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Abstract 
A Successive Approximation Register (SAR) type Analog to Digital 

Converter is one of the best type converter suited for biomedical low power 

Applications, compared to other type ADC Architectures. This paper 

presents a very low-power, voltage type successive converter designed using 

the basic current steering DAC as one of the integrated module. The 

proposed successive type converter architecture is implemented using the 

basic input module like track circuit with additional dummy transistor and a 

dual-tail dynamic latched comparator. The current steering architecture with 

the clock gated successive register controller logic using D-FF is integrated 

to form the complete converter logic. The simulation of the proposed 

converter is implemented with 90nm technology on the cadence virtuoso tool 

platform. The proposed Converter could resolve Maximum up to 8-bits, with 

total power consumption of few micro Watts. The simulation results show 

that the low power analog converter consumes 11.6μW of power from a 1V 

power supply, and has a Signal-to-Noise Ratio of 55.5dB for a 250 Hz input.  

ENOB obtained around   8.29 and differential non-linearity (DNL) of   

446μV. 
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1 Introduction 

 
Today‟s majority of the market share in terms of ADC/DAC converters 

for medium to high resolution type is the Successive type. The required 

crucial parameters to be optimized are the power, die area, high resolution; 

high accuracy. There is always a tradeoff between the optimized parameters 

which presents an advantage that SAR converter can contribute [1]. These 

advantages make the Analog converters appropriate and suitable for 

biomedical applications. The sampling rate of SAR converter range from few 

Kilo Samples per second to maximum up to few Mega samples per second, 

with the resolution normally varies between 8 to 16 bits. 

The main objective of the proposed work is to design and test a 8-bit 

ADC with clock gating circuit optimized for low power. The single ended 

current steering DAC architecture is used to implement the Successive 

converter as shown in fig (1). Track and hold circuit, Comparator, 8-bit 

successive register, 8-bit digital to analog converter form  the basic essential 

building blocks of the converter and is as shown in fig(1) .Due to the high 

frequency operation of the clock, the dynamic power consumption plays an 

important role in power dissipation which is taken into account as the crucial 

power and part of  total power  of the proposed converter[2], the next crucial  

block is Successive  logic circuit, and the third block is the  comparator 

block. Therefore the presented work proposes a low power consuming 

comparator called double-tailed type comparator. Furthermore, to scale down 

the power a simplest track and hold circuit with compensation is used to meet 

the design requirements [3]. 

An 8-bit current steering DAC architecture is used to convert digital 

inputs to analog outputs is implemented using   the 90nm CMOS technology 

cadence virtuoso tools platform. The proposed work is organized into 

sections, where: Section 2 focuses on design methodologies of analog 

conversation. Design and working of basic building blocks of Successive 

converter along with its output waveforms are described in Section 3. Section 

4 concludes the proposed work in comparison with reference proposed works 

[1]-[4]. 

 

2 SAR ADC Design Methodologies 
 

Analog-to-digital converters are ubiquitous circuits [5] basically used in 

almost all electronic systems to convert real time signals to storage type 

signals. Low power applications use the successive type architecture due to 

its simplicity and less number of circuit blocks. Fig.(1) shows the  complete  

converter  diagram. It essentially consists of four important building blocks  
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connected to form a complete conversion to digital form: sample and hold 

circuit is the input circuit, it is also called as track and hold circuit, dual-tail 

comparator, current steering DAC and clock gated successive converter 

register [6]. 

 

 
Fig 1. Block diagram of SAR ADC 

 

The algorithm used by the Successive register is the binary search 

method with control logic to obtain analog conversion. At the start of clock 

the input signal is sampled called the sampling phase, during the next clock 

the sampled signal is stored called holding phase. Based on the stored values 

the dual tail-comparator compares it with the reference and determines an 

output. The change in the comparator inputs due to the stored value and that 

of the approximated analog output of the DAC. Then, the SAR controller is 

triggered by the comparator outputs. The Successive register stores N bits of 

binary data for an N-bit converter based on the set/reset state of the register. 

The set bit can be a logic „1‟ where as the reset is „0‟ or vice-versa. In the 

first step of the 1
st
 clock pulse, the right most register bit is set to '1' and other 

registers are reset to '0'. Now the register word in the Successive converter is 

converted to the approximate analog value using the current steering 

converter architecture. The reference voltage (Vref) to the comparator is 

generated by the DAC. 

The MSB   bit is set to „1‟ only when the held unknown analog is higher 

compared to approximated digital output. Else it is reset to '0'. Similarly the 

other N-1 bits of N-bit converter are determined by similar process, as that of 

MSB was determined. The same process repeats till 8 cycles, at the end of 8
th
 

cycle the approximated register holds the N-bit binary word [7]. Therefore, 

for an N-bit ADC N clock cycles are required to convert analog to digital 

conversion. 
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3 SAR ADC Key Building Blocks 
 

3.1   Track and Hold (S/H) Circuit 
 

The proposed SAR ADC uses a simple track and holds circuit with 

minimum number of transistors to overcome large power consumption [8]. 

