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Abstract:  This  paper  presents  a novel ultra-low power and high speed 1-bit Full-Adder, which is designed
only based on pass transistor logic. The main advantages of this design are very low propagation delay and
ultra-low consumption power, which lead to achieve lower PDP and EDP than that of other. Intensive HSPICE
simulation indicates that the new Full-Adder consumes around 70% less power than 14T Adder, moreover its
EDP 83% is lesser  than  28T Full-Adder. We have compared some of the most popular Full-Adders like 28T,
CPL, SS16T, 10T, and 14T to the proposed Full-Adder. Simulation has been carried out by HSPICE in 0.18µm
technology at 1.8V supply voltage.
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INTRODUCTION most important characteristics of high speed and low

The highly increase of the demand of higher in
processing speed and lower in power consumption
electronic devices obliges designers to discover the
innovative ways to meet these goals. Likewise, the more
we  scrutinize  this  complex  and   modernized  century,
the more we provide the spaces for challenging the
problems which have been made because of unfair
proportion of rapid growth of market’s demand and the
time-consuming nature of accomplishing new
technologies.

The immense applications of VLSI such as e.g.
microprocessors, Digital Signal Processors (DSP), etc.
enormously  exploit  more  arithmetic  operations
compared to logical operations. The focal core of all
arithmetic  blocks   is   considered  as  1-bit  Full-Adder
cell.  Therefore,  it  can  be  noted  that  the  improvement
of  overall  performance  of  the  mentioned is resulted
from developing this base  block.  In  fact, the main
concern for   designers   on  the highly  close relationship
with  the   complexities  of  power  consumption   as  well
as  architecture  factors  is  associated with transistor
count i.e.  the  number  of  used  transistors per base
block.

As regard to submicron CMOS technology area, it
can be concluded that the topology selection, power
dissipation and speed are taken into  consideration as the

power applications [1]. The result of lower supply voltage
For CMOS circuits would be at the lower performance
level. Furthermore, this performance loss can somehow be
limited by scaling the threshold voltage resulting in
increased leakage [2, 3]. Clock gating and dynamic
voltage/frequency scaling are two other techniques
applying in low power design [3-5]. Here, sub-threshold
circuit design is to scale the supply voltage below the
threshold  voltage,  in  which the  charged/discharged
sub-threshold leakage currents are made through load
capacitances. In this study, there exists an important
restrain on the increased performance of sub-threshold
circuits  since  leakage  currents  are considered as orders
of magnitude lower than drain currents in the strong
inversion regime. Hence, conventionally, we enjoyed the
sub-threshold circuits for applications which necessitate
ultra-low power dissipation, with low to moderate circuit
performance [3], [5]. Likewise, one of the key constituents
of  a  processor  which establishes its throughput is  the
1-bit full adder design since it is applied in ALU, the
floating point unit, and direct generation towards the case
of cache or memory accesses [3, 5].

The total power dissipated in generic digital CMOS
gate is  calculated  by  Equation  (1), Equation (2),
Equation (3), and Equation (4).

P  = P  + P + P (1)total Dynamic Short Circuit Static
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P  = P. C . f. V (2) Objectives and Scopes: Since the Adding is the vitaldynamic L DD
2

P = I . t . V . f (3) great deals of applications today requiring theseshort Circuit Peak SC DD

P = I . V (4) will surely affects  the  overall performance of systems.static Static DD

In the above equations, P, f, C , V , I , t  and IL DD peak SC Static

are respectively, change state probability of gate, Increasing processing speed by reducing delay
simulation frequency, capacitor of gate, supply voltage, Decreasing delay by not utilizing not gates.
maximum current  during  changing the status of gate, Mitigating  power  consumption utilizing transistors
short circuit time and static current. Static power is very in an organized method
important in low supply voltage. Although lowering
supply voltage and  modifying the threshold voltage The aim of this study was to introducing a new full
result in decreasing the power consumption, modifying V adder structure to meet the above-mentioned goals.th

and reducing supply voltage have direct influence on
latency of the circuit, and as  it  can  be seen from Prior Works
Equation (5), and Equation (6), any increase in V  or 28T  Full-Adder  Cell:  One  of  the  most  well-knownth

decrease in supply voltage cause reduction in Full-Adders   is   the  standard  CMOS  Full-Adder  uses
performance of the circuit [6], [7], [8-12]. 28 transistors as shown in Fig.1. It is based on regular

