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Abstract: Nowadays, the development of the IC technologylted in a growth of digital systems. Thus,
Analog to Digital converters have become importaht important criteria of an ADC are resolutiopesd and
power. Among them, speed plays an important roleet@nabling faster and more reliable for data gssing.
This paper describes a successive approximation AT uses a charge-redistribution digital- to-agal
converter (DAC) designed to achieve a good accuawy high speed. However, conventional Successive
Approximation Register (SAR) ADC can get the finahversion result through a total of "n" time comgan to
convert "n" bits digital code from an analog. Thigakes SAR ADCs that is not affected for high speed
applications. To overcome this problem, the newortigm of SAR ADC which can reduce the number of
conversion step is proposed. This algorithm enhative speed of SAR ADC system that to be applyigh h
speed application.

Keywords: SAR, speed, ADC, accuracy, resolution.

1. Introduction

In many mixed-signal systems, Analog-to-Digital @erters (ADCs) are required for interfacing analog
signals to digital. The requirement is usually ttegrate these ADC'’s with microcontrollers or digisignals
processors .The integrated ADC'’s are required &raip in the same range of supply voltage. The itapb
thing in design an ADC is operating such a low agé supply, with high speed [1]. The ADC is desibfe
low-power, medium-quality applications. Fig.1 shothat different types of ADC. Among the data comeer
architectures, the flash is a first generic optibmses (2-1) comparators, where "n" is the number of biteTh
architecture will get too power hungry because ightcomparator number even for low resolution. Alke
pipeline architecture is not a suitable approachuftsa low-power applications. Each stage useadive gain
element whose power equals the one of many congparaltherefore, it becomes competitive for high
resolution. On the other hand sigma-delta andithe interleaved have similar limit because of thegieed or
multiple paths to increase resolution or throughfhgy use active power hungry elements [2].Howeife¢he
speed and resolution are medium the most suitddpeithm is the SAR that uses a successive apprabiam
register (SAR) to control a DAC in a feedback ladfh a single comparator.

However, modern portable and wireless applicatames diving analog-to-digital converters (ADCs) dgsi
towards higher resolution and data rates with dtiedly low power in scaled CMOS technology. Pipeld
ADCs have been facing significant challenges witthhology scaling since accurate residue ampilifioai
each pipelined stage based on op-amplifier's ptpgerequired. Successive Approximation RegisteRSADC
can benefits from the scaled CMOS because it doeseed amplifier and most of the part switchedacéprs
and comparator, are digitally operation. Chargéstedution based capacitor DAC (CDAC) is widelyedsfor
SAR ADCs because of its superior response to cgdBAC (RDAC). SAR ADC has become a main stream in



application for moderate speed and high resoluttgion due to the advantage of power and areaasfties
[3].

Conventional SAR ADCs are difficult to be appliad high-speed design; however the improvements of
technologies and design methods have allowed thkimentation of high-speed and low-power SAR ADI@s.
this situation, the new SAR algorithm is developedet higher speed of ADC by reducing steps inraverting
process. In this paper, the proposed algorithm@g&AR ADC to get high speed and to easily be applied in
high-speed application technology.
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Fig.1 : Sampling rate versus Resolution of varialeC's types.

2. Conventional Successive Approximation Register (33 ADC

Successive approximation ADE most generally and dominantly used method oflognao digital
conversion in many of available IC's because diigh performance and low power consumption. Assshim
Fig.2, it consists of a Sample/Hold (S/H) circujtey comparator, a DAC, and a successive approxamati
register. A sample/hold circuitry is used to pamiosampling of the analog input and hold the sampkdde
while the binary search is being performed. A DAQised to convert the digital value received from $AR
into the analog value by utilizing the referencétage. The SAR is used to supply an approximatgadigignal
of input analog voltage to the DAC. The drawbackii$ approach is that it consumes high power akdst
longer time due to separate S/H circuit [4].
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Fig .2: Block Diagram of Conventional SAR ADC Moeul

2.1. Conventional Successive Approximation Algorithm

Successive approximation ADC uses binary seardrittigh to perform the conversion from analog signal
to digital signal. Here, it is presented the wogkjrinciple of successive approximation ADC. Thepsiby step
process of this conversion algorithm using binagreh is described below [5].



