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Abstract—In this paper the architectures of the two digit and the
three digit ternary analog to digital converter (T-ADC) are
designed, and their performance are compared with their
respective binary counterparts. The analog comparator and the
CMOS logic gates are used in the design of the T-ADC. The
output is expected that, a ternary ADC performs better than a
two bit binary ADC in terms of dynamic range and power
consumption. Thus T-ADC is proved to be a better choice.
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I.  INTRODUCTION

High speed and high resolution converters are high demands
of the audio and the video signals of the multimedia
communication. The fastest way to convert analog signal to
digital signal is achieved by direct conversion analog to
digital converters(ADC) or flash ADC. The high power
dissipation and the large die size are the major drawbacks of
the Flash ADCs though they are best suited for large
bandwidth applications. In this work, the use of the ternary or
base-3 logic system in the design of converters is proposed
over the conventional binary logic system based converters.
It is observed that in the implementation of the logic function
there is reduction in the number of interconnections required
which serves as a major advantage with concern for Flash
type ADCs. Besides the serial and serial-parallel operations
can be performed at high speeds using ternary systems
[11[2][3].Comparatively more information can be transmitted
over a given set of lines as the ternary digit or a trit contains
logz3(about 1.58496) bits of information[5-8].The ternary
system gain importance in various applications like
memories, arithmetic circuits, communications and

Karthik Y M & Kanchana H
Asst. Professor: E&C dept.
T John Institute of Technology
Bangalore, India

signal processing[4]. Also the emerging standards of digital
communication and signal processing requires analog and
digital converters. In this contribution, the T-ADC suitable
for C-MOS digital processes is developed.

The organization of the paper is as follows,

Section 1l introduces T-ADC basics. Section Ill gives the
design and the implementation of the ADCs. Section IV
presents the simulations and output analysis. Section V
includes the conclusion followed by the reference section.

Il. T-ADC BASICS
BASIC ELEMENTS OF A TERNARY ADC

This section describes the design of basic gates used in the
construction of a T-ADC. The CMOS logic in 180 nm
technology is used in the designing of the logic gates that are
present in this section. Inverters, NOR gates and NAND
gates together make the CMOS ternary logical family.

A. Ternary Inverter

A Ternary Inverter circuit is shown below in the Fig.1.
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Fig.1. Ternary Inverter

Ternary inverter consists of a PMOS and a NMOS connected
via R1 and R2 resistors. These resistors are used to provide
the intermediate drop between VDD and VSS. The source of
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PMOQOS is connected to VDD and the source of NMOS is
connected to VSS. The output for a ternary input X is defined
by the equations:

X=(2-X) @)

B. Ternary NOR

The two input ternary NOR circuit is shown below in the
Fig.2
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Fig.2. Ternary NOR

It consists of two PMOS transistors in series and
two NMOS transistors in parallel connected via resistors R1
and R2. The output of the ternary NOR gate for ternary
inputs X and Y is given by:

(XorY)={max(X, Y)}
C. Ternary NAND

The two input ternary NAND circuit is shown in the
Fig.3. It consists of two NMOS transistors in series and two
PMOS transistors in parallel connected by resistors R1 and
R2.

The output of the ternary NAND gate for ternary inputs X
and Y is given by:

(XorY)={min(X, Y)}

Vdd

A

Fig.3. Ternary NAND

The ternary AND and OR gates are constructed by feeding
the outputs of ternary NAND and NOR gates to a ternary
Inverter.

1. DESIGN AND IMPLEMENTATION

A Flash ADC has architecture involving a sample and
hold circuit which samples the continuous time input signal.
These flat samples are then fed to a comparator which
compares the sampled values with the predefined voltage
levels determined by a resistor network. The output of the
comparator is either valued logic High or logic Low
depending on the comparison result. These values are then
used by an encoder to decide a proper digital value for the
corresponding voltage of the sampled input signal. The Flash
architecture used in this work to build an ADC is as shown in
the Fig. 4.
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Fig.4. Architecture of a Flash-ADC

A. Comparator Design

A comparator, shown in Fig. 5, is a circuit which has a
binary output based on the comparison between two input
values. It can be defined mathematically as:

Vo = |Von, if Vin+> Vin_
VOL, |f Vin +< Vin— (4)

Fig.5. Comparator with NMOS input drivers

B. Two digit ternary ADC

A two digit ternary Flash ADC has 32=9 quantization
levels, and hence, uses 8 comparators. The output of the
comparator is fed to the encoder. The encoder circuitry is
completely built using ternary logic gates such as ternary
AND, OR and INV. Inputs to the encoder are nothing but the
outputs of the comparator.

