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Abstract— Previous papers have focused solely on
designing ternary logic gates or constructing adders using
predesigned ternary logic gates. However, this paper takes a
novel approach by designing ternary logic gates using
typical MOSFETs and employs them to construct a ripple
carry adder. Furthermore, this paper conducts a
comprehensive comparison between the resulting ripple
carry adder and binary ripple carry adder in terms of speed,
power(energy) consumption, and area. This paper
demonstrates that the ternary adder designed by the author,
using PSpice and Verilog with VPI, can exhibit differences
75% compared to the conventional binary adder.
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[.  INTRODUCTION

The use of ternary allows for the representation of larger
numbers with fewer digits compared to binary [1]. Moreover,
it is known to have advantages in various aspects. So, utilizing
PSpice, a new architecture can be designed using the typical
MOS transistors technology to create ternary NOT, AND, and
OR logic gates. Subsequently, these gates are used to
construct a ternary ripple carry adder and a commonly known
binary ripple carry adder, which are then compared in terms
of speed, power(energy) consumption, and area. The speed of
the adders is measured using the delays of each gate.
Power(energy) consumption is calculated as the product of
power and time, applying [3] as a reference, and the area is
measured through the size and quantity of transistors.

The circuits designed through PSpice are implemented in
Verilog HDL. Each logic gate, along with the measured delays,
is incorporated into the design. Random numbers are
generated from C and received via the VPI interface between
Verilog and C. This allows for actual simulation of the
operational speed of ternary and binary ripple carry adders.

II. PROPOSED METHOD
trit = (bit) = logs 2 (1)

Equation (1), it can be understood that a 21-trit ripple carry
adder needs to be composed in order to construct a 32-bit
ripple carry adder. First, let’s design a ternary NOT gate. In
ternary, unlike binary, there are three possible cases: 0,1, and
2. When the input is 0, the output of the NOT gate should
become 2 due to the pull-up voltage, and when the input is 2,
the output should be set to 0 by the pull-down voltage.
However, when the input is 1, all MOSFETs will be turned on,
and for the output to become 1, the voltage needs to be
appropriately distributed. Therefore, to facilitate the role of

ISSN No: 2250-3676

www.ijesat.com

voltage distribution, MOSFETs were added. Both MOSFETs
need to serve as resistors, so they must operate in the triode
region. Therefore, gate voltages of OV and 2V were
respectively applied to the PMOS and NMOS.The AND and
OR gates are each composed of combinations of NAND
gates with NOT gates and NOR gates with NOT gates. For
the NAND and NOR gates as well, voltage distribution is
necessary in situations where the output should be 1. To
achieve this, PMOS and NMOS operating in the triode
region were added. Also their gate voltages are 0V and 2V,
respectively. For voltage distribution purposes, the
additional PMOS and NMOS transistors were designed with
lower threshold voltages and significantly shorter lengths and
widths. This was done to fulfill the role of voltage distribution
while minimizing resistive properties and thus minimizing the
delay of ternary logic gates. Fig. 1 shows the circuit diagrams
presented earlier along with the lengths, widths, and threshold
voltages of the components.Using the designed ternary logic
gates in this way, a ternary ripple carry adder is constructed.
To create a ternary full adder, Karnaugh Map was adopted
[1]. The utilized Karnaugh Map and the designed full adder
are depicted in Fig. 2 and Fig. 3, respectively. By connecting
21 of these full adders together, a ternary ripple carry adder
will be formed.

Fig. 4.(a) represents the results obtained by examining all
possible cases of output changes for each logic gate to
calculate the delay. So, in Verilog, we implemented both
binary and ternary adders using obtained logic gate delays.
Inputs were assigned random numbers within the same range
from C, and the time taken to complete the operation through
a total of 500 iterations was measured. As a result, it took
60.984ns for the binary case, and 15.098ns for the ternary case.
The results obtained through Verilog confirm an operational
speed difference of approximately 75% between the two.

Edynamic = fafclkCVDthdt 2

The equation for dynamic energy consumption of a logic
gate is given by (2). Egynamic depends on five main factors
the ratio between the time it takes for a logic gate to operate
once and the time it takes for the clock signal to operate «,
clock frequency f, capacitance C, the supply voltage Vpp ,
delay of each logic gate t. If we assume a clock signal
frequency of 1GHz, it can be observed from Fig. 4.(a) that
ternary logic gates and binary logic gates operate in 2 clocks
and 1 clock, respectively. Therefore, & for each is 0.5 and 1.
And ‘t’ in (2) can be referenced from Fig. 4.(a). The overall
dynamic energy consumption should be multiplied by the
number of logic gates. The number of logic gates used can be
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determined using the critical path shown in Fig. 4.(b). As a
result, for the ternary ripple carry adder is 4.74 x 10-7 [J],
whereas the result for the binary ripple carry adder is
2.3 x10-7[1].

Eoverall = fpstaticdt + Edynamic (3)

The equation for overall energy consumption is given by
(3). As previously discussed, dynamic energy consumption
may be less favorable for the ternary adder. However, static
energy consumption ceases when the adder's operation stops.
Therefore, the ternary adder, which performs calculations
more quickly, is expected to have an advantage in terms of
static energy consumption. Based on this concept, we have
highlighted the range in Fig. 5 where the overall energy
consumption of the ternary adder can be advantageous,
represented by the yellow area. The x-axis and y-axis of Fig.
5 represent the static energy consumption of the ternary adder
and the binary adder, respectively.

Finally, utilizing the sizes mentioned in Fig. 1, I can
calculate the sizes of logic gates and then estimate the
approximate sizes of each ripple carry adder. The result is that
the ternary ripple carry adder’s size is approximately
12445 x 10-10 [m2], whereas the size of the binary ripple
carry adder is approximately 5616 X 10-10 [ m2 ]. The
ternary ripple carry adder’s size is about twice as large as the
binary counterpart. However, considering the percentage, they
are still sufficiently small to have minimal impact.

III. CONCLUSION

In terms of speed, an improvement of 75% has been
achieved. Although dynamic energy consumption and area
were less favorable in the ternary adder, but when considering
the improvement percentage in speed, the difference is
reasonable. Moreover, by taking static energy consumption
into account, we were able to identify conditions where the
ternary adder can be advantageous.
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Fig. 1. Circuit diagrams of ternary logic gates (units:[ um])
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Fig. 2. Karnaugh Map for designing a ternary full adder
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Fig. 3. Circuit diagram of a ternary full adder

gate | type input delay | average
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(b) Propagation delays of binary
and ternary carry adder

(a) Delays of logic gates

Fig. 4. Delays of logic gates (units:[ns]) and critical paths
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Fig. 5. Range of static energy consumptions
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