the 

double-tail structure that is used in low voltage application hence it enhances 
in low power and speed of the double-tail comparator [4]. These comparators 

operate in two stages that are regeneration stage and reset stage [10]. The 

delay time can be reduced by amplifying the feedback in the regeneration 
stage. The optimization process can be done by increasing the no of 

transistors instead of making a complex circuit design [4].  
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Figure 9: Transistor level representation of (a) Conventional double-tail DLC (b) 

Improved double-tail DLC [4] 

 

Likewise, the circuit improves the IO isolation and enables to operate at 
low voltages supply [22]. The ADC design has moved from design efforts to 

the calibration procedure due to the calibration technique. Thus, it 

compensates for any circuit inaccuracy. Since the calibration can be 

compensated mismatch processes, sustaining the large comparator offset. 
Eventually, this design process optimized the sized of the devices and 

consumes low power [15]. 

Conventionally, either comparators or preamp circuit is calibrated. 
Therefore, optimization of the calibration resolution as well a wide range of 

calibration is required especially for the ADC circuit. Techniques of analog 

calibration require modifications of hardware and these modifications have 

some limitations in downsizing technologies. To solve the problem, the 
digital calibration is required, whereby changing minimal analog front-end 

hardware designers can implement the calibration algorithms completely in 

the digital domain. Doing this optimization, power consumption can be 
reduced and usage of die area will be less [32, 33]. Figure 10 shows an 

example of pipeline ADC with a calibration circuit. Digital domain 

calibration techniques of a comparator are categorized into two groups as the 
foreground and the background [33]. Nakajima et al. developed a 

background calibration technique to recalibrate the comparator without 

interfering normal operation [32]. 

These calibration techniques by means of reducing high-speed low-
resolution ADC power consumption, however, this solution presents some 

disadvantages such as calibration algorithm complexity which affecting the 

increases of die size occupancy. Allocating a calibration time also increase 
the delay time and calibration circuit implementation where interruption 

frequently in normal operations for recalibration [15]. This is a serious 

drawback in term of increasing the system hardware implementation 
complexities especially in a continuous playback system [32, 34]. 
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Jung et al. designed a low-power and low-offset DLC using the latch 
load and dynamic offset cancellation technique as shown in Figure 11 [31]. 
 

 
 

Figure 10: Schematic diagram of the ADC with a calibration circuit [33] 

 

The first stage of the latch load provides the next stage optimized 
conversion gain and the produced voltage became larger. However, this 

usage of the offset cancellation technique can be responsible for the threshold 

mismatch of the input transistors in the earlier stage. 
 

 
 

Figure 11: Transistor level representation of the DLC with latch load [31] 

 

DLC design has a new approach that changes the input stage with a 

„„flipped voltage follower‟‟ (FVF) cell [35]. Figure 12 shows a predictable 
amplifier and basic FVF schematics diagram, which has been presented by 

most of the CMOS analog multiplier structures [36]. However, many of these 

design techniques cannot be optimized in the low voltage environments, 
which is nowadays a requirement in modern designs with CMOS 

technologies [37]. 
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Figure 12: Schematic diagram of the (a) Common-drain amplifier (voltage follower) 

(b) FVF [35] 

 

Several optimized versions of the FVF cell designs are depicted in Figure 
13. Most of these designs targeted for low-power and low-voltage operations. 

The FVF cell gives the compensation of class-AB operation a higher volume 

for voltage swing and the input common-mode range (ICMR). Furthermore, 

as the FVF cell contains a voltage follower, thus the low output impedance 
facilitates the design producing huge currents [7]. Voltage followers-based 

schemes have lower complex circuitries so these schemes are getting popular 

day-by-day [35]. In this review article, all the merits and demerits of these 
schemes are discussed [38]. Figure 13(a) shows the Flipped Voltage 

Follower (FVF), which must involve one source follower amplifier (negative 

feedback) with common drain circuitries. Low output resistance, large 

dipping capacity and unity gain between IO ports are the merits of FVF 
topologies. On the other hand, in the output, the shifted DC level, limited 

voltage alternation, current flow capacity and somebody effects are some 

disadvantages of this method [38]. 
 

 
Figure 13: (a) FVF [35] (b) Class-AB FVF [38] (c) Class-AB FVF [38] (d) 

Differential FVF [39, 40] and (e) Class-AB DFVF [38] 

 



                                                                                                                  
 

 

 
 

An Analysis on Optimizing the Design of Low Power Dynamic Latch 

Comparators 5637 

 

The common optimized designs for canceling the offset voltages are 
pictured in Figure 14. The design schemes are based on output-offset storage 

(OOS) and input offset storage (IOS). These methods do not introduce 

observable offset or noise and can achieve robust convergence and fast 
responses with a wide range of common-mode input [6]. By tuning the body 

voltages of the transistors, which are acted as inputs, the offset in the time 

domain can be identified and eliminates. Therefore, it can be attained better 

resolution. Moreover, it can achieve the convergence of the residual offset to 
a tradeoff between these two features to avoid the initial offset range [41]. 

Thus, it requires only a few circuitries with one clock signal to dissipate less 

power as well as decrease the delay time of the comparator. 
 