In 180 nm technology, the ternary state Logic 0 is
represented as negative value, Logic 1 as O and Logic 2 as
positive value.

The output logic equations for the encoder are as follows:

Y1=Cs, Cs+ 1*C1,Co», Cs 5)

Yo=0Cg,C7+Cs,Cs5+ C3,C2 +
- _ 1*(C,,C1+Cs,Cs+Cs,C7)
(6)

Cy, Co...... Cg are the outputs of the comparators 1, 2...8
respectively, and Yiand Yyare the ternary outputs.

Fig. 6. show the complete implementation of the two digit
ternary analog to digital converter with Yias MSB and Yoas
LSB.
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Fig.6. Two digit ternary Analog to Digital Converter

IV. SIMULATION RESULTS AND ANALYSIS

I am implementing this project by using base paper.
Implementation is in the progress.
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V. CONCLUSION

In this paper, design of a three digit ternary Parallel or Flash
ADC is done. The input signal voltage is compared with the
reference voltage using the hign precision comparator.
Output of this comparator is fed to the encoder. Designed
ternary ADCs are compared with the existing binary ADCs.
It is expected to obtain higher quantization levels. Similarly,
the step size of ternary ADCs is expected to be less than half
that of the corresponding binary ADCs. Also, the dynamic
range of the ternary ADCs is almost twice that of binary
ADCs making them suitable for applications in wideband
communication.

VI.REFERENCES

[1] M.E.R. Romero, E.M. Martins, R.R. Santos, and M.E.D. Gonzalez,
“Analog to digital converter for binary and multiple-valued logic,”
IEEE Second Latin American Symp. on Circuits and Systems
(LASCAS), pp. 1-4, Bogata, Feb 2011.

[2] H.T. Mouftah, and K.C. Smith, “Design and implementation of three-
valued logic systems with M.O.S integrated circuits,” Electronic
Circuits and Systems, IEE Proceedings G, vol. 127, no. 4, pp. 165-168,
August 1980.

[3] Wen-Ta Lee, Po-Hsiang Huang, Yi-Zhen Liao, and Yuh-Shyan Hwang,
“A New Low Power Flash ADC Using Multiple-Selection Method,”
IEEE Conference on Electron Devices and Solid-State Circuits, 2007.
EDSSC 2007., pp. 341-344  © IEEE. doi:
10.1109/EDSSC.2007.4450132.

[4] K.C. Smith, “The Prospects for Multivalued Logic: A Technology and
Applications View,” IEEE Trans. on Computers, vol. C-30, no. 9, pp.
619-634, September 1981.

[5]1 M.E.R. Romero, E.M. Martins, and R.R. Santos, “Multiple Valued Logic
Algebra for the Synthesis of Digital Circuits,” 39th International
Symposium on Multiple-Valued Logic, IEEE 2009. ISMVL ’09., pp.
262-267, Naha, Okinawa, 21-23 May 2009.

[6] H.T. Mouftah, and LB. Jordan, “Integrated circuits for ternary logic,”
Proceedings of the 1974 International Symposium on Multiple-Valued
Logic, pp. 285-302, May 1974.

[7] L. Meng, and G. Wei-Nan, "The new method of implementation for
ternary logic system," The 13th International Symposium on Multiple-
Valued Logic, vol. 1, pp. 56-60, 1983.

[8] P.C. Balla, and A. Antoniou, "“Low power dissipation MOS ternary logic
family," IEEE J. of Solid-State Circuits, vol. 19, no. 5, pp. 739-749,
October 1984.

Volume 3, Issue 19 Published by, www.ijert.org 4



