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Abstract— This paper presents the implementation of a 4 bit Successive approximation Analog to Digital converter. The 
SAR ADC designed operates at a frequency of 4.167MHz. It uses 4 flip flop for the implementation of 4 bit SAR ADC. In 
normal SAR ADC separate registers are required for storing of the initial bit values and for storing the results of the 
comparison. The architecture is implemented in 55nm. It facilitates a non redundant register as a result of which the area can 
be reduced. An SNDR of 22.3 dB and SNR of 24.2 dB is achieved. 
 
Index Terms—Analog To Digital Converter, Area Efficient, Successive Approximation Register. 
 
I. INTRODUCTION 
 
Dataconverters are widely used in the conversion of 
analog signal to digital signal and vice versa. There 
are different analog to digital converter architectures 
available which includes the Flash ADC, Sigma delta 
ADC, pipelined ADC and SAR ADC. Successive 
Approximation Register ADC ( SAR ADC ) is used 
in applications that operate at low to moderate speed 
and with higher accuracy. An area efficient SAR 
ADC is discussed in this paper which makes uses of a 
non redundant SAR logic [1]. SAR ADC uses 
comparator in place of operational amplifier. This 
paper is organised as follows. The section II describes 
about the basic block diagram and working of a SAR 
ADC. The section III describe about the 
implementation of each of these blocks. The section 
IV describes about the results achieved. 
 
II. ADC ARCHITECTURE 
 
Every SAR ADC consists of four blocks which 
include the Sample and Hold Circuit, Comparator, 
Digital to Analog Converter ( DAC ) and the SAR 
logic. The block diagram of the SAR ADC is shown 
in Fig 1. The analog voltage is  
 

 
Fig. 1. SAR ADC Block Diagram 

 
sampled by the sample and hold circuit. The sampled 
value is compared with the DAC output. The DAC 
output is initially set with MSB 1 and the equivalent 
analog value is compared with the input. Accordingly 
the comparator output is set as 1 or 0. Depending on 
the comparator output the SAR logic sets the DAC 
output. SAR ADC performs the conversion operation  

 
Fig. 2. SAR logic flowchart 

 
based on binary search algorithm. For the conversion 
purpose the SAR ADC makes use of two clocks 
which are the ” global clock ” and the ” bit cycling 
clock ”. The global clock is the main clock which has 
two phases. The period where it is high is known as 
the sample period and the period where it is low is 
known as the hold phase. The sampling of the input 
signal is performed in the sample phase. Then the 
sampled value is held. Further conversion of the 
sampled value is performed inthe hold phase. The 
conversion in the hold phase is carried out by another 
signal known as the bit cycling clock. The number of 
cycles for the bit cycling clock within the hold period 
will depend on the bit resolution of the SAR ADC . 
An N bit SAR ADC requires N cycles within the hold 
period of the bit cycling clock. The binary search 
algorithm works on the basis of the output from the 
comparator. The logic is that the entire possible input 
range from 0 to reference voltage is first divided into 
two halves. Then using comparator it is checked in 
which half the input falls. The region where the input 
falls is further divided into two halves and checked. 
This is repeated for as many cycles as the resolution 
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of the SAR ADC. In terms of circuit this is 
implemented as follows. First the MSB bit of the 
DAC is set to 1 by the SAR logic. Then the DAC 
converts the equivalent analog voltage for this . Once 
this is done the comparator compares the DAC output 
with the input analog voltage. If it is found that the 
analog voltage is greater than the DAC output voltage 
an up conversion is done. Up conversion means that 
the DAC MSB bit is maintained at 1 and the MSB- 1 
bit is set as 1. If the comparator output is low then a 
down conversion is performed . Down conversion 
means that the MSB bit is reset to 0 and the MSB-1 
bit is set as 1. After this the DAC converts to analog 
value and the cycle repeats as many times as the bit 
resolution of the ADC. Once the N cycles of the bit 
cycling clock are completed, the conversion is 
complete and the bit output of the SAR logic 
corresponds to the ADC output. The flow chart for 
the conversion is shown in Fig 2 
 
III. SAR ADC BASIC BUILDING BLOCKS 
 
The basic building blocks of SAR ADC are 
comparator, SAR logic and the capacitive DAC 
network. The implementation of each of these blocks 
are discussed in the following subsections. 
 
A. Comparator 
Comparator serves the purpose of comparing the 
input voltage with the DAC output voltage. A 
dynamic comparator is used as it does not consume 
static power and lowers the power dissipation. A 
preamplifier is used before the comparator. This 
separates the capacitive dac network output from the 
comparator input and hence prevents the loading of 
the comparator input by the previous stages . In 
addition to this the resolution of the comparator is 
also improved. The comparator block is represented 
in Fig 3 and the preamplifier block is shown in Fig 4. 
When the clock input is low the pmos transistors with 
clock input are on. Hence the output nodes are 
precharged to VDD and hence OUTN and OUTP are 
zero. This is the. Precharge phase When the PHI2 
input is high the lower nmos transistor is off. The 
comparator now enters into the comparison phase. If 
the voltage VINP is greater than VINN then the 
current through the left branch is more than the 
current through right branch and due to regenerative 
action the OUTP is pulled up to VDD and OUTN is 
pulled to ground. 
 