 
Figure 14: Schematic diagram of offset cancellation techniques (a) input offset 

storage (b) output offset storage [6] 

 

According to recent researches, the major limitations of the ADC circuits 

mismatches and the process variations errors. To overcome this error, a chain 
of gain stages can be added in the comparator circuit, which will, in turn, 

increase the power dissipation and large chip area. Therefore, a capacitive 

interpolation with auto zeroing can be an attractive scheme, to reduce the 

quantity of the front-end amplifiers [42-44].  
In auto zeroing methods, the comparator is used to sample the dc input 

offset voltage and cancel the offset at the time operation. In terms of 

bandwidth, the traditional auto zeroing method involves a two-step 
conversion to restrict the performance of the amplifiers [45]. Figure 15 

shows conventional amplifiers with an auto zeroing technique. 
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Figure 15: The input stage of the conventional amplifier with auto zeroing technique 

[45] 
 

The new auto zeroing scheme as shown in Figure 16 does not have capacitors 

at the ADC input, which reduces the power consumption and input loading of 

the previous receiver blocks [45]. Moreover, in this technique, only the initial 
amplification phase needs to charge non-parasitic capacitors to raise the 

bandwidth along with equal power dissipation. In this topology, the amplifier 

needed only one clock signal rather than two anti-phase clocks to settle the 

outputs. Therefore, power consumption is decreased due to relaxed 
bandwidth requirements. Conversely, a foreground calibration performance 

depends on the periodical refresh cycles at the time of dead times [45]. 
 

 
 

Figure 16: Amplification stage with the new auto zeroing technique [45] 

 

The proposed ADC has some merits compared to a typical auto zeroing 
realization, whereas this method necessitates one clock signal with one input 

switch to decrease the noise. However, this circuit needs foreground 

calibration and occupy the larger area [46-48]. The area can be optimized by 
using a smaller number of capacitors and the types of capacitors [45] [52,53]. 
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3 Results and Discussion 
 
After going through the review, the research then summarizes the findings 

and is shown in Table I. The table actually demonstrates the comparison of 

the different comparator with various parameters such as technology, voltage 

supply, power, delay, offset voltage and resolution. From the review, most of 
the design has specifically concentrated on low power, low voltage and high 

speed. Among these available dynamic latched comparators, three types are 

mostly used for the ADC. 
 

TABLE I: Performance Comparison Of Different Comparators 

References 2010 [48] 2011 [15] 2011 [49] 2012 [1] 2014 [4] 

Comparato

rs 

Latch Type 

Voltage 

Sense 

Amplifier 

DLC 

Without 

Calibration 

Preamplifier 

based Dynamic 

Comparator 

Dynamic 

Latched 

Comparator 

with inverter 

Buffer 

Double Tail 

Dynamic 

Latched 

Comparator 

Technology 0.18um 90nm 90nm 0.18um 0.18um 

Supply 

Voltage 

1.8V 1.2V 1.3V 1.8V 0.8V 

Power - 8.28mW 3.6mW 0.105mW 153uW 

Delay - - - 76 pS 294 pS 

Resolution - 5-bit 12-bit - - 

Advantages -low offset         

-fast in 
decision 

making 

-decreased 

kickback 
noise               

-improve 

matching        

-power 

saving 

-reduce power 

consumption  
-reduces the 

opamp output 

swing 

-less power 

consumption   - 
minimize the 

offset errors                          

-low PDP 

-low-power    -

increase speed 
-reduce the 

delay time 

 

 

According to Table I, it is being shown that optimization of designing the 
comparator has some tradeoffs. Therefore, the purpose and goal of the 

application need to be identified before the optimization of designing the 

comparator circuits. Also, according to Table I, it can be concluded that 

dynamic latched comparator with inverter buffer is best suitable for low 
power applications.  

Table II summarizes the calibration techniques that have been used in the 

comparator design in recently published research works. Each of the 
techniques has its own advantages and disadvantages. From Table II, it is 

shown that the power consumption for the flipped voltage follower technique 

is the lowest among all, which is only 63.5 uW. 
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TABLE II: Comparison Of Different Calibration Techniques In Comparator 

Reference 2011[7] 2011[31] 2013[50] [51] 2014[45] 

Technique Flipped Voltage 

Follower 

Latch load Offset cancellation Auto-zeroing 

Comparators Dynamic latch Dynamic latch Preamplifiers based 

Dynamic latch 

Preamplifiers 

based Dynamic 

latch 

Technology 0.18um 65nm 90nm 0.13um 

Voltage Supply 1V 1.2V - 1.2V 

Power 63.5uW - 135mW 182mW 

Propagation 

delay 

11ns - - - 

Offset Voltage 0.0476mV - <8mV - 

Resolution 12 bit - 6 bit 6 bit 

 
4 Conclusions 

 
In this review paper, the discussions are based on the recently published 

research works on the topologies, which are implemented for the various 

types of DLCs. The power consumption of different types of comparators 

and techniques are compared. In this review article, the comparative study 
describes that features of these comparators in terms of power consumption, 

speed, delay and others are crucial in circuit design. In conclusion, this 

review paper will be very useful for the designer, young researcher, and 
manufacturers who will design and improvise the current circuit and method 

for future enhancement depending on the aim of the design. 
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