
International Journal of Engineering Science  and Computing, October 2016           2741                                                             http://ijesc.org/ 

          
ISSN XXXX XXXX © 2016 IJESC                                                                                                   
                                                       
 

 

Design & Implementation of Low Power 4-bit Flash ADC in 70nm 

CMOS 
Shweta Jadhav

1
, Sujeet Mishra

2
 

Research fellow, M. Tech
 1

, Assistant Professor
2
  

Department of EC 

Sanghavi Institute of Management & Science, Indore, M. P, India  

 

Abstract:  

This paper describes the design and implementation of a Low Power 4-b it flash Analog to Digital converter (ADC). It  includes 15 

comparators and thermometer to binary  Fat  Tree encoder designed by CMOS logic that makes the circu it faster. In  high speed ADCs 

comparator p lays an important ro le so we are using a clocked comparator for high speed applications. The design issues are related to 

resolution, speed and power dissipation. This work presents the flash ADCs with sample frequency 2 GSps for 4 bits in a 70nm CMOS 

technology using Tanner EDA analog design environment simulation tool. The flash ADC uses a 1.2 volt Vdd and a 0 volt Vss and 

consumes a power of around 548.4µW and differential and integral nonlinearities (DNL and INL) of the Flash ADC are ±0.5 LSB a nd 

± 0.68 LSB respectively and SNR is 22.912dB. 
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I. INTRODUCTION 

 

The Flash ADC is  the fastest ADC among a wide range of 

accessible ADC architectures. A  N-Bit Flash ADC utilizes the 

2
N-1 

comparators for information change. Applications such as 

wireless communications and digital audio and video have 

created need for cost-effective data converters that will achieve 

higher speed and resolution. The needs required by digital signal 

processors continually challenge analog designers to improve and 

develop new ADC and DAC architectures. There are many 

different types of architectures, each with unique characteristics 

and different limitations. Flash analog-to-digital converters are 

the fastest way to convert an analog signal to a digital signal due 

to their parallel operation. Flash ADCs are suitable for 

applications requiring very large bandwidths, like receivers and 

high density disk drivers, but they consume more power than 

other ADC arch itectures and are generally limited to 8-bit 

resolution. This paper presents the systematic design of a 4-bit 

2GHz flash ADC implemented in 70-nm CMOS technology. This 

work includes the design of a high speed flash ADC, introduction 

of a clocked comparator. 

 

II. ARCHITECTURE 

 

Figure 1 shows the general block diagram of ADC [1] Flash 

analog-to-digital converters, also known as parallel ADCs, are 

the fastest way to convert an analog signal to a dig ital signal. A 

typical flash ADC block diagram. For an "N" bit converter, the 

circuit employs 2
N-1 

comparators. A resistive divider with 2
N

 

resistors ladder provides the reference voltage. The reference 

voltage for each comparator is one least significant bit (LSB) 

greater than the reference voltage for the comparator immediately 

below it. Each comparator produces a "1" when its analog input 

voltage is higher than the reference voltage applied to it. 

Otherwise, the comparator output is "0”. 

 

 
Figure. 1. Flash ADC architecture  

 

 As shown in figure 2, the flash ADC is composed of three major 

components: resistors ladder, comparators and encoder. "The 

comparators are typically  a cascade of wideband and low gain 

stages. They are low gain because at high frequencies it's difficult 

to obtain both wide bandwidth and high gain. They are designed 

for low voltage offset, such that the input offset of each 

comparator is smaller than a LSB of the ADC. Otherwise, the 

comparator's offset could falsely trip the comparator, resulting in 

a digital output code not representative of a thermometer code.”  

A  D-latch at each comparator is used to stores the Output result. 

So that the end state is forced to either a "1" or a " 0'''. The analog 

input voltage is concurrently compared to the reference voltage 

levels generated from resistors ladder and the speed of A/D 

conversion is therefore maximized. The outputs of comparators 

form a thermometer code (TC) which is a combination of a series 

of zeros and a series of ones, e.g., 0000…0101…1111. Because 

binary code is usually needed for digital signal processing, a 

thermometer code is then transformed to a binary code through a 

(2
n
-1)-to-n TC-to-BC encoder, where n is the resolution (bits) of 

ADCs. The cost of such a traditional encoder increases 
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exponentially with the resolution. Opt imizations on area cost, 

circuit  latencies power consumptions are greatly expected. In this 

paper we have low used power Comparator in  the design 

throughout. 

