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ABSTRACT: Settling time is an important parameter. It measures that how much time is required for stable output 
change. Comparator and thermometer coder encoder are responsible parameters of Flash ADC performance. In this 
paper, settling time of thermometer code encoder by mux combination is measured. 
It is implemented on Cadence virtuoso tool. 
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I. INTRODUCTION 
 

Analog to digital converter works as a bridge to convert analog data into digital form. High speed ADC’s are mostly 
used in signal processing applications. Flash ADC requires only one clock to process data. Flash ADC is the fastest 
ADC in all ADC. A chain of comparators and an encoder circuit is required in Flash ADC. To convert analog data in n 
no of digital code it requires 2n-1comparators [1, 2].   In comparators a reference voltage is required which changes the 
analog particular input into high or low signal. A series of zeros for low signals and a series of ones for high signal is 
generated from the chain of comparators in flash adc. To convert series of zero and one an encoder system is required 
[6]. 

II. THERMOMETER CODE  
 

As the series of zero and one by which continuation sequence of either zero or one is used to count input in digital 
number is thermometer code. In Flash ADC’s the chain of comparators generate one and zero are one of thermometer 
code [7,8]. To convert thermometer code into digital code an encoder circuit is used. There are different circuits which 
converts thermometer code in digital as Wallace tree, combination of mux’s [4] etc. 
 
 

III. THERMOMETER CODE ENCODER BY MUX’S COMBINATION 
 

Multiplexers are data selectors. They are parallel to serial converters. In mux, which data is to be transferred from input 
to output is selected by selection line.  Figure 1 is the symbol of 2:1 mux.  When Sel is zero B is transferred to z and at 
Sel is one A is transferred to Z. 

 Z = A.Sel + B Sel’       [1] 
To convert fifteen inputs (C1 to C15) into four output lines, total elever 2:1 mux’s are required. In first series of seven 
mux’s all inputs are passed form 2:1 mux’s in which C8 work as selection line as well as output (X3). After seven 
mux’s, outputs next series of three mux’s are connected. Output of middle mux’s is connected as selection line as well 
as output line (X2). Output line of second mux’s series are connected in the input of mux. Middle od mux’s output of 
second mux is work as an input line for last mux and as well as output line (X1). At the last mux’s output is X0 decribe 
in figure 2. 
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Figure 1 2:1 mux 

 

 
Figure 2 4 bit thermometer code encoder by mux’s combination [3]. 

 
 

Table 1 is the truth table of 4 bit mux encoder system. C1 to C15 are inputs and X0 to X1 are outputs. Table 1 shows 
all the output for all possible inputs. Figure 3 is the snapshot of 4 bit mux encoder system implemented on cadence- 
virtuoso tool.  
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Table 1. 4 bit thermometer code encoder by mux’s combination[3] 

 

 
Figure 3 Mux’s combination circuit to convert thermometer code into binary code implemented on Cadence virtuoso tool. 

 
IV. RESULT ANALYSIS 

 
The time required to stable the output when input is changed is called settling time. Settling time also includes 
propagation delay. It is the difference of the time to change from one state to another state. 
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Fig 4  Output waveform timing is calculated for OUT1 

 
Figure 4 is the output waveform of OUT1. In it the change of high to low is calculated. The time required to stable 

output change is 99.66ps. 

 

 
Fig 5 Output waveform timing is calculated for OUT2 
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Figure 5 is the output waveform of OUT2. In it the change of high to low is calculated. The time required to stable 
output change is 163.163ps. 

 

 
 

Fig 6  Output waveform timing is calculated for OUT3 
 

Figure 6 is the output waveform of OUT3. In it the change of high to low is calculated. The time required to stable 
output change is 205.596ps. 

 

 
Fig 7  Output waveform timing is calculated for OUT4 
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Figure 7 is the output waveform of OUT4. In it the change of high to low is calculated. The time required to stable 
output change is 920.638ps. 

 
From figure 4,56,7 a final table is created. Total settling time required is .920 ns. 

 
OUT V1(V) V2(V) T1(NS) T2(NS) V(V) SETTLING TIME 

T(nS) 
Out1 4.999 29.9m 704.462 704.591 4.96 .099 
Out2 4.998 2.93m 704.379 704.542 4.995 .163 
Out3 5 10.53m 704.27 704.479 4.989 .209 
Out4 8.319u 4.991 703.553 704.473 4.983 .920 

 
Where V1 (v) is voltage and T1 (ns) is time in nano second at initial stage (before input is changed), V2 (v) is voltage 
and T2(ns) is time in nano second at final stage (after input is changed). V (v) is difference of V1 (v) and V2 (v) and T 
(ns) is time difference between T1 (ns) and T2 (ns). T (ns) is the settling time for output line. 
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