
International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-9, Sep.-2017 
http://iraj.in 

A Novel CNTFET Based Power and Delay Optimized Hybrid Full Adder 
 

21 

A NOVEL CNTFET BASED POWER AND DELAY OPTIMIZED 
HYBRID FULL ADDER 

 
1PRIYA KAUSHAL, 2RAJESH MEHRA 

 
1,2Electronics and Communication Engineering, Department India 

NITTTR Chandigarh, India 
E-mail: 1pkaushal2407@gmail.com, 2rajeshmehra@yahoo.com 

 
 
Abstract - In this paper, high speed, low power and reduced transistor count full adder cell using CNTFET 32nm technology 
is presented. Two input full swing XOR gate is design using 4 transistors and then, this is used to generate Sum and Carry 
output signals.  Sum and carry signals are generated by using Gate-Diffusion-Input (GDI) which reduces the number of 
transistors involved. Proposed design simulated with different voltages (0.8V, 0.9V, 1V) and results are better design as 
compared to existing circuits in terms of Power, Delay and Power-Delay-Product (PDP). For different operating voltages 
PDP are 8.6045zJ, 2.004zJ and 4.74aJ respectively for the proposed design. 
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I. INTRODUCTION 
 
With the advent of science and technology, a well-
known scientist, more predicted that the transistor 
count on every integrated circuit (IC) will double 
within a span of 18 months. To meet the demand of 
compact designs, it became essential to continuously 
scale down the channel length in Metal-Oxide-
Semiconductor Field Effect Transistor (MOSFET) 
and produce vast numbers of transistors on a single 
piece of the chip as predicted by Moore’s law.  After 
2006, the channel length of a MOSFET device has 
come down in the deep submicron/Nano range. The 
feature size started decreasing rapidly from 250nm to 
180 nm, 135nm, 90nm, 65nm, 45nm and so on. 
Today statistics says that 32nm technology is among 
the realistic channel length being used and as per 
International Technology Road map for 
Semiconductors (ITRS) suggestion by coming years 
channel length of MOSFET will be reached around10 
nm. Since, the physical gate length of device decrease 
lower, there is an abrupt rise in device parameters and 
leakage current becomes the most valuable factor in 
device optimization and hence, extensively affect the 
V-I characteristics of predictable MOSFET [1,2]. 
The present-day MOSFET technology needs to be 
replaced by alternate technologies, the conventional 
MOSFET have to be interchanged by quantum effect, 
molecular electronic device and single electron solid 
state device. Among the given types, molecular 
electronics device is one of the most capable 
candidate. The aforementioned limitation of 
MOSFET force the researcher to involve new circuit 
and specific field of research i.e. Nano devices such 
as silicon nanowire transistors, Single Electron 
Transistor (SET), Resonant Tunneling Diode (RTD), 
Spin Transistor (SPINFET).Quantum-dot Cellular 
Automata (QCA), Graphene Nanoribbon Transistor 
(GNRT) and Carbon Nanotube Field Effect 
Transistor (CNTFET) have begin to replace the 

