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Implementation of 8-Bit Asynchronous SAR ADC
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Abstract: This study analyses the design of SAR ADC that is suitable for implementing in low power applications. The designed
SAR ADC minimizes the complexities associated with its design using higher frequencies by avoiding the usage of oversampled
clock. A Bootstrap circuit is designed for a sampling and holding which improves increased linearity. Another aspect of the low
power is desighing a comparator such that it does not require a pre-amplifier. Successive Approximation register (SAR) ADC is
implemented using a charge redistribution DAC. The SAR logic block generates the digital code thus reducing power
consumption in the circuits. Hence, an 8-bit SAR ADC that exhibits a maximum sampling frequency of 20MHz using 250 nm
CMOS technology is designed in S-SDIT Tanner and its working is verified through circuit level simulations.
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L. INTRODUCTION

Analog to digital converter can be understood in various ways, such as counter type ADC, Flash ADC, Dual slope ADC. Apart
of these ADCs, only SAR ADC is the one widely used for précised and accurate, medium speed conversion of Analog signal. It
uses a feedback scheme to approximate each analog sampled signal to digital equivalent value. It contains Sample and hold
circuit, Digital to Analog Converter (DAC), SAR and a voltage comparator. The accuracy of ADC is mainly depends on the
precision of DAC matching component and comparator’s ability to resolve small change difference between input and output of
DAC. The speed of ADC indirectly depends on settling time of both DAC and comparators. Speed of SAR ADC depends on the
size of ADC i.e. number of bits required to represent the output. Analog-to-digital converters (ADCs) that function at low power
levels have been widely used for various applications, such as biomedical instrumentation applications and wireless sensor
networks, for economizing energy consumption. For low-power and low-speed (below several tens of MS/s) system
applications, successive approximation register analog-to-digital converter (SAR ADC) has been a popular candidate among the
various types of ADCs because it has many advantages such as moderate resolution and speed, no static power consumption,
and a simpler structure. Moreover, with the feature sizes of CMOS devices scaled down, SAR ADCs can be operated at higher
conversion rate and lower power consumption. In the recent years, the efficiency and capability of ADCs have raised gradually
in achieving reduced power consumption leading to medium speed and high resolution. In general, ADCs are divided into four
types namely, Delta, SAR, Pipeline and Flash as shown in the Fig 1, Delta type ADCs comply with applications that require
increased resolution and operates at lower bandwidth. SAR ADCs are successful for applications that require standard resolution
and speed of sampling varying from small to moderate levels. Pipeline ADCs are used in applications that require faster speed
of sampling and increased resolution. Flash ADCs generates enormous high speed sampling with lower resolution. SAR ADCs
use the algorithms like binary search with a closed-loop system which generates a data sample following a chain of continuous
iterations producing a comparatively minimal rate of sampling than that of delta, pipeline and flash ADCs. Since low power is a
major factor in this project, the use of SAR ADC architecture does not need more comparators or opamps to be used. By this, it
reduces the power to a great extent.
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Fig 1 Different types of ADCs
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In summary, SAR ADCs reduces the schematic complexity and power which is a major concern when used in low power battery
operated biomedical applications. It only requires medium speed and medium resolution with reduced power consumption. Several
important methods and design practices for improving its efficiency have been recommended endlessly.

1. PREVIOUS WORKS
Yan Zheng et al., proposed a 13-bit 100MS/s SAR ADC. In this paper [12], a three stage comparator based inverter is implemented
to enhance the speed. Also to keep the comparator noise low as it affects the speed. In addition to it, an improved asynchronous
logic circuit with feedback is implemented to reduce the leakage current of the transistor. The proposed architecture has simple
configuration and high digital nature because of which it is energy efficient. This methodology is fabricated in SMIC 14nm CMOS
FinFET consuming 2.34mW power. The limitation in this paper is that the trade-off between noise and power in comparator is not
linear.
Sanjeev et al., proposed a single channel band pass SAR ADC architecture which can be ported into advance technologies to
improve speed and to reduce power, because of its high digital nature. The proposed architecture in this [13] work diminishes the
drawbacks and also there are 5x improvements in energy efficiency that is associated with existing Band pass SAR ADC
architecture. The off-chip implementation of Maximum Likelihood Estimation will allow us to check different noise transfer
function. It also improves the signal-to-noise ratio. The prototype of the proposed ADC is fabricated in 65nm CMOS technology
consuming 17uW power and BP-FoM of 29f)/step for 100 KHz. The temperature limit has to be 60°C to avoid damaging of plastic
components on the test-board.
The work proposed by Guanhua Wang et al., presents a 1-GS/s 3.2-mW 8-bit SAR ADC implemented in 28-nm CMOS technology
uses background-calibrated coarse and fine comparators to reduce the power consumption. The proposed SAR ADC architecture
[14] is shown below in Fig 2.1. The comparator approach here has a redundant DAC to control both the DAC settling errors and
comparator errors. In this [14] design, the 9th bit is not chosen to perform the offset calibration because the decision of the 9th bit
is very close to the DAC reset cycle and would affect the calibration accuracy and instead the 7th bit and 8th bit is used. The total
offset calibration area is 25% approximately of the total ADC area with a total offset calibration power consumption of 0.34 mW.
By using the proposed reference comparator calibration scheme, the calibration time is removed from the SAR timing budget
completely. The prototype ADC achieves the SNDR of 43.6 dB near Nyquist frequency with FOM 25.87 fJ/conversion-step.
Naveen et al. discusses a twelve bit successive ADC utilized for increased battery- life applications. A capacitor split technique is
used to enhance the complete speed of the circuit. Additionally in order to attain high sampling linear operation, the technique of
bootstrapped switching is used. The method used in [15] paper will prevail over area and large current consumption that is caused in
0.180um, 0.09um and 0.065um complementary metal oxide semiconductor technologies. Besides this, the method was executed in
0.045um CMOS technology. The proposed circuit configuration operated at 0.004667nanowatts power and 2330.6um? silicon die.
Additionally to implement this configuration, it requires more number of circuit blocks, which in turn drastically upsurges the
complexity of ADC.

