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Abstract 

Full Adder is the building block of computing circuits. Designing a Full Adder with the 

smaller area, low power consumption, and high-speed have always been demanded. Since 

the channel length tends to the nano-scale, the use of MOSFET as a basic device in Full 

Adder cell design reaches its functional limitations such as power dissipation and average 

speed. In this paper, a 1-bit Full Adder cell is proposed based on PTM 32 nm FinFET 

process model with 0.5V supply voltage for mobile applications. The Full Adder performance has been 

evaluated with the obtained results from HSPICE. The main parameters of Full Adder such as average 

power consumption, leakage power, delay and power-delay product (PDP) were measured. Also, the 

performance of the proposed design with comprehensive experiments using different supply voltages, 

load capacitors, frequencies, and temperatures are evaluated and compared to the other classical and 

state-of-the-art CMOS and CNTFET-based Full Adder cells using 32 nm CMOS and 32 nm CNTFET 

technologies. Based on simulation results, the superiority of proposed design in terms of delay and PDP 

were obvious. 
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1. Introduction 

Full Adders are one of the remarkable blocks in computer calculations, which are used generally in 
digital signal processors. There are growing demands for high-speed Full Adder in different applications 
of computational systems such as computer graphics, scientific computing, image processing and so 
on. The Full Adder’s speed determines how fast the processor will run. Designers are now more 
focused on high speed with low power consumption. Full adders are the palpitating heart of arithmetic 
circuits and many of complex arithmetic circuits [1,2]. The widespread use of this operation in 
mathematical functions for mobile applications has attracted a large number of researchers. In recent 
years, several different species of logical styles have been provided to implement the 1-bit Full Adder 
cells. The Full Adder cells are usually aimed at reducing power consumption and speed. These studies 
also investigated different Full Adder implementation methods with CMOS technology [3,4]. 

Designers must work within the range of specifications to meet the requirements of very low 
leakage, long battery life, and cost targets for packaging in mobile applications. Designers’ concern for 
the level of leakage current is minimizing the waste of energy and is not related to ensuring the proper 
functioning of the circuit. This is equal to increasing the battery life for portable electronic devices. For 
instance, for long periods of time mobile phones need to work in standby mode, which the phone is 
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able to receive an incoming call. But, they are fully active for a very short period in talk mode or active 
mode, while a call is established. When a mobile phone is in standby mode, certain parts of this circuit 
are active and the rest are turned off. However, these circuits will have leakage currents even if they 
are disabled. Even if there is a leakage current, it is much smaller than the normal operating mode. 
This leakage current empties the battery charges in a long-term standby mode, while the battery will 
be empty in a short time in an active mode. As a result, the leakage current has a disproportionate 
effect on the longevity of the battery. For this reason, making the low leakage Full Adder cells for 
mobile applications is a great interest of many designers. 

Briefly, there are some of performance criteria such as leakage power, active power, ground bounce 
noise, area, noise margin, and robustness with respect to voltage and transistor scaling as well as 
changing the process and compatibility with peripheral circuits, which are considered in designing and 
assessing Full Adder cells. Shortening the gate length of a transistor increases its power consumption 
due to increasing the leakage current between the transistor source and drain when the gate voltage 
is not applied [5,6]. In addition to the sub-threshold leakage, gate-tunneling current also increases 
considering the gate oxide thickness scaling. Each new generation of technology leads to 30 times 
increasing in the gate leakage [7,8]. Leakage power is expected to reach more than 50% of the total 
power below 100nm process [9]. Hence, the leakage power is very important for design techniques 
development to reduce the static power dissipation during inactivity periods. Power reduction can be 
achieved without a trading-off that makes difficult the leakage reduction during normal operation. On 
the other hand, there are several methods of leakage power reduction. Power gating is one of the 
known techniques, in which a sleep transistor is added between the circuit ground (so-called Virtual 
ground) and the real ground [10-14]. In sleep mode, the sleep transistor turns off to cut-off the leakage 
path which provides a significant reduction in leakage current with a minimal impact on performance 
[15-18].  