The track and hold circuit is constructed using two NMOS transistors M1, M2 

and sampling capacitor Cs as shown in Fig 2. To minimize the sampling 

errors M2 is used as a switch connecting M1 and Cs its presence is to 

overcome errors and is not used in the process of sampling hence called 

dummy circuit, where M2 and M1 gates are connected by a complementary 

clock to overcome these errors. 

 
Fig 2.  Track and Hold circuit 

 

When the clock goes high at the gate of M1, the transistor M1 acts as a 

closed switch, and the input voltage (Vin) is connected to the capacitor CS,. 

The capacitor charges to input voltage (Vin) and this operation is called track 

mode, where input voltage is transferred to the capacitor, during this process 

all the input voltage is converted to charge, but all charges  do not get 

transferred to capacitor. but  some   charge present under the  oxide of M1 is 

expressed as in (1) 

 

                          (1) 

 

During the next half cycle of the 1
st
 cycle clock, transistorM1 acts as 

open switch and its charge below the oxide flows out creating an error in the 

capacitor charge which in turn varies the  sampled voltage. These errors 

affects the accuracy of the track and hold circuit [9]. The deposited charge in 

the capacitor and the voltage across it is expressed as in   (2). 

 

           (2) 
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Therefore, the output voltage is expressed by equation (2) where the term 

  is multiplied by input voltage giving rise to non-unity gain at 

the output and the output voltage is effected, similarly the second term 

 which is equal to a constant offset voltage also 

contributing to change in output .in order to overcome the errors in these 

circuits M2 is used. Referring to Fig 2. The channel charge injected by 

M1(∆q1) and the channel charge absorbed by M2(∆q2) can be expressed as, 

in (3) and (4). 

 

 

                                 (3) 

 

                   (4) 

 

To overcome the errors introduced by the circuit it is required to have 

∆q1= ∆q2, then the circuit modalities required are that the transistor   M2 

should be half that of transistor M1, assuming same length transistors with 

L1=L2, then the errors are suppressed completely. 

 

 

Fig 3. (a) Schematic of S/H                    
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Fig 3. (b) Output waveform of the S/H 

 

The S/H circuit was tested with two complementary clocks one with net8 

applied to gate of M1 and other with net 7 applied to gate of M2 shown in fig 

3(b), the input around 300mvp-p applied to M1 for a period of 200nS 

simulation using cadence simulator and the output transient response is  

shown as  Vout in fig 3(b) shows that the output follows input and the output 

waveform Vout is the digitized version of Vin, these approximated digitized 

output is obtained only for the load capacitor 5pF. 

 

3.2 Comparator 
 

The next crucial block deciding the performance parameter like speed of 

ADC is the Comparators.  Energy efficient dual tail dynamic latched 

comparator [11] is proposed in this work. Fig 4 shows the schematic of a 

dual tail proposed comparator.  One tail of the comparator is used for input 

and the other input for latching. The advantage of using the comparator is to 

reduce stacking and can operate with low power supply compared to the 

conventional comparators. Furthermore [12] to have fast latching to be  
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independent of common mode voltage a double tailed comparator is 

proposed.  Fig.5(a) shows the simulation schematic of a dual comparator and 

fig 5(b) shows the  simulation using cadence simulator and the output 

transient response  with Vin
+
 and Vin

-
  applied at respective inputs to the 

comparator with  complementary outputs obtained  as with Vout
+
 and Vout

-
   

illustrating the comparison operation. 

 

Fig 4.  Dual tail dynamic latched comparator 

 

 

          Fig 5 (a) Schematic of dual tail comparator 
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                       Fig 5 (b) Output Waveforms of dual tail comparator 

 

The comparator proposed has less staking number of transistors  from  

supply to ground hence can operate under lower supply compared to the 

conventional comparators. Two transistors with one connected to VDD supply 

and other to ground called tail transistors called double tail enabling an 

enhanced current to the latching output. Next the cross coupling is provided 

to provide shielding of the comparator with respect to output. Comparator 

operates in two modes namely the reset mode when clock is low and 

similarly the evaluation mode when the clock is high [13]. The inverter pair 

via cross coupling is adopted, to reduce noise and an additional shielding is 

provided between the output and input of comparator.  

The differential pair common mode voltage at the outputs nodes are  not 

sufficient to clamp its node  potential to ground level hence an  inverter is 

used which  starts to regenerate the voltage difference [14] and as a result . 

The proposed topology provides better optimization.  

 
3.3 DAC Architecture 
 

DAC helps in transforming and bridging any digital domain information 

to real time everyday analog world. This work proposes a current steering  
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architecture, requiring only N independent current sources. Since each 

current source is binary weighted, the magnitude of right most source (MSB) 

is maximum and the magnitude of sources decreases with binary weight as 

source moves toward the LSB.  One advantage of the DAC architecture is the 

number of sources required are only N and the proposed architecture requires 

only 8 current sources as shown in Fig.6 (a). Similarly in Fig.6(b) shows the 

DAC outputs for analog inputs . 

