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Abstract— Analog to digital converter has become matchless 

component in the applications which incorporate the real 

world continuous signal with the digital processors. Since 

processing of digital data is forging ahead over processing of 

analogue data, the usefulness of ADC’s also increases. The 

flash ADC which also called direct conversion ADC has a 

series of comparator, which operates in parallel to carry out 

high conversion data rate of the applied input signal. This 

paper proposed an adequate high speed 3-bit ADC which 

having TIQ comparator and an encoder which is made by 

using multiplexer. The approach of Threshold Invert 

Quantize comparator has also been introduced as an 

alternative of conventional comparator. The proposed design 

consumes average power of 54.6µW the input frequency of 

design is 10MHz which can be increased up to 15MHz and 

supply voltage of 0.7v. 
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I. INTRODUCTION 

Flash ADC is known for its fastest speed operation in 

contrasted with other ADC architectures. In this manner it is 

utilized for extensive transmission capacity application like 

radar handling, optical communication, etc. Threshold 

Inverter Quantization is a technique to create comparators 

which can be replaced by conventional comparators results in 

low power dissipation and low area [1]. Basically, it has two 

inverters which are connected in cascade whose threshold 

voltage behaves as the reference voltage which will compare 

the input signal with the reference voltage to generate an 

output which will either be low or high. For reduction in 

power dissipation the input signal which is analogue should 

directly converted into grey codes and later into binary output 

[2]. For high speed and low power applications various 

techniques are implemented [3]. From various architectures 

of ADCs are available flash ADC turn out to be more 

significant as it has been used in other architectures too like 

multi bit sigma delta ADC [13]. Architecture of flash analog 

to digital converter is convenient for high speed applications 

but in the context of power dissipation, it is not that much 

efficient for high resolution ADC design [11]. The continuous 

scaling of the MOS has also increased the demand of 

minimum power dissipation in every modern battery operated 

mobile devices [14]. Analog to digital converter plays a major 

role in those applications where signal having radio 

frequency are converted into digital form such as optical 

communication, ultra-wideband systems and so on [5]. Figure 

1 shows a conventional flash analog to digital converter. It 

has number of resistors connected in series which works as a 

voltage divider, comparators which are operational amplifiers 

used for conversion of analog signal to binary output and an 

encoder which is used to convert the signals of comparator to 

some useful information. But if the resolution of ADC will 

increase its component will also increase which results into a 

larger power dissipation. 

 
Fig. 1: Architecture 

II. PROPOSED WORK 

 Flash ADC has comparator which has nothing but 

uncompensated op-amps consisting of number of transistors 

results into a large area higher delay and further power 

dissipation. In proposed design we replaced the series of 

resistors and operational amplifiers with TIQ (Threshold 

Inverter Quantization) comparators for the reduction of 

power consumption, area and propagation delay. 

 
Fig. 2: TIQ Comparator 
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Wp = Width of PMOS 

WN = Width of NMOS 

VDD= Supply Voltage 

Vtp = Threshold Voltage of PMOS 

Vtn= Threshold Voltage of NMOS 

µp= Mobility of Holes 

µn=Mobility of electrons. 

TIQ comparator generates output after the 

evaluation of analog input voltage with various reference 

voltages, but this data cannot be used in the same form. To 

come out from this problem encoder comes into light. There 

are various encoders for encoding the output of TIQ 
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comparators for example ROM type encoder, Fat tree 

encoder, octal to binary encoder and so on, not only encoders 

are complex to design but also a mind-numbing task to do so 

for simplicity we have replaced the encoder with two 

multiplexers. In proposed design we have used one 2:1 

multiplexer and one 4:1 multiplexer, the design of 

multiplexers are carried in transmission gate technology 

which reduces the area as well as power dissipation. The truth 

table explains the basic operation of the encoder.  
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Table 1: Truth table for Encoder 