MOSFET scaling to nano-technology reveals many challenges such as the gate leakage current, gate- 
induced drain leakage (GIDL), the off-state leakage current, delays, power dissipation, short-channel 
effects, and many others. These challenges are inevitable so that the transistor size is the most 
important parameter that should be considered by the designer in the process of size reduction. ITRS 
updated a report in 2006, in which the MOSFET size reduction to 32 nm was disclosed. Therefore, ITRS 
introduced an alternative to implement such structures like silicon on insulator (SOI) and multi-gate 
MOSFET (i.e. FinFET) in the manufacturing industry to overcome the problems in the field of nano-
scale [19]. MOSFET scaling process is nearing the limit of technology below 20 nm that may cause 
performance degradation of device performance due to silicon process changes. FinFET is a new 
alternative structure for MOSFET that will allow transistors to be scaled to a smaller size and it has 
many advantages compared to traditional MOSFET such as higher drain current and 90% reduction in 
static leakage current [20]. 

This paper focuses on reducing the sub-threshold leakage power consumption in Full Adder circuit. 
The proposed Full Adder with a multi-gate transistor (i.e. FinFET) is compared with the other classical 
and state-of-the-art CMOS and CNTFET-based Full Adder cells. The rest of this paper is organized as 
follows. In the section 2, a brief review of the FinFET is discussed. In the section 3, the proposed nano-
scale FinFET based Full Adder and its performance will be discussed. In the section 4, performance 
analysis and simulation results of the proposed circuit is presented and compared to the other classical 
and state-of-the-art CMOS and CNTFET-based Full Adder cells. Then, the paper is concluded in section 
5. 

2. FinFET Transistor 

Multi-gate FinFET is classified as a multi-gate device that the FinFET operating mode is most similar 
to traditional MOSFET. Typically, this transistor has a source, a drain and a gate to control the current. 
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The channel is made between the drain and source of FinFET, which is a 3D band at the top of the 
silicon substrate (so called Fin). The gate is covered around the channel (as Figure 1) with the aim of 
forming several gate electrode on each side that might reduce leakage effects and increase the 
excitation current. In previous studies, researchers have observed that multi-gate devices such as 
FinFET have a better immunity to against changes. This may lead to self-aligning of two gates [21]. 
FinFET devices are produced in different ways. In shorted-gate FinFETs (SG-FinFETs), two gates are 
connected to each other and create a three-terminal device. It can be used as a direct replacement for 
traditional bulk-CMOS devices. In Independent-Gate FinFETs (IG-FinFETs), the upper part of the gate is 
etched and it provides two independent gates. Since, two independent gates can be controlled 
separately; IG-FinFETs provide more design options (see Figure 2). Four-terminal FinFETs (4T-FinFET) 
has been widely studied and analyzed in the literature [2,22-24]. Front and back gates of 4T-FinFET can 
be connected in different structures. One of these structures is closing both gates together (SG-FinFET). 
A 4T-FinFET can be considered as two parallel transistors and two gates can independently be 
stimulated as Figure 2. One of the gates that is normally called the back gate affects the vertical field 
of the other transistor. Thus, it changes the threshold voltage. In addition, it affects the diffusion 
current in the sub-threshold regime. Thus, it controls the leakage current. In addition, in order to 
improve the drivability or to form a single transistor with independently gates, two parallel transistors 
in 4T-FinFET can be connected together. This issue will be helpful in area reduction and power 
dissipation in digital circuits [23]. 

For the device shown in Figure 1, the effective channel length and width are 𝐿FIN and ℎFIN, 
respectively. Device parameters, which have been used in this article, are listed in Table 1. 