« Initially, DAC input set to midscale (MSB = 1)

o ifVi,>Vpac, MSB remains 1

o ifVi, <Vpac, MSB setto O
« Then the next bit is set to 1 and the algorithmemeated until LSB
« Atthe end of algorithm, ADC output is the DAC iripu

Thus for "n"-bit successive approximation ADC, 'tdmparison is performed by the internal circuitfy o
ADC before the digital equivalent of the analogutgignal is obtained.

3. Proposed Successive Approximation Register (SAR) ADC

The architecture of an SAR ADC based on proposgdrigthm is shown in Fig. 3, consisting of a series
structure of a capacitive DAC, a comparator, sugugese approximation (SA) control logic, two opéaal
amplifiers and two comparators. A capacitive DAQu&ed to convert the digital value received from 8AR
into the analog value by utilizing the referencétage and input voltage. The DAC capacitor arsathe basic
structure of the SAR ADC and it serves both to dantpe input signal and as a DAC for creating and
subtracting the reference voltage. Thus, this ayste no needs external Sample and Hold circuit. $lde
control logic includes shift registers and switdlivers which control the DAC operation by perforigithe
binary-scaled feedback during the successive appation. The proposed architecture is definegs\Whac -Vin,
Vout= 0.5 LSB, \byi= V- 0.5LSB.
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Fig .3: Block Diagram of Proposed SAR ADC Module.

3.1. Proposed Successive Approximation Algorithm

The proposed algorithm is based on conventionalriieearch algorithm for getting good speed of @nal
to digital converter to use in high speed applaatuch as wireless sensor network. The speed Bf SBC
determines the time requiring by the DAC to settli¢hin %2 LSB. Depending on this fact, the proposed
algorithm is to turn out the result code beforediele counter reaches the final value. The steptéy process
of the proposed conversion algorithm using binaareh is described below:

« Initially, DAC input set to midscale (MSB = 1)
o if Vpac-Vin < 0.5LSB, stop the process



« ADC output is the DAC input
o ifVpac—Vin-0.5LSB <0, MSB remains 1
o if Vpac —Vi, -0.5LSB >0, MSB setto O
« Then the next bit is set to 1 and the algorithmejeated until Yac- Vi, < 0.5LSB

Therefore, "n"-bit successive approximation ADC,rksomparison is performed by the internal cirgudf
ADC before the digital equivalent of the analogunpignal is obtained. The main advantage of thipgsed
design is its minimization of time due to reduce ttumber of conversion steps and its low power wmpsion
due to inherent sample-and-hold operation insidecttpacitive DAC.

4. Flow Diagram of Conventional and Proposed SAR Algathm

The design of SAR control logic based on SAR atpani The flow diagram of the conventional and
proposed successive approximation algorithm is shimwFig. 4 and Fig. 5. In the conventional SAR ADC
successive approximation register (SAR) controldatgtermines each bit successively. "n" bit SARQAkes
"n" clock cycles to perform a conversion [6].
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Fig. 4: Flow Diagram of Conventional SAR Algorithm.

Firstly, a "N" register array is defined. It hasi]N[N[n], where "n" is the number of bits and "i" imimber
of count of the register. And then, set i=1, therefN[i]=1 ,N[i+1]=0, N[i+2]=0,...,N[n]=0. This meanthat
Most Significant Bit (MSB) set to 1 and other k&g to 0.

Secondly, we can test n=i?, it means "Does theenticondition reach to the Least Significant BiER)?".
If "n" is equal "i", the result is N array and seralit the result code. And then, the process ishiad.

