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Abstract: In this paper a clocked ternary full adder cell using Carbon nanotube field effect transistor (CNTFET) is proposed in which
pull-up and pull-down networks are used along with a clock reset circuit and a MUX at the output. Ternary logic is preferred for the
design over conventional binary logic as it helps to reduce circuit complexity and hence reduces chip area. The performance of
proposed TFA cell is evaluated and compared with the reference design in terms of parameter such as power dissipation and delay.
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1. Introduction

Using ternary logic reduces the chip arca as well as the
complexity of interconnects by enhancing their information
contents [5]. Hence, simplicity and energy efficiency in
designing of circuits is obtained as compared to the
conventional binary logic.  Ternary circuits design is
performed using the multiple-threshold method and the
desired threshold voltage is achieved by utilizing different
diameters of CNT [3-4].

This paper proposes a novel design of CNTFET-based
ternary full adder cell. The prime objective of this paper is to
improve the power dissipation so that it can be use to obtain
high performance in arithmetic operations. A TFA cell adds
three input bits and generates two outputs SUM and Cout.
The design of ternary full adder is performed using pull-up
network, pull-down network [1] and the clocked reset
circuit.. Inputs A and B uses the ternary logic while Cin is of
binary nature hence it simplifies the design and also reduces
the propagation delay and energy consumption in a design.
The maximum value of the sum of two 1-bit ternary numbers
is at most 5 which produce Cin at most equal to logic 1.
Therefore, Cin will have only two logic values 0 and 1.

2. Proposed TFA cell

In the proposed TFA cell PUN, PDN are used along with
clocked reset circuit and a MUX at the output. CNTFET
based ternary full adder cell discussed in 5.2 turns on pull-UP
and pull DOWN networks simultaneously in case when
output is logic _1‘(middle level). In this technique complete
circuit works on concept of potential divider and provides
intermediate voltage. This is not static operation as CMOS
logic and results in a direct path between Vpp and GND. This
shorting results in more power consumption in a design. In
the proposed work our main focus is on this problem and to
eliminate this problem of short circuit in TFA clocked reset
circuit are used. In this paper, an operating voltage of 0.9V
(default value of the CNTFET Stanford model [6]) is used.
Therefore, ternary logic values symbolized by 0, 1 and 2
have voltage levels of 0V, 0.45 V and 0.9V respectively.
Both the networks (PUN and PDN) used in TFA utilize
transistors with diameter of 1.487nm and the threshold

voltage, chirality vector of these transistors are 0.282V and
(19, 0) respectively.

The schematic of decoder presented in Figure 1 where B*
refers to binary gates. It contains negative ternary inverter
(NTI), positive ternary inverter (PTI) [8] and binary gates for
the generation of different unary functions [2].
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Figure 1: Ternary decoder
2.1 Proposed sum generator

The pull-up and pull-down network outputs are used
separately in proposed circuit. The outputs from PUN and
PDN drive the MUX and the MUX circuit is designed so as
to select correct result at the output. Outputs Su, Sd (from
PUN and PDN) are connected to MUX inputs to generate
final outputs. Reset logic is used to avoid undriven logic
states at the input of MUX therefore reset logic is required to
reset inputs Su and Sd (SU=SD=0) by connecting PUN
output to GND and PDN output to Vdd. When the clock is in
ON state the outputs of PUN and PDN are latched at the
input of MUX and corresponding output is obtained while in
case of reset clock Su and Sd are at logic _0° and hence the
sum output through the MUX is also at logic _0°.On the basis
of table the equation (1),(2) and (3) are written below as;
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Figure 2: Proposed TFA sum generator

Table 1: Switching in sum and Carry generator

Figure 3: TFA Sum generator using CNTFET

Yin Sum generator Carry generator
PUN | PDN | SUM PUN Cout

0 OFF | ON 0 OFF 0 2.2 Proposed carry generator

1 ON | ON | 1 OFF 0 . o

B ON | OFF 2 OFF 0 For carry logic, the pull-down network is eliminated as carry
3 OFF | ON 0 ON 1 output is either logic _0° or logic _1° which can be done using
4 ON | ON 1 ON 1 Pull-up network and a single pull-down transistor only as
5 ON | OFF 2 ON 1 shown in figure below. This logic has been used in proposed

circuit with integrated MUX to obtain carry output. PUN

) 0 5 network is cut-off for the >in < 2 at logic _0° but for >.in > 2
X, =0*[A°(B°Cin? +B'Cin® + B2Cin®)+ A! (B2Cin? " Y 2 gic 0" but for 2.

I T G} it will work and the input condition in the MUX is Cu=lI,
+B%Cin® +B'Cin)+ A2(B°Cin® + B2Cin® + B'Cin?) Cd=0.
X, =2*[A’(B'Cin + B'Cin® + B2Cin")+ A' (B2Cin”
+§Cin2 +E(:i?)+?(8_°ci?+§cm° +?Cin2)
X; = 2#[A'B2Cin%) + A(B2Cin’ + B'Cin®) + A%(B Cin’ 3

+Cin%)]
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vid output is logic _0°, PD network is active and PU network is
— cut-off so Su input of MUX is undriven while in the case,
PUNforEin=3,48&5 when output is logic _1‘ both PU and PD networks are active
and both inputs are driven Su=Sd=1 (for sum). Reset logic is
required to avoid undriven logic states and therefore reset
o logic resets mux inputs to logic SU=SD=0.
P B I
‘ Table 2: MUX logic table
o Su Sd Out
’ L 0 0 0
0 1 0
= 1 0 2
Cin 1 1 1
vdd/2 Vdd
= sd Sd
vdd [
t‘ Cout
X
. Cd S
Loe |
Figure 4: Carry generator with reset clock “su I
Vdd
S out
- L | | I | | r ; I:
o ] E o I ot r of L @ I Figure 6: MUX circuit
3. Simulation and Results
| ¢ I The simulation has been performed for supply voltage 0.9V
o I for the proposed TFA cell. We have evaluated propagation

delay and power dissipation of the proposed design and
“ comparison have also been made with the reference TFA
. cell[1] by performing simulation on HSPICE software using
— I 32 nm CNTFET technology. Proposed TFA cell has been
simulated and satisfactory result has been obtained compared
to the one other reported previously.
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Figure 5: Carry generator using CNTFET

The MUX used at the output is shown below with truth table.
When output is logic 2, the PU network is active and PD
network is cut-off so Sd input of MUX is undriven. When
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Figure 7: Simulation of TFA cell using clocked reset logic

Table 3: Performance evaluation of proposed design

Parameter Reference design Proposed
Power (UW) 2.870 0.047
Delay Sum (Pico sec) 330.2 123.3
Delay Carry(Pico sec) 150.1 128.3

4. Conclusion

In this chapter, a TFA cell has been proposed and the
parameter are evaluated and compared with the reference
design in terms of power dissipation and delay. The
simulation has been performed on HSPICE software using
32nm CNTFET technology of Stanford university‘s
CNTFET HSPICE model [6]. The proposed design of TFA
cell is intended to achieve the lower power dissipation and
the simulation result shows that the proposed design is
superior to reported TFA cell.
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