 

Fig 6 (a) Schematic of binary Current Steering DAC Architecture 

 

 

                      Fig 6 (b) Simulation Output of DAC Architecture 

 

 



                                                                                                                  
 

 

 

 

 

 

 
1321  Kavya et al 

 

An important element of a binary steering current DAC architecture is 

the binary current source. Based on the digital input word it generates the 

required current to be provided at DAC output.  The N independent currents 

generated by N current sources are properly switched and summed at the 

output node. In the proposed 8-bit binary steering DAC the unit current cells 

are implemented using PMOS transistors [15] since they have lower noise & 

lower hole mobility compared to the N type MOS devices. The LSB current 

source  as shown in Fig. 6(a), is realized by a two  transistors, biased with a 

resistor to provide constant current value  The other current sources are 

simply realized by using the required number  of transistors in parallel for 

MSB current source . The output of binary steering DAC is shown in 

Fig.6(b). 

 

3.4 SAR Control Logic 
 

 

The control logic is most critical block of the ADC architecture. It 

ensures that the entire system works synchronously in the required manner 

with respect to the timing specifications. The control logic block shown in fig 

7(a)  is an 8-bit register used to stores the  digital output value  for an applied  

analog input [16]. The switching signals are also generated for the proper 

operation of the steering current  DAC at  correct intervals in order to 

perform conversion at the right time for the right level of values and the 

output of control logic is shown in fig7(b). 

 

 

                                    Fig 7(a). Control Logic Schematic of 8-bit Register  
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                                           Fig 7(b) Control logic Output of 8-bit Register 

  

3.5 Implementation of Complete SAR ADC 

The complete successive converter register   ADC is implemented by 

integrating all the building blocks [17] discussed in previous sections. The 

complete design is implemented using the 90nm CMOS technology. Cadence 

Design virtuoso tools are used to simulate and verify for a 1V supply voltage 

as shown in Fig. 8(a). A very-low-power area-efficient 8-bit converter is 

proposed in the work. To achieve efficient power, performance a binary 

steering current architecture is proposed that employs 8 binary current 

sources used to switch based on digital inputs and converted to analog 

outputs. The output of the DAC is compared with the  unknown analog input 

by the optimized comparator and output is directly coupled to SAR logic 

based on the optimized switching  the power consumption  is  reduced as 

shown in Table-1.  
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      Fig 8(a) Complete Schematic of 8-bit SAR ADC 

 

                                                        Fig 8(b) final Output of 8-bit SAR ADC 
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Fig 8(b) plots the transient output for an increasing codes from 0 to 256 

at a very low frequency. The DAC provides a full-scale 1LSB of 3.9mV and 

is as shown in Fig.(6) . Next, the Integral and differential nonlinearities are   

plotted. Since these are the static parameters, they are measured at low 

frequencies, hence the above design runs at an extremely low frequency. The 

complete converter design performs 8-bit conversion with total power around 

11.7μW  is  suitable for  communication applications.  Table-1 shows the 

completed design characteristic of the  proposed work with new modification 

techniques adopted which is compared with the existing architectures and by 

comparison found that with these design techniques total power is reduced 

,the SNR obtained is large which is the added advantage so that the noise at 

output of converter is very low.  
 

               Table-1 Comparison  Results With Previous Works 

Specifications SAR ADC using D-FF[1] SAR ADC using HL-FF[2] Resistive DAC[3] This Work 

Supply Voltage 0.85V 1V 1V 1V 

Resolution 8-bit 8-bit 8-bit 8-bit 

ILSB   3.9mV 3.9mV 

DNL +0.38/-0.28 +0.47/-0.41 25.6μV 446μV 

SNR 54.6dB 58.2dB 57.72dB 55.5dB 

ENOB 6 6.2 9.29 8.92 

Total Power 88.76nW 1.47μW 165.8μW 11.7μW 

CMOS process 90nm 90nm 90nm 90nm 

Architecture SAR SAR SAR SAR 

 

4  Conclusion 

The proposed work presents a new modified technique type of 

comparator for optimized low power and delay. Converter designed is an 8-

bit architectures with different design techniques and characteristic analysis 

of parameters. 8-bit converter designed using dual tailed comparators, current 

steering DAC, track and hold circuit in 90 nm technology in the supply of 1V 

the total core architecture power consumption is measured around 11.7µW. 

The total Power consumption is reduced to a great extent compared to 

previous works for the same resolution; the resistive DAC architecture on the  

 



                                                                                                                  
 

 

 

 
1325  Kavya et al 

 

other had consumed a total power of 165.8µW which is 90% larger than the 

proposed work type architecture. DNL for the proposed ADC is 446μV 

which is less than 1LSB so the architecture guarantees for an 8-bit resolution 

without any compromise.  Also the added advantage with the modified 

technique is the SNR around 55.5 dB, ENOB is 8.92 bits. The power 

consumption is greatly reduced to a great extent, so called low power 

architecture with better performance, less delay, so finds use in portable 

devices for biomedical applications. 
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