 

 
Figure. 2. 4-Bit Flash ADC architecture  

 

 
Figure. 2.1 4 -bit Flash ADC Output wave form 

 

1. Comparator Circuit & Design Specification 

 

The proposed low power comparator works on the concept of 

pre-charging and discharging by the clock input with the period 

of 0.5ns by a 40ps of rise time and fall time and consumes the 

power of 337nw. The comparator goes through a set of distinct 

operating phases, namely : sampling, regeneration. We will 

describe both operating phases in more detail and some 

signatures in the comparator responses that can be used to 

distinguish one operating phase from another [2]. 

 

 
Figure. 3 .Schematic of clocked comparator  

 

A. Sampling Phase 

 

Initially, the comparator shown in figure 3 is in the resetting 

phase when the clock input clk is low. The reset switches Pmos_3 

and Pmos_4 pull the output nodes  to and the internal nodes and 

to approximately  Vdd-Vthn, where n  is the threshold voltage of 

an Nmos. During this phase, the noise currents from the reset 

switches can contribute to the noise voltages on the output nodes . 

When clk switches is high, the input differential pair and starts 

discharging the internal nodes and depending on the input voltage 

difference. The cross-coupled Nmos pair, Nmos_1 and Nmos_2 

then discharges the output nodes depending on the voltage 

difference between internal nodes. Hence, the comparator is 

sampling the input voltages onto the internal nodes internal nodes 

and the output nodes drop below Vdd-Vthp, where is the 

threshold voltage of Pmos, the Pmos  cross-coupled pair Pmos_1 

and Pmos_2 remains in cutoff state.  

 

B. Regeneration Phase 

 

When the output nodes and fall sufficiently low that the Pmos 

devices Pmos_1 and Pmos_2 finally turn on, the cross coupled 

inverter pair Nmos_1-Nmos_2 and Pmos_1-Pmos_2 starts 

regenerating the voltage difference stored on the output nodes via 

positive feedback. During this phase, we assume that the input 

devices Nmos_4 and Nmos_5 and are in  linear region with very 

large conductance compared to the other devices, hence the 

internal nodes and are considered almost short-circuited to 

ground. During the resetting phase, the positive noise current 

from Nmos_1 pulls the node voltage on X higher and therefore 

helps keeping the output voltage at high values. On the other 

hand, during the sampling phase, the same polarity noise current 

from Nmos_1 causes the output node voltage to be discharged to 

a lower value. As a result, the noise from Nmos_1 and Nmos_2 

pair has a low dc value which is desirable for suppressing 1/f 

noise or mis match effects. This makes sense as the Nmos_1 and 

Nmos_2 pre-charges its source nodes X-X1 to Vdd-Vthn, 

canceling the mis match between and by a first order. In short we 

can say that during the reset phase when clk is low and Nmos_3 

tail is off, reset transistors Pmos_3 & Pmos_4 pull both output 

nodes to VDD to define a start condition and to have a valid 

logical level during reset. It is also called as the Pre-charge phase. 

During  the comparison phase, when clk  =Vdd, transistors 

Pmos_3 and Pmos_4 are off, and Nmos_3 tail is on. Output 

voltages which had been pre-charged to Vdd, start to discharge 

with d ifferent discharging rates depending on the corresponding 

input voltage (Inn/Inp). Assuming the case where Inp > Inn, Out1 

discharges faster than O2, hence when Out1 (discharged by 

Nmos_4 drain current), the corresponding Pmos_1 will turn on 

initiat ing the latch regeneration caused by back-to-back inverters 

(Nmos_2, Pmos_2 and Nmos_1, Pmos_1). Thus, Out1 pulls to 

Vdd and O2 discharges to ground. If Inp < Inn O2 d ischarges 

faster than Out1, hence when O2 (discharged by transistor 

Nmos_5 drain current), the corresponding Pmos_2 will turn on 

initiat ing the latch regeneration caused by back-to-back inverters 

(Nmos_2, Pmos_2 and Nmos_1, Pmos_1). Thus, O2 pulls to Vdd 

and Out1 discharges to ground. 

  

2. D- Latch 

 

D-Latch is a memory device, we can store a 0 or 1 bit  in this 

latch circuit  by clk  (enable) input 1 and setting D to whatever we 

desire to store a bit. When the enable input is comes to low ‘0’ 

the latch avoid the status of the D input and the stored data which 

is remain store as it is , it means it holds the stored  bit [17]. The 

output of all the comparators  are fed to D-latch, here we are using 
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a D-latch to store the data when the latch is enabling at h igh. The 

schematic of a D- Latch is shown in figure 4. 