1. PROPOSED METHOD
Clock | SAR —— EOC
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Fig. 2 Block diagram of SAR ADC
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SAR ADC contains a sample-hold circuit, a comparator circuit ,a SAR logic circuit and a digital to analog converter circuit as as
shown in Fig 2.The sample-hold circuit takes the voltage of a constantly changing analog signal V;, and carries its value at a steady
state for a defined short interval of time. The comparator takes both the sample-hold schematic voltage output Vs and the voltage
output generated by the DAC Vpac, for comparison. It performs N number of binary bit comparison iterations until generating a
digital value with respect to outcome of the comparison. SAR ADC uses a binary search methodology, inorder to transform analog
input waveform to digital output waveform.

The architecture "Asynchronous” denotes that all the blocks in the Fig 2, do not function with an identical constant clock signal.
Every block in the architecture generates a signal such that the following block depends on the signal to modify its current state. The
clock that is used externally activates the Clock block to start the transition operation. The Clock block genarates five clock signals.
The "Sclka" and "Sclkb™ are clock pulse signals that are used in Bootstrap Circuit for sampling. The comparator is controlled by
using the "Sarclkb™ clock signal and the SAR Logic uses the "Sarclk" and "Sclk™ signals to modify the voltage of the DAC block.
The Bootstrap block samples the input signal and begins the transition operation, where the SAR logic employs the code in the DAC
when the "Sarclk" signal becomes high.

IV.  RESULTS AND DISCUSSIONS
The implemented Bootstrap circuit in S-Edit is shown in Fig. 3 below.

Fig 3 Implemented Bootstrap Block

Fig 4: Output waveform of the Bootstrap Block
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When the clk is 0,the switches Mn2, Mp2, Mn3, Mp3 are in the holding state which are utilized to charge the offset capacitor c3 and
when the clk is 1, it maintain the voltage across the gate and the source of the Mn5.when the voltage across the gate and the source
is high, this confirms that the main switch Mn5 is fully in ON state and it is higher than the set point with the voltage of Mn5
varying. In the Sampling time, the gate terminals of Mn5 and Mp1 are binded together as the voltage of Mn5 and Mp3 are higher
than that of the supply voltage. When the Mp1 is in OFF state, its gate is binded to the circuit that is having highest voltage. Also the
switches Mp2 and Mp3 are linked to the positive terminal of the offset capacitor c3 which has the highest voltage. At the time of
holding,Mn4 secures the main switch Mn5 to shut down by causing it to go to OFF state by connecting it to the lowest voltage.
When Mn4 is in OFF state, in order to avoid high voltage across the gate and the drain .If the offset capacitor value of the c3 is high,
during the sampling stage, it strongly maintains a constant voltage. Since both Mn5 and Mp1 switches are connected in parallel the
there is no need for cross-connections as they both function as different clocks. From the waveforms of the bootstrap block in Fig. 4,
it can be understood that when the clock goes high that is *1°, the outputs “Vinpout” and “Vinnout” tracks the input and when it
goes low that is ‘0’, it holds the values. The implemented SAR Logic Block circuit is shown in the Fig. 5 below.

Fig 5: Implemented SAR Logic Block
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Fig 6: Output waveforms of the SAR Logic Block
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V. CONCLUSIONS

An asynchronous SAR ADC is designed with 8-bit resolution and supply voltage of 1V with a frequency of 20MHz using S-Edit
Tanner Tool using 270nm technology. The architecture utilizes a clock block which manages the transition operation by producing
the necessary clock signals for the entire system. In order to minimize the distortion and enhance the speed, the differential input
signal is sampled by the Bootstrap Block.

The DAC block uses charge-redistribution technique with binary weighted capacitance values in order for the comparator to
compare the input values without absorbing the power when there is no circuit activity. A strong arm regenerative latch based
comparator block attains reduced delay, minimizing the wastage of power, and low offset. By utilizing the true-single phase clock
type flip-flops, the SAR logic block minimizes the power dissipation thereby producing the digital code. Thus the achieved total
power consumption and delay are found to be promising by utilizing the improved bootstrapped switching and strongarm latch
techniques.
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