
© 2022 JETIR October 2022, Volume 9, Issue 10                                                      www.jetir.org (ISSN-2349-5162) 
 

JETIR2210410 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org e61 
 

 LOW POWER 4-BIT FLASH ANALOG TO 

DIGITAL CONVERTER FOR HIGH-SPEED 

APPLICATIONS 
1 Shanmukha Sai. P, 2 Sravan. M, 3Rajesh. N, 4 Murali Krishna. P.V 

1,2,3Student, 4Assistant Professor 

Department of ECE,  

GMR Institute of Technology, Rajam, India 

Abstract:  ADCs are essential tools for digital signal processing and are a significant component of communication. ADCs are 

used in a wide range of situations in today's digital environment. Of all the ADC types that have been found so far, flash ADCs 

are the fastest. A resistor string is used to create reference voltages for comparison with input voltages at each comparator in the 

Flash ADC structure. The most crucial component of the Flash ADC architecture is the comparator design, and for this, we 

selected a two-stage open loop comparator. The stages will aid in improving gain and sensitivity and lowering all kinds of sounds. 

Encoder design is another crucial component, and in this work, we used a Heterogeneous encoder. In Cadence Virtuoso using 

180nm technology, the complete project has been designed and tested. 15.31mW and 6.6ns, respectively, were the power 

consumption and delay, that we measured. 

 

Index Terms - Analog to Digital Converter, Flash ADC, Comparator, Heterogeneous Encoder, and Cadence Virtuoso. 

 

I. INTRODUCTION 

 

   An analog signal is converted into a binary code using an analog-to-digital converter (ADC), which enables digital circuitry to 

communicate with the outside world [1-2]. There are different ADCs available, such as Successive approximation ADC, Delta 

Sigma ADC, Dual slope ADC, Pipelined ADC, etc. Different ADCs used for Different types of applications. Among them, Flash 

ADC is the best one as far as speed is concerned. Speed is one of the important parameters in this digital arena. Many digital 

systems interact with their environment by measuring the analog signals from such transducers, which can measure sound, light, 

temperature, or movement. Analog signals in the real world have continuously changing values and come from various sources 

and sensors that can measure any of these things [3-4]. 

 

   Digital circuits work with binary bits that have only two discrete states, a logic "1" (HIGH) or a logic "0" (LOW) but analog 

signals can be continuous and provide an infinite range of voltage values. An electrical circuit is required to convert between the 

two domains of continuously changing analog signals and discrete digital signals. A/D converters (sometimes known as A/D) are 

useful in this situation [5]. 
 

  The parallel "Flash" A/D converters generate an equivalent output code for a certain n-bit resolution using several coupled but 

regularly spaced comparators and a  

network of precision resistors as voltage references. Since instantly comparing an analog voltage applied to the comparator inputs 

against a reference voltage, parallel or flash converters have the advantage of being simple to construct and not requiring 

time clocks [6]. 

 

     

 

 Fig.1. Block Diagram Of Flash ADC 
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Fig.2. Architecture of Flash ADC 

   The 2N resistors, 2𝑁-1 comparator, and encoder make up an N-bit flash ADC. The 2N- 1 comparators, where N is the ADC's 

resolution, receive the input signal. 16 resistors and 15 comparators are needed for a 4-Bit flash ADC [7]. 

 

   For comparing the two different voltage levels, an analog comparator is required which has two analog inputs, one positive and 

one negative [8]. One input of the comparator receives a voltage input (VIN) signal, and the other receives a reference voltage 

(VREF), which is produced by the resistor string circuit. Because of the voltage drop across the resistor, the reference voltage in 

this example lowers from top to bottom. The voltage divider network created by equivalent resistors yields vREF.  

 

   The comparator's output is determined by comparing the two voltage values at its input and it will be either “0” or “1”. The 

output of the comparator is a thermometer code. By using the 2N- 1 to N encoder, the thermometer code is subsequently 
converted to binary code [9-10]. 

 

II. METHODOLOGY  

 

1. Comparator: 

 

   The comparator, which performs the conversion of input voltage Vin to logic 1 or 0, is the most crucial component of the ADC 

architecture. The reference voltages produced by the resistor string are compared by the voltage comparators to the input voltage. 

