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Abstract- A 7-bit Flash Analog to Digital converter, with fully differential architecture, operating under a clock frequency of 
100MHz is implemented in this paper. Architecture is impl-mented for a fully differential swing from -600mV to +600mV 
with reference voltages ranging from 600mV to 1200mV. The architecture comprises of a resistor ladder of 128 resistors, with 
the threshold voltages fed into 127 comparators, followed by one hot encoding of the thermometer codes. The output is 
converted into binary codes by a Binary ROM. Output is verified using an ideal 7-bit Digital to Analog converter. Computation 
of Signal to Noise ratio and Spurious Free Dynamic Range is done for comparing the performance of the converter. 
 
Index Terms- Flash ADC, Kickback Noise, One Hot Encoding, Thermometer coding, Binary ROM 
 
I. INTRODUCTION 
 
Flash ADCs are the fastest ADCs used for the analog 
to digital conversion process. It uses a linear type  
voltage ladder along  with a comparator one at each 
rung of the ladder to compare the input voltage to 
successive reference voltage [1]. It eliminates the need 
for a Sample and Hold circuit by employing a number 
of comparators at a single shot exhibiting parallelism 
at the expense of quite a big architecture. A Flash 
converter requires a huge number of comparators 
when compared to other types of  ADCs, especially as 
the precision increases. This increases the complexity 
of flash ADC to be much higher when compared to 
other ADC architectures [2]. A Flash converter 
requires 2(n-1) comparators in order to do an n-bit 
conversion [3]. The power consumption, size and cost 
of all those comparators increases the complexity of 
Flash. Hence, Flash converters are used in 
applications which are to be really fast. In this design, 
the resistor ladder is of 128 resistors and the 
differential voltage is taken from the threshold taps 
and compared with the differential input voltages. 
Thus each comparator takes in four inputs and checks 
if Vinp-Vinn is greater than Vrefp-Vrefn and gives the 
corresponding output. The outputs of all the 127 
comparators together form the thermometer code 
which is converted into one-hot codes by one hot 
encoding using and gates [4]. The output is taken by a 
Binary ROM which gives the digital output b0, b1..... 
b6. These digital outputs are fed into an ideal 7 bit 
DAC to check the output. 
 
A. Design approach 
The 7 bit Flash ADC has a resistor ladder of 128 
resistors. The reference voltages are 1200mV and 600 
mV. This gives a VLSB of 4.6875mV. As differential 
tap voltages are considered, there will be a swing of 
-600mV to +600mV. Hence to obtain the full swing 

the input voltages are given such that Vinp swings from 
600mV to 1.2V and Vinn swings from 1.2 V to 600mV 
with a phase difference of 180 degrees. At each tap 
point, the threshold voltages and the input voltages are 
given to the four-input comparator which produces an 
output of 0 or 1 based on the inputs [4]. In the one hot 
encoding part there are 127 AND gates which takes a 
thermometer code directly and the successive code 
through an inverter so that wherever the transition has 
happened, the output becomes 1. The binary ROM is 
designed such that the output is pulled up with the use 
of PMOS resistors and it will be pulled down to 
ground by the NMOS resistors based on the codes to be 
produced. 
 
II. FLASH ADC ARCHITECTURE 
 
This section explains the different blocks of the area 
efficient segmented DAC architecture. 
 
A. Resistor Ladder 

 
Fig. 1.  Resistor Ladder 
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Fig. 2.  CMOS Latched Comparator 

 
Fig.1 shows the resistor ladder used in the comparator. 
The 128 resistors of 10 ohms each divides the 600mV 
into 4.6875 mV each. Resistors are made of smaller 
values to reduce the effect of kickback noise. Large 
amount of voltage variations at the regeneration nodes 
of the comparator may get coupled through the 
parasitic capacitances of transistors to the input node 
of comparator causing the kickback noise [5]. If the 
kickback noise is quite large, it alters the threshold 
voltages at the resistor ladder taps and if greater than 
an LSB, gives a wrong output at the comparator [4], 
[5]. Once the ladder is designed, the outputs are 
differentially taken as Vt127 - Vt1, Vt126 - Vt2......... Vt1 
- Vt127. Inorder to make this possible the tap outputs 
are given directly to a fully differential comparator 
which makes a decision based on the corresponding 
logic. 
 