When, 

T4 = 0, T6=0, T7=0; Output = 000 

T4 = 0, T6=0, T7=1; Output = 001 

T4 = 0, T6=1, T5=0; Output = 010 

T4 = 0, T6=1, T5=1; Output = 011 

When 

T4 = 0, T2=0, T3=0; Output = 100 

T4 = 0, T2=0, T3=1; Output = 101 

T4 = 0, T2=1, T1=0; Output = 110 

T4 = 0, T2=1, T1=1; Output = 111 

The above expressions help us in designing of the 

encoder by using multiplexer. The encoder has been carried 

out by using two multiplexers in which T1, T2…T7 are the 

outputs of the TIQ comparator which acts as input for the mux 

and O1, O2, O3 are the final output of ADC. 

 
Fig. 3: Encoder using multiplexer 

The proposed architecture is shown in figure 3 

which has 7 TIQ comparator and 2 multiplexers. Firstly, the 

analog voltage is compared with different reference voltages 

of TIQ then output of these TIQs are improved into digital 

form by encoder which is made by multiplexers. As a result 

analog signal is converted to digital form by proposed ADC. 

The design has used a sine wave of 10 MHz frequency, with 

an input range of 0.7v which works excellent for the entire 

frequency range. On designing the TIQ, we have observed 

that a usual comparator circuit either works for minute 

reference voltages or it works for larger reference voltages. 

As optimum voltage of every TIQ is customized according to 

reference voltage necessary for ADC, so it is companionable 

for any reference voltage. One more thing is that the use of 

TIQ leads to condition of less chip area, because normal 

comparator requires 9 transistors, whereas the TIQ can be 

made with the help of only 4 transistors. We have also used 

gain boosters in the proposed ADC the main use of this 

technique is to provide the maximum voltage swing of the 

digital signal obtained from TIQ comparator without 

increasing the delay in the circuit it also enhance the precision 

of cascaded CMOS circuits. Gain boosters are nothing but 

just the simple two inverters connected in the series.  

 
Fig. 4: Proposed ADC 

III. RESULTS AND DISCUSSION 

3-bit flash ADC which has 7 TIQ and an encoder has been 

simulated. We have used supply voltage of 0.7v which has 

divided in 8 different voltages each division is of 0.0875v. 

Figure shows the output waveforms of the ADC having a sine 

wave of 10MHz. The output will be produce from 000 to 111 

according to the input values. A relative study has been done 

between proposed and existing ADCs based on significant 

parameter.  

Design 
Proposed 

ADC 

Conventional 

ADC 

Si-Seng 

Wong[7] 

Architecture Flash Flash BS 

Operating 

voltage 
0.7 1.8v 0.8v 

Resolution 3-bit 3-bit 5-bit 

Average 

Power 
54.6µW 239.6µW 0.5mW 

Technology 45nm 180nm 65nm 

Table 2: Comparison work of proposed ADC 

 
Fig. 5: Power dissipation 

The rate of change of output with respect to the input 

shows the linearity of the device in ADC Differential Non-

Linearity and Integral Non-Linearity are the important 

parameters to understand for any system which has gain DNL 

and INL must be zero. DNL is the variation in the width of 

ideal code and real input code, while INL shows the variation 

in the transfer function of the input output curve.  

Parameters TIQ based Flash ADC 

Technology 45nm 

Supply voltage 0.7v 

Average power 54.6µW 

Frequency 10MHz 

Delay 

DNL(LSB) 

INL(LSB) 

81nS 

0.6 

0.4 

Table 3: Parameters of ADC 
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IV. CONCLUSION 

Earlier, only niche devices required for low power integrated 

circuits, but now a day’s power consumption has become a 

major issue in all the battery operated handy devices. Hence 

the need of low power ADC’s has been produced which 

effectively process the analogue data over digital signal 

processors. The proposed TIQ based direct conversion ADC 

consumes a very low power of 54.6µW which is suitable for 

the complete system on chip process. The design has been 

simulated in 45 nm CADENCE tool by keeping constant 

operating temperature of 27⁰ c and fixed power supply of 

0.7v. 
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