conventional bulk-CMOS technology in the near 
future [3]. Among the introduced novel technologies, 
CNTFET seems to be more successor for CMOS due 
to the presence of both n-type and p-type CNTFET, 
intrinsic relationship of both technologies and 
remarkable properties of CNTFET. Due to exclusive 
characteristics of CNTFET device, the existing logic 
style even with the higher advantage will be able to 
accommodate with the new technology [4]. Full adder 
is the fundamental element of any circuit design that 
perform  arithmetic operations just like multipliers, 
comparator, compressor, parity checkers and address 
generation in memory. So reducing the amount of 
power consumption in full adder, it is possible to 
reduce the overall power consumption of the whole 
circuit [5]. 
Over years various designed are developed for Full 
adder. In terms of power consumption and speed of 
circuit each design have its own merits and demerits. 
Classical standard complementary metal-oxide-
semiconductor (CMOS) style used to produce full 
adder cell which is denoted as C-CMOS and it 
contain 28 transistors in its design. In C-CMOS 
design complemented input supply is not used, 
therefore reduction in short-circuit current. Outputs 
generated by C-CMOS design is full voltage swing. 
Demerit of C-CMOS is long propagation delay 
because critical path consist of five transistors. In 
MOSFET technology, to have good noise margin and 
equal switching speed in the circuit the size ratio of 
PMOS and NMOS should approximately three. This 
is the reason for large input capacitance in MOSFET 
technology so, more delay and power dissipation. In 
CNTFET, since both transistors have same current 
driving capability for same dimensions therefore, size 
of P-CNTFET and N-CNTFET are equal. Therefore 
input capacitance in CNTFET technology will be 
very small [6]. The Mirror full adder Cell use same 
number of transistor as in C-CMOS design and both 
designs have power consumption. The main 
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difference is that Mirror design contain less 
transistors (4T) than C-CMOS in its maximum 
propagation path. Therefore mirror design have faster 
speed than C-CMOS [7]. 
Transmission function full adder (TFA) is constructed 
by using 16 transistors. It contain fours transistors in 
its maximum propagation path. Less number of 
transistors used in its construction and lower input 
capacitance than C-CMOS and Mirror design 
therefore, low power consumption is expected [8]. 
Transmission gate full adder (TGA) consist of 20 
transistors in its construction and its maximum 
propagation path contain four transistors.  TGA cell 
suffer from lacking driving power, because the input 
of the TGA cell are coupled to the outputs. Lacking 
driving power degrade its performance in cascade 
structure and in large fan-outs conditions. Solution 
for its better performance is to add buffer at the 
output nodes. However this way results in increase 
the transistor count in its structure. Due to use of TGs 
at output points rather than pass transistors, TGA 
design perform superior than TFA design.  In 
conclusion its power dissipation and delay are 
reduced than TFA [6]. 
Complementary pass-transistor logic TG (CPL-TG) 
use CPL to generate XOR/XNOR function and TGs 
at the output node. Input capacitance reduce by the 
use of small number of transistors for XOR/XNOR 
module. CPL-TG consist of 36 transistors when it 
used solely. While it used in cascade design transistor 
count will reduced. Critical path of CPL-TG used 
four transistors whereas in cascade design used three 
transistors. So it is expected to have good 
performance in large circuits [9]. Hybrid pass- 
transistor logic with static CMOS output drive 
(HPSC) full adder use 26 transistors in design. It is 
the combination of different logic styles, such as 
static CMOS, PTL and TG logic (TGL) to have a 
better performance. XOR/XNOR function module 
consist of four transistors. This design use feedback 
loop transistors and pass transistors to build up the 
output of XOR/XNOR circuits, by this threshold-loss 
problem is solve. Due inverter at the output terminal 
this design has driving power so it function well in 
cascade design. This design has long propagation 
delay due to four transistors in critical path [10]. 
The Ours1 full adder cell used double pass-transistor 
logic (DPL) and consist of 28 transistors. It comes 
under the category of high transistors count. Because 
of using DPL logic technique, it consume low power. 
There is high-speed operations due to which it consist 
three transistors in its maximum critical path. Its 
performance decrease in cascade structures due to 
lacking driving power [11]. Hybrid CMOS logic with 
a TG logic (HCTG) consists of 16 transistors. Due to 
reduced number of transistors their reduction in 
power consumption. Its XOR module contain 6 
transistors and gives high speed and low power 
consumption. One of the merit of this design that it 
suffer from driving power coupling input to output 

[12]. Several logic styles have been used in the past 
to design full adder cell. It can be observed from past 
designs that most of the work in Full Adder design 
using CNTFET has been done either to optimize the 
power, delay or PDP (Power Delay Product). 
CNTFETs have been used previously in many 
circuits as they require less amount of power when 
compared to the CMOS based designs. But it is also 
important to consider the propagation delay, which 
defines the speed of any device [13]. While the power 
is improved in some of the previous works, the delay 
parameter got neglected, as well as the area involved 
in terms of the number of transistors utilized. There is 
a further need to optimize the circuit in order to find 
the best combination of transistor logic so as to 
optimize power and delay simultaneously, while 
utilizing an optimal number of transistors and by 
using different logic styles like binary, ternary and 
hybrid techniques to optimize the design [14,15]. The 
rest of this paper is organized as follows. In section II 
proved a brief description of CNTFET. In Section III, 
schematic design and simulations are presented. 
Section IV analysed and compare results. Finally, 
Section V concludes the paper with the future work. 
 
