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I. INTRODUCTION 
 

ADC is widely used in electronic components that 

convert an analog signal into digital values. The 

ADCs are at the front at any of the digital circuits 

that needs to process or manipulate signals coming 

from different medias. So many ways are there to 

convert an analog signal by its weakness and 

strength. The selection of ADCs for a particular 

application is usually defined by the requirements 

you have: if we need speed, we use a fast ADC; if we 

need precision, we use an accurate ADC; if we 

constrained in space, we use a compact ADC.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Recently, SAR ADCs have attracted substantial 

research interest, thanks to their good power 

efficiency and technology scaling properties. 

However, the power efficiency of a SAR ADC, which 

uses a serial conversion algorithm, deteriorates at 

high conversion speeds (> 100 MS/s) as the 

constituent blocks are pushed against the process 

technology limit. The challenge for SAR ADC design 

is also obvious: it’s hard to achieve high resolution 

and high speed single core ADC. High resolution is 

Abstract- The signal processing is advancing day by day as its needs and in wireline/wireless 

communication technology from 2G to 4G cellular communication technology with CMOS scaling 

process. In this context the high-performance ADCs, analog to digital converters have snatched the 

attention in the field of digital signal processing. The primary emphasis is on low power approaches 

to circuits, algorithms and architectures that apply to wireless systems. Different techniques are used 

for reducing power consumption by using low power supply, Successive Approximation Register 

(SAR) ADCs are one of the most popular ADC architectures used nowadays. SAR ADCs are well suited 

to CMOS integration, as they use mostly digital components. They offer a good compromise between 

sampling rate, power, and dynamic range and area. Their performance is however limited by 

mismatch in their internal components, and their conversion speed is not very high among the 

different ADC architectures due to their iterative nature. A Proposed a technique to enhance the 

speed of low resolution SAR ADC. In capacitive DAC based SAR ADCs, the capacitance will be 

increases with resolution. As the settling time will be increases, the conversions speed decreases. The 

scheme is applied in a 14-bit SAR ADC to determine MSBs much faster before main DAC settles. The 

scheme is also applicable for improved resolution of 14-bits with unit capacitance 500fF. Thus speed 

of a SAR ADC can be improved without reducing the total capacitance in the circuit. Scheme is 

designed will be developed on LT Spice. To this end, we are proposing an improved time-efficient 

transceiver module which includes the 14-bit SAR ADC, The operating voltage of SAR-ADC is 1.2 

V0.65nm CMOS technology will be used for the implementation of the proposed solution. 
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demanding due to the acquisition  noise becomes 

much larger in the LSB conversion steps, and 

acquisition noise is not likely to be reduced using 

typical comparator architectures. Single core high 

speed is also hard to achieve due to the certain 

conversion procedure of SAR ADC, which means 

each cycle cannot be initialized until the cycles 

before it complete. These are just two basic 

problems remaining being resolved. Furthermore, 

the mismatch of capacitor array, the dissipation 

power, comparator decision precision and so many 

other problems also requires careful consideration.  

  

 
Fig 1. SAR ADC. 

 

SAR ADCs have become very popular over the last 

decade as the CMOS process technologies evolved 

because their performance significantly benefits from 

technology scaling. The quality and density of 

capacitors, as well as the switching speed of 

transistors, are improving, which helps to implement 

more efficient SAR ADCs with capacitive DACs. In this 

brief overview, we categorize SAR ADCs by their DAC 

structures, conversion-speed enhancement 

techniques, and switching techniques for higher 

energy efficiency.  

 

The most common DAC architecture in SAR ADCs is 

the binary-weighted capacitive DAC (CDAC). 

However, it has a large total capacitance of 2N·Cu, 

where N is the number of bits, and Cu is the unit 

capacitor value. This limits the sampling speed of the 

ADC, and increases the required area on the chip as 

the resolution increases. However, this architecture 

has very good device matching characteristics, which 

results in high linearity. Another type of SAR ADC has 

a split-capacitor architecture (segmented DAC), 

which uses two split capacitor banks connected by 

an attenuation (bridge) capacitor between them  A 

SAR ADC with a C-2C ladder DAC is an alternative 

technique [5].  

 

These two latter architectures have the advantage of 

reducing the total capacitance in comparison to the 

conventional binary-weighted CDAC counterpart. 

