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Abstract— A 4-bit Flash Analog to Digital Converter (ADC) is 

designed and implemented in 90nm CMOS process is presented 

in this paper. The proposed flash ADC employs resistive ladder 

logic network, comparators and encoder logic to convert the 

given continuous input signal into output digital code. The flash 

ADC utilizes a novel encoder realized using pseudo dynamic 

CMOS logic which has been implemented with fewer transistors 

compared to the previous other techniques. The designed flash 

ADC consumes 0.46mW when operated from a 1.2V power 

supply voltage. The operating speed of the design is 10GHz and 

the simulated integral non-linearity error (INL) and differential 

non-linearity error (DNL) are between 0.14/-0.03LSB and 0.41/-
0.18LSB respectively. 

Keywords— Comparator, Low voltage, Calibration, Low 

power, Inverter, Least Significant Bit, Most Significant Bit and 
CMOS. 

I.  INTRODUCTION  

 

In recent years there has been rapid improvements in the 
development of signal processing and digital computing in the 
design of numerous electronic systems. The importance of 
data converters in the implementation of signal processing and 
digital computing in communications, image processing, 
instrumentation and industrial control systems is increasing by 
leaps and bounds. At present the major innovations in 
consumer electronics are reflected in notebook computers, 
smart phones, camcorders, tablets and portable storage 
devices. One of the key components in the wireless devices is 
the Analog to Digital Converter (ADC), which acts as 
boundary between analog and digital domains. An analog to 
digital converter is a mixed signal device that changes analog 
input signal into digital output signal.  

 For System-on-Chip (SoC) applications, which often 
target portable applications require high speed, low voltage 
and high resolution ADCs. High-speed, high resolution and 
low power are the significant requirements in many wireless 
receiver applications. Different ADC architectures such as 
Pipeline, Sigma-Delta, Flash type, Folding, Sub ranging, and 
Interleaving have been used to deliver these requirements. Of 
these, Flash ADC architecture has been demonstrated to be the 
most efficient for applications such as Ultra Wideband (UWB) 
Communication systems, digital storage oscilloscopes, high 

speed data acquisition systems, high quality video processing 
systems, Blu-Ray or DVD readouts, remote sensing, and space 
probes [1]-[3]. The quick advances in these application areas 
is motivating the circuit designers to design ADCs towards 
achieving higher operating speed, lower power consumption 
and smaller die size. 

 Currently flash ADCs are the best selection for use in 
ultra-high speed applications such as UWB communication 
systems, portable products, and digital storage oscilloscopes 
etc. [4]-[5]. Jyun-Syong Lai et al. [6] proposed a flash ADC 
that is based on single ended comparators using only inverters 
and resistors. The designed ADC contains less number of 
transistors and consumes less power. Chun-Chieh Chen et al. 
[7] presented a novel flash ADC, in which loading 
capacitances of the front end sampling sub-circuits are 
reduced considerably, thereby increasing the operating speed. 
J. Yang et al. [8] proposed a flash ADC which is implemented 
by using calibrated comparators array with built in reference 
voltage instead of resistor reference ladder. The designed 
ADC operates with less power. B. Verbruggen et al. [9] 
presented a folding flash ADC, in which number of 
comparators has reduced drastically, thereby reducing power 
consumption and die size. Also ADC designs in nanometer 
scale lengths in CMOS technologies encounter numerous 
limitations such as low amplifier gain, high offset voltage, 
insufficient voltage headroom, and mismatches in components 
and switch linearity degradation. The sampling frequency of a 
flash ADC is limited by the comparator delay. So by properly 
designing the comparator, delay can be reduced and sampling 
frequency can be improved significantly. In this paper a ultra-
high speed and low power flash ADC is designed and 
implemented in 90nm CMOS technology. 

The paper is organized as follows. Section II discusses the 
detailed design of proposed flash ADC architecture. While 
section III presents the implementation of overall ADC 
architecture. Simulated results are shown in Section IV and 
Section V gives the conclusions. 