The biasing voltage of 1V is given to the voltage bias pins. 

  

 
 

Fig.3. Comparator Schimatic Diagram 

           

   Different comparators are available, including discrete comparators, resistor driving comparators, open loop comparators, 

pseudo-dynamic latching comparators, differential comparators, and comparators for Domino logic, among others. Flash ADC, 

however, needs a comparator with high sensitivity, gain, and low power consumption for high-speed applications. A two-stage 
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open loop comparator was employed in this, and each stage helped to increase gain and sensitivity while lowering 

all kinds of noise. The first stage is the decision stage. The post-amplifier stage comes after the decision stage. The input voltage 

VIN is applied to one input, and the reference voltage vREF is contrasted with it. The output of the comparator will be high if the 

input voltage is larger than the reference voltage, and low if it is less than the reference voltage. To identify which voltage level is 

higher, the comparator compares two voltage levels. 

          

2. Thermometer to Binary Code Converter: 

 

   To obtain the binary values for the applied input continuous signal, the block is necessary. It converts a group of comparators’ 

zeros and ones to binary representation. The encoder is another name for the converter from the thermometer to binary code. 

 

      
 

Fig.4. Encoder Schematic Diagram 

 

   Furthermore, there are a variety of encoders available, including priority encoders, Rom-based encoders, Fat tree encoders, and 

Mux-based encoders, Wallace tree encoders, among others. However, the heterogeneous design, which includes full adders 

multiplexers and inverter, is used to implement the encoder. Since it counts the number of ones and produces binary output in 

accordance, it is also known as a one's counter. It eliminates the bubble error of any order since it counts the number of ones. This 

encoder consumes less power than ROM based encoder and Wallace tree encoder. Another benefit of this encoder is that the 

propagation delay is less because the operation is in parallel. Additionally, it is adaptable and produces good outcomes for any 

resolution. The N-bit encoder requires a total of 2N-N-1 complete adders. 

                           

2.1.  Full Adder: 

 
   The adder known as a "full adder" adds three inputs and generates two outputs. The three inputs are a, b, and cin. The 

outputs are is denoted as s (sum), and cout (carry). Three inputs are added via a 1-bit full adder and it produces 2-bit results. 

Here is a whole adder that was created using 2:1 multiplexers. 

 

 
                                                                                                                                    

Fig.5. Full Adder Schematic Diagram   

    

 

2.2.  Multiplexer: 

 

   A combinational circuit known as a multiplexer has 2N input lines, N selection lines, and 1 output line. The multiplexer is a 

simple combinational circuit. The output line is where the binary data is sent after being received from the input lines. One of 

these two inputs will be connected to the output depending on the combination of inputs that are present at the selection line S. 

This project makes use of a 2:1 multiplexer. There are just two inputs and one output in a 2:1 multiplexer. We are aware that  a 
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data selector is another name for a multiplexer. The Multiplexer in this case uses Modified GDI (Gate Diffusion Input) logic in 

its construction. 

 

 
 

                Fig.6. Multiplexer Schematic Diagram 

 

2.3.   Inverter: 

 

   An inverter is a combinational circuit that complements the given input signal. It is designed with one NMOS transistor and one 

PMOS transistor. Vin is the input pin to the inverter and Vout is the corresponding output pin. 

 

 
 

Fig.7. Inverter Schematic Diagram 

 

3. Flash ADC:    

 

   A heterogeneous Encoder and a two-stage open loop comparator are features of the Flash ADC architecture. Here, the analog 

input signal is provided to the comparator's positive terminal while the reference input voltage is applied to the device's negative 

terminal and the value of R is 1Kohm. The reference voltage decreases from top to bottom as the voltage drop occurs at every 

resistor. So, the reference voltage at each comparator varies. The comparator compares both inputs and outputs them as 1s and 0s 

after comparing them. The comparator's output is 1 if the input voltage is higher than the reference value. The comparator's output 

is zero if the input voltage is lower than the reference value. The thermometer code is a set of 1s and 0s. Here You only need one 

binary to thermometer converter. Therefore, for that conversion, the Heterogeneous encoder is employed. The encoder's output, 

which takes the form of binary data, is referred to as a digital output.                            
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Fig.8. Flash ADC Schematic Diagram 

 

III. RESULTS AND DISCUSSION 

  

   Fig.9 shows that whenever the input voltage is greater than the reference voltage then the output of the comparator is high (1) 

and whenever the input voltage is less than the reference voltage then the output of the comparator is low (0). Here the reference 

voltage is 1V and the input voltage is 1.8V and biasing voltage is 1V. The plot is drawn between voltage (V) and time (ns). 

