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Abstract— Analog to Digital Converter (ADC) is one of the 

most important block in the real world domain because the 

electronic devices only understanding the digital or discrete 

values, but the real world operating in the form of analog in 

nature so the ADC interface between the real world and 

digital domain. There is a lot of improvement has to be done 

in the field of analog world in order to match characteristics 

between the analog and digital domain. In this reference, 4 

bit TIQ Flash ADC is designed using Threshold Inverter 

Quantization Comparator, Gain Booster and a new MUX 

based Encoder. TIQ comparator sets the internal reference 

voltage by varying the width of the CMOS transistor and 

eliminates the conventional resistor network of the Flash 

ADC resulting in reduce in the power, area and improves the 

performance in digital conversion. The MUX based encoder 

is different from the traditional encoder, it reduces the 

hardware with the fast conversion of thermometer code to 

binary code. This project is designed and implemented using 

the Cadence Virtuoso Tool with gpdk_90nm CMOS 

technology. The proposed ADC consumes the less power 

i.e2.16mW, area is of 0.00421𝑚𝑚2
 and the sampling rates is 

of 3.2GSPS compared to the traditional TIQ Flash ADC. 

Designed Flash ADC used in SoC, Battery Powered, 

Communication and Mobile applications.                                              

Key words: Encoder, Flash ADC, Low power, Threshold 

Inverter Quantization                                        

I. INTRODUCTION 

Electronic equipment‟s are operating with a digital signal, 

but the real world is operating in the form of an analog 

signal so there is necessary to convert analog to digital 

signal. The digital circuits are more accurate, less noise 

interference and offers greater advantages over analog 

circuit in high speed and minimize loss of quality during 

transmission. So ADC is required and necessary to convert 

the analog signals into digital. Nowadays there is 

exponential growth and the most prominent design criteria 

in the field power consumption, such as battery operated 

devices like medical instruments, tablets, laptops and cell 

phones. 

The current situation of VLSI design demands 

ADC‟s of high speed, less area and low power consumption 

in the field of signal processing system. In this project, 

generate the comparator with the help of Threshold Inverter 

Quantization [1] approach. TIQ comparator eliminates the 

resistor ladder network from the conventional flash ADC 

and achieved to reduce in power consumption and chip area, 

which made advantages in battery-powered applications. 

The reference voltage is set by using the resistor ladder 

network in order to generate voltage drop in a conventional 

flash ADC [5], so resistor ladder consumes more power and 

comparator size is more. Some of the conventional 

comparator problems are resistor ladder, high power 

consumption, large area, DC biasing required, charge 

injection error and meta-stability error. By using TIQ 

comparator eliminated the mentioned problems. 

A 4 bit TIQ Flash ADC has a new MUX encoder 

based architecture and encoder is designed with less number 

of transistors with fast operating multiplexers as compare 

the traditional encoders. The proposed a new MUX based 

Encoder reduces the area, power and improvises the 

performance of the system. 

The following paper is organized as follows: Section II 

describes architecture of TIQ flash ADC. Simulation results 

are presented in section III and conclusions are drawn in 

section IV. 

II. ARCHITECTURE OF TIQ FLASH ADC  

The proposed TIQ Flash ADC has the three sub block, they 

are TIQ comparator, gain booster and encoder. TIQ 

comparator balances the input analog voltage to the internal 

reference voltage and produces the code value by varying 

the width of the transistor. The Gain booster produces the 

digital output voltage swing by making sharper threshold for 

comparator output. The Encoder converts the thermometer 

codes into binary codes, is as shown in figure 1. 

 
Fig. 1: Block Diagram of TIQ Flash ADC 

The individual blocks of TIQ Flash ADC such as TIQ 

comparator array, Gain Booster and Encoder is described 

below. 

A. TIQ Comparator  

Comparator plays a very crucial rule in ADC architecture, it 

converts the analog input voltage into logic code „0‟ or „1‟ 

by comparing between the reference voltage and the analog 

input voltage. Conventional comparators are clocked 

comparator, dynamic comparator and differential latch 

comparator, it uses the resistor ladder network for voltage 

divider effects on more area or die size, more power 

consumption and less speed as compared to TIQ 

comparator. 