T NMOS = T ˜ (C .V . (K  (V -V ) ) (5) This Adder has very good output swing.propagation PH-L L DD) n DD tn
 2 -1

T PMOS = T ˜ (C .V . (K  (V -|V |) ) (6) Full-Adder as shown in Fig.2. In design this Adder isPropagation PL-H L DD) p DD tp
 2 -1

The  most  important  parameter for  optimizing a The Adder has lower PDP and EDP than previous Adder.
Full-Adder   is   energy    delay  product  (EDP).  Many
Full-Adders have been designed and published in SS16T Full-Adder  cell:  The  third Adder is SS16T Full-
literature. They are built upon different logic styles. Adder as shown in Fig.3. It is based on pass-transistor,
Among these Adders the circuits explained below will be for designing this Adder 16 transistors have been used.
used for comparison in this paper. Although all of them This Adder has lower propagation delay and decrease
perform a similar function, the method of producing the number of transistor than two previous Adders, but it
intermediate nodes and outputs, the loads on them and consumes more power.
transistor count are various.  In  all of these Full-Adders,
it is tried to reduce power and delay factors to decrease
power delay product(PDP) and energy delay
product(EDP) in comparison to the each Full-Adder is
presented [8-12].

The Remaining of the Paper Is Organized as Follows:
Objectives and scopes have been noted in section (2).
Prior   full   adder   architectures   are  illustrated in
Section (3). Explanations about  the  proposed  full adder
are given in section (4) entitled materials and methods.
The simulation results  of  the  proposed  full adder cell
and its performance comparisons with counterparts’ full
adders are shown in Section (5). Section (6) discusses
about the comparison results. Lastly, conclusion is given
in Section (7). Fig 1: Conventional CMOS Adder with 28 transistors. 

function in DSP processors and moreover, there exist

processors as the core of their systems, optimizing them

The main objectives in this area are as follow: [8-12].

CMOS structure with pull-up and pull-down transistors.

CPL  Full-Adder   Cell:   The  second  Adder  is  CPL

utilized pass-transistor technique and it has 34 transistors.



World Appl. Sci. J., 33 (2): 229-233, 2015

231

Fig 2: CPL Full-Adder Proceeding of 6th International Conference on

Figure 3: SS16T Full-Adder has very low propagation delay and power consumption.

Figure 4: 14T Full-Adder propagation delay and power consumption.

Fig 5: 10 transistor (10T) Adder. Reprinted with
permission from [13], L. Junming et al., A novel 10-
transistor low-power high-speed Full Adder cell.

Solid-State and Integrated-Circuit Technology
(2001), pp. 1155-1158

14T Full-Adder Cell: The fourth Adder is 14T Full-Adder
as shown in Fig. 4. It is incorporation of pass-transistor
and TG techniques and it has 14 transistors in its
structure. Moreover, it has very low propagation delay,
but its problem is high consumption power.

10T Full-Adder Cell: The fifth Adder is 10T Full-Adder
as shown in Fig. 5. It is incorporation of pass-transistor
and TG techniques and it has 10 transistors in its
structure. This Full-Adder has the least number of
transistors among all Full-Adders in this paper; also, it

MATERIALS AND METHODS

Proposed   Full-adder    Cell  (Pta    Full-adder   Cell):
The proposed Full-Adder is utilized 24 transistors with
minimum area. This circuit is designed based on mere pass
transistor logic. This circuit has the lowest propagation
delay and power consumption, because in its structure
has not used any Not Gate. In this design our effort was
on reducing power and delay, and the most advantage of
this Adder is low consumption power. This proposed
Adder has very low power consumption and thus we
intensively achieved the lowest power delay product
(PDP) and energy delay product (EDP). This circuit is very
useful for designing of multiplier, because it has very low
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Fig 6: Sum part of proposed Full-Adder Cell 
(PTA Full-Adder Cell)

Fig 7: Carry out part of proposed Full-Adder Cell 
(PTA Full-Adder Cell)

The following steps were taken to design the PTA
full adder cell. First, it was necessary to find a logical
relation between input and output bits. Then, it was
simulated by HSPICE software to investigate the results
and diagnosing the probable malfunctions.

