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Abstract— This paper presents a low voltage low power high speed flash analog-to-digital converter (ADC). The proposed flash ADC is pipelined 

using track and hold circuit and at the input and output latches of the code converter. A new digital code converter has been introduced using 

multiplexer based code (MBC) converter. The results show considerable improvement in the ADC delay. Power consumption is also reduced to 

great extent. Further noticeable power consumption reduction achieved for the flash ADC with the introduction of MBC converter operates at 

different low voltage levels. The ADC is designed in 130nm CMOS technology.    

Index Terms— Analog-to-Digital converter, Comparator, Encoder, Flash ADC, Low Power , Low Voltage, Pipelining, Track and Hold  

——————————      —————————— 
                    

1 INTRODUCTION                                                                      

The major considerations in designing ADCs on system-
on-chip (SoC) are low power, low voltage and high speed. 
Recent high speed ADCs [1-3 ] have been reported to 
improve conversion speed by time interleaving, averaging 
termination, interpolating and folding etc.. But still achieving 
the speed greater than 2 giga samples per second (GSPS) is 
one of the major challenges in ADCs.  

The Flash ADC conventionally contains resistor ladder 
circuit, comparator and code converter. Resistor ladder 
circuit is mainly to generate reference voltages. Because of 
high power consumption of resistors, TIQ comparator [4-6] 
and QV comparator [7, 8] are introduced to generate 
reference voltages and to generate the thermometer code by 
comparing the input voltage with the reference voltages. 
Code converter is used for converting the thermometer code 
to binary code. 

In designing the high speed Flash ADCs, the code 
converter plays an important role in achieving speeds of the 
order of GSPS. ROM encoder [1-3] and fat-free encoder [9] 
are mostly used as code converters, but these converters 
convert thermometer code into the 1-out-of-n code and then 
into binary code. Because of the two steps of conversion, the 
ROM encoder and fat-free encoder give comparatively high 
propagation delay of the order of ns [8].  This paper presents 
a flash ADC using multiplexer based code converter [10] 
which directly converts the thermometer code into binary 
code in single step and run smoothly at the operating 
voltages less than 1.2 V. 

 

2   PIPELINED 4-BIT FLASH ADC 

     The proposed flash ADC consists of the Track and Hold 
circuit at the input followed by Quantum Voltage (QV) 
comparator, input latch, code converter and output latch. Its 
block diagram is given in Fig. 1. It is designed to consume 
low power at the operating voltage of 1.2 V. It works even on 
1.1 V and 1.0 V also on the same sampling speed of 2.5 GSPS. 
It is pipelined by clocking at the input of Track and hold 
circuit and at the input and output latches of code converter. 
It takes one clock cycle for data conversion. The pipelining 
provides the proper functioning of the ADC and also reduces 
jitter due to clocking. 

3 ARCHITECTURE OF THE 4-BIT FLASH ADC 

     The architecture of the 4-bit flash ADC is shown in the Fig. 
2. The 15 T/H circuits determine the signal offset and signal 
amplitude to comparator. The 15 cascaded differential 
comparators to produce the thermometer code by comparing 
the T/H output with the internal reference voltages. The 
MBC converter converts the thermometer code into binary 
code in single step.  

 
3.1 Track and Hold Circuit(T/H) 
     The Track and Hold circuit [8] is shown in the Fig. 3. It 
uses current mode dual array structure. Dual array structure 
improves the data throughput of the Flash ADC. The 
dynamic range of the Track and Hold circuit can be varied by 
varying the widths of the transistors T3 and T4, capacitance 
(C0) and the current source. The dynamic range of the Track 
and Hold circuit is 0.4 V and in the range of 0.4 V-0.8 V. The 
Track and Hold circuit in Flash ADC is mainly to provide 
signal offset voltage and signal amplitude to the comparator. 

 
3.2 QV comparator 
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The schematic of the Quantum Voltage (QV) comparator 

is shown in the Fig. 4. By varying the sizes of the transistors 

Q3 and Q4 the internal reference voltages can be generated 
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 Fig.  1. Block diagram of the Flash ADC. 
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 Fig.  2. Architecture of the 4-bit flash ADC. 
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      Fig.  3. The schematic of the T/H circuit. 

 

 by using the equation (1). 
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  Fig. 4. The schematic of the QV comparator. 
 

     Here W3 and W4 are the widths of the transistors and Vtn, 
Vref (i), V4 , V2  are threshold voltage of nMOS, reference 
voltage of  ith comparator, reference voltage and voltage at 
current source respectively. 
    By recursive simulation, widths of the transistors Q3 and 
Q4 obtained for the reference voltages which is deviating 
max 0.023 % by the ideal value. Therefore the differential 
nonlinearity is almost equal to zero. 

 
3.3    Latch   

The schematic of the latch is shown in Fig. 5. Here the 

latch is used for dual purpose. One is clocking and another 

one for improving the signal level. The transmission gates 

are used for clocking and the gain booster is used to achieve 

the full logic level at the input of a code converter. 
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   Fig. 5. The schematic of the Latch. 
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3.4 Multiplexer based code converter 
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Fig. 6. The schematic of the Multiplexer based code converter. 

