
IJSRD - International Journal for Scientific Research & Development| Vol. 8, Issue 2, 2020 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 301 

High-Speed Architectural Design of Hybrid ADC with Low Power 

Consumption 

S. Moses Sunil Jayapaul1 Dr. A. Beno2 

1PG Scholar 2Associate Professor 
1,2Department of Electronics & Communication Engineering 

1,2Dr. Sivanthi Aditanar College of Engineering, Tiruchendur, India  

Abstract— In the present digital world, where high-end 

technology ranging from radar, video recorder, sensors etc. 

are used to acquire the analog signal, which is converted to 

digital data, as the modern technology is based on digital 

data processing. The process of Analog to Digital data 

conversion is done using Analog to Digital Converters 

(ADC). The analog to digital converters are designed with 

very high precision and speed, this concept of precision and 

speed is be taken to the next level by introducing Hybrid 

Analog to Digital converter, which meets all the requirement 
of the future trends. Flash and Successive Approximation 

Register (SAR) Analog to Digital converters are the widely 

used because of its high speed and precision in the Very 

Large Scale Integration (VLSI) field. The Analog to Digital 

converter need to have high speed, low power consumption, 

with high accuracy with less area. In order to achieve these 

requirement for Hybrid Analog to   Digital converter are 

required. This project work is based on Hybrid Flash-SAR 

Analog to Digital converter, which will meet the 

requirements of future technology by achieving high speed, 

accuracy and with low power consumption, which is 
implemented in the field of VLSI system design. 
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I. INTRODUCTION 

The analog to digital converter was designed in 1960s, 

where we had ADCs such as Superconductor Parallel-Type 

ADCs, Single flux Quantum Flash ADCs etc., where the 

ADCs commonly used. The modern technology leading to 
design of different ADC concepts with high speed and low 

power. The modern ADCs are more compatible, when it 

comes to size of the converter by adopting modern CMOS 

below 22nm technology and the components used in ADCs 

are getting reduced by adoption various algorithm. Though 

the modern ADCs are capable of achieving high speed with 

low power and area, it is taken to the next level of 

processing by introducing Hybrid Architecture. The term 

‘Hybrid’ refers to combination of different element to form 

a single element. In this paper where a detailed analysis is 

made from [1] and [2] and observed that Flash type ADC 
and SAR ADC are the commonly used ADCs. The Flash 

ADC is much known for its speed and SAR ADC for its 

easy implementation. In this paper the Flash and SAR logic 

are combined to form the Flash-SAR Hybrid ADC. This 

architecture can further enhance the speed and power 

consumption, when compared with conventional Flash and 

SAR ADC. The Hybrid Architecture uses various 

algorithms ranging from combination of different types of 

ADCs to use of parallel processing concept [3] [4]. These 

architectures can take the coveters to next level for digital 

data processing. 

II. HYBRID ARCHITECTURE 

The Hybrid architecture consists of SAR ADC connected 

via Flash ADC, in between them a subtractor is introduced. 

The n inputs are given through the Flash ADC which is then 

followed by the SAR ADC. The Flash ADC starts the coarse 

conversion at the beginning of the conversion.  The outcome 
of the Flash ADC is then fed to the SAR ADC through a 

subtractor. The SAR ADC where the Fine Conversion takes 

place.  The output is then obtained from both Flash and SAR 

ADC. 

 
Fig. 1: Hybrid ADC Architecture 

The obtained output where the Flash ADC of the 

Hybrid architecture provides the MSB bits and the SAR 

ADC of the Hybrid architecture provides the LSB bits. 

These bits are combined to provide the Hybrid ADC 

outcome. This Hybrid architecture combines both Flash and 

SAR ADC logic to provide a High speed, Low power and 

enhances the digital processing. This architecture also 

reduces the complexity of ADC design, when compared 

with a conventional Flash or SAR ADC design. This Hybrid 
Architecture also reduces the delay by reducing the circuit 

complexity using minimal usage of transistor, due to which 

the size and power consumption gets reduced. 

III. HYBRID ADC DESIGN 

The 6-bit Hybrid architecture is implemented, the 

architecture consists of a 3-bit Flash ADC and 3-bit SAR 

ADC. The 6-bit Hybrid ADC will have a single analog input 

providing a 6-bit digital output. Where, the 3-bit MSB 
output from the Flash ADC and the other 3-bit output from 

the SAR ADC, which will be the LSB of the Hybrid 

architecture. 