However, they are more sensitive to parasitic 

capacitances, causing considerable nonlinearity 

errors. In general, they require calibration because of 

such errors. Most of the state-of-the-art SAR ADCs 

contain binary-weighted CDACs because achieving 

higher sampling rates with a small area is possible 

with these CDACs in modern short-channel 

technologies, which often necessitates the use of 

very small custom-designed capacitors (≤1fF) 

Resistive DACs can be used in SAR ADCs. However, 

their problems are the static power consumption and 

the need for a separate S/H. Nonetheless, a few 

high-speed state-of-the-art SAR ADCs contain 

resistive DACs [5] instead of capacitive DACs.  

 

In [3], a hybrid resistive-capacitive SAR architecture 

has been reported to save area on the chip because 

the total capacitance is significantly reduced. 

However, there is a tradeoff between area and 

linearity due to the higher mismatches of resistors in 

comparison to capacitors. For an N-bit synchronous 

SAR ADC with a conversion rate of fs, an internal 

clock with a frequency of (N + 1)·fs is required.  

 

Therefore, the comparator must operate with such a 

high-speed clock. For every output bit, the 

comparator decision and DAC settling must be 

completed in one clock cycle. Thus, (N + 1) clock 

cycles are required to perform one complete 

conversion, limiting the overall speed of synchronous 

SAR ADCs Several techniques have been proposed to 

improve the speed of SAR ADCs. An asynchronous 

SAR algorithm has been introduced in [74], where 

the triggering of the internal comparisons from MSB 

to LSB occurs by a ripple-like procedure. Hence, the 

quantization time allocated to each bit is no longer 

limited by the slowest conversion bit, but rather is 

affected by the average conversion time, leading to 

speed enhancement in comparison to synchronous 

architectures. 

 

II. LITERATURE SURVEY 
 

There are many types of transceiver modules 

implemented in mobile devices. These devices always 

include ADC block in their motherboard circuitry for 

the digital transmission. In such a module, the 

compatibility considerations concerning transceiver 

and ADC always unattended by the scientists. We are 



 Shiju Koshy. International Journal of Science, Engineering and Technology, 2020, 8:5  

Page 3 of 9 

 

International Journal of Science, 
Engineering and Technology 

An Open Access Journal 

proposing the compatible RF transceiver and SAR-

ADC on the one Printed Circuit Board (PCB).  In SAR-

ADC, the power consumption and energy efficiency 

depend on its four significant blocks, which includes; 

Bootstrap switch, Comparator, DAC switching system 

including switch buffers, and SAR-control logic.  Due 

to power-hungry mobile/wireless devices, the Power 

Voltage and Temperature (PVT) factor need to be 

considered seriously for the smooth working of 

5G/LTE applications as in [3]. The authors M.A. 

Montazerolghaem et. Al propose a digital 

background calibration technique with LMS 

algorithm to righteous the capacitor mismatch and 

error gains in which the conversion time is 

significantly reduced as compared to the same LMS 

techniques used in the other publication in the year 

2014 by B. Zenali. The technique was simulated on 

12-bit 100MS/s spilt pipelined ADC [4]. Another work 

attained shorter calibration times for split pipelined 

ADC and handled the non-orthogonality’s of 

calibration loop. Using the calibration technique, the 

power dissipation in the residue amplifier was proved 

to be 60 % efficient and was estimated to be 192 

mW with the SFDR and SNDR improvements [5] 

 

In 2003, high speed 12-bits pipe-lined ADCs is 

presented for low power digital signal processing 

system in which the precision amplifiers are 

employed to cancel nonlinearities due to efficient 

simple power open-loop stages[6].In this, power 

reduction is done by the cancellation of non- 

linearities [16].  

 

In this, the author has introduced a “split ADC” 

architecture running continuous digital background 

calibration technique in which the both ADCs used 

converts the same signal and after calibration, the 

outputs of both ADCs must be same and their 

difference produces null. In this, the algorithmic 

converter is realized as spilt ADC with 1000 

conversions in self calibration. This consumes power 

of 1.5 milliwatts having die size of 1.2mm X 1.4 mm 

[7].  

