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Abstract- In the deep submicron CMOS technology, the planning of analog and complicated mixed could be a huge 
challenge. Therefore it's fascinating to shift converter from analog domain to the digital domain. The benefits of 
implementing a completely digital ADC style rather than ancient analog ADC style are that it's easy to design and 
implement. It offers low power consumption, smaller space and a completely optimized gate-level circuit that reduces the 
planning prices. The functioning of all-digital ADC relies on the time domain signal process approach, which brings time 
resolution obtained by the employment of CMOS technology. Digital ADC style is enforced by employing combination of 
the digital Voltage-Controlled generator and a Time-to-Digital device. The VCO converts the amplitude-domain analog 
signal to a phase-domain time-based signal. The time-based signal from the VCO output is then processed by the TDC 
quantizer so as to come up with the digital code sequences. Power is reducing by applying reversible logic concept to the 
digital ADC architecture. This paper presents the implementation of a VCO-based digital ADC in TSMC 65nm CMOS 
technology victimization digital tools like ModelSim simulator and Cadence RTL Compiler. A multi-phase VCO and multi-
bit quantization design has been chosen for this 8-bit ADC. 
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I. INTRODUCTION 
 
An digitizer (ADC) could be a device that converts a 
continuous physical value (usually voltage) to a 
digital value that represents the quantity's amplitude.  
The conversion involves division of the input, 
therefore it essentially introduces some quantity of 
error, which is more rather than endlessly performing 
the conversion, associate ADC will do the conversion 
periodically, sampling the input. The result's a 
sequence of digital values that are regenerated from 
continuous-time and amplitude analog signal to a 
discrete-time and discrete-amplitude digital signal. 
An ADC is outlined by its bandwidth and its signal to 
noise magnitude relation .the particular information 
measure of associate ADC is characterized primarily 
by its sample rate, and to a lesser extent by however it 
handles errors like aliasing. The dynamic range of 
ADC is influenced by several factors, together with 
the resolution (the variety of output levels it will 
quantize a symbol to), one-dimensionality and 
accuracy (how well the division levels match analog 
signal) and interference (small temporal arrangement 
errors that introduce extra noise). The dynamic range 
of ADC is commonly summarized in terms of its 
effective variety of bits (ENOB), the quantity of bits 
it returns that are on the average not noise. A perfect 
ADC has ENOB equal to its resolution. ADCs are 
chosen to match the information measure and needed 
signal to noise magnitude relation of the signal to be 
measured. If ADC operates at a rate higher than 
double the information measure of the signal, then  
excellent reconstruction is feasible given a perfect 
ADC and neglecting quantization error. The presence  
of quantization error limits the dynamic value of even 
a perfect ADC, however, if the dynamic value of the  

 
ADC exceeds that of the signal, its effects could also 
be neglected leading to excellent digital illustration of 
the signal [1]. An ADC might also give associate 
isolated activity of devices that converts associate 
input analog voltage or current to a digital range 
proportional to the magnitude of the voltage or 
current. However, some non-electronic or solely 
partly electronic devices, like rotary encoders. The 
digital output could use totally different encoding 
schemes. Usually the digital output are going to be a 
two's complement binary value that's proportional to 
the input. An encoder, for instance, would possibly 
output a grey code. 
 
The paper is organized as motivation for digital ADC, 
application of reversible logic architecture to digital 
ADC in order to reduce the power in design of novel 
reversible logic based datapath architecture for digital 
ADC application. The main contribution of paper is 
to define an innovative low power reversible logic 
based adder and subtractor architectures for digital 
ADC application by obtaining reversible logic based 
low power architecture. The advantage of reversible 
logic based digital ADC will smaller the dimensions 
which yields in reduction of transition time signals by 
improving speed in digital circuits and reduces 
leakage power consumption in the digital circuits. 
 
II. MOTIVATION 
 
Low power VLSI technologies are playing an 
important role in digital communication systems and 
energy dissipation takes a major role in IC 
technology. In every logical computation of 
conventional digital systems has a  high energy 
dissipation yields in loss of information in every bit 
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of transition. The loss of information cannot be 
recovered back in irreversible technology. This leads 
in generation of more heat in digital components such 
as digital ADC etc.. This problem can be overcome 
by designing the architecture using reversible logic 
gates, which yields low power in ICs or digital 
components such as digital ADC etc. because these 
reversible gates has one-to-one mapping technology 
and defined by equal number of inputs and outputs. 
 