If not, thirdly, we can test Mac and \i,, where, \bac is the voltage changes from digital to analog ¥pds
input voltage of the device. In this conditionVifac < Vin, the next bit set to "1" and the current bit reeetl".
It is N[i]=1 and N[i+1]=1. Otherwise, if Wac > Vin, the next bit set to "1" and the current bit cleatm"0". It is
N[i]=0 and N[i+1]=1. And then, the counter increagme. In this way, the process continues unttha@tend of



the least significant bit. Finally, when the teshdition reaches the least significant bit, thecpss is done and
sent out the result code of digital value. It meiduas for "n" digit private it is necessary to eMee"n" steps.
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Fig. 5: Flow Diagram of Proposed SAR Algorithm.

According to the proposed algorithm, in the secstagie, tests the operation af¢-Vi, and 0.5 LSB value,
where, \bac is the voltage changes from digital to analog ®pds input voltage of the device. Ifp\c-Vi, <
0.5 LSB, the process stops and sends out the ¢tugsult code in the N register array. This re@ilalid to
desire digital code. It means that the proposetesygan reduce the number of conversion stepshessthe
number of bits. If not, the process goes to the s&p.

In the next stage, we can tesia¥-Vi,-0.5LSB and 0. In this condition, ifd{c-Vi,-0.5LSB < 0, the next bit
set to "1" and the current bit reset to "1". IINE] =1 and N[i+1] =1. Otherwise, if Yac-Vi,-0.5LSB > 0, the
next bit set to "1" and the current bit reset t& 10is N[i] = 0 and N [i+1] =1. And then, the coter increases
one. In this way, the process is continued untiVgic-Vi, < 0.5 LSB. Finally, when the test condition is
satisfied, the process is done and sent out tl digjital value.

The number of conversion steps for proposed sySt&R ADC can be reduced less than the number of bits
(k < n) where, k is the performance conversion sfegproposed ADC and "n" is the number of bit. Thuenber
of conversion cycle is difference such as moreess lupon the various values of input voltage afeterce
voltage.

5. Methods and Results

In this section, reduction of number of cycles aaduction of percentage of average time methods are
presented. These methods are based on the proglgseithm. According to these methods, the propadse@
decreases the conversion steps when comparing dheemtional system. These methods are described
depending on the number of bit 'n'. These methoglstzown as follows:



Reduction of the number of cycle®" - (n+1)

n_
Reduction of percentage of average tin{ 2 zn(n +1) }xloo%
xn

(1)
2

According to these methods, Fig. 6 and Fig. 7 stenucing for conversion time and conversion steghef
proposed algorithm with the various numbers of. itee result of percentage of average time redusiisgown
in Table 1land Table 2. The 5-bits operation is ceduabout 16.25%, the 11-bits operation is redudsalt
9.04% and the 17-bits operation is reduced ab&®%5.based on these methods.
TABLE I: Percentage of Time Reducing for Odd Bits

No: of Bit No: of cycle Reducing % of Time Reducing
5 26 16.25

7 120 13.39

9 502 10.89

11 2036 9.04

13 8178 7.68

15 32752 6.66

17 131054 5.88

TABLE II: Percentage of Time Reducing for Even Bits

No: of Bit No: of cycle Reducing % of Time Reducing
4 11 17.19

6 57 14.84

8 247 12.06

10 1013 9.89

12 4083 8.31

16 65519 6.23

18 262125 5.56
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Fig .6: Conversion Time Reducing.
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Fig .7: Conversion Step Reducing.



6. Conclusion

Based on the proposed SAR algorithm, the new dediganccessive approximation register (SAR) ADC has
been improved. Here, the main idea of this systto ienhance the speed SAR ADC by using the propose
SAR algorithm. According to the conversion timeueidg graph, the proposed ADC decreases the cdamers
steps from 5% to 16%. In addition, the capacitiveDwith inherent Sample and Hold consumes less pawe
time and it induce less mismatch errors compared togbistive based DAC. Therefore, the conversion tifne
proposed SAR ADC can be reduced more than conveitgystem.
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