 
Fig. 3. Comparator 

 
Fig. 4. Preamplifier 

 
B. Sar Logic 
The switching of the capacitive DAC is performed by 
the SAR logic. The SAR logic has as many outputs 
that is needed to control the capacitive DAC inputs. 
Once the conversion is complete the output of the 
SAR logic is taken as the output of the SAR ADC. 
Here the working of a 2 bit SAR logic is discussed. It 
consist of two FF whose output nodes are B1 and B0. 
The block diagram of the 2 bit SAR logic is shown in 
Fig 5. Initially B1 and B0 are set as 1 and 0. In order 
to set the MSB bit , the SET pin is made high. The 
SET pin is connected to the RESET pin of the second 
stage and hence B0 is set as 0. The EOC bit is 
initially set as 0. For the second stage input A is 0 and 
the RST pin is 0. Considering the internal logic 
within the SAR block, the pins A is 0 andB is 0. 
Hence the SHIFT operation is selected.So in the next 
cycle B0 will be set as 1. For the first stage output 
from the OR gate is fed to input A and value is 0 . B1 
value is initially 1. Hence considering the internal 
logic within the SAR block , A is 0 and B is 1. Hence 
the COMP opeartion is selected. Thus in the next 
cycle the output of the comparator is set as the value 
of B1.If the output of the comparator is 1 then in the 
next bit conversion cycle B1 and B0 are bith set as 1. 
If the comparator output is 0 then B1 and B0 are set 
as 0 and 1 in the next conversion cycle. This process 
repeats for as many stages present. For an Nbit SAR 
logic there are N+1 stages through which the ouput 
changes for the decision to happen. After the final 
decision the EOC signal is made high and B1 and B0 
are taken as the final output of the SAR ADC. The 
output 
 

 
Fig. 5. 2 BIT SAR LOGIC [1] 

 
states possible for a 2 bit SAR conversion mentioned 
above is shown in the Fig 7 For the implementation 
of the SAR logic 
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Fig. 6. MUX DFF BLOCK [1] 

 

 
Fig. 7. Output states for 2 bit conversion 

 
as shown in Fig 6 a 3:1 MUX and a DFF with 
RESET and SET is required. The implementation of 
DFF is shown in Fig 8. The D Flip flop is formed by 
a negative latch followed by a positive latch[2]. A 
negative latch is one that is transparent when the 
clock is low. A positive latch is one that is transparent 
when the clock input is high. Latch has a feedforward 
path and a feedback path. When PHI is low the 
feedward path of the negative latch is active and the 
feedback path of the positive latch is active . The 
input D is available at the transmission gate input. 
When PHI is high the feedforward path of the 
positive latch is active and the feedback path of the 
negative latch is active. The value available at the 
transmission gate input when PHI is low is now 
available at the flip flop output. The value at the 
transmission gate input is maintained by the feedback 
path of the negative latch. In the next cycle when PHI 
is low the feedback path of the positive latch 
maintains the previous output. The implementation of 
MUX is shown in Fig 9.Its a 3:1 mux with two select 
lines A and B. When input is 00 and 01, SHIFT and 
COMP are selected respectively and when input is 10 
or 11 MEM is selected. The block diagram of a 4 bit 
SAR logic is given in Fig 10. Thus this logic can be 
extended to any number of bits by repeating the SAR 
logic block. The 4 bit implementation block of SAR 
logic is shown in Fig 10. Hence this logic results in 
an area efficient implementation as only 4 registers 
are needed for 4bit SAR ADC implementation.  
 
C. Capacitive DAC 
For implementation of SAR ADC binary weighted 
capacitive DAC is used. Capacitive DACs has an 
inbuilt sample and hold hence separate sample and 
hold circuit is not needed. The value of the capacitors 
are 8C,4C,2C,C and C, where C is the unit 
capacitance. Based on the output from the SAR logic 
the switches to the capacitor are connected to high or 

 
Fig. 8. D Flip Flop with RESET and SET 

 

 
Fig. 9. 3:1 MUX BLOCK 

 

 
Fig. 10. 4 bit SAR Logic Block 

 
low voltage. Interfacing switches and proper 
switching logic is required for this purpose. The 
capacitive DAC block together with the switching 
logic is shown in Fig 11. When the SET signal is high 
VINP and VINN are connected to the bottom plates 
of the upper and lower capacitor arrays and VCM is 
connected to the top plate of the capacitor. The bit 
cycling clock is given as PH2.Based on the output 
from the SAR logic either Vrefp or Vrefn are 
connected to the bottom plates of the capacitors. 
 
IV. SIMULATION RESULTS 
 
A 4 bit SAR ADC is implemented in Cadence on 1.8 
V power supply. The ADC output for a differential 
ramp input is given in Fig 12. Fig 13 (a) represents 
the output waveform  
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Fig. 11. Capacitive DAC with switching logic 

 
for a differential ramp input. Fig 13 (b) represents the 
output waveform for a differential sinusoidal signal 
as input. In both the cases the output obtained from 
the ADC are passed through an ideal DAC. Fig 14 
represents the FFT plot for an input signal frequency 
of 44.75911kHz . The SNR for an ideal ADC is given 
by the expression.  

 
 
Theoretical SNR for 4 bit ADC is 25.84 dB. With the 
implementation discussed in the paper an SFDR of 
32.24 dB, SNDR of 22.3 dB and SNR of 24.2 dB is 
achieved.  
 

 
Fig. 12. ADC output for a differential ramp input 

 

CONCLUSION 
 
In this paper the implementation of a 4 bit SAR ADC 
is presented. The SAR ADC designed operates at a 
frequency of 4.167MHz and uses less number of 
flipflops. An SNDR of 22.3 dB , SNR of 24.2 dB and 
SFDR of 32.24 dB is achieved. 
 
ACKNOWLEDGEMENT 
 
The authors would like to express their gratitude to 
Veda IIT and Soctronics Pvt. Ltd for providing 
facilities and resources. 
 

  
Fig. 13. (a) ADC output for ramp input (b) ADC output for 

sinusoidal input 
 

 
Fig. 14. 1024 point DFT 
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