As final step, the proposed circuit is evaluated and
compared to the  other  ones. Comparisons have been
done for major characteristics namely Average power,
Delay, PDP, EDP and transistor count. All full adders were
simulated using in 0.18µm CMOS technology files with
100MHz and at 27 C and the supply voltage was 1.8 V.0

Our  proposed  design  has  been  illustrated in
Figure 6 and Figure 7.

Table 1: Simulation Result for Full-adder in 0.18 m Technology with
Supply Voltage and Frequency 1.8v, 100mhz Respectively

Design Average power (µW) Delay (PS)

28T 32.322 167.5
CPL 32.036 150
SS16T 49.69 119.85
14T 63.308 68
10T 26.326 117.2
Proposed Adder(PTA) 19.178 89.05

Table 2: Simulation Result for Full-adder in 0.18 m Technology with
Supply Voltage and Frequency 1.8v, 100mhz Respectively

Design PDP (FJ) EDP (10 ) Transistor Count-27

28T 5.4139 906.83 28
CPL 4.8054 720.81 34
SS16T 5.955 713.70 16
14T 4.3049 292.73 14
10T 3.0854 361.60 10
Proposed Adder(PTA) 1.7078 152.079 24

RESULTS

In this section,  the  simulation  results of different
full adders and proposed full adder (PTA full adder) are
tabulated below and  the  comparison chart has been
given below that.

As it can be seen from Table 1 and Table 2 the PTA
Full-Adder has the lowest propagation Delay, power
consumption, power delay product (PDP) and energy
delay product (EDP). In this design we could reduce
power consumption, PDP and EDP. According to
simulation results the proposed Full-Adder is the best
Full-Adder in this paper.

DISCUSSION

As far as the results are concerned, our proposed
structure has possessed the most efficiency amongst the
other ones. Here, we compared the results of PTA full
adder with 10T full adder which is of the best performance
in  comparison   with   another   mentioned  full  adder.
The PTA full adder consumes approximately 27% less
power than the 10T full adder does. In term of delay, our
introduced structure responses above 24% faster
compared to the other one. As regards to PDP, it is 45%
less than the 10T full adder. Likewise, it has shown 58%
better performance compared to the 10T full adder’s in
EDP parameter. Lastly, based on above results, the PTA
full adder is a new structure which has been succeeded to
improve other full adder’ characterization toward
achieving an efficient full adder.
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CONCLUSIONS 5. Gutnik, V. And A. Chandrakasan, 1997. “Embedded

In this paper, a novel low-power and high speed 1-bit Transactions   on     VLSI     Systems,     Dec.   1997,
Full-Adder has been proposed. There exist some major 12:  425-435.
limitations in designing efficient full adders such as 6. Veendrick, H., 1984. “Short circuit dissipation of
gaining desired power, delay and swing. High delay leads static CMOS circuitry and its impact on the design of
to intensification glitch effect that increases static power buffer circuits,” IEEE Journal of Solid-State Circuits
consumption which takes us away from high efficient full SC-19 (4), 1984, pp: 468-473.
adder. Additionally, low output swing causes two main 7. Navi, K., V. Foroutan, M. Rahimi Azghadi, M. Maeen,
problems. Firstly, it may conclude to wrong outputs and M. Ebrahimpour, M. Kaveh and O. Kavehi, 2009.
the other problem appears when it exceeds regular power “low-power Full-Adder cell with new technique in
consumption. The proposed circuit uses 24 transistors designing logical gates based on static CMOS
with minimum area. The PTA Full-Adder has the lowest inverter,” Microelectronics Journal, pp: 1441-1448.
power consumption, PDP and EDP, because in structure 8. Sadeghi, M., M. Ali and A. Golmakani, 2014. "Binovel
of this idea isn’t used any Not Gate. The PTA Adder is Low-Power and High Performance Full-Adder Cell In
designed based on only pass-transistor logic. In the 180nm Cmos Technology," World Applied Sciences
future works, we aimed at designing a full adder with carry Journal, 31: 240-243.
bit prediction in order to lower delay factor. In this case, 9. Sadeghi, M., J. Rajabi and A. Golmakani, 2013."Novel
we manage to attain a full adder owning superb features. 1-Bit Full-Adder Cell with Ultra-Low Delay, PDP and
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