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Abstract: We present the design of ternary flip-flop
which is based on ternary logic so as to process ternary
data. These flip-flops are fabricated with ternary voltage
mode NOR, NAND, INVERTER gates. These logic gate
circuits are designed using CMOS and obtained the
characteristics of a lower voltage, a lower power
consumption as compared to other gates. These circuits
have been simulated with the electrical parameters of a
standard 0.25 micron CMOS technology and 2.5 volts
supply voltage. The Architecture of porposed ternary
flip-flop is highly modular and well suited for VLSI
implementation, only using ternary gates.

1.Introduction

In recent years, the research on multiple-valued
logic(MVL) has attracted attention of logic designers
because it can increase the information density of
circuits, and thus leading to the reduction of the number
of connections and pins, and the saving of on-chip area
of IC[1,2]. However, it also leads to the complexity in
designing and analyzing circuits along with the increase
of the number of signal levels. Among the various types
of MVL, the ternary logic is one of the most popular
logic because of the simpler circuit implementations and
lower interconnection cost estimations|[1].

Several static and dynamic ternary logic circuits have
been proposed. The circuit realization of MVL gates
using ’L, charge—coupled divices, voltage-mode CMOS,
current-mode CMOS technologies was reported in the
literature[3]-[9]. These circuits are generally multiple-
powered circuits and they require complex processing to
fabricate both depletion and enhancement CMOS
transistors[10] or multithreshold transistors{11]. Complex
multiphase clocking scheme may also be required in the
case of dynamic circuits[12].

In this paper a new voltage-mode CMOS ternary logic
circuit and a ternary flip-flop design method using these
are presented. It thus minimizes spikes and offers low
power supply noise advantages over other
implementations. The circuit may be useful in mixed-
mode integrated circuits whose performance accuracy is
limited by the effects of the digital switching noise
generated by the digital circuits. In addition, the
proposed circuits require a single power supply.

The circuit descriptions of the basic gates(INVERTER,
NAND, NOR) are presented and their static and dynamic
performance characteristics have been investigated using
HSPICE simulations.

There are three logic values(0,1,2) for signals in this
circuits. So, When analyzing ternary circuits, we must
consider the response to six transition of input signals
between three vlotage levels as well as the response of
circuits to three values of input signals.

2.Basic Operations to Present MVL
Function

The operations of conjunction and disjunction are used
for implementation of multiple-valued logic function[13].
We define the conjunction and disjunction for two
variables, x, y € {0,1,2,------,P-1}

AND operation xAy = MIN(x,y)
OR operation xvy = MAX(x,y)
INVERTER operation x'=(N-1)~x

Where, conjunction MIN(x,y) is the minimum value of
variables, x,y and disjunction MAX(x,y) is the maximum
value of variables, x, y. x’ is the complement of x, N
means the radix of this circuit.

3. Design of Ternary Flip-Flop

3.1 The Design of Ternary Basic Flip-Flop(TFF)

TFF circuit can be constructed from two Ternary
NAND(T-NAND) gates or two Ternary NOR(T-NOR)
gates. These constructions are shown in the logic
daigrams of Fig.1 and characteristic table for the basic
TFF is in Table.1. It defines the logical property of the
flip-flop. The circuit forms a basic flip-flop upon which
other more complicated types can be built. The cross-
coupled connection from the output of one gate to the
input of the other gate constitutes a feedback path. For
this reason, the circuits are classified as the asynchronous
sequential circuits. The input is defined as a set which
consists of distinct elements 0, 1 and 2 (Ov, 1.25v, 2.5v).
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Fig.1 Logic Diagram of basic TFF Circuit
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Table.1 Characteristic Table

R 0 0 0 1 111(2(212
S 0 1 2 0 11210112
2, if Q(t)=2 0, if Q(t)=0
Q+1) | QW 1,otherwise 1,otherwise 11110100




3.2 The Design of Ternary D Flip-Flop(TDFF)

The TDFF shown in Fig.2(b) is the modification of the
ternary basic flip-flop. NAND gates 1 and 2 form a basic
flip-flop and gates 3, 4 and 5 connected with that, form
the TDFF. To analyze the operating characteristic of the
TDFF of Fig.2, we must remember that the output of a
ternary NAND gate is always 2 if any input is 0, and the
output is 0 when both of two inputs are 2. When each of
inputs is 1 and 1, 1 and 2, 2 and 1, the output is 1.