II. CARBON NANOTUBE FIELD EFFECT 
TRANSISTORS 
 
Carbon Nanotube (CNT) is Nano-scale tube made up 
from a rolled sheet of graphite which is rolled up 
along a wrapping vector. A CNT could be single-wall 
(SWCNT) or multi-wall (MWCNT). Single-wall 
CNT is made from one layer of graphite that 
composed one cylinder and multi-wall CNT is made 
by more than one layer of graphite, then it is rolled up 
and resulting in a common centre for all cylinders 
centres is same [16]. Carbon nanotubes are 
represented by a vector, called chirality vector that 
defines the arrangement of carbon atoms along the 
tube. A chirality vector of a CNT is described by 
chiral number, i.e. denoted as (n, m) 
 

 
Fig. 1. Representation of a SWCNT of a chiral vector [17]. 

 
In Fig. 1, chirality vector is given by Cn and is 
derived from: C̄n=n1.ā1+n2.ā2 where lattice unit 
vectors are ā1, ā2 and n1& n2 are positive integers 
which specify the tube’s structure. These indices 
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determine the arrangement of atoms along the 
nanotube. We have three different kinds of 
nanotubes: armchair, chiral and zigzag and the 
SWCNT have different manners such that if n1-
n2=3K (kϵZ) then SWCNT is conducting, otherwise 
SWCNT is semiconducting. Conductive CNT applied 
as nanowires and semi-conductive CNT is used as 
transistor channel [17,18]. 
Identical to the MOSFET, the CNTFET has four 
terminals. Given in Fig. 2, undoped semiconductor 
Nano tubes were founded under channel region and 
for low series resistance in the ON-state the heavily 
doped Carbon Nano Tube sandwiched between the 
source/drain and the gate. Depending on the gate 
voltages, the device gets turned ON or OFF with the 
help of the gate. The V-I characteristic of CNTFET is 
alike to a MOSFET. In Fig. 2 (a), structure of 
CNTFET device is given and top view of the 
structure is in Fig. 2 (b). The distance between 
centres of two adjoining SWCNT nanotubes under 
the same gate of CNTFET is called pitch, which 
affect the contacts of the transistor and the width of 
the gate [19,20]. The width of the CNTFET gate is 
based on the following equation  

WGate ≈ Min (Wmin, N*pitch)                    (1) 
Where N is the number of nanotube in the channel 
and Wmin is the minimum width of the gate. 
Analogous to the MOSFET, a CNTFET device also 
possesses voltage that can electronically turn on the 
transistor via gate, known as the threshold voltage 
(Vth) [21]. 

 
Fig. 2. Schematic of CNTFET [21]. 

 
The threshold voltage of a CNTFET is approximately 
founded to be half the bandgap and can be calculated 
based on the following equation: 

 
Where parameter a (≈2. 49Å) is the carbon to carbon 
atom distance. Vπ is carbon π-π bond energy in the 
tight binding model. Dcnt is the diameter of the CNT, 
q (=1.6 e-19 C) is the electron charge and Eg is an 
energy gap [22]. 
Therefore, by varying the diameter of CNT with 
different turn on voltages, different transistors can be 
implemented. From equation 2, it is clear that 

threshold voltage is the inverse of the diameter of 
CNT which is calculated by following equation: 
 

                           (3) 
Where a0 = 0.142 nm is called interatomic distance, 
which is the distance between the carbon and 
neighbouring atom [23]. Three main types of 
CNTFET exist that rely upon the type of source, drain 
and gate and type of connections between source and 
drain with CNT channel. In the first type CNT 
directly connects contacts to metal source and is 
known as schottky barrier CNFET (SB-CNFET). It is 
also known as tunnelling transistor as the 
source/drain channel junction performs the principal 
of direct tunnelling via a schottky barrier (SB). 
[24,25]. 
 

 
(a)                            (b)                              (c) 

Fig. 3. (a) SB-CNFET (b) MOSFET-like CNFET (c) T-CNFET 
[24]. 

In the On state, the energy barrier limits the Trans 
conductance and decreases the drain current (Id), thus 
ION/IOFF ratio becomes relatively low. SB-CNFETs 
have ambipolar attribute and is reliable for medium to 
high-performance applications. The second type of 
CNFET, known as band-to-band tunnelling CNFET 
(T-CNFET) shown in Fig. 2 (c). T-CNFET has low 
ON current and super cutoff attribute [26]. These 
conditions make it suitable for sub-threshold and 
ultra-low power application, but it is not much 
suitable for very high speed operations. The third 
type of CNFET, known as MOSFET-like CNFETs 
shown in Fig. 3 (b). In this CNTFET source-channel 
junction is not schottky barrier and between source-
drain and channel semiconductor-semiconductor 
junction is formed because positive impurities are 
doped in source and drain. MOSFET-like CNTFET is 
appropriate for high performance operations because 
it has high ON/OFF ratio, high ON current and 
scalability. In this paper, use MOSFET-like 
CNTFETs for all proposed designs [27,28]. 
 
