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Abstract: 

This paper presents a TIQ based  6-bit   flash analog-to-digital converter design using MUX encoder based on  the 0.25μmCMOS 

technology .The designed system is built using, a comparator array, and a digital encoder. The MUX based encoder is different 

from the tradit ional encoder, it  reduces the hardware with the faster conversion rate of thermometer code to binary  code. This 

encoder is built using is implemented using 2:1 multip lexers resulting in reduced the active die area and the power consumption. 

The power supply voltage for the overall system is  2.5 V. For testing purposes, a sinusoidal signal of between is applied to the 

converter input. The sampling frequency is 4.7Gs/s. The simulation results include a maximum power consumption of 35mW. 

The results are obtained using Tanner EDA tool with 0.25μm technology. 
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I.  INTRODUCTION 

 

Electronic gadgets nowadays are operating with a dig ital 

signal, but signals in the real world are analog in  the form so 

there is necessary to convert analog to digital signal. The 

digital circuits are more accurate, having less noise 

interference and also offers greater advantages over analog 

circuits as they are  high in speed and min imizes loss of quality 

during transmission. So we require ADC to convert the analog 

signals into digital. Nowadays due to exponential growth  and 

the most prominent aspect designing digital circuit  ispower 

consumption should be minimum  in battery operated devices 

like cameras, mobile phones .medical instruments, tablets, 

laptops. Among different types of ADC’s Flash is the first 

choice as it offers high speed. 

 

II. THRES HOLD INVERTER QUANTIZATION 

 

Comparator p lays a very important role  in ADC architecture, it  

converts the analog input voltage into logic code by comparing 

with reference voltage with analog input voltage to 0’s and 1’s. 

Conventional comparators  uses the resistor ladder network for 

voltage divider results in more area and more power 

consumption and less speed as compared to TIQ comparator.  

We can realizeThreshold inverter quantizat iona comparator for 

a high speed CMOS flash ADC using PMOS and NMOS by 

cascading two inverters . 

 

 
Figure.1. TIQ schematic and its VTC [7] 

 

By varying its transistor sizes, the threshold voltage, Vmcan be 

changed. Figure 1 shows the TIQ comparator verses a 

differential comparator in  a t raditional flash ADC. The circuits 

are different but the VTC curves are similar. A key difference 

between the differential comparator and the TIQ comparator is 

how to supply their reference voltages. The differential 

comparator utilizes the external reference voltage, Vr using a 

resistor ladder circuit. The Vrdirectly depends on a resistor tap 

position. However, the TIQ comparator sets its switching 

threshold voltage,Vminternally as the built-in reference voltage, 

based on its transistor sizes. Unlike the conventional flash 

ADC whose comparators are all identical in size, the TIQ 

based ADC has indiv idual comparators in all d ifferent sizes. 

To construct an n-bit flash TIQ based ADC, one must find 2
n
-

1different inverters, each has different Vmvalue, and one must 

arrange them in the order o f their Vmvalue. For a 6-b it ADC, 63 

individual TIQ comparators are needed as shown in Figure 2. 

Each of 63 TIQ comparators has different sized transistors 

leading them to have different from each other. [8]  

 

 
Figure.2. Schematic of 6-bit TIQ comparator [7] 

 

The TIQ technique has many advantages: 

 Simpler voltage comparator circuit  ,Faster voltage 

comparison speed 

  Elimination of resistor ladder circu it 

 

Research Article                                                                                                                             Volume 7 Issue No.3   



International Journal of Engineering Science  and Computing, March 2017         4877                                                                http://ijesc.org/ 

  Does not require switches, clock signal, or coupling  

capacitors for the voltage comparison. 

  Suitable fo r the standard CMOS technology, ideal for the 

SOC implementation.[2] 

 

III. CMOS INVERTER AS COMPARATOR 

 

The inverter threshold (Vm) is defined as the Vin = Vout in  

the VTC of an inverter Mathemat ically,  

 

   
                    

   
 

        
  

  
……[10] 

where VTp and VTn represent the threshold voltages of the 

PMOS and NMOS devices, respectively. Figure 3 shows the 

schematic of an inverter and its VTC from the simulation. At  

the first inverter, the analog input signal quantization level is 

set by Vm depending on the W/L rat ios of PMOS and NMOS. 