II. PROPOSED FLASH ADC ARCHITECTURE 

 

Flash ADCs, are also known as parallel ADCs. They are the 

fastest data converters to convert a given input analog signal 

to a output digital signal. However the main disadvantage of 
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these flash ADCs is that they have relatively low resolution 

and circuit complexity is high which in turn occupies larger 

chip area. Figure 1 shows the logic diagram of the proposed 4-

bit flash ADC. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Fig. 1. Architecture of Flash ADC 

Flash analog to digital converters are constructed by cascading 

comparator circuits. It consists of a resistive divider network 
with 2N number of resistors (N denotes number of bits), which 

provides the fixed reference voltage to each input side of the 

comparator. For a converter with N number of bits (2N-1) 

numbers of comparator circuits are required. The derived 

reference voltage for each comparator is atleast one least 

significant bit (LSB) greater than the reference voltage for the 

comparator next below it. The comparator produces logic high 

output voltage when its analog input voltage exceeds the 

reference voltage applied to it. Otherwise, a logic low is 

produced at the output of comparator circuit. The point where 

the code changes from ones to zeros is the point where the 
input signal becomes smaller than the respective comparator 

fixed reference voltage levels. This type of coding is 

recognized as thermometer code encoding, so called because it 

is very much similar to a general mercury thermometer, 

wherein the mercury column in the instrument always rises to 

the appropriate temperature and no mercury is present beyond 

that temperature. Finally the generated thermometer code is 

then translated to get the appropriate N-bit digital output bits.  

A sample and hold circuit (S/H) is connected at the front end 

stage of the flash ADC to sample and hold the value and pass 

it to the comparator. The parallel structure ensures a high 

operation speed and minimized conversion delay. 

 

In this proposed paper, a novel four bit flash ADC is designed 

and implemented, which consists of sixteen resistors of fixed 

value, generating fifteen different reference voltages for 
comparators. The output of comparator circuits are a fifteen 

bit thermometric code, which is then properly encoded to get 

final four bit digital output data using an encoder. 

 

A. Sample and Hold (S/H) circuit: 

 
The S/H circuit is an important analog circuit block in many 

receiver circuits. The schematic diagram of S/H circuit is 

shown in figure 2. The purpose of the S/H circuit is to sample 

the given analog input signal and clamp this value over a 

definite period of time for sub sequent processing. The S/H 

circuit is used in ADC to reduce deviations in input signal that 

can override the conversion process. During the comparison 

process, the delay time of comparator is made less than the 

delay time of the encoder circuit. A sine wave of amplitude of 

1Vp-p is applied at the input of S/H circuit. The circuit is 

operated from a power supply voltage of ±1.2V, and clock 
frequency is 10GHz. To avoid loading effect, a voltage 

follower circuit is connected at the output side. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Fig. 2. Schematic diagram of S/H circuit 

 

B. Comparator circuit: 

 

A Comparator circuit is used for comparing the input voltage 

with a known reference voltage. If the applied input voltage is 

higher than the fixed reference voltage, then the comparator 
produces a logic high output, else if the given input voltage is 

less than reference voltage the comparator output is logic zero. 

The design of comparator circuit is plays a major role in the 

operation of flash ADC, as the sampling speed and resolution 

are dependent on comparator circuit. The sampling speed is 

generally determined by its regeneration time constant. The 

regeneration time constant is inversely proportional to the 

square of the gate length for a given CMOS technology [11]. 
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The transistors bias voltage and widths are properly designed 

such that all transistors remain in saturation. Figure 3 shows 

the schematic diagram of comparator circuit. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
Fig. 3. Schematic diagram of comparator circuit 

 

C. Thermometer code to Binary coded circuit: 

 

The output of the comparator section will produce ones and 
zeros which will look like a thermometer code. Finally, the 

thermometric code is then decoded to get the proper digital 

output code. There are several designs for decoding the 

thermometer code such as programmable logic array (PLA), 

read only memory (ROM), XOR encoder, Fat tree encoder and 

Wallace tree encoder etc. In this paper design and 

implementation of encoder circuit using pseudo dynamic 

CMOS logic is presented. Using this technique considerably 

reduces the number of transistors in the design, thereby 

increasing speed of operation and operates with low power. 