Threshold Inverter Quantization has three words, 

threshold means minimum voltage required to turn on the 

device, two cascade inverters are using and quantization 

means breaking down the analog value into a set of discrete 

values. Therefore, in order to set the reference voltage 

internally without using the voltage divider network by 
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varying the width of both PMOS and NMOS transistor, 

which effects on the reduction of chip area, power 

consumption and improve the performance. 

The switching voltage of CMOS and the reference 

voltage are used as the comparison in the TIQ comparator 

[1]. The figure 2 shows the TIQ comparator, consists of two 

CMOS inverter, connected back to back and look like a 

series combination with same channel length, but the width 

ratio is varied, it set the internal reference voltage without 

using any extra hardware. The proposed 4-bit flash ADC 

requires 2^N-1 that is a fifteen TIQ comparators array is 

required, so the individual comparators width of the both 

transistors is different. “A common input analog voltage is 

applied to the TIQ comparator array, individual comparator 

balances the input analog voltage to the internal reference 

voltage, if analog voltage is greater than the reference 

voltage comparator output is logic „1‟ else it is „0‟, so 

generated the single analog input voltage to fifteen digital 

code values in the output”. 

 
Fig. 2: TIQ Comparator 

There are some formulas are there in order to set 

the threshold voltage and calculate the width of both 

transistors. First, calculating the threshold voltage by using 

some formulas listed below. 

1) Design a minimal size inverter Vm = Vdd/2 

2) The safe analog input range (AR) ARmax =Vdd-(|Vtp| 

+ Vtn) 

3) The Least Significant Bit (LSB) voltage =ARmax/ 

(2^N-1),  (for a N-bit ADC) 

4) Minimum reference voltage Vref min=Vref max-(2^N-

2)*LSB  

5) Calculate the reference voltages Vref(k) = Vmin + 

k*LSB, 0 < k < 2^N-2 

By using above formulae, calculating the fifteen 

individual threshold voltage of the TIQ comparator but now 

calculating the width of the transistor. There are two 

methods are there in order for calculating the width, they are 

Systematic Size Variation (SSV) method and Random Size 

Variation (RSV) method. Random Size Variation method 

choosing the width of the NMOS transistor randomly and 

according to that calculating the width of PMOS transistor. 

Systematic Size Variation method, systematically choosing 

the NMOS transistor width and accordingly calculating the 

PMOS transistor width by using Vm (reference formula) is 

as shown below. 

 
Where,  

- µn = Mobility of NMOS 

- µp = Mobility of PMOS 

- Vdd= Supply voltage 

- Vtn= Threshold voltage of NMOS 

- Vtp= Threshold voltage of PMOS 

Parameter Value 

µn 340cm²/Vs 

µp 240cm²/Vs 

Ln=Lp 120nm 

Wnmax 3µm 

Wnmin 1.85µm 

Wpmax 3.6µm 

Wpmin 0.49µm 

Table 1: Comparators Transistor Parameter 

The Systematic Size Variation method used in 

order to design the proposed TIQ Flash ADC. By using the 

above formula, we know that all parameters excepting 

PMOS and width of the NMOS transistor choosing 

systematically and finding the PMOS width individually. 

Below table 2 shows the fifteen comparators both PMOS 

and NMOS transistor width and table 1 shows comparators 

transistor parameter. 

Reference voltage Vm(volts) 
Wn 

(um) 

Wp 

(um) 

0.33 3 0.49 

0.35 3 0.61 

0.37 3 0.76 

0.39 3 0.97 

0.41 3 1.25 

0.43 3 1.47 

0.45 3 1.78 

0.47 3 2.09 

0.49 3 2.41 

0.51 3 2.87 

0.53 3 3.28 

0.55 2.5 3.1 

0.57 2.5 3.34 

0.59 2.1 3.55 

0.61 1.85 3.6 

Table 2: Threshold values for TIQ Comparator Design. 

After comparator, gain booster used to provide full 

digital output voltage swing and sharp the threshold output 

voltage of the comparator [2]. 

B. Gain Booster 

Gain booster is also known as the buffer, where buffer has 

two inverters connected parallel to each other, but width of 

all transistors is same and it is used to increase the gain of 

the comparator so that it produces the output voltage swing. 