III. REVERSIBLE LOGIC 
 
Reversible logic is one of the emerging technologies 
used for designing low power applications circuits 
and reversible logic gates are generally represented 
by K * K vectors as shown in figure 1 and figure 2. 
The unwanted or extra inputs and outputs in 
reversible logic gates are called as garbage inputs and 
garbage outputs. The paper discusses the novel 
reversible logic gate architectures which have less 
garbage output and minimum quantum cost and it 
demonstrates the implementation of multipurpose 
reversible gates [2].  The main interest of reversible 
logic gate is that the output can be defined by inputs 
and input can be defined by outputs hence this yields 
in amount of energy dissipation for every bit of 
transition can be avoided [3, 4]. Number of inputs is 
equal to number of outputs and hence reversible logic 
gates have one-to-one correspondence between inputs 
and outputs [5]. In every logical operation, the small 
amount of information will erase and hence it yields 
in heat dissipation thus energy loses [6].  This 
problem can be overcome by considering reversible 
logic architecture [7].The number of inputs in 
reversible logic can reproduce by number of outputs, 
by defining the inverse property in reversible logic 
[8].  The reversible logic gates are not acceptable 
since each gate is of particular computational 
complexity and hence this yields in measurement of 
different quantum cost [9, 10]. The general equation 
of K*K vectors of reversible logic gate is given in 
equation (1) and (2). 
 

Where IK and 
OK are the input K-vectors and output K-vectors 
respectively. 
The peres reversible logic gate input and output 
functionality is given by the equation (3) and HNG 
reversible logic gate functionality is given by the 
equation (4) respectively. The functionality diagram 

of peres gate and HNG gate is shown in figure 1 and 
figure 2. 

 
Fig.1. 3*3 Peres Reversible Logic Gate 
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Fig.2.4*4 HNG Reversible Logic Gate 
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Digital ADC architecture is designed based on 
reversible logic and reversible logic gates such as 
Peres gate and HNG gates are used to define an 
adder, subtractor and low power digital counter 
circuits [11]. The reversible logic gate such as HNG 
is used in optimization of adder architecture and its 
functionality can define a complete full adder unit in 
reversible logic [12]. 
 
IV. DESIGN AND IMPLEMENTATION 
 
In all digital ADC design consists of voltage 
controlled generator and Time or Delay to Digital 
convertor. The Voltage Controlled generator is 
employed to get the specified signals of various 
phases. A Voltage Controlled generator with multi-
phase and multi-bit quantization design is chosen for 
ADCdesign. The basic design of  VCO based ADC is 
as shown in figure 3. 
  
The VCO based ADC resolution is given as  

2 2log log ......(5)t
d

s

fR t
f


  


 

 

 
Fig. 3.Basic Architecture of VCO Based Digital ADC 
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Fig.4.Architecture of VCO Based Digital ADC Architecture 

 
Where R is the resoltion of VCO, ft is the tuning 
frequency , fs is the sampling frequency and td 
represents total delay in VCO as shown in equation 
(5). 
The sampling frequency of the input signal in time to 
digital converter is given as 

max ......(6)
2 1

v
s C

ff   
 

Here the fs is defined as sampling freequency, fvmax is 
the maximum voltage frequency and C is given as 
maximum counter Bits as given in equation (6). 
 
The Time to Digital convertor scheme is formed from 
multi-bit quantizer together with the adder block. .It 
consists of voltage to time or frequency convertion in 
which analog signal is converted into digital time 
domain signal. The multi-bit quantizer sub-block is 
formed from counter and sampling block together 
with the differentiator as shown in figure 4. 
 

A completely digital 4-bit quantizer has been chosen 
in the Time to Digital convertor design. To scale back 
propagation delay, a pipelining register is introduced 
between the subtraction circuit and also the adder 
circuit. The digital VCO and also the Time to Digital 
convertor architectures are in implementing the VCO-
based ADC that's shown in Figure one.0. The analog 
signal is converted to thirteen time-based phases by 
ring-oscillator. The 4-bit division scheme processes 
the time-based signal. By summation of all the 
outputs from 4-bit quantizer stages, the digital code 
sequence is generated. Completely different power 
supplies are used for Voltage Controlled generator 
and Time to Digital convertor blocks. Since the Time 
to Digital convertor design needs a relentless power 
supply, wherever because the Voltage Controlled 
generator block is active based mostly upon the input 
analog signal.  
 

 
Fig. 5.CSA Adder structure using reversible logic gates 
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The Time to Digital convertor corresponds to digital 
logic section of the VCO-based ADC. 
 
In the proposed design, the reversible logic dependent 
all digital Analog to Digital convertor design is 
developed. The arithmetic units (Adder, Subtractor 
and Counter) of the Analog to Digital convertor are 
optimized by reversible logic dependent architectures. 
Additionally power consumption of the projected 
design is reduced by optimizing power of the 
datapath circuits like Counter, Adder of the ADC. 
This can be achieved by developing innovative 
datapath architectures within which the idea of 
increasing the semiconductor stack length is applied. 
The increased semiconductor stack length can scale 
back the discharge current owing to higher resistance. 
This can be achieved by complex Gates which can 
have higher ON Resistance. The proposed complex 
gates is optimized and have less interconnect which 
can reduce dynamic power that is one amongst the 
predominant element. Benefits of the projected novel 
architectures are Low Power consumption due 
implementation of Reversible Logic, innovative 
Datapath Architectures with reduced Power 
Consumption, dynamic Power is reduced by complex 
Gate architectures owing to reduced interconnect and 
leakage Power is reduced by increasing Stack Length 
owing to reduced discharge current. 
 