The proposed design utilizes the AND-OR-Invert gates. The 
key benefit of this method is that the thermometric code is 

directly changed to binary output code without using any 

intermediate conversion method. The designed expressions are 

 

    [1] 

 

   [2] 
 

 

  [3] 
 

  [4] 
 

 

where bits B3, B2, B1, B0 are output digital codes and T0, 

T1……T15 are outputs of comparators. 

 

 

The schematic diagram of bits B0, B1 and B2 are shown in the 

figure 4, 5 and 6.  The total number of transistors required for 
the conversion from thermometric code to output binary code 

is 38. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

Fig. 4. Schematic diagram of generation bit B0 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5. Schematic diagram of generation bit B1 
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Fig. 6. Schematic diagram of generation bit B2 

 

Table 1, indicates the truth table for converting the 

thermometric code to output binary code. 

 

Table 1.  Truth table for converting Thermometric code to output binary 

code 

 

 

 

 

 

 

 

 

III. IMPLEMENTATION OF FINAL ADC ARCHITECTURE 

 

All the fifteen comparators, thermometric code to output 
binary code logic diagram and sample and hold circuit were 
integrated and the final schematic is presented in the figure 7. 
The schematic logic diagram of 4-bit flash ADC is modeled 

using Virtuoso and simulated using Cadence Spectre, and the 
final layout has been developed using Virtuoso. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Final logic diagram of Flash ADC 

IV. SIMULATION 

The performance of the proposed 4-bit flash ADC was 
simulated using Cadence spectre. The entire flash ADC circuit 
is designed in 90nm CMOS technology. The simulation results 
of the S/H circuit are shown in figure 8. The input to the S/H 
circuit is a sine wave having amplitude of 1.0Vp-p, operating 
power supply voltage is ±1.2V, and clock frequency is 
10GHz. The input signal is sampled based on the clock signal 
frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. Simulation results of S/H circuit 
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The proposed flash ADC binary outputs are shown in 
figure 9. Here bit B3 is the most significant bit and bit B0 is 
the least significant bit. The simulated value of differential 
non-linearity (DNL) error of the proposed flash ADC is shown 
in figure 10. The simulated integral non-linearity (INL) error 
of the proposed flash ADC is shown in figure 11. Because 
INL and DNL are less than 0.5LSB, this proposed flash ADC 
has higher linearity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9. Simulation results of Flash ADC 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10. Simulated DNL of Flash ADC 

 

The entire design of the flash ADC is performed using 
90nm CMOS technology and the results obtained are briefed 
in table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Simulated INL of Flash ADC 

 

Table 2. Flash ADC results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. CONCLUSIONS 

 

An ultra-high speed 4-bit flash ADC operating at a 
sampling frequency of 10GHz is designed and implemented in 
this paper. As the sampling frequency of flash ADCs 
increases, the design of comparators play a key role as it 
contribute to both low power and high speed. Different circuit 

Technology CMOS 90nm 

Resolution 4 bits 

Operating Power 
Supply 

+1.2V 

Sampling frequency 10GHz 

Input Signal       
Frequency 

upto 1GHz 

Input voltage 1.0VP-P 

Power dissipation 0.46mW 

Area 0.192mm2 

DNL 
-0.18LSB ≤ DNL ≥ 

0.41LSB 

INL 
-0.03LSB ≤ INL ≥ 

0.14LSB 

SNDR 32dB 
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design techniques are used to attain the necessary 
specifications in a 90nm CMOS process technology. The 
proposed flash ADC utilizes a novel encoder realized using 
pseudo dynamic CMOS logic which has been implemented 
with fewer transistors compared to the previous techniques. 
Due to this, the proposed ADC operates at ultra-high speed 
and power consumption is reduced. The proposed ADC is 
operated at a power supply of 1.2V and the simulated power 
dissipation is only 0.46mW. The speed of the proposed ADC 
is 10GHz. The simulated INL and DNL are between 0.14/-
0.03LSB and 0.41/-0.18LSB respectively. The ADC with an 
active die area of 0.192mm2 shows a maximum signal to noise 
distortion ratio (SNDR) of 32dB. These attractive 
specifications of the proposed flash ADC make it favorable for 
emerging applications such as in ultra-wide band receiver 
where speed is of utmost importance. 
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