Buffer reduces the ambient noise and improve signal 

strength by providing low noise receive gain and transmit 

gain. In some network operation booster  acts as the data 

storage and used between the computer and the hubs. The 



A 4 Bit, 1.22V a New MUX Encoder based Flash ADC using TIQ Technique 

 (IJSRD/Vol. 3/Issue 05/2015/017) 

 

 All rights reserved by www.ijsrd.com 67 

Buffer used in ADCs, DACs, speakers, microphones and so 

on.  

C. Proposed MUX Based Encoders 

The proposed MUX based encoder is converting the 

information from thermometer input code to the gray output 

code. The figure 3 shows the proposed MUX based encoder, 

it designed only by using the MUX and each MUX is 

designed with six transistors, so total sixty six transistors are 

used for designing. As compared to the exciting MUX based 

encoder the number of transistors is less, less power 

consumption and high performance.   

Fig. 3: Proposed MUX Based Encoder 

III. FLASH ADC ENCODER 

The thermometer code is converted to the gray code by 

using many digital encoders and they are mentioned, 

according to the literature survey as follows: 

A. Wallace Tree Based Encoder 

Wallace tree based encoder counts number ones in order to 

convert the thermometer code to gray code and its very 

straight forward approach. The advantage is to achieve 

speed, power trade off based on the speed of the ADC and 

large delay and more power consumption are the 

disadvantage. The figure 4 shows the Wallace tree based 

encoder, it designed by using Full Adder with X-OR gates. 

Each Full Adder designed by using twenty four transistors 

and each X-OR gate designed by using ten transistors, so 

total eleven Full Adder and ten X-OR gates. Wallace tree 

based encoder designed by using total two hundred ninety 

four transistors, so design takes a large number of 

transistors, less speed, more hardware and more die size. 

 
Fig. 4: Wallace Tree Based Encoder 

Wallace Tree Based Encoder corrects higher order 

bubbles, improving the yield of missing code error, 

eliminating the non-monotonic behavior and more efficient. 

The advantages is to use one counter topology  and resulting 

to achieve the tradeoff  between power and speed and the 

disadvantage is large power and delay. 

B. Fat Tree Based Encoder 

Fat Tree Based Encoder is a more efficient approach for 

converting the thermometer code to the gray code. As 

compared to Wallace tree based encoder, Fat tree encoder 

has less area and delay and shows self re-configurable 

property. Figure 5 shows the implementation of a Fat Tree 

Based Encoder for 15-bitthermometer code input [7] and 

four gray code output. The hardware of a fat tree based 

encoder is AND, OR, X-OR and NOT gates. Each AND 

gate designed with six transistors, each OR gate designed 

with six transistors, each NOT gate designed with two 

transistors and X-OR gate designed with ten transistors, so 

it's designed by using total two hundred seventy transistors. 

 
Fig. 5: Fat Tree Based Encoder 
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The operation carried out in two stages, first stage 

convert the thermometer code to one out of N-code, other 

stage is converts one out of N-code to binary code. The Fat 

Tree Encoder is faster as compared to Wallace Tree 

Encoder, doesn‟t require clock signal, more noise tolerant 

and OR gates eliminates the static power as compare to 

ROM circuits so less power consumption. 

C. Existing MUX Based Encoder Using X-OR Gates 

Existing MUX based encoder using X-OR gate converts the 

thermometer code to gray code [8]. This encoder has small 

area and high speed as compared to Fat tree and Wallace 

based encoders. Figure 6 shows the existing MUX encoder 

using X-OR gate, where it converts 15 thermometer input 

code to four gray code output. It contains components such 

as MUX and X-OR gate, each MUX designed with six 

transistors and each X-OR gate designed with ten 

transistors, so total ninety six transistors are used. 

 
Fig. 6: Existing MUX Based Encoder Using X-OR gates 

D. Existing MUX Based Encoder Using NOT gate 

Existing MUX based encoder using NOT gate to convert the 

15 bit thermometer input code to 4 bit gray output code [10] 

 
Fig. 7: Existing MUX Based Encoder Using NOT gate 

It gives better results in terms of area, figure of 

merit, power and delay. 

IV. COMPARISON BETWEEN DIFFERENT ENCODER 

Table 3 shows simulation results of all the architectures of 

thermometer to gray code encoders. 