A. Flash ADC 

The Flash ADC is the fastest mean of all the other ADC.  
The Flash ADC is complex to design in case of higher bit 

resolution and also consumes enormous power but in case of 

low resolution it’s very easy to implement and also has high 

speed. The Flash ADC basically consist of three major 

component, they are: 

 Resistor Ladder 
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 Comparator and 

 Binary Decoder. 

 
Fig. 2: 3-bit Flash ADC Schematic 

The resistor ladder connected to the comparators is 

observed from the Figure 2. 

The reference voltage is fed as an input to the 
resistor ladder and the analog input is given to the positive 

terminal of the comparator. The output of the comparator is 

either high or low depending on the given input. The 

comparator provides the output by comparing the reference 

voltage and analog input to provide a thermometer binary 

code, which is then decoded to binary output using a binary 

decoder. 

1) Resistor Ladder 

The resistor Ladder in a Flash ADC where a series of 

resistors of different range is connected serially. Each 

resistor has its own value. The value of resistance decreases 
as it goes down in a Flash ADC. 

 
Fig. 3: Resistor Ladder Schematic 

The number of resistor required for a Flash ADC is 

calculated as given below, 

𝑁𝑜. 𝑜𝑓 𝑅𝑒𝑠𝑖𝑠𝑡𝑜𝑟𝑠 = 2𝑛 − 1 

Where, n - The bit of the Flash ADC. For a 3-bit 

Flash ADC we will be having a total of 7 resistors connected 

serially. 

2) Comparator 

In electronics, a comparator is a device that compares two 

voltages or currents and outputs a digital signal indicating 
which is larger. The Comparator circuit of Flash ADC has 

two inputs Analog and Reference input. The Comparator 

compares the Analog and Reference input to provide ‘High’ 

or ‘Low’ output. A comparator consists of a specialized 

high-gain differential amplifier. They are commonly used in 
devices that measure and digitize analog signals. The 

number of comparators required for the Flash ADC depends 

on the number of bit of the Flash ADC, which is given by, 

𝑁𝑜. 𝑜𝑓 𝐶𝑜𝑚𝑝𝑎𝑟𝑎𝑡𝑜𝑟 = 2𝑛 − 1 

Where, n – The bit of the Flash ADC. For a 3-bit 

Flash ADC we will be having a total of 7 comparators. The 

comparator computes the output depending on the reference 

input and the analog input. The comparator used in both 

SAR ADC and Flash ADC are one and the same. The two 

stage comparator used here uses very less transistor leading 

to reduce in the power consumption. 

 
Fig. 4: Comparator Schematic 

3) Decoder 

In digital electronics, a binary decoder is a combinational 

logic circuit that converts binary information from the n 

coded inputs to a maximum of 2𝑛 unique outputs. They are 
used in a wide variety of applications, including data 

multiplexing and data demultiplexing, seven segment 

displays, and memory address decoding. There are several 

types of binary decoders, but in all cases a decoder is an 

electronic circuit with multiple input and multiple output 

signals, which converts every unique combination of input 

states to a specific combination of output states. 

THERMOMETER 

CODE 

BINARY 

CODE 

0000000 000 

0000001 001 

0000011 010 

0000111 011 

Table 1: Thermometer Code & its Corresponding Binary 

Code 

Depending on ADCs function, a binary decoder 

will convert binary information from n input signals to as 

many as 2𝑛  unique output signals. Some decoders have less 

than 2𝑛  output lines, in such cases at least one output 

pattern may be repeated for different input values as shown 

in Figure 5. 
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Fig. 5: MUX Based Decoder 

B. SAR ADC 

A successive approximation ADC is a type of analog to 

digital converter that converts a continuous analog 

waveform into a discrete digital representation via a binary 

search through all possible quantization levels before finally 

converging upon a digital output for each conversion. 

The SAR ADC has four main components, 

 Sample and Hold Circuit 

 Comparator 

 SAR Logic and 

 Digital to Analog Circuit (DAC). 

 
Fig. 6: 3-bit SAR ADC 

1) Sample & Hold Circuit 

Sample and hold circuit stores electric charge in a capacitor 

and contains at least one switching device such as a CMOS 

switch and normally one operational amplifier. To sample 

the input signal the switch connects the capacitor to the 

output of a buffer amplifier. The buffer amplifier charges or 

discharges the capacitor so that the voltage across the 
capacitor is practically equal, or proportional to, input 

voltage. In hold mode the switch disconnects the capacitor 

from the buffer. The capacitor is invariably discharged by its 

own leakage currents and useful load currents, which makes 

the circuit inherently volatile. 