 

 

Figure 1: The structure of four-terminal FinFET (4T-FinFET) 

 

Figure 2: The symbol of P-FinFET and N-FinFET (p-type and n-type, respectively) 
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Table 1: Parameters of FinFET device 
 

Parameter Value 

Length of the channel (𝐿) 32nm  

Thickness of front/back gate oxide (𝑡oxfg/𝑡oxbg) 1.6nm 

Thickness of the fin (𝑡Si) 8nm 

Height of the fin (ℎfin) 32nm 

Work function (N/P) (𝜑N/𝜑P) 4.5eV/4.9eV 

Power supply (𝑉DD) 0.9 

Channel doping (NBODY) 2 x 1020 cm-3 

Source/ Drain doping 2 x 1020 cm-3 

 

3. Proposed Full Adder Cell Based on FinFET Transistor 

Recently, the energy dissipation has a particular importance. There is a considerable emphasis on 
understanding the sources and methods of dealing with the loss of power [3]. The static logic style 
provides a robustness against noise effects. Thus, it automatically provides a reliable performance. 
Pseudo-NMOS and pass transistor logics can reduce the number of required transistors to implement 
a logical function. However, these logics suffer from static power dissipation. XOR-based and multi-
multiplexer-based circuit implementation are useful when we implement through passed transistor 
logic [4]. On the other hand, dynamic logic implementation of complex functions requires smaller 
silicon area, but the charge leakage and refreshing of charge are required that reduces the operating 
frequency. In general, none of the mentioned styles can compete with the style of CMOS in terms of 
robustness and stability [4,13]. 

The conventional CMOS 28 transistor adder is shown in Figure 3 [12]. CMOS structure combines 
PMOS pull-up and NMOS pull-down networks to produce the desired output. In the style of static 
CMOS, transistor sizing plays a key role. In the conventional full adder circuit, it is observed that the 
ratio of PMOS transistor to NMOS transistor for an inverter is equal to 2. When the rest of the blocks 
are considered in the form of an equivalent inverter, the remaining blocks also follow the similar ratio. 
Modified full adder circuits in terms of size are provided in [25] by targeting the noise margin and 
ground bounce noise. In addition, the power gating method has been used in [25] to reduce the 
leakage power, in which a sleep transistor is connected between circuit ground and actual ground rail. 
The structure of proposed adder in [25] is shown in Figure 4. 

 

Figure 3: Schematic of conventional CMOS 28 transistor Full Adder 
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Figure 4: Schematic of Full Adder with sleep transistor (29-T MOSFET) [25] 

The shown structure in Figure 4 is based on MOSFET and our purpose is to implement this structure 
by FinFET. The FinFET that we use in this paper can have two separate and independent gates (IG-
FinFET). For this reason, two parallel MOSFET transistors can be implemented with an IG-FinFET. By 
focusing on Figure 4, we identify the parallel transistors in circuit schematic and we replace them with 
an IG-FinFET. The Schematic of proposed CMOS Full Adder using the FinFET transistors is shown in 
Figure 5. After reviewing Figure 4 and 5, we observe that the proposed structure using the FinFET 
transistors is simplified and the number of transistors in proposed full adder with the sleep transistor 
has dropped to 21. In this paper, the proposed Full Adder in [25] will be referred to as 29-T MOSFET 

and our proposed full adder will be referred to as 21-T FinFET. 

 

Figure 5: Proposed Full Adder using FinFET transistors (21-T FinFET) 

 4. Simulaton Results  

In this section, the proposed design are comprehensively evaluated in various situations with 32nm 
predictive technology model (PTM) for FinFET technology [26]. The results of this simulation are used 
to compare the performance of the proposed Full Adder to the performance of the other classical and 
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state-of-the-art CMOS and CNTFET Full Adders. All the designs are simulated with 32nm PTM CMOS 
technology for CMOS circuits [26] and the compact SPICE model [27,28] are employed for 32nm 
CNTFET-based circuits, including all non-idealities. In [27,28], the most important parameters of the 
CNTFET model and their values, with concise descriptions, are reported. All the designs are simulated 
using Synopsys HSPICE 2008 simulator tool. 