The second inverter is used to increase voltage gain  

 

 
Figure.3. Inverter schematic and VTC[13]and to prevent 

an unbalanced propagation delay. [6] 

 

IV.TIQ COMPARATOR 

 

The analog input signal quantization level is set in the first 

stage by changing the voltage transfer curve (VTC) by means 

of transistor sizing Since the transistor channel length, L, is 

more effective than the channel width, W, in  controlling the 
2
), L is kept constant and only W is 

changed during the design process. The second inverter stage 

is Implemented flash ADC features the Threshold Inverter 

Quantizat ion (TIQ) technique for high speed and low power 

using standard CMOS technology.. The use of cascading 

inverters as a voltage comparator is the reason for the 

technique’s name.  

 
Design of TIQ Comparator Section 

 

 
Figure. 4. TIQ comparator section[4] 

 

The threshold inverter quantizat ion (TIQ) based A/D 

converters require 2
n
- 1 comparators, each one d ifferent from 

all others. Optimal design method of the TIQ comparator 

presented in the paper [8] significantly improves the linearity 

of the A/D converter against the CMOS process variation. The 

TIQ comparator circu it consists of four cascaded inverters, as 

shown in Figure 3. There are four inverters in cascade in order 

to provide a sharper switching for the comparator and also 

provide a full voltage swing. The sizes of the PMOS and 

NMOS transistors in a comparator are the same, but they are 

different for different comparators. They depend upon the 

switching voltage they are designed for. The mathematical 

expression used for deciding these switching voltages is given 

as 

   

 
      

      
                 

   
      

      

 

…(1) [5] 

where, Wp= PMOS width, Wn= NMOS width, VDD= supply 

voltage, Vtn= NMOS threshold voltage, Vtp= PMOS threshold 

voltage, μn= electron mobility, μp= hole mobility, assuming 

that PMOS length = NMOS length.[ 5] y varying its transistor 

sizes, the comparison voltage, Vm, can be changed. However, 

the TIQ comparator sets its switching threshold voltage, Vm, 

internally as the built-in reference voltage, based on its 

transistor sizes. For a 6-bit ADC, 63 indiv idual TIQ 

comparators are needed We need 2
6
-1=63 comparators. As the 

input analog voltage increases, the comparators start turning on 

in succession. Thus, we get a thermometer code at the output 

of the comparators. The point where the code changes from 

one to zero is the point where the input signal becomes smaller 

than the respective comparator reference voltage levels.  

 
Comparator Generation and Selection 

 

The TIQ flash ADC requires 2
n
 − 1 different size comparators 

and we need to effectively find their sizes to correctly 

implement the TIQ comparators. However, choosing the 

needed Vm from many candidates for comparators and 

generating the selected comparators with a custom layout are 

difficult jobs. For example, a 10-bit flash ADC would need 

1023 TIQ comparators, too many for manual layout designs, 

while other ADCs use a single comparator design and simply  

duplicate it for 2
n
 −1 times.  A CMOS inverter consists of one 

PMOS and one NMOS transistor, with the inverter switching 

threshold voltage depending upon the transistor sizes. If one 

fixes the length of both the PMOS and NMOS transistors at a 

constant size, one can obtain different inverter threshold 

voltages by simply vary ing the transistors' widths. Figure 3.3 

shows the 3-D plot of Vm as the function of PMOS and 

NMOS transistor widths.[8] 

 
Figure.6. The 3-D plot of the inverter s witching threshold 

voltages, Vm, as the function of PMOS and NMOS  

transistor widths[5] 
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To design an n-bit ADC, one needs 2
n
 − 1 equal quantization 

voltages and one must decide on the maximum Vm and the 

minimum Vm. After deciding the maximum Vm and minimum 

Vm, one computes the LSB voltage step (VLSB) by ( max. Vm - 

min. Vm)/(2
n
 − 2). There are two different design methods for 

the TIQ comparator for the Vm values shown in Figure 6. One 

method, called  the random size variat ion (RSV) technique, can  

obtain the  2
n 
− 1 reference voltages by selecting the inverter 

width from the fu ll range of the 3-D surface without 

considering the relation of adjacent comparators. The other 

method, called the systematic size variation (SSV) technique, 

considers the relation of comparators in  selection of the 

inverter size.[5] 

