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Abstract - Analog to Digital Converter (ADC) is an essential building block in any portable biomedical system. 

The signals from the human body (bio signals) are analog in nature. For diagnosing any abnormalities these 

signals are need to be processed. For efficient processing these signals are to be converted to digital format. This 

is done by using ADC. But ADC consumes more power which limits the life time of portable medical devices. 

The proposed work deals with design of Successive Approximation Register (SAR) ADC for biomedical 

application. The double ended architecture is used in this paper. The 8-bit double ended DAC based SAR ADC 

has SNR of 48.4 dB, ENOB of 7.23 bits and at 10 KS/s the ADC consumes 67.8 W of power. 
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I. INTRODUCTION  

  All the real time signals including bio-

signals are analog in nature. For processing, these 

signals are needs to be converted into digital. This 

can be done using Analog to Digital Converter 

(ADC). For low frequency application namely the 

biomedical applications require ADCs with lower 

power consumption, medium resolution of 8-13 

bits, and adequate circuit complexity. There are 

different ADC architectures available with different 

kinds of features. The flash ADC can operate in 

high sampling rate but consumes more power and 

area, the sigma-delta ADC achieves high precision 

but has more circuit complexity, hence more power 

consumption, the ADC with pipelining has an 

effective bandwidth above tens-of-megahertz, and 

the SAR ADC has less circuit complexity, 

consumes less power and small area. From 

available ADC architectures SAR ADC consumes 

less power because most of the building blocks of 

the ADC is digital. Thus, suitable for low power 

applications especially in biomedical signal 

acquisition systems. In [1], for low-frequency, low-

power applications the conventional SAR-ADCs 

are not suitable. As the low supply voltage causes 

high on resistance in the switch which limits the 

input bandwidth of the ADC. This problem of the 

ADC can be solved by using the clock boosting 

technique [2], but it is not an energy efficient 

scheme. In biomedical application decreasing the 

power consumption becomes an important issue. 

[3] and [4] discusses on decreasing the power 

dissipation of digital circuit. [5] Proposes a 

different energy efficient switching scheme for the 

capacitive DAC. However, the previous approaches 

may increase the complexity of the SAR control 

logic which intern increases the power dissipation. 

Hence a 1 V 8-bit 10 KS/s double ended DAC 

based SAR ADC is presented.  

 

II. ARCHITECTURE 

   This paper focuses on lower power 

consumption of the SAR ADC for moderate 

resolution biomedical application. In the proposed 

SAR ADC only the comparator possess differential 

architecture and other blocks has single ended 

architecture. This will reduce the power 

consumption of the circuit. As shown in Fig. 1 the 

architecture of the SAR ADC consists of a passive 

Op-Amp free Sample and Hold (S/H) circuit and a 

passive Op-Amp free capacitor-based DAC are 

employed along with simple SAR control logic 

circuits. The SAR control logic reduces the 50 % of 

the power dissipation of the DAC and the 

comparator. The comparator is the only active 

circuit. Hence, the power consumption can be kept 

as low as possible. The process of the SAR ADC 

can be divided into two phases; sampling phase and 

conversion phase.  

  During the positive edge of the sampling 

clock, the sample and hold circuit of the SAR ADC 

samples the input signal. In the meantime the 

output of the ADC is made zero by applying reset 

to the SAR control logic. During negative edge of 

the sampling clock a sample is held by the 

sampling capacitor till the conversion is done.  

  During conversion phase, the MSB of the 

output code is made high and keeping all other bits 
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at low. The DAC converts the output code into a 

reference voltage which is compared with the input 

signal by the comparator. If the input signal is 

greater than the DAC output, the MSB remains at 

high. Otherwise, it is switched to low. This 

operation is repeated for the next bit. Once all the 

bits are determined the SAR outputs the digital 

code. The flow diagram of the SAR ADC is 

displayed in Fig. 2.

 

 
Fig. 1. Schematic of double ended SAR ADC 

 
Fig. 2. Flow diagram of the monotonic switching for double ended SAR ADC 

  

The switching procedure can be either upward 

(charging the capacitors) or downward (discharging 

capacitor). Discharging of the capacitors through 

NMOS transistor is faster, so downward switching 

was selected. During the sampling phase the ADC 

samples the input signal via sampling switches. 

The sampled input is held on the top plates of the 

capacitor. In the meantime, the bottom plates of the 

capacitors are connected to . During 

conversion phase the sampling the sampling 

switches will be turned off, the comparator 

compares the potential difference between two 

inputs. Based on the comparator’s response, the 

capacitor  on the higher voltage potential side is 

discharged to ground and the largest capacitor  

on other side remains unchanged. The procedure is 

repeated for all the bits till LSB is decided.  Fig. 3 

shows the timing diagram for the conventional 

switching procedure. 



International Journal of Research in Advent Technology, Special Issue, June 2018  

E-ISSN: 2321-9637 

International Conference on “Multimedia Processing, Communication and Information Technology” 

(MPCIT -2018) 

Available online at www.ijrat.org 

 

93 

 

 
Fig. 3. Timing diagram of the monotonic switching procedure  

A. Sample and Hold (S/H) Circuits 

 A passive Op-Amp free S/H circuit is used 

at the input of the SAR ADC to sample the input 

sine wave. This S/H circuit is designed using one 

MOS transistor (M1) and a sampling capacitor 

(Cs). Clock (Clk) is the sampling signal. But this 

S/H circuit suffers from clock feed-through and 

charge injection problem. To overcome this 

problem a dummy transistor (M2) is connected to 

the output terminal. The source and drain terminals 

of the M2 are shorted and connected to the output 

terminal. The gate of the dummy transistor is 

controlled by the negative clock. The Schematic of 

the S/H circuit with is displayed in Fig. 4. When 

Clock (Clk) is high the transistor M1 is turned on 

and the capacitor Cs tracks the input signal. The 

moment when the clock becomes low the capacitor 

holds the sampled value and provides a constant 

voltage to the ADC.  