 
Fig. 7: Sample and Hold Schematic 

2) Successive Approximation Register Logic 

The purpose of the SAR circuit is to determine the value of 

each bit of the ADC in a sequential manner, depending on 

the value of the comparator output. This SAR is 

implemented by two sets of D-flip flops. For the N-bit ADC, 

the SAR requires at least 2𝑛 states and hence ‘N’ flip flops. 

 
Fig. 8: SAR Logic Schematic 

For each conversion, in clock cycle 0, the EOC 

signal is high and all Flip Flops outputs are reset to zero, and 

for the rest of cycles EOC is low. In the next clock cycle, the 

most significant Flip Flop is set to one which corresponds to 

MSB of the digital word to the DAC as shown in Figure 7. 

Then the counter shifts ‘1’ through the Flip Flops from MSB 

to LSB. In each clock cycle, one of the outputs in the ring 

counter sets a Flip Flop in the code register. The output of 

this Flip Flop which is set by the ring counter is used as the 

clock signal for the previous Flip Flop. At rising edge of the 
clock, this Flip Flop loads the result from the comparator. At 

the end of each conversion, EOC signal turns to high. 

3) Digital to Analog Converter 

A Digital to Analog converter (DAC) is a system that 

converts a digital signal into an analog signal. An analog to 

digital converter (ADC) performs the reverse function. 

There are several DAC architectures; the suitability of a 

DAC for a particular application is determined by figures of 

merit including: resolution, maximum sampling frequency 

and others. The resistor ladder DAC followed by a summing 

amplifier is used as shown in Figure 8. 
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Fig. 9: Resistor Ladder DAC Schematic 

C. Subtractor Circuit 

The subtractor has two input and it subtract the outcome 

obtained from Flash ADC with the analog input. Then it 

provides the subtracted output to SAR ADC and the LSB of 

the Hybrid ADC is obtained. 

 
Fig. 10: Subtractor 

ANALOG 

INPUT 

FLASH ADC 

OUTPUT 

SUBTRACTOR 

OUTPUT 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

Table 2: Subtractor Truth Table 

D. Hybrid Flash-SAR ADC 

The 3-bit Flash and 3bit-SAR ADC are connected serially, 

The Flash ADC will be at the first phase of the architecture 

and the SAR ADC will be at the second phase of the 

architecture. The input to the Hybrid ADC is given at the 

Flash ADC end initially. The Flash ADC provides the MSB 

of the output and the SAR ADC gives the LSB of the output. 

 
Fig. 11: Hybrid Flash-SAR ADC 

The Flash ADC process the sampled input by 

comparing the obtained analog input with the reference 

voltage and provides the corresponding thermometer code 

using the comparator circuitry and the obtained thermometer 

code is then encoded using a mux based encoder and 3-bit 

MSB output is obtained by the proposed Flash ADC. Then a 

subtractor is introduced which subtract the obtained analog 

value from Flash ADC with the input analog value and it is 

then fed as the input to the SAR ADC. The SAR ADC uses 
registers to store and shift the data using a search algorithm, 

by which the output is obtained through the DAC. The SAR 

ADC provides the 3-bit LSB output of the Hybrid 

architecture. 

IV. COMPARISON OF POWER CONSUMPTION, DELAY AND 

RESOLUTION FOR FLASH, SAR & HYBRID ADC 

ADC Power consumption Delay Resolution 

FLASH 18.91µW 6.10ns 6 Bit 

SAR 11.83µW 9.18ns 6 Bit 

Hybrid 9.42µW 5.87ns 6 Bit 

Table 3: Comparison Table 

From the above table 3, it is observed that conventional 6-bit 

Flash and SAR consumes more power when compared with 
Hybrid architecture. The Hybrid architecture has very less 

delay, which indicates the processing speed is enhanced. 

V. CONCLUSION 

The detailed analysis of Analog to Digital converter is done 

and the concept of Flash and SAR ADC are selected from 

the analysis because of its speed and precision. The concept 

of Flash and SAR ADC is implemented in TANNER EDA 
software and the power and delay are calculated, From the 

calculated result it is observed that Flash ADC will required 

more power when it comes to high resolution and SAR 

ADC will consume less power for high resolution compared 

to Flash ADC. The SAR ADC offers a very high delay 

compared to Flash ADC is also observed. The 6-bit Hybrid 

ADC combination of 3bit-Flash and 3bit-SAR was 

implemented with less delay and low power consumption. 
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