The most important metrics for digital circuits are power, delay, and PDP parameters. These 
parameters are taken into consideration for comparison of the proposed structure with other classical 
and state-of-the-art CMOS and CNTFET Full Adders. Based on the transistor sizing procedure in [29], 
all of the designs are sized for minimizing the PDP. Different supply voltages, temperatures, 
frequencies and load capacitances are used for simulation. In order to measure the propagation delay, 
the complete input pattern with all the possible transitions from an input combination to another is 
applied to the circuits. Figure 6 shows the input and output signals of the proposed design at 0.5 V 
power supply, 250MHz frequency, room temperature (around 27◦C), and 2.1 fF load capacitance. In 
this work, the delay is measured for each transition and the maximum is reported as the delay of each 
circuit. The average power consumption during a long period of time has been considered as the power 
consumption metric. Finally, in order to make a trade-off between the power consumption and the 
delay of the circuits, the PDP is computed in different designs. 

In the first experiment, the circuits are simulated at 100 MHz operating frequency, 2.1 fF output 
load capacitance, and at 0.5, 0.65, and 0.8 V supply voltages. The results of this experiment are listed 
in Table 2. The best results in Table 2 are demonstrated with bold-faced numbers. According to these 
simulation results, the proposed design has the lowest PDP, compared to the other designs at 0.5 and, 
0.65 V supply voltages. In addition, the lowest delay is also pertained to this proposed design at 0.5, 
0.65, and 0.8 V supply voltages.  

 

Figure 6: The input and output signals of the proposed FinFET-based design 

In the second experiment, the circuits are simulated at 375 MHz operating frequency, 3.5 fF output 
load capacitance, and at the various supply voltages (0.5, 0.65, and 0.8 V). The results are shown in 
Table 3. According to  listed results in Table 3, the proposed design has the best delay in contrast with 
the other circuits at all supply voltages. Also, the proposed design has the best PDP in contrast with 
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the other circuits at 0.5 and 0.65 V supply voltages. In this experiment, all CMOS-based cells fail to 
work at 0.5 V supply voltage. Also, CNT-3c2c cell fail to work at 0.8 V supply voltage.  

Table 2: The first simulation results of delay, average power, leakage power and PDP (frequency=100 MHz, 
Cload=2.1 fF) 

VDD (v) 0.5 0.65 0.8 

Delay (×10−12 s) 

Hybrid [29] 1064   339.41  192.85 

CMOS-Bridge [30] 1269.9   401.44  229.43 

TGA [12] 2036.9   557.09  283.39 

Design3 [31] 2283.8   662.05  364.19 

CNT-3c2c [32] 142.34   161.77  244.89 

CNT-Design2 [33] 113.15  108.73  86.36 

Proposed 106.82 78.76 66.68 

Average power (×10−6 w) 

Hybrid [29] 0.060 0.102 0.159 

CMOS-Bridge [30] 0.057 0.098 0.149 

TGA [12] 0.066 0.105 0.162 

Design3 [31] 0.059 0.105 0.162 

CNT-3c2c [32] 0.178 0.217 0.331 

CNT-Design2 [33] 0.166 0.263 0.266 

Proposed 0.135 0.250 0.421 

Leakage power (×10−9 w) 

Hybrid [29] 386.37 689.64 1500.9 

CMOS-Bridge [30] 6.418 2.078 4.252 

TGA [12] 8.276 5.087 9.255 

Design3 [31] 17.45 5.341 7.137 

CNT-3c2c [32] 103.19 107.27 87.37 

CNT-Design2 [33] 93.238 130.58 115.74 

Proposed 7.24 13.20 21.79 

PDP (×10−17 j) 

Hybrid [29] 6.424 3.472 3.063 

CMOS-Bridge [30] 7.279 3.9401 3.424 

TGA [12] 13.424 5.877 4.583 

Design3 [31] 13.530 6.940 5.889 

CNT-3c2c [32] 2.536 3.509 8.102 

CNT-Design2 [33] 1.877 2.859 2.301 

Proposed 1.440 1.966 2.808 
 

In the third experiment, the circuits at different frequencies (100 to 500 MHz) are tested with 0.65 
V supply voltage and 2.1 fF output load capacitor. The simulation results of the different Full Adder 
cells are depicted in Figure 7. According to Figure 7, it can be observed that CNT-3c2c and CNT-Design2 
cells fail to work at 375 MHz frequency whereas the proposed Full Adder operates normal at different 
frequencies and has the lowest PDP among the other circuits. 
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Table 3: The second simulation results of delay, average power and PDP (frequency=375 MHz,Cload=3.5 fF) 