 
 Fig. 4. Schematic of S/H circuit  

B. SAR Control Logic 

  The binary search algorithm is realized by 

the SAR control logic. The digital estimation of the 

input signal is drawn from the SAR control. For an 

N-bit SAR ADC the SAR control logic contains N 

registers. The schematic of the SAR control logic is 

shown in Fig. 5. During the conversion phase the 

Most Significant Bit (MSB) of the SAR output is 

made high. This output digital code is converted 

into a reference voltage (Vref/2) by the DAC. This 

reference voltage is compared with the sampled 

input signal by the comparator. If the reference 

voltage is greater than sampled input, the 

comparator outputs '0'. This causes the SAR to 

reset the bit; otherwise, the bit is left at high. The 

steps are repeated for the next bit until all the bits 

are determined. The resultant code at the output of 

the SAR control logic is the digital estimation of 

the input signal. The output waveform of the SAR 

control logic is displayed in Fig. 6. 
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Fig. 5. Schematic of binary weighted switched capacitor DAC 

 
Fig. 6. Transient response of SAR control logic 

C. Comparator Circuits 

 Comparator is the second most generally 

utilized component in electronic circuits, than Op-

Amps. It's a key building block for 

applications wherever digital info must be 

recovered from analog signal particularly in ADC. 

It's the second component of the SAR 

ADC parts during which the output of S/H circuit 

seen by the input of the comparator. 

  The circuit of the double tail dynamic 

latched comparator is depicted in Fig 7. This 

comparator is a fully differential-in and 

differential-out circuit. Its power consumption of 

the comparator is dependent to the clock signal. 

The comparator can operate at lower supply 

voltage. The comparator has stable offset. It 

consists of two ends, one at the input side and other 

for the latching. This configuration has less 

stacking.  
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Fig. 7. Schematic of Comparator circuit 

D. Binary Weighted Switched Capacitor DAC 

The proposed SAR ADC uses binary weighted 

switched capacitor DAC. The capacitor based DAC 

achieves low power dissipation. It requires small 

area. The schematic of switched capacitor array 

DAC is depicted in Fig. 8. The switches are 

realized by using one NMOS and a PMOS 

transistors to charge or discharge the capacitor. The 

switches are controlled by the output of the SAR 

control logic. The unit capacitor (C0) needs to be 

sufficiently large enough to lower the thermal 

noise. The transient response of the DAC is shown 

in Fig. 9. 

 
Fig. 8. Schematic of the capacitor array DAC 

 
Fig. 9. Transient response of the switched capacitor array DAC 
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III. RESULTS AND DISCUSSIONS 

  The double ended DAC based SAR ADC 

is implemented by integrating all components 

together under 90 nm CMOS technology. Fig. 10 

shows the schematic of 8-bit SAR ADC. The 

simulation is done for the ADC for an input signal 

with peak-peak voltage of 500 mV and signal 

frequency of 250 Hz. The biomedical signal 

acquisition system requires moderate sampling 

rate. Hence the sampling rate is set to 10 KS/s. The 

unit capacitance of the DAC is 100 fF. Fig. 11 

shows the output of the ADC. The performance 

analysis is done for the SAR ADC. Fig. 12 and Fig. 

13 shows the DNL and INL plot of the ADC. The 

paper focuses on low power SAR ADC. At 1 V 

supply voltage the power consumption of double 

ended DAC based 8-bit SAR ADC is 67.8 W. Fig. 

14 shows the SNR plot of the ADC. The SAR ADC 

has an SNR of 48.40 dB. The measured DNL and 

INL are 0.2/-0.6 LSB and 0.46/-0.21 LSB 

respectively. The ENOB of the ADC is 7.3-bits. 

Table I shows the comparison of results with the 

other work. 

 
Fig. 10. Schematic of the double ended SAR ADC 

 
Fig. 11. Output of the 8-bit double ended SAR ADC 
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Fig. 12. DNL plot 8-bit double ended SAR ADC 

 
Fig. 13. INL plot 8-bit double ended SAR ADC 

 
Fig. 14: SNR plot of the Double ended SAR ADC 

 

Table 1: Performance Analysis 

 

Specification [11] [14] Presented work 

Architecture SAR SAR SAR 
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Technology (nm) 90 90 90 

Supply Voltage (V) 1 1 1 

Sampling Rate (KS/s) 50 40 10 

Resolution (Bits) 9 9 8 

SNR 49.9 50.1 48.4 

ENOB (Bits) 7.8 8.56 7.3 

Power ( W) 700 820 67.8 

 

 

IV. CONCLUSION  

 The double ended DAC based SAR ADC is 

implemented using 90 nm technology using 

Cadence Virtuoso tool. The supply voltage of the 

ADC is 1 V and sampling rate is 10 KS/s. The 

circuits are simulated for an input sinusoidal signal 

with peak to peak voltage of 500 mV and 

frequency of 250 Hz. The reference voltage used in 

the DAC is 500 mV. The DNL and INL for 8-bit 

SAR ADC are plotted and the measured DNL and 

INL are 0.2/-0.6 and 0.46/-0.21 respectively. At 1 

V supply voltage the SAR ADC consumes 67.8 

W of power. The power is reduced by 90% 

compared to other work. This makes it suitable for 

low power application. 
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