 

The authors L. Dorrer & F. Kuttner in 2005 explained 

that the low power is achieved by using three 

comparators in tracking ADC. The loop stability was 

increased and improved and also reduced the loop 

delay time. It is proven that the ADC is consuming 

power of 3 milliwatts with 1.5 – V supply at clock 

frequency of 104MHz. It is also proven that this 

design is consuming less power than that of the 

conventional start-of-the-art continuous time [8].  

 

Also, A Zandieh et, al. presented a TI-ADC 

(timeinterleaved Analog to digital converter) 

achieving more bandwidth and highest sampling rate 

with a 5-bit resolution using a comparator of low 

power and latch along with track and hold amplifiers 

[9].  

 

In this, the author has presented a 12-bit pipelined 

ADC and proposed a digital background calibration 

technology to improve its performance in cancelling 

the errors like capacitor mismatch, errors in gain and 

nonlinearities produced, on 90nm CMOS technology 

[10].  

 

One more related article proposing SAR assisted 

digital slope ADC, had brought the leads of both SAR 

and digital slope ADCs in a hybrid ADC. The 

prototype of hybrid ADCs was fabricated on 28nm 

CMOS technology resulting into very less power of 

0.35mW and occupying less area of 66μm x 71μm 

[21], the micrograph chip of the same prototype 

zoomed in view of ADC core [11] 

  

A flash ADC is presented to improve chip area and 

performance speed with high resolution by 

employing multi segment encoder with MOS current 

mode logic (MCML) in the article [12].  

 

In this article the novel structure maintains the 

simplicity of the encoder structure by using two 

segment encoders and a smaller number of 

multiplexers [22]. Another discussion on case study 

of pipelined ADC presented in the same year in 

which a vigorous calibration technique of 

multivalued ADC using the integral INL based 

calibration is obtained [13]. 

  

The paper [14] presented extended counting ADC 

without calibration to be applied in CMOS image 

sensors. In the same year a digitally assisted offset 

calibration technique is proposed by the authors for 

high speed open loop residual amplifier to achieve 

correct operation of 10-bit ADC and SNDR pf 22.5dB 

and SFDR of 11dB for 13-bit pipeline ADC [15]. 

  

In this, the power consumption was lowered by using 

a tracking ADC in which three comparators are 

exercised for wireless applications. The loop stability 

was increased and improved and also reduced the 
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loop delay time. It is proven that; the ADC is 

consuming 3mW from a 1.5 – V supply when it is 

clocked at 104MHz. it is also proven that this design 

is consuming less than that of the conventional start-

of-the-art continuous time [16].  

 

In this, simple power efficient open–loop stages are 

replaced in the place of precision amplifiers as 

precision amplifiers dominate the power dissipation 

in most high–speed pipe-lined ADCs. In this, power 

reduction is done by combining digital domain 

estimation and cancellation of non-linearities with 

simple power efficient open-loop stages. This can be 

used for efficient low power digital signal processing 

[17]. 

  

KB Vaibhav et al., presented a review article for high 

speed ADCs with comparison of different 

architectures with low power CMOS. The article 

details Flash ADCs, pipelined ADCs, SAR ADCs [18-

20], subranging and two step ADCs, interpolating 

and folding ADCs to be suitable for the hybrid ADC 

design to perform high speed operations with the 

benefit in power values. The paper also talks about 

the hybrid ADC for applications demanding 1-GS/s 

with 6-bits resolution [21]. 

  

In 2019, the author Savitha et, al. has proposed a 

SARADC with dual split 3-sections capacitive array 

DAC for IoT systems to obtain good accuracy for 

peer communication functioning like 14-bit SAR ADC 

[22] for low cost CMOS development. The authors T 

Hung et, al. proposed split ADC with digital 

background calibration for the improvement in the 

gain and INL errors in a pipelined ADC by employing 

12-bit 400MS/s pipelined ADC [23].  

 

The presented ADC in [24] used a slew rate boosting 

technique with Class C for saving power in the 

residual amplifiers of 12-bit architecture giving good 

slew rate performance by the author Mohd Naved et, 

al. SAR ADC are researched and described for 

different applications such as Biomedical 

applications, wireless sensors, receivers, etc. for its 

high speed performance. Another type of ADC: Flash 

ADC [28,31,33] is also proposed for many 

applications such as high-speed instrumentation, 

radar, wireless sensor network, DSO, digital TVs and 

so on. Some of the articles discussed and reviewed 

the various types of ADC and different calibration 

methods for timing skews in ADCs [34-41].  

