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1. Introduction

Full adder cell is one of the most important circuits since it is used as building block 
of larger circuits such as subtractor, multiplier, divider, and compressor. It is often
placed along the critical path of circuits and affects the whole performance of
systems. Therefore it is important task to design low
full adder cells. 

Historically transistor dimensions have been scaling down continuously. The number 
of transistors on an integrated circuit nearly doubles each eighteen month. This is 
known as Moore’s law that has been continued until now 
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technologies CNFET is more promising successor to conventional silicon MOSFETs 
because of its remarkable properties. CNFETs have superior characteristics such as 1-D 
band structure, ballistic transport operation, and low OFF-current [5-8]. Moreover with 
the same transistor sizes for p-type CNFET (PCNFET) and n-type CNFET (NCNFET) 
they have equal mobility that this property makes transistor sizing of complex circuits 
easier [9]. Carbon nanotubes (CNTs) used as channel of CNFETs are classified into two 
groups called single-wall carbon nanotube (SWCNT) and multi-wall carbon nanotube 
(MWCNT). SWCNTs are promising alternative to traditional MOSFETs because of 
easier manufacturing process [10]. 

The integer pair (n1, n2) called chirality indicates the arrangement angle of carbon 
atoms along CNTs. If n1-n2=3K (K ) then CNT is metallic and otherwise it is 
semiconducting. The diameter of CNT is computed using the following Equation [10]. 

2 2
1 2 1 20.0783CNTD n n n n≈ × + +                                                                                    (1) 

The threshold voltage of a CNFET can be adjusted by setting a proper diameter for its 
CNTs. It is proportional to the inverse of diameter and is computed using Equation (2) 
[10]. 

0.43
( )CNT

Vth D nm
=                                                                                                              (2) 

 
In this paper a new full adder cell is presented based on synergic capacitive threshold 

logic (CTL) and transmission gate (TG) techniques. The CTL technique leads to the 
reduction of transistors to produce output signals. On the other hand, TG leads to have 
full swing signals in the internal nodes. In fact we advantage the merits of each 
technique. These techniques will result in the lower power and energy consumption 
which is the main target of this work. It is worth to note that the previous designs often 
use one logic style to realize 1-bit full adder cell. 

The reminder of this paper is organized as follows. In section 2 we will review some 
state-of-the-art 1-bit full adder cells. Then in section 3 the novel design is proposed. In 
section 4 simulation results are discussed. Finally section 5 concludes the paper.  

2. Previous Work 

In this section some state-of-the-art full adder cells are reviewed. Since our proposed 
cell is based on CTL we have selected full adder cells that they are based on CTL. 

The structure of Design2 cell is shown in Figure 1 [11]. It consists of seven capacitors 
and eight transistors. Two conventional inverters are utilized to produce carry out 
(Cout) signal. The first inverter is a Majority-NOT and the second one realizes Majority 
function. This technique reduces the number of transistors remarkably. To produce Sum 
signal the summation of input signals and two times of Majority-NOT signal is used. 
The inverter gates at the output lead to have signals with driving capability. One 
handicap of Design2 is that it uses capacitors at internal nodes. Therefore it will be 
sensitive to voltage scaling. 
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Figure 1. The schematic of Design2 [11] 

The structure of 3c2c cell is shown in Figure 2 [12]. In fact it is the enhanced version 
of Design2 full adder cell. It only applies five capacitors and eight transistors in its 
structure. The basic idea to produce Sum and Cout signals is similar to that of the 
Design2 circuit. The same as Design2 it uses capacitors at internal nodes. Therefore it 
also will be sensitive to voltage scaling. Totally both Design2 and 3c2c designs are 
sensitive to voltage scaling and will fail to function in cascaded manner. 

A
B

C

1C
1C

1C
22C SUM

outC

23C

 
Figure 2. The schematic of 3c2c [12] 

Figure 3 shows the structure of full adder cell (FA1) proposed in [13]. The FA1 cell 
contains fourteen transistors which four of them are placed along maximum critical path 
of full adder. Therefore the FA1 has a long propagation delay. The FA1 has not driving 
power and it is expected to show worse performance in the presence of large fanouts. 



 

A Low-Power and Low-Energy 1-Bit … M. Mohammadi, Y. Safaei Mehrabani 
 
 

118 

A

B

C

outCSum

C

C
C NAND

NOR

g

 
Figure 3. The schematic of FA1 [13] 

Figure 4 shows the structure of full adder cell (FA2) proposed in [14]. It consists of 
twelve transistors and three capacitors. The FA2 cell uses the voltage of capacitor 
network to control transistors. Therefore, this technique results in increasing of speed of 
full adder cell. The inverter gates at the output nodes lead to have driving capability. In 
conclusion, this design will function properly in the presence of large fanouts and 
cascaded structures. 