 

 
Figure.4. A D-Latch 

 

3. 2- Input AND gate (Bubble Correction) 

 

The comparators of an ADC are metastable, which  is the 

phenomenon where a bitable element requires an indeterminate 

amount of time to generate a valid output. This happens 

especially when the difference of the input and the reference is 

close to zero. Moreover, metastability at the comparators and 

input offsets can cause bubbles at the thermometer code (a zero 

inside a series of one’s  or v ice versa). Figure 5.1 shows the 

correct and incorrect thermometer code: 

 

 
Figure. 5.1 a) Correct Encoding, b) Incorrect Encoding 

 

As we can see in figure 5.1(b), the bubbles make the transition 

point (from ones to zeros) hard to detect since their might be 

more than one, as shown in figure 5.1(b) [4]. Furthermore, if 

there are more than one transition points and they drive a encoder 

with binary output the error could be very large.  

 

 
Figure.5.2 Bubble Correction through AND Gate  

 

To solve this problem more sophisticated error correction scheme 

than AND gate is required. A  simple and effective way to 

compensate for bubbles is to use AND gates. Figure 5.1 shows a 

very simple scheme to remove bubbles from thermometer code 

and it also generates 1-out-of-n codes. The Q output of each 

comparator (taken from the D- Latch) is applied to the 

“2_input_AND_1Inputs_Inverted” block, which contains a 2 

input AND gate with one inverted inputs as shown in figure 5.2. 

 

4. Fat tree encoder  

 

Fat tree encoder is the popular architecture that is being used in 

many flash ADC designs. This type of encoder requires 

intermediate conversion which converts the thermometer code to 

one-out-of-N code. It is implemented using optimized 01 

generator circuit [6]. The one-out-of-N code is then encoded to 

binary using Fat tree encoder, which consists of multip le 

branches of OR gates. As the number of input bits increases, the 

tree becomes larger. To improve the performance of Fat  tree 

encoder, the OR gates are replaced with NAND and NOR logic 

gates using De-Morgan’s theorem. This inverting logic Fat tree 

encoder circuit was designed and simulated using CMOS 70nm 

technology. The schematic of Fat tree encoder is shown in figure 

6 [3] 

 

 
Figure. 6 .fat tree encoder  

 

III. SIMULATION RES ULTS  

 

1. Comparator Output Waveform 

 

As shown in figure 7. Saw tooth waveform is applied to the (Inp) 

non inverting terminal of the comparator and reference signal is 

applied to the (Inn) invert ing terminal of the comparator. We 

have got the following waveform 

 

 
Figure. 7. Comparator output  



International Journal of Engineering Science  and Computing, October 2016           2744                                                             http://ijesc.org/ 

2. ADC Output Waveform 

 

 
Figure. 8. 4 Bit Flash ADC Output Wave Form on 20 Mhz 

input frequency  

 

Figure 8 shows outputs for analog input of 0 to 1.2V and 20MHz 

input frequency of Flash ADC. In this paper the method used for 

4 Bit Flash ADC demonstrate the use of Low power clocked 

Comparator in Flash ADC.  Flash ADCs are too costly for high 

resolutions because their complexity increases exponentially with 

the number of b its. 

 

IV. RES ULTS  

 

A 4-b it Flash ADC is designed in CMOS 70nm technology and 

the simulations are done by using T-spice using Tanner EDA 

Tool. The supply voltage is given as 1.2V and the reference 

voltage generates from resister ladder is set as 0.3V to 1.2V. 

 

Simulation RES ULT’s Table I 

 

Process 70nm 

Supply 1.2V 

Comparator Power 337nW 

Flash Power 548.4µW 

Range 0.3 to 1.2 

 Nyquist rate 1GHz 

Sampling Rate  2GSPs 

Resolution 4 Bit 

SNR 22.912db 

ENOB 3.513 Bits 

SNDR 25.855db 

Input frequency 20MHz 

DNL ±0.5 

INL ±0.68 

 

V. CONCLUS IONS  

 

The proposed design is implemented in 70nm CMOS and 

includes a 2GSps signal acquisition stage built from a 4-bit flash 

ADC with low hardware complexity and low latency is proposed. 

This 4bit  flash type Analog to digital converter have limitations 

such as this device is accurate for the conversion of analog 

voltage to digital fo rm from 0.3 to 1.2 voltage. At 2Gsps, the 

Flash ADC consumes 548.4µw and a measure most extreme 

differential and integral nonlinearities (DNL, INL) for an incline 

data are discovered to be ±0.5 LSB & ±0.68 LSB respectively 

and for accurate result the input voltage should be greater or 

lesser than the reference voltage of the comparator about ± 0.06 

volt. Moreover, this arch itecture can be extended to medium-to-

high resolution applications because this simplicity of the circuit.  
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