A programmable delay based single ended 13-stage 
ring-oscillator is chosen and it converts VCO analog 
input signal to time based phase domain signal. VCO 
is used to generate the required control signals of 
different phases and TDCsubsystem is made up of 
multi-bit quantizer along with the adder block to 
generate digital coded sequence. The multi-bit 
quantizer sub-block is designed by 4-bit counter 
which can be use maximum 16 states and it counts 
the digital number transitions on the time domain 
signal and sampling block along with the 
differentiator.A fully digital 4-bit quantizer has been 
chosen in this TDC architecture. To reduce 
propagation delay, a concept of pipelining register is 
implemented between the subtraction circuit and the 
adder circuit of digital signal path. The digital VCO 
and TDC blocks are used to implement the VCO-
based ADC architecture as shown in figure 6. In this 
architecture the analog signal is converted to 13 time-
based phases by ring-oscillator in which each delay 
appears as an inverting signal. The 4-bit quantization 
subsystem processes the time-based signal. By 
summing up all the outputs from 4-bit quantizer 
stages, the digital code sequence is generated. The 
TDC architecture requires a constant power supply, 
where as the VCO block is active based upon the 
input analog signal. The TDC corresponds to digital 
logic section of the VCO based ADC. Since in the 
proposed architecture, 4-bit quantizer is designed and 
13 time phases is obtained by using ring oscillator, 
hence 8-bit CSA adder architecture as shown in 

figure 5. is designed and used to obtain the digital 
signal output as shown in figure 4. The figure 6 
shows the digital VCO based ADC architecture is 
implemented and developed using reversible logic 
gates. The counter results in counting the values of 
time based signal, in the design architecture 4-bit 
counter is used to obtain the digital ADC. The 
subtractor is designed to get the difference of two 
time domain signals and it is obtained by the equation 
(7). 
 

 
Fig.6.Digital VCO Based ADC architecture using reversible 

logic gates 
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4-bit D-Flip flop is considered in datapath 
architecture and sample clock is applied to D-Flip 
flop blocks, which gives the digital information bits 
to subtractor. The arithmetic units such as adder and 
subtractor building blocks of the VCO based ADC 
are optimized by using reversible logic gates based 
architectures. Further reduction of power 
consumption in method II that the architecture is 
further reduced by optimizing the datapath blocks in 
digital VCO based ADC architecture by considering 
AOI logic, which yields in low power dissipation. 
This is achieved by developing datapath architectures 
in which the concept of increasing the transistor stack 
length is applied. The increased transistor stack 
length will reduce the leakage current due to higher 
resistance. Subtractor block gives the differences 
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between two D-flip flops and send difference value of 
4-bit data to adder circuit. In the design as shown in 
figure, we are using thirteen subtractors, each 
subtractor gives 4-bit data and hence 8-bit adder is 
required for the design. 
 
V. RESULTS AND DISCUSSION 
 
The HDL implementation has been enforced in the 
proposed work. The existing reversible logic design 
and proposed reversible logic design of VCO-based 
ADC styles are designed by Verilog HDL coding 
using ModelSim compiler. The styles were divided 
into smaller modules to make the circuit easy. It's 
unfeasible to do behavioral level ADC simulations 
within the ModelSim since the VCO may be a free 
running frequency generator. The functionality was 
verified by RTL simulator. Each the architectures 
were synthesized by Cadence RTL Compiler 
targeting to TSMC 65nm technology node. The 
reports for area, delay andpower were tabulated and 
benchmarked.VCO based ADC simulation results is 
as shown in figure 7, here continuous clock delay is 
given to design andthe proposed is a generic solution 
for low power technology and it independent of bit 
width and Radix, which can be used at different 
levels of abstractions such as RTL, Gate, Transistor 
etc.  
 
Table 1: Comparative Analysis of VCO based     
               Digital ADC using Reversible Logic Gates 

 

From the results in Table 1, it is proven that the 
method II reversible logic based architectures results 
in low power consumption of digital ADC 
architecture and gives a generic solution which can be 
used at different levels of abstractions such as RTL, 
Gate, and Transistor etc. The proposed is a generic 
solution which is independent of bit width and Radix. 
 
CONCLUSION 
 
In this paper novel low power architectures were 
designed and developed. The VCO-based ADC 
design was implemented top down design flow based 
on digital EDA tools such as Modelsim, Cadence 
RTL Compiler. Moreover, the time-domain signal 
processing of an all-digital ADC allows superior time 
resolution, low power consumption, and low silicon 
area in a deep submicron CMOS process. The digital 
VCO based ADC architecture was designed using 
reversible logic gates. The functional verification has 
been done in the Mentor Graphics Modelsim 
simulator.  
 
The proposed design architecture offers a leakage 
power reduction of 17.6% and average power 
reduction of 4.49%. In the future, technology scaling 
together with all-digital ADC design should be able 
to deliver competitive performance compared with 
conventional analog ADC design.The reversible logic 
based low power datapath such as adder and 
subtractor architectures were proposed for Analog to 
Digital Converter.The Proposed gate level 
architectures can be further optimized at transistor 
level. 

 

 
Fig.7.Simulation results of Digital VCO based ADC architecture 
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