VDD (v) 0.5 0.65 0.8 

Delay (×10−12 s) 

Hybrid [29] Failed 484.81 293.35 

CMOS-Bridge [30] Failed 527.09 309.54 

TGA [12] Failed 814.83 414.51 

Design3 [31] Failed Failed 581.04 

CNT-3c2c [32] 343.75 546.40 Failed 

CNT-Design2 [33] 242.50 569.77 161.25 

Proposed 161.22 125.79 102.43 

Average power (×10−6 w) 

Hybrid [29] Failed 0.612 0.986 

CMOS-Bridge [30] Failed 0.568 0.907 

TGA [12] Failed 0.577 0.964 

Design3 [31] Failed Failed 0.913 

CNT-3c2c [32] 0.523 0.920 Failed 

CNT-Design2 [33] 0.483 0.863 1.086 

Proposed 0.629 1.185 1.966 

PDP (×10−17 j) 

Hybrid [29] Failed 29.67 28.92 

CMOS-Bridge [30] Failed 29.95 28.08 

TGA [12] Failed 47.03 39.95 

Design3 [31] Failed Failed 53.06 

CNT-3c2c [32] 17.97 50.25 Failed 

CNT-Design2 [33] 11.71 49.15 17.52 

Proposed 10.14 14.90 20.14 

 

 

Figure 7: PDP of the circuits versus frequency variation (supply voltage=0.65 V, Cload=2.1 fF) 

The driving capability is a very important metric for the Full Adder cell. In the other experiment, the 
driving capability of the circuits are evaluated at 100MHz frequency and 0.65 V supply voltage with 
various output load capacitors, ranged from 1.4 fF up to 4.9 fF. The PDPs of the circuits are plotted 
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versus load capacitor variation in Figure 8. According to Figure 8, it can be observed that the proposed 
Full Adder has the lowest PDP among the other circuits for all output load capacitors. 

 

Figure 8: PDP of the circuits versus output load capacitor variation (supply voltage=0.65 V, frequency=100 MHz) 

Immunity of the circuits to the ambient temperature variations is another important metric for the 
Full Adder cell which should be taken into account. To evaluate this trait, the circuits are simulated in 
a wide range of temperatures from 0 oC to 100 oC at 0.65 V supply voltage and 100 MHz frequency. The 
results of this experiment are plotted in Figure 9. According to Figure 9, it can be observed that the 
proposed Full Adder cell has the lowest PDP compared to other designs in a wide range of 
temperatures. Also, it can be conclude that proposed Full Adder cell has acceptable performance and 
functionality in a vast range of temperatures from 0 oC to 100 oC. 

 

Figure 9: PDP of the circuits versus temperature variation (supply voltage =0.65 V, frequency=100 MHz,               
Cload =2.1 fF) 
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Conclusion 

FinFETs are a promising alternative to bulk CMOS to avenge the posed challenges by scaling the 
conventional MOSFETs. These transistors provide innovative styles of circuit design due to their double 
gate structure. In this paper, 1-bit Full Adder cell was proposed with low leakage using FinFET 
transistors for mobile applications. The proposed Full Adder cell is designed with 32nm FinFET 
technology and it operates with 0.5V supply voltage. The parameters of delay, average power 
consumption and PDP for proposed Full Adder and other classical and state-of-the-art 32-nm CMOS 
and 32-nm CNTFET Full Adders are measured. According to these results, the very good performance 
of the proposed Full Adder is obvious and the number of transistors is reduced to 8pcs compared to 
before (i.e. 29-T MOSFET Full Adder). 
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