We define that when the clock is a high-level signal,
the logical value of the clock is 2, and if the clock is a
low-level signal, that of the clock is 0. The value of Input
D goes directly to the S input, and its complement,
through gate 5, is applied to the R input.

Exam 1) As a starting point, assume that the D input is
0 and the clock is high, and changes Q(t) to 0, to 1, and
to 2, so that output Q(t+1) is always 0, that is, D. In the
same manner, it is possible to show that the characteristic
of the TDFF of table 2. The operating characteristic of
the TDFF according to the change of input D and clock
is shown in table 2.
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(a) Input and Clock

(b) Logic diagram with T-NAND
gates and T-INVERTER gate
Fig.2 Clocked Ternary D Flip-Flop

Table.2 Truth table of the TDFF

Tnput |- O OT1T1T2T?2 D [ Q) [ Q)
Ck JOJ2]0f[2][0]2 0 * 0(D)
0 0Jojoj1]0]2 1 * 1(D)
Qy [ 1 [1fofJ1[1j1]2 -
2 [2]of2[1]2]2 2 2(D)

(a) Operation table (b) Characteristic table
3.3 The Design of Ternary T Flip-Flop(TTFF)

The TTFF shown in Fig.3. NOR gates 1 and 2 form a
basic flip-flop and gates 3 and 4 connected with that,
form the TTFF. In order to analyze the operating
characteristic of the TTFF of Fig.3, we must know that
the output of a ternary NOR gate is always 0 if any input
is 2, and the output is O when both of two inputs are 0. In
case of the values of two inputs are O and 1, 1 and 1, 1
and 0, the output is 1.

The value of Input T goes directly to the S input and R
input, through gate 3 and 4, at the same time.

Exam 2) To begin with, assumming that the T input is
0 and the clock is high, and changes Q(t) to 0, to 1, and
to 2, output Q(t+1) is always 0, 1, 2 in order, that is, Q(t).
In the same manner it is possible to show that the
characteristic of the TTFF of table.3. The operating
characteristic of the TTFF according to the change of
input T and clock is shown in table.3.
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Fig. 3 Clocked Ternary T Flip-Flop

Table.3 Truth table of the TTFF

oput |1 O 0T 1T1T2T2 T [ Qo [ Qe+l
Ck |0/2]0{2107}2 0 * Q)
0 JoJoloj1]o][2 1+ T
QW | 1 111111
2 |2[2]2[(1]2]0 21 * | oy
(a) Operation table (b) Characteristic table

3.4 The Design of Ternary JK Flip-Flop(TJKFF)

The TIJKFF shown in Fig4 is the extension of the
ternary basic flip-flop. NOR gates 1 and 2 form a basic
flip-flop and gates 3 and 4 connected with that, form the
TIKFF. To analyze the operating characteristic of the
TIKFF of Fig.4, the output of a ternary AND gate is
always 0 if any input is 0, and the output is 2 when both
of two inputs are 2. When each of inputs is 1 and 1, 1 and
2, 2 and 1, the output is 1, that is to say, that of a ternary
AND gate is obtained by the operation of conjunction,
MIN(x,y)

The input J and K behave like inputs S and R to set

and clear the flip-flop(note that in a JK flip-flop, the
letter J is for set and the letter K is for clear).
Example, in the first place, assumming that the present
output Q(t) is 0 and the clock is high, and changes each
of the input J and the K to 0, to 1, and to 2, the next
output Q(t+1) depends entirely on the input J, having no
connection with the input K. In the same manner, if the
Q) is 1, it depends on the Q(t), unconcerned with the
input J and the input K. When Q(t) is 2, the output
Q(t+1) counts on the the complement of the input K,
except the input J.

In this method, the operating characteristic of the
TIKFF according to the change of the input J, the input
K and the clock is shown in table.4.
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Fig.4 Clocked Ternary JK Flip-Flop
Table.4 Truth table of the TIKFF
Tnput JJ10J1010 11 }1]2]2]2
Kioj1]2|0|1}|2]0]1}2
ojJojoJoj1]1y1)12]2]2
Q) 1 j1{1}j1{1]j1]1j1]1}t
2{211410f2j1]0}12]1f0
(a) Operation table
Qv Jlofofo 1 2]212
J 0|11]2 * *
K * * 0[1]2
Q(t+1) J 1 QM) K’

(b) Characteristic table
3. Design of Ternary basic gates

3.1 The Design of Ternary INVERTER gate

The circuit of the ternary INVERTER gate using
voltage-mode CMOS logic circuits is shown in Fig.5. It
is designed by NMOS and PMOS, like as original binary
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INVERTER. The output inverting each input is obtained
by using the complement operation.