III. PROPOSED FULL ADDER 
 
In this paper the proposed full adder design is 
generated by using three blocks and presented in Fig. 
4 (a). Module 1 and Module 2 comprises of XOR 
gates, by using these gates sum signal (SUM) is 
generated at the output. And with Module 3 Carry 
signal (Cout) is generated at the output.  Each module 
is designed carefully to optimized entire full adder in 
terms of power, delay and PDP. Details of each 
module is discussed below: 
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(a) 

 
(b)                                        (c) 

Fig. 4.  a) Schematic structure of proposed full adder. (b) 
XNOR module. (c) Sum and Carry generation module. 

 
3.1.Modified XOR Module: 
In most of the full adder circuits XOR module is 
responsible for the maximum power consumption. In 
this section a new XOR module is proposed to design 
low power full adder. Fig. 4 (b) shows the XOR 
module, which reduces the power consumption by 
eliminating the power consuming XNOR gate and 
avoiding the possibility of voltage degradation. XOR 
module used in this design is full swing, without 
feedback transistors in order to reduce delay and 
power consumption. Module of XOR gate uses 6 
Transistors and have the benefit of full swing output. 
Inverter between input chain and Sum output act as 
buffer and decreases the propagation delay. 
Multiplexers are implemented by using only two 
transistors with pass transistor logic. Full swing XOR 
module neglect the double VT threshold problem and 
high leakage power consumption at the output. The 
result of module 1 is represented in equation 4: 
   X=A⊕B                                        (4) 
 
3.2. Sum and Carry Generation Module 
In the proposed circuit, the output Sum and Carry 
signal are implemented by using Gate-Diffusion-
Input (GDI) logic, which allows reduction in 
propagation delay, power consumption and area 
involved of the circuit.  Sum and Carry Modules are 
shown in Fig. 4(c). A basic GDI cell consists of four 
terminals: G (common gate input of PCNTFET and 
NCNTFET), D (common diffusion node of both 
transistors), P (the outer diffusion node of PCNTFET) 
and N (the outer diffusion node of NCNTFET). The 
main characteristics of circuits are: (1) GDI has three 
inputs- G (gate input to NCNTFET / PCNTFET), P 
(input to source of PCNTFET) and N (input to source 
of NCNTFET).  (2) Bulks of both NCNTFET and 
PCNTFET connect to N or P (respectively), so it can 
be behave as CMOS inverter. GDI technique can 

implement various logic functions by using only two 
transistors. This approach is sufficient for a design 
which is fast and low power with less number of 
transistors. Sum and carry signal outputs are 
represented in equation 5 and equation 6: 
푆푢푚 = (퐴⊕퐵) ⊕C푖푛  (5)                                                     
퐶푎푟푟푦 = AB+BC+AC                                     (6) 
 
IV. DESIGN SIMULATION 
 
The full adder design has been simulated in cadence 
virtuoso simulator. For simulating this circuit, 
compact SPICE model and 32nm CNTFET 
technology has been used. This SPICE model is 
developed for unipolar, MOSFET-like CNTFET 
devices, also known as the standard model of 
CNTFET. In this model, each CNTFET transistor has 
one and more than one CNTs under the gate as per 
requirement. This model further involves Schottky 
Barrier Effect, including CNT, Parasitics, Gate and 
Source/Drain capacitance and resistance, and CNT 
Charge Screening Effects. All thesimulation has been 
done at room temperature with voltage 0.8V, 0.9V 
and 1V and design is optimized in terms of power and 
delay.The schematic of 1-bit full adder is shown in 
Fig. 5, which is constructed with pcntfet (p carbon 
nanotube field effect transistor) and ncntfet (n- 
carbon nanotube field effect transistor) transistors. 

 
Fig. 5. Schematic of Full Adder 

 
For logic verification analog Simulation of full adder 
design has been performed. The transient and DC 
response of the proposed design of full adder is 
shown in Fig. 6 and Fig. 7. 