NOR

NAND

SUMSUM

Cout Cout

C

C

C

A

B

C

 
Figure 4. The schematic of FA2 [14] 

The structure of the SyMuT full adder cell [15] is shown in Figure 5. The SyMuT 
consists of fourteen transistors and three capacitors. It uses four independent paths to 
generate Sum signal. First Cout signal is produced and then using it the Sum signal is 
produced through four paths. The critical path of SyMuT contains four transistors. The 
Cout signal is produces using two cascaded inverters but the Sum signal is produces 
using four paths. However path transistors are utilized in the four paths, the Sum output 
is full swing. Therefore SyMuT can drive large fanouts. 
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g

 
Figure 5. The schematic of SyMuT [15] 

3. Proposed Full Adder 

The proposed full adder cell is based on the following equations. First complement of 
Sum and Cout signals are produced. Then using two inverter gates non complement 
signals are produced. Presence of inverters improves driving capability of the proposed 
cell. 
 

.( . ) .( )

( ).( . ). ( . ). ( )

Cout A BC A B C

Sum B C BC A BC A B C A

= + +

= + + + +
                 (3) 

 
The transistor level implementation of the proposed cell is shown in Figure (6). In 

order to make internal signals more strength, TGs are used. To realize TGs for Sum 
signal we use the potential of capacitor network. TGs improve performance of the 
proposed circuit. The proposed cell consists of 22 transistors and two capacitors. The 
maxim critical path of the proposed cell consists of three transistors. 



 

A Low-Power and Low-Energy 1-Bit … M. Mohammadi, Y. Safaei Mehrabani 
 
 

120 

B

C

NAND

NOR

A

A

A

Cout

A

NAND

NOR

SUM

A

g

g

g

A

g

g
Path_0

Path_2

Path_1

 
Figure 6. The schematic of the proposed full adder 

To produce Cout output, first 2-input NAND and NOR functions are generated using 
CTL and input signals of B and C. Then, these functions are multiplexed by input signal 
A. To produce Sum signal three different paths are applied called path_0, _1, and _2. 
Table 1 tabulates how these paths produce complement of Sum signal. For instance, if 
input signals are BC=01 then outputs of NAND and NOR functions are logic 1 and 
logic 0 respectively. Then path_0 and path_2 become high-impedance. In this situation 
only path_1 is active and applies input A to Sum  signal. Finally the inverter gate 
existence in the last stage produces Sum signal from its complement. 

Table 1. States of different paths of Sum  signal 

B C NAND NOR Active Path Sum 
0 0 1 1 0 A 
0 1 1 0 1 A 
1 0 1 0 1 A 
1 1 0 0 2 A 

4. Simulation Results 

In this section we first propose the simulation environment. Then we perform 
intensive computer simulations to study the figure of merit of the proposed cell 
compared to other ones. Simulations against various power supplies, temperatures, 
output loads, and operating frequencies are performed. 
4.1. Simulation Environment 

We have used Synopsys HSPICE tool in order to perform simulations. The 32nm 
Compact SPICE model presented in [16, 17] is used. This model is developed for 
MOSFET-like CNFETs with SWCNTs as their channel and considers nonidealities 
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such as Parasitics including CNT, Source/Drain, Gate resistances and capacitances, and 
Schottky Barrier Effects. 

Figure 7 illustrates the simulation test bed [18] with standard fanout of four inverters 
(FO4) at the output nodes. All 56 possible input transitions are fed to the circuit through 
buffers. Buffers help to have more realistic input patterns. The delay of output signals is 
measured from the time that input signals before the buffers reach to 50% of their 
voltage level to the moment that output signals reach to the same level. Then the 
maximum delay is reported as the delay of the circuit. The power consumption is the 
average power consumption measured during a long time. Finally power-delay product 
(PDP) since compromises between delay and power consumption is reported as a figure 
of merit. Transistors are sized such that the minimum PDP is reached. In order to obtain 
the minimum PDP we have used algorithm proposed in [19]. 

 
Figure 7. Simulation test bed 

4.2. Power Supply Variation 

The effect of power supply scaling on the performance metrics of full adders is 
studied in this subsection. Simulation is done at 100MHz operating frequency, load of 
FO4, and room temperature (27°C). Simulation results are tabulated in Table 2. Bold-
faced numbers show the best results. Considering Table 2 it is apparent that the 
minimum power consumption and PDP belongs to the proposed full adder cell. The 
power consumption of the proposed cell is at least 2X better than the other cells. For 
instance, the proposed cell offers 53% and 55% savings with regard to power and 
energy consumption, respectively, over SyMuT cell. Among different cells, the FA1 
cell has more power consumption because of having non full swing signals at internal 
nodes. Non full swing signals result in to have static power consumption. Results of this 
simulation show that the proposed full adder cell scales well with reducing power 
supply. Moreover, the minimum delay belongs to SyMuT full adder. 
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