B. Comparator Design 
Fully differential comparator is designed using CMOS 
latched comparators preceded by a preamplifier [1]. 
The comparator architecture is as shown in Fig.2. In 
order to implement the differential structure, inputs 
are fed differentially to the preamplifier.  
 

 
Fig. 3.  One Hot Encoder 

Based on the input, the output of the preamplifier is 
fed to the cross coupled inverters which acts as the 
latch. Reset switch is fed with the clock signal so that 
when the clock is high, both the regeneration nodes 
settle at a mid value of VDD/2. Once the clock goes 
low, regeneration phase starts. The output nodes goes 
either to VDD or to 0 based on whether the  input 
signal is greater than or less than the differential tap 
voltage. For each of the tap point, a comparator is 
used, making 127 comparators working together to 
produce the corresponding thermometer code for the 
input sample at the instant. 
 
C. One Hot encoding 
The thermometer code obtained from the output of the 
comparator block has to be converted into one hot 
codes before giving it to the binary ROM [4], [6] – [7]. 
One hot encoding is done using simple AND gates 
where the comparator output at a level is given along 
with the inverted output of the top comparator to an 
AND gate. Thus 127 outputs are taken out of the block 
of which any one will be high based on the input 
given. In this design, one hot encoding is done using 
two-input AND gates. In case there is a need for 
sparkle correction, 3-input AND gates can be used. 
D-latches are used at the outputs to avoid the garbage 
values that are obtained at the comparator output. 
 
D. Binary ROM 
In order to convert the one hot codes to binary codes, 
Binary ROM is implemented [7]. Seven output lines 
are initially pulled up to VDD using PMOS transistors 
which are always ON. NMOS transistors are 
employed in rows pulling down the seven bit lines to 0 
based on the binary codes corresponding to each one 
hot code. The architecture is as shown in Fig.4. If the 
one hot code has all zeros, all bit lines remain at VDD. 
Inverters are employed at the end of all bit lines to 
obtain the correct logic. Sizing of MOS transistors is 
done such that equal strength is given for pull down 
and pull up so that the rising and falling times are 
equal. 
 

 
Fig. 4.  Binary ROM 
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E. Simulation 
The obtained output is verified by feeding an ideal 
7-bit DAC with the binary codes obtained from the 
Flash ADC. Inorder to find the corresponding codes 
for the whole input range, a ramp signal ranging from 
0V to 1.2V is given as input and the obtained binary 
output is plotted as shown in Fig.5 and Fig.6. Output 
waveform for the ADC-DAC setup is illustrated in 
Fig.7 . Sinusoidal inputs are  fed to the Flash ADC 
ranging from 600mV to 1200mV.  
 

 
Fig. 5.  Binary Output for input ramp signal (B6 to B3) 

 

 
Fig. 6.  Binary Output for input ramp signal (B0 to B2) 

 

 
Fig. 7. Output Characteristics for an input ramp signal 

 
It gives an an input voltage range of -600mV to 
600mV. Hence the reference voltages for the resistor 
ladder is Vrefp=1.2V and Vrefn=0.6V. Clock frequency 
is 100MHz and the signal frequency is taken to be 
(N1/NFFT)*fs where N1=3 and NFFT=1024 giving 
three sinusoidal cycles for 1024 samples. Fig.8 shows 

the output characteristics obtained from the ADC 
DAC setup for the sinusoidal signal. The output 
glitches are avoided by using D-latches to equalize the 
delays before feeding into the ideal DAC. FFT is 
plotted and we obtain the main overtone at 0.292 MHz 
as seen in Fig.9. Spurious Free Dynamic Range is 
computed to be 54.75 dB. 
 

 
Fig. 8. Output Characteristics for sinusoidal signal 

 

 
Fig. 9. FFT plot for output characteristics 
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