 
Fig. 6. Transient response of Full Adder 
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Fig. 7. DC response of Full Adder 

 
The power waveform of proposed full adder is shown 
in Fig. 8. The power parameter is calculated by taking 
the average of this waveform. Reduction in power 
consumption by using hybrid technique which reduce 
the number of transitors. 

 
Fig. 8. Power Waveform of Full Adder 

 
V. RESULTS ANALYSIS 
 
The schematic designs have been simulated for 
different supply voltages 0.8V, 0.9V and 1V.  As 
reported in ITRS standard voltage for 32nm CNTFET 
technology is 0.9V. Power, Delay and power-Delay –
Product (PDP) are taken into consideration for design 
evaluation. All the transistor at input in schematic 
design are verified and delay parameter has been 
calculated for each input supply voltage. The Delay 
has been measured at different points in the circuit 
and maximum value of measurement is considered as 
the delay of the circuit. The parameter value of power 
consumption is calculated from the average power 
consumption over the maximum period of time. 
Finally the PDP is calculated from power and delay, 
for constructing tradeoffs between power and speed. 
The simulation results of SD-FA, RSD-FA, ND-FA, 
C-CMOS, Mirror, CPL-TG, HPSC, NEW-HPSC, 
Ours1, HCTG, TFA, TGA, SERF, 13A, CLRCL and 
proposed design at different voltages are shown in 
tables. In each table of different voltages Average 
power consumption measured in µW units, delay in 
E-11s units, and PDP in E-17J units. 

Name Power Delay PDP 
RSD-FA 

[2] 0.08799 1.0366 0.91215 

C-CMOS 
[6] 0.08354 1.3193 1.1022 

Mirror [7] 0.10313 1.3076 1.3485 
CPL-TG 

[9] 0.10838 1.5927 1.7262 

HPSC 
[10] 0.08821 1.8678 1.6477 

Ours1 
[11] 0.08352 1.2049 1.0624 

HCTG 
[12] 0.08817 1.3245 1.1479 

TFA [8] 0.11328 1.3232 1.4990 
Proposed 0.000282 0.3048 0.00085 

Table 1 shows that power, delay and PDP of proposed design 
has improved than all the compared designs.Table 1: At 0.8 

Voltage (Vdd) 
 

Name Power Delay PDP 
RSD-
FA[2] 

0.09134 0.94278 0.86113 

Mirror[7] 0.12632 1.2321 1.5564 
CPL-TG 0.13931 1.4260 1.9865 

Ours1[11] 0.16324 1.0866 1.7738 
HCTG[12] 0.12443 1.26 1.5076 

TFA[8] 0.10938 1.1700 1.2798 
TGA[6] 0.13519 1.0104 1.3659 
Proposed 0.000809 0.2477 0.0002 

Table 2 shows that power, delay and PDP of proposed design 
has improved than all the compared designs.Table 2: At 0.9 

Voltage (Vdd 
 

Name Power Delay PDP 
SD-FA[2] 0.13651 0.8830 1.2054 
Mirror[7] 0.18469 1.1347 2.0957 

Ours1 [11] 0.18927 0.9831 1.8608 
HCTG[12] 0.18633 1.1543 2.1508 

TFA[8] 0.16521 1.1837 1.9555 
TGA[6] 0.19402 0.9202 1.7855 
Proposed 0.00211 0.2246 0.000473 

Table 3 shows that power, delay and PDP of proposed design 
has improved than all the compared designs. Table 3: At 1 

Voltage (Vdd) 
 
The parameter comparison state the proposed full 
adder works more efficiently. Fig. 9 shows the power, 
delay and PDP comparison of the proposed design at 
0.8V with existing circuits. 

 
Fig. 9. Performance comparison at 0.8V 
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Fig. 10 shows the power, delay and PDP comparison 
of the proposed design at 0.9V with existing circuits. 
 

 
Fig. 10. Performance comparison at 0.9V 

 
Fig. 11 shows the power, delay and PDP comparison 
of the proposed design at 1V with existing circuits. 

 
Fig 11. Performance comparison at 1V 

 
CONCLUSIONS 
 
The present-day MOSFET technology needs to be 
replaced with alternate technologies and CNTFET 
emerges as the most suitable candidate. CNTFET 
have unique features such as low OFF-current and 
ballistic transport, which gives low power 
consumption and high speed designed circuit. The 
work proposed has resulted in high speed, low power 
consumption and reduced transistors CNTFET based 
full adder. In proposed design, number of transistors 
gets reduced by using GDI technique for sum and 
carry modules. Designing and simulation analysis is 
done using 32nm CNTFET technology in Cadence 
Virtuoso. The results conclude that there is an 
improvement in terms of power consumption and 
propagation delay as compared to the existing 
designs. 
 