The power supply voltage is 2.5v, Each of the input
signals(or output signals) is Ov, 1.25v, 2.5v. And the
logical values 0, 1 and 2 correspond to 0V, 1.25V, 2.5V.
The operating characteristic of the ternary INVERTER
circuit is shown in table.5 and its HSPICE simulation
results are shown in Fig.6. Note that the M1 and M2
form an ordinary INVERTER.

Table.5 Characteristic table ternary INVERTER gate
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3.2 The Design of Ternary NAND gate

The circuit of the ternary NAND gate using voltage-
mode CMOS logic circuits is shown in Fig.7. Note that
the M1~M4 form an ordinary NAND and M5 ~ M8 form
switching circuit. When IN1 and IN2 have the logical
value of 1 or 2, higher than threshhold voltage, M5 and
M6 operate normally. And M5 and M6 generate 1.25V
by the regulation of transistor size properly. Therefore, in
case that IN1 and IN2 have the logical values of 1 and 1,
1 and 2, 2 and 1, the output voltage V,, is 1(1.25V).
Transister M7 and M8 operate if any inputs is a logical
value O(0V) and the output voltage is 2(2.5V). The
operating characteristic of the ternary NAND circuit is
shown in table.6 and its HSPICE simulation results are
shown in Fig.8.

Table.6 Characteristic table ternary NAND gate

300 3z Mn aa M0 gt

o s
Fig.8 Simulation result of ternary NAND circuit

3.3 The Design of Ternary NOR gate

The circuit of the ternary NOR gate using voltage-
mode CMOS logic circuits is shown in Fig.9. Note that
the M1~M4 form an ordinary NOR and M5 ~ M8 form
switching circuit. When the input IN1 and IN2 have the
value of O or 1, lower than threshhold voltage, PMOS
transistors M5 and M6 operate normally. PMOS
transistor M1 and M2 operate in the logical value of 1
like doing in that of 0 with increasing the size of
transistor. Therefore, when each of input IN1 and IN2 is
00, 01, 10, 11, the circuit formed with M1~M4 generate
output, 2(2.5V). On the other hand, when IN1 and IN2
are only the logical values 0 and O, the M5 and M6
operate and generate output voltage 2.5V. Transister M7
and M8 operate if the value of any input is a logical
value 1(1.25V), transister M7 and M8 operate. And the
Vout is 1(1.25V) by the regulation of transistor size
properly. Of course, M7 and M8 operate, the value of any
input is 2(2.5V) but the value of output of the M1~M4 is
0. Therefore, the output voltage(Vout) is 0.

The operating characteristic of the ternary NOR circuit
is shown in table.7 and its HSPICE simulation results are
shown in Fig.10.

Table.7 Characteristic table ternary NAND gate

0 1 2
0|22 2
1 2 1 1
212 1 0

0 1 2
0 2 1 0
1 1 1 0
2 0 0 0
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Fig.10 Simulation result of ternary NOR circuit
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Fig.11 Layout of the ternary logic gates

4. Conclusion

In this paper, the switched voltage CMOS ternary
logic gates and the ternary flip-flops using that logic
gates have been described. The performance
characteristics of the logic gates are investigated by
using HSPICE simulations. The obtained results indicate
that the proposed circuits exhibit good noise margin of
about 15% of the power supply voltage and propagation
delay times of less than 1Ins in most case. The
propagation delay can be improved by increasing the
supply voltage and the aspect ratios of the transistors
used, at the expense of increased power consumption.
This circuits have advantages in the point of view :
@Less interconnections, @Operate at the lower supply
voltage, ®Less power consumption{about 1uw). Results
for deep submicron technologies(0.25um) show the

effects of the method for future multiple-valued
processes. Also, the proposed ternary flip-flops were
presented by a new and an efficient circuit design
methodology. Namely, this flip-flops can be more easliy
implemented in the gate level than in the MOSFET level.

The implementation of the flip-flop circuits and the
remove of the glitch in the gate circuits will be the next
theme of this paper.
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