Encode

r 

Delay 

(ns) 

Area 

(µm²

) 

Powe

r 

(mW) 

Figure 

of 

Merit(fj

) 

Number 

of 

transistor

s 

Wallace 

Tree 

8.977

3 

1652

0 

0.623

2 

5592.67

1 
294 

Fat tree 8.498 6984 0.217 1844.07 270 

Existing 

MUX 

X-OR 

7.540

1 
3640 

0.216

1 

1628.64

1 
96 

Existing 

MUX 

NOT 

7.375 3496 
0.069

1 
511.582 80 

Propose

d 
7.254 3245 

0.052

3 
496.21 66 

Table 3: Comparison Between Different Encoders 

As compared to the other architecture, the Wallace 

tree encoder has more area, delay and power. Fat tree 

encoder delay falls in between the Wallace tree and existing 

MUX encoder and suddenly fall in the number of 

transistors. The proposed MUX based encoder delay is 

reduced, area is reduced and power is also going to reduce 

because of reducing the number of transistors. 

V. SIMULATION RESULTS 

The proposed and referred Flash ADC designed and 

implemented with the 90nm CMOS technology and it is best 

understood by referring the below table 6.1. It shows the 

different parameters such as chip area, LSB value, 

resolution, INL, DNL, sampling rate, power consumption, 

input voltage range and SNR. 

Parameter Value 

CMOS Technology 90nm 

Resolution 4 bit 

Input Voltage Range 0.33V<Vin<0.61V 

LSB Voltage 20mV 

Max. Power Consumption 2.16mW 

Chip Area 0.00421  

DNL (max) 0.16LSB 

INL (max) 0.78LSB 

SNR 25.83dB 

Max Sampling Rate 3.3GSPS 

Table 4: Results of 4 bit TIQ Flash ADC 

Table 4 shows and satisfies the specifications of the 

designed 4 bit TIQ Flash ADC. This project designed and 

implemented with 90nm CMOS technology, it has 4-bit 

resolution, the input voltage is ranging from the 0.33V to 

0.61V, the Least Significant Bit voltage is of 20mV, it 

consumes the power of 2.16mW, the chip area of the 

designed ADC is 0.00421mm^2, the maximum Differential 

Non-Linearity is 0.16LSB, the maximum Integral Non-

Linearity is 0.78LSB, the signal to noise ration of the 

designed ADC is 25.83dB and the maximum sampling rate 

of the ADC is 3.3GSPS. 
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Fig. 8: 4-bit Flash ADC test Bench output 

INPUT OUTPUT 

0<Vin<0.33 0000 

0.33<Vin<0.35 0001 

0.35<Vin<0.37 0010 

0.37<Vin<0.39 0011 

0.39<Vin<0.41 0100 

0.41<Vin<0.43 0101 

0.43<Vin<0.45 0110 

0.45<Vin<0.47 0111 

0.47<Vin<0.49 1000 

0.49<Vin<0.51 1001 

0.51<Vin<0.53 1010 

0.53<Vin<0.55 1011 

0.55<Vin<0.57 1100 

0.57<Vin<0.59 1101 

0.59<Vin<0.61 1110 

0.61<Vin 1111 

Table 4: 4-bit Flash ADC Truth table 

 
Fig. 9: 4-bit TIQ Flash ADC Layout 

Figure 8 shows the output, table 4 shows the truth 

table and figure 9 shows the layout of 4-bit Flash ADC. 

VI. CONCLUSIONS 

The conventional comparator has register ladder network, 

DC biasing requirement, large area for high accuracy, 

charge rejection error and meta-stability error and can be 

eliminated by using the Threshold Inverter Quantization 

(TIQ). This project designed with TIQ comparator, where it 

set the internal reference voltage by varying the width of the 

CMOS transistors with the help of the different threshold 

voltage. TIQ technique has low power, less area and very 

fast conversion of  input voltage to the thermometer code.  

In Flash ADC design, encoder plays a major role in the 

power dissipation. The proposed encoder is designed with 

the help of dynamic CMOS logic in order to reduce the 

power dissipation by eliminating the presence of static 

power dissipation. The proposed encoder is designed with 

less number of transistors leads less die size or area, less 

power consumption and high speed. 

The proposed TIQ flash ADC is designed with TIQ 

technique with encoder proposed with less number of 

transistors leads the higher speed, lower power consumption 

and smaller size so it is preferable to use in SoC 

implementation. 
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