REFERENCES 
 
[1] T. Mahani and P. Keshavarzian, “A Novel Energy-Efficient 

and high speed full adder using CNTFET”, Journal of 
Micoelectronics, Vol. 61, pp.79-88, March 2017. 

[2] Y. Safaei Mehrabani and M. Eshghi, “Noise and Process 
Variation Tolerant, Low-Power, High-Speed, and Low-
Energy Full Adders in CNFET Technology” IEEE 
Transactions on Very Large SCALE Integration (VLSI) 
Systems, Vol. 24, No. 11, pp. 3268-3281 November 2016. 

[3] K. Sridharan, S. Gurindagunta, and V. Pudi, “Efficient 
Multiternary Digit Adder Design in CNTFET Technology”, 

IEEE Transactions on Nanotechnology, Vol. 12, No. 3, pp. 
283-287, May 2013. 

[4] M. Hossein Moaiyeri, M. Nasiri, and N. Khastoo, "An 
efficient ternary serial adder based on carbon nanotube 
FETs”, an International Journal of Engineering Science and 
Technology, Vol. 19, No. 1, pp. 271–278, March 2016. 

[5] M. Moradi, R. F. Mirzaee, M. H. Moaiyeri, and Keivan Navi, 
“An Applicable High-Efficient CNTFET-Based Full Adder 
Cell for Practical Environments”, IEEE International 
Symposium on Computer Architecture and Digital Systems 
(CADS), pp. 7-12, May 2012. 

[6] N. H. E. Weste and K. Eshraghian, “Principles of CMOS 
VLSI Design: A System Perspective”, Reading, MA, USA: 
Addison-Wesley, 1988. 

[7] R. Zimmermann and W. Fichtner, “Low-power logic styles: 
CMOS versus pass-transistor logic,” IEEE Journal of Solid-
State Circuits, vol. 32, no. 7, pp. 1079–1090, July 1997. 

[8] N. Zhuang and H. Wu, “A new design of the CMOS full 
adder,” IEEE Journal of Solid-State Circuits, vol. 27, no. 5, 
pp. 840–844, May 1992. 

[9] S. Abu-Khater, A. Bellaouar, and M. I. Elmasry, “Circuit 
techniques for CMOS low-power high-performance 
multipliers,” IEEE Journal of Solid-State Circuits, vol. 31, 
no. 10, pp. 1535–1546, Oct. 1996. 

[10] C.-H. Chang, J. Gu, and M. Zhang, “A review of 0.18-µm full 
adder performances for tree structured arithmetic circuits,” 
IEEE Transaction Very Large Scale Integration (VLSI) Syst., 
vol. 13, no. 6, pp. 686–695, June 2005. 

[11] M. Aguirre-Hernandez and M. Linares-Aranda, “CMOS full-
adders for energy-efficient arithmetic applications,” IEEE 
Trans. Very Large Scale Integration (VLSI) System, vol. 19, 
no. 4, pp. 718–721, Apr. 2011. 

[12] P. Bhattacharyya, B. Kundu, S. Ghosh, V. Kumar, and A. 
Dandapat, “Performance Analysis of a Low-Power High-
Speed Hybrid 1-bit Full Adder Circuit”, IEEE Transactions 
On Very Large Scale Integration (VLSI) Systems, Vol. 23, 
No. 10, October 2015. 

[13] M. Muglikar, Dr. R. Sahoo, and Dr S. K. Sahoo, “High 
performance ternary adder using CNTFET”, Third 
International Conference on Devices, Circuits and Systems, 
pp.236-239, March 2016. 

[14] M. Bagherizadeh and M. Eshghi, “Two novel low-power and 
high-speed dynamic carbon nanotube full-adder cell”, 
Springer Nanoscale Research letters, Vol.6, No.1, pp.1-7, 
September 2011. 

[15] R. P. Somineni, Y. P. Sai, and S. N. Leela, “Low leakage 
CNTFET full adders”, IEEE Global Conference on 
Communication Technologies(GCCT), pp. 174-179, April 
2015. 