 

 The pipelined flash ADC employs the Multiplexer based 

code converter (MBC) which is shown in Fig. 6. Due to the 

regular structure, the MBC converter can be expanded to 

more than 4-bit.  

 The main idea behind the multiplexer based decoder is 

that, in 2n-1 bit thermometer code the middle bit i.e. 2n-1 

level is always equal to the MSB of the n-bit binary code. This 

2n-1 level of the thermometer code separates the 

thermometer code into two partial thermometer codes. If 2n-

1 level is low then select the lower partial thermometer code 

and the middle bit is equal to (MSB-1)st  bit of n-bit binary 

code else select the upper partial thermometer code and the 

middle bit is equal to (MSB-1)st bit of n-bit binary code From 

this (MSB-1)st  bit of n-bit binary code determined. In the 

similar way remaining bits of the binary code can be found. 

This process continued up to the LSB remains. 

 The critical delay (all paths are having the same delay) of 

the code converter is only three multiplexer delay (three 

transistor’s delay) where as in DCVSPG decoder, the critical 

delay is of five XOR gates each having two transistors. The 

code converter converts the thermometer code into binary 

code in single step only. Due to the simple structure and less 

hardware the power consumption of the code converter 

reduces significantly. 

4 SIMULATION RESULTS AND PERFORMANCE 

EVALUATION 

The proposed flash ADC is designed and simulated in 

Cadence EDA tool. It uses the IBM 130nm technology which 

operates at the voltages of 1.2 V, 1.1 V and 1.0 V and at a 

speed of 2.5 GSPS. The simulation results of the 4-bit 

proposed flash ADC at input frequencies 125MHz, 250MHz, 

500MHz, and 1000MHz are shown in Figs 7-10 respectively. 

From the simulations it is clear that the flash ADC has the 

input bandwidth of the 1GHz hence proposed flash ADC can 

be used for RF signal processing. The performance and 

comparison of the 4-bit flash ADC is shown in Table 1 and 

Table 2. 

 

 

     
 
  Fig. 7. Simulation results of ADC at 125 MHz input. 
 

 

 
  Fig. 8. Simulation results of ADC at 250 MHz input. 

 

 
 
  Fig. 9. Simulation results of ADC at 500MHz input. 
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  Fig. 10. Simulation results of ADC at 1000 MHz input. 

                             
    TABEL 1 
               Comparison of the flash ADCs  

 

ADC type Flash ADC 

(DCVSPG 

Decoder) 

Proposed 

Flash ADC 

(MBC) 

Resolution 4 BIT 4 BIT 

Power 

Supply 

1.2V 1.2V 

Sampling 

Rate 

2.5GSPS 2.5GSPS 

Power  3.3142mW 3.3125mW 

Decoder 

delay 

0.653ns 0.2015ns 

Active 

Area 

43.06 μm2 31.17 μm2 

Dynamic 

range 

0.4V-0.8V 0.4V-0.8V 

VLSB 0.025V 0.025V 

 
                                  Table 2 
              Comparison of the flash ADCs (MBC)  

 

ADC 

type 

Proposed Flash ADC(MBC) 

1.2 V 1.1 V 1.0 V 

Resolut

ion 

4 BIT 4 BIT 4 BIT 

Sampli

ng Rate 

2.5GSPS 2.5GSPS 2.5 GSPS 

Power  3.3125m

W 

2.6853m

W 

2.1240m

W 

Decode

r 

delay 

0.2015ns 0.292 ns 0.513ns 

Active 

Area 

31.17 μm2 31.17 

μm2 

31.17 

μm2 

Dynam

ic range 

0.4V-0.8V 0.4V-

0.8V 

0.4V-

0.8V 

VLSB 0.025V 0.025V 0.025V 

 
 From the Table 1, the delay of the MBC converter is 69.14 

% lesser than the DCVSPG decoder. The power consumption 

of the 4-bit flash ADC (MBC converter) at 1.2 V is 5.12 % 

lesser than the flash ADC (DCVSPG decoder). And also the 

active area of the flash ADC (MBC converter) also reduced 

by 27.61 % in compared to the flash ADC (DCVSPG 

decoder). 

 From the Table 2, it clear that the power consumption of 

the proposed flash ADC (MBC converter) at 1.1 V, 1.0 V is 

reduced by 18.93 %, 35.88 % with respect to the proposed 

flash ADC (MBC converter) at 1.2 V respectively. 

 

5 CONCLUSIONS 

 This paper presents a Low voltage Low power High 

Speed Flash ADC with the MBC converter for high-speed 

flash CMOS ADCs. The MBC converter improves the speed 

and power consumption in comparison with the flash ADC 

(DCVSPG decoder). It is clear from the simulation results 

that the delay of the MBC converter is improved by 69.14 %, 

power consumption of the proposed flash ADC is reduced 

by 5.12 %. The flash ADC (DCVSPG decoder) is working up 

to power supply of 1.2 V only, however the proposed flash 

ADC (MBC converter) runs smoothly at power supplies 1.1V 

and 1.0 V with reduced power consumption with the same 

data conversion rate of 2.5 GSPS,  hence it is suitable for 

portable devices. 
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