 

     
 

Fig.9. Simulation waveform of comparator 

 

   From fig.10, we can see that the designed multiplexer works as a 2:1 multiplexer, when the selection input(S) is low then the 

output of the multiplexer is equal to the value present at input ‘A’ irrespective of the ‘B’ value. Similarly, when the selection 

input(S) is high then the output of the multiplexer is equal to the value present at input ‘B’ irrespective of the ‘A’ value.   

 

 
   

Fig.10. Simulation result of Multiplexer 

   Fig.11 is the Simulation waveform of the inverter. Here, the input signal Vin has been given to the inverter and it complements 

the given input signal and the output signal produces at the output Vout. If Vin is 1 then Vout will be 0 and similarly, if Vin is 0 

then Vout will be 1. 
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Fig.11. Simulation result of the Inverter 

 

   Fig.12 shows simulation waveforms of the designed full adder. A, B, and Cin are inputs, and sum and carry are the outputs of 

the full adder. When any one input is high and the remaining two are low then the sum is high and the carry is low. When any two 

are high and the other is low then the sum is low and the carry is high. When all three inputs are high then both sum and carry are 

high. 

 

 
 

              Fig.12. Simulation result of Full Adder 

 

   From fig.13, we can say that the designed Heterogeneous encoder gives the outputs (Binary code or Digital output) as per the 

characteristic table of the Encoder. Table 1 is the characteristic table of the encoder. This Characteristic table is also like the 

Priority encoder characteristic table for eliminating the bubble error. 

 

Table 1: Characteristic table for Encoder in a Flash ADC 

 

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14 T15 B4 B3 B2 B1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 1 1 

0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 0 1 0 1 

0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0 1 1 0 

0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 0 1 1 1 

0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 0 0 0 

0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 1 

0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 0 1 0 

0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 

0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 

0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
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Fig.13. Simulation waveforms of Heterogeneous Encoder 

 

   Fig.14 is the simulation outcome of the 4-bit flash ADC and it converts the given analog input to digital output. Here the 

reference voltage is 1V and the analog or continuous input voltage varies between 1.2V to -1.2V. First, the comparators compare 

the analog input voltage with reference voltages and give the thermometer code. After that, the encoder converts the thermometer 

code into binary or digital output. 

 

 
 

Fig.14. Simulation results of Flash ADC 

 

   Table 2 shows the performance and comparison of the proposed work with other similar works. The proposed 4-bit flash ADC 

was designed and simulated in cadence virtuoso 180nm technology. Power consumption and delay of the design are 15.31mW 

and 6.6ns for the given Vdd of 1.8V and it is operated at 10 MHz frequency. 

  

Table 2: Flash ADC Comparison 

 

Parameters This work [4] [7] 

Resolution 4-bit 4-bit 4-bit 

Technology 180nm 180nm 90nm 

Vdd (V) 1.8 1.8 1 

Frequency 10 MHz 970MHz 4MHz 

Power 

consumption 

15.31mw 42mw 17mw 

Delay 6.6ns 24.2ns 2.2us 

 

 

IV. CONCLUSION 

 

   It has been established that flash ADC is the most effective ADC among the various ADC architectures. Heterogeneous-based 

encoder, two-stage open loop comparator, and resistive string network make up the suggested ADC and are Simulated in 180nm 

CMOS technology. The proposed ADC's key benefits are its low power consumption and less delay. For a 1.8V of Vdd (Supply 

voltage) at a frequency of 10MHz, the suggested ADC's power dissipation and delay are 15.31mW and 6.6ns, respectively. High-

speed applications can make use of the developed Flash ADC. 
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