[16] K. Navi , M. Rashtian, A. Khatir, P. Keshavarzian, and O. 
Hashemipour, “ High speed capacitor-inverter based carbon 
nanotube full adder”, Springer Nanoscale Research Letter 5,”,  
pp.859-862, March 2010. 

[17] N. K. Niranjan, R. B. Singh, and N. Z. Rizvi, “Parametric 
analysis of a hybrid 1-bit full adder in UDSM and CNTFET 
Technology”, IEEE conference on Electrical, Electronics, and 
Optimization Techniques (ICEEOT)”, pp. 4267-4272, March 
2016. 

[18] K. Navi , V. Foroutan, M. R. Azghadi, M. Maeen, M. 
Ebrahimpour, M. Kaveh, and  O.Kavehei, “A novel low-
power full-adder cell with new technique in designing logical 
gates based on static CMOS inverter”, Elsevier Journal of 
Microelectronics, Vol. 40, No. 10,  pp.1441-1448, October 
2009. 

[19] S. Lin, Y Kim and F. Lombardi, “CNTFET-Based Design of 
Ternary Logic Gates and Arithmetic Circuits” IEEE 
Transactions on nanotechnology, Vol. 10, No. 2, pp. 217-225, 
March 2011. 

[20] H. M. N. Ahmad, M. S. Islam, K. M. Jameel, A. R. Ochi, and 
R. Hafiz, “Performance Study of 12-CNTFET and GDI 
CNTFET based Full Adder in HSPICE” IEEE International 
Conference on Advances in Engineering &Technology 
Research (ICAETR), pp. 1-5, August 2014. 

[21] K. Kumar, C. Sahithi, R. Sahoo, and S. K. Sahoo, “Ultra Low 
Power Full Adder Circuit using Carbon Nanotube Field 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084     Volume-5, Issue-9, Sep.-2017 
http://iraj.in 

A Novel CNTFET Based Power and Delay Optimized Hybrid Full Adder 
 

27 

Effect Transistor”, IEEE International Conference on Power, 
Control and Embedded System(ICPCES), pp.26-28, 
December 2014. 

[22] K. Navi, H. H. Sajedi, R. F. Mirzaee, M. H. Moaiyeri, A. 
Jalali, and O. Kavehei, “High-speed full adder based on 
minority function and bridge style for nanoscale”, The VLSI 
journal of integration, Vol. 44, No. 3, pp.152-162, June 2011. 

[23] A. Ghorbani and G. Ghorbani, “Energy efficient full adder 
cell design with using carbon nanotube Field effect transistors 
in 32 Nanometer technology”, International Journal of VLSI 
design & Communication Systems (VLSICS), Vol.5, No.5, 
pp. 1-8, October 2014. 

[24] M. Masoudi, M. Mazaheri, A. Rezaei, and K. Navi, 
“Designing high-speed, low-power full adder cells based on 
carbon nanotube technology”, International Journal of VLSI 
design & Communication Systems (VLSICS) Vol.5, No.5, 
pp. 31-43, October 2014. 

[25] M. J. Zavarei, M. R. Baghbanmanesh, E. Kargaran, H. 
Nabovati, and Abbas Golmakani, “Design of New Full Adder 

Cell Using Hybrid-CMOS Logic Style”, IEEE Conference on 
Electronics, Circuits and Systems(ICES), pp.451-454, 
December 2011. 

[26] A. Ghorbani, M. Sarkhosh, E. Fayyazi, N. Mahmoudi, and P. 
Keshavarzian, “A novel full adder cell based on carbon 
nanotube field effect transistors”, International Journal of 
VLSI design & Communication Systems (VLSICS) Vol.3, 
No.3, pp. 33-42, June 2012. 

[27] M. H. Ghadiry, A.AbdManaf, M. T. Ahmadi, H. Sadeghi, and 
M. N. Senejani, “Design and Analysis of a New Carbon 
Nanotube Full Adder Cell”, Hindawi Publishing Corporation 
Journal of Nanomaterials, Vol. 2011, pp. 1-6, February 2011. 

[28] S. H. Parimi, S. Mukilan, M. G. Chowdary, and T. Ravi, 
“Design and Analysis of Carry Bypass Adder Using 
CNTFET”, International Conference on Emerging Trends in 
Science, Engineering and Technology (INCOSET), pp.317-
322, December 2012. 

 
 
 
 
 
 
 

 
 