 

The SAR ADC [42-46] with pipelined ADC [47,48] 

combination is popularly in trend to get good 

performance from ADC along with CMOS scaling 

[49]. The reconfigurable ADC [50-54] are in research 

using pipelined and SAR ADCs to configure the 

resolution and sampling rate depending upon the 

requirements. SAR ADC [58-62] is an analog circuit 

whose performance gets better with CMOS scaling 

process [63- 65] and always employed for high 

speed, low power and high-resolution ADCs. The 

publication history of SAR ADC is noticeable from 

last two decades studying its performance 

enhancement [66-67]., the survey is plotted on the 

published articles based on SAR ADC till 2019 in VLIS 

and till 2020 in ISSCC, taken from the survey [68].  

The prevailing research proves that the hybrid ADCs 

[65-67] architecture is more advantageous for 

enhancement in terms of speed and for low power 

operations [68]. The hybrid ADCs [69-72] have 

different combinations and blocks as per the 

applications demand. The designers can obtain 

better performances of ADC than in a monolithic 

chip with the help of Hybrid ADCs [73-80]. 

Employing Hybrid structured ADC [91-94], different 

parameters of ADC such as sampling rate, scaling, 

resolution, calibration free and so on can be 

improved. 

 

Table 1. Comparison between various ADCs based on 

different parameters. 
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III. PROPOSED SYSTEM 
  

We are proposing a simple full duplex transceiver 

module including high accuracy SAR-ADC The main 

challenge we have faced during transmission is the 

self-interference (SI). We used phase splitter in such 

a way that the phase difference of RF transceiver 

fulfills the property of orthogonality. It is helpful to 

mitigate the SI during the transmission. Additionally, 

we proposed a Capacitive-DAC with gate driver, 

which is an essential part of the transceiver module.  

It will reduce the size of the board and make the 

processing fast as before. 

  

 
Fig 2. proposed flow chart. 

 

1. SAR -The successive-approximation analog-to-

digital converter circuit typically consists of four chief 

sub circuits: 

 A sample-and-hold circuit to acquire the input 

voltage Vin. 

 An analog voltage comparator that compares Vin 

to the output of the internal DAC and outputs the 

result of the comparison to the successive-

approximation register (SAR). 

 A successive-approximation register subcircuit 

designed to supply an approximate digital code 

of Vin to the internal DAC. 

 An internal reference DAC that, for comparison 

with Vref, supplies the comparator with an analog 

voltage equal to the digital code output of the 

SARin. 

 

The successive approximation register is initialized so 

that the most significant bit (MSB) is equal to a 

digital 1. This code is fed into the DAC, which then 

supplies the analog equivalent of this digital code 

(Vref/2) into the comparator circuit for comparison 

with the sampled input voltage. If this analog voltage 

exceeds Vin, then the comparator causes the SAR to 

reset this bit; otherwise, the bit is left as 1. Then the 

next bit is set to 1 and the same test is done, 

continuing this binary search until every bit in the 

SAR has been tested. The resulting code is the digital 

approximation of the sampled input voltage and is 

finally output by the SAR at the end of the 

conversion (EOC). 

 

Mathematically, let Vin = xVref, so x in [−1, 1] is the 

normalized input voltage. The objective is to 

approximately digitize x to an accuracy of 1/2n. The 

algorithm proceeds as follows: 

 

 Initial approximation x0 = 0. 

 ith approximation xi = xi−1 − s(xi−1 − x)/2i, 

where, s(x) is the signum function (sgn(x) = +1 for 

x ≥ 0, −1 for x < 0). It follows using mathematical 

induction that |xn − x| ≤ 1/2n. 

 As shown in the above algorithm, a SAR ADC 

requires: 

 An input voltage source Vin. 

 A reference voltage source Vref to normalize the 

input. 

 A DAC to convert the ith approximation xi to a 

voltage. 

 A comparator to perform the function s(xi − x) by 

comparing the DAC's voltage with the input 

voltage. 

 A register to store the output of the comparator 

and apply xi−1 − s(xi−1 − x)/2i. 