 

Proposed MUX encoder 

 

Various encoder are availab le like fat  tree, Wallace tree bus 

had some disadvantages as they are overcome using MUX 

based encoder The proposed MUX based encoder is used for 

converting thermometer code to binary code The shows the 

proposed MUX based encoder for 4 bit-flash ADC same is 

applicable to 6-bit ADC. This MUX takes thermometer code as 

an input from all the comparators output and generate binary 

code accordingly.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 reducebecause of reducing 

the number of transistors. 

 
Result of a TIQ Comparator 

 

For n-bit Flash ADC we require 2
n
-1 TIQ comparators, so we 

require 63 comparators for 6-bit flash ADC design. This is 

achieved by varying the widths of PMOS and we get different 

switching voltages. The output result of the 6-bit TIQ i.e VTC 

curves comparator section is shown in the figure 7. 

 

 
Figure. 7. VTC curves of 6-bi t comparator  

 

Design steps 

 

1. Design a minimum size inverter and verify the threshold 

voltage value of the midpoint quantizer, Qn, using the 

HSPICE circuit simulator by substituting BSIM3 (Level 49) 

spice model test parameters obtained from a vendor for a 

specific technology. Note that the channel length is kept at the 

minimum value during the entire design process. 

2. Estimate a safe analog input voltage range as follows: 

Analog range = Vdd - (VTN + | VTP|), where VTN and VTPare the 

threshold voltages for large NMOS and PMOS devices, 

namely the VTHO value from the model  

 

 
Figure. 8. Block Diagram of design process [6] 

 

parameter data set used during the entire design process. 

3. Calculate the LSB value as follows: LSB = Analog range/ 

2
n
. 

4. Calculate the ideal threshold points for each quantizer (Qn-m 

… Qn+p) accordingly, assuming the midpoint value for Qn is 

in the center. 

5. Run the HSPICE simulator to obtain the corresponding 

closest possible channel widths. Note that for the quantizers of 

Qn+1 … Qn+p), the so-called PMOS side, (W/L)n is kept at  

minimum value, but only the channel widths of the PMOS 

transistors are changed to min imize the current flow during the 

transition of VTC (metastable region). This process is applied 

to the NMOS side in the opposite way[6]. 

 
Result of a 6-bit ADC 

 

 
Figure. 9.  6-bi t ADC output 
 
V. CONCLUS ION 
 
The design is simulated using TANNER-EDA tool. The 

threshold voltage levels for 6-bit ADC using 0.25μm 

technology have been presented using TANNER- EDA tools. 

The power supply voltage given is 2.5 V. Moreover, it is worth 

noting that the proposed ADC using MUX based encoder is a 

clock less circuitry, which is also a reason for the reduced 

power consumption. The paper presented a method to reduce 

power to some extent in designing high-speed CMOS flash 

ADCs are optimizing the speed and power, static and dynamic 

offset reduction, calibration, and low supply voltage operation. 

The results for  6-bit flash ADC are tabulated in  Table 1.TIQ 
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based A/D converter circuits offer higher data conversion rates 

while maintaining a  power consumption to acceptable level. 

So the TIQ technique is used for to reduce power.Also highly 

suitable for the SOC integration using the standard digital 

CMOS process. However, the comparatordesign is based on 

the internal voltagedetermined by the transistor sizes. Such 

internal voltage reference varies due to the CMOS process 

parameter variat ion during the manufacturing. Such variat ion 

creates a large margin of the linearity variat ion of the A/D 

converter. 

 

Table. 1. Result summary 
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Resolution (No. Of Output 

bits) 

6-Bit 

CMOS Technology 0.250 µm 

Transistor count 575 

Power Supply(VDD) 2.5V 

Average Power Consumed 35mW  

Vm Range(Input Dynamic 

Range) 

0.4V-1.0V 

Vm Distance(VFSR) 0.00914 V 

VLSB  0.000172 V 

Input signal frequency 1MHz 
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