 

Charge-redistribution successive-   approximation 

ADC One of the most common implementations of 

the successive-approximation ADC, the charge-

redistribution successive-approximation ADC, uses a 

charge-scaling DAC. The charge-scaling DAC simply 

consists of an array of individually switched binary-

weighted capacitors. The amount of charge upon 

each capacitor in the array is used to perform the 

aforementioned binary search in conjunction with a 

comparator internal to the DAC and the successive-

approximation register. The capacitor array is 

completely discharged to the offset voltage of the 

comparator, VOS. This step provides automatic offset 

cancellation (i.e. the offset voltage represents 

nothing but dead charge, which can't be juggled by 

the capacitors). All of the capacitors within the array 

are switched to the input signal Vin. The capacitors 

now have a charge equal to their respective 

capacitance times the input voltage minus the offset 

voltage upon each of them. The capacitors are then 

switched so that this charge is applied across the 

comparator input, creating a comparator input 

voltage equal to −Vin. The actual conversion process 

proceeds. First, the MSB capacitor is switched to Vref, 
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which corresponds to the full-scale range of the ADC. 

Due to the binary-weighting of the array, the MSB 

capacitor forms a 1:1 charge divider with the rest of 

the array. Thus, the input voltage to the comparator 

is now −Vin + Vref/2. Subsequently, if Vin is greater 

than Vref/2, then the comparator outputs a digital 1 

as the MSB, otherwise it outputs a digital 0 as the 

MSB. Each capacitor is tested in the same manner 

until the comparator input voltage converges to the 

offset voltage, or at least as close as possible given 

the resolution of the DAC. Use with non-ideal analog 

circuits. 

 

When implemented as an analog circuit – where 

the value of each successive bit is not perfectly 2N 

(e.g. 1.1, 2.12, 4.05, 8.01, etc.) – a successive-

approximation approach might not output the ideal 

value because the binary search algorithm incorrectly 

removes what it believes to be half of the values the 

unknown input cannot be. Depending on the 

difference between actual and ideal performance, the 

maximal error can easily exceed several LSBs, 

especially as the error between the actual and ideal 

2N becomes large for one or more bits. Since the 

actual input is unknown, it is therefore very 

important that accuracy of the analog circuit used to 

implement a SAR ADC be very close to the ideal 2N 

values; otherwise, it cannot guarantee a best match 

search. 

 

2. DAC: The maximum settling time of the DAC is 

usually determined by its MSB settling. This is simply 

because the MSB transition represents the largest 

excursion of the DAC output. In addition, the linearity 

of the overall ADC is limited by the linearity of the 

DAC. Therefore, because of the inherent component-

matching limitations, SAR ADCs with more than 12 

bits of resolution will often require some form of 

trimming or calibration to achieve the necessary 

linearity. Although it is somewhat process-and-

design-dependent, component matching limits the 

linearity to about 12 bits in practical DAC designs. 

Many SAR ADCs use a capacitive DAC that provides 

an inherent track/hold function. Capacitive DACs 

employ the principle of charge redistribution to 

generate an analog output voltage. Because these 

types of DACs are prevalent in SAR ADCs, it is 

beneficial to discuss their operation. A capacitive 

DAC consists of an array of N capacitors with binary 

weighted values plus one "dummy LSB" capacitor 

 

3. COMPARATOR: The requirements of the 

comparator are speed and accuracy. Comparator 

offset does not affect overall linearity as it appears as 

an offset in the overall transfer characteristic. In 

addition, offset-cancellation techniques are usually 

applied to reduce the comparator offset. Noise, 

however, is a concern, and the comparator is usually 

designed to have input-referred noise less than 1 

LSB. Additionally, the comparator needs to resolve 

voltages within the accuracy of the overall system.It 

needs to be as accurate as the overall system. 

 

IV. CONCLUSION 
 

The analysis and trend prove the frequent employed 

of SAR ADC due its highly efficient with high speed 

performance and prominent scaling process. The 

features and limitations of various techniques are 

summarized and compared. The survey proposes to 

use Hybrid ADC using SAR pipelined ADC. The 

ultimate design of the proposed RF transceiver 

module includes the key methods for ultra-low 

power and energy efficient transmission.  The 

miniaturized RF transceiver and fast processing of 

the SAR-ADC make our solution more prominent 

among the existing work.  65nm CMOS technology 

utilized for the implementation of the proposed 

solution.  The maximum output power is 5dBm with 

the minimum 1.2V input voltage.  
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