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Abstract: A novel low-power and high speed 1-bit full-adder is described which is designed based on pass
transistor and Transmission Gate (TG)logic. The main advantage of this design is its inherent very low
propagation delay and low power consumption. The consequence of which leads to achieving lower Power
Delay Product (PDP)than others designs. Intensive HSPICE simulation shows that the new full-adder consumes
around 40% less power than the SS16T adder,moreover its Energy Delay Product (EDP) is 49.4% less than the
SS16T full-adder. We have compared some of the most popular full-adders like: 28T, CPL, SS16T, 22T and 14T
with the proposed full-adder.Simulation has been carried out by HSPICE using 0.18µm technology at 1.8V
supply voltage.
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INTRODUCTION performance. Scaling the threshold voltage can limit this

By increasing the demand on having leakage [5], [7]. Other techniques used in low-power
microprocessors with high speed of operation and low- design include clock gating and dynamic
power consumption, designers should meet this need and voltage/frequency scaling [7-9]. Sub-threshold circuit
challenge and start designing new processors with these design involves scaling the supply voltage below the
dual requirements. Most of the VLSI applications, such as threshold voltage, where load capacitances are charged/
digital signal processing, image and video processing and discharged by sub-threshold leakage currents. Leakage
microprocessors - extensively use arithmetic operations. currents are orders of magnitude lower than drain currents
Addition, subtraction, multiplication andmultiply and in the strong inversion regime, so there is a significant
accumulate (MAC) are examples of the most commonly limit on the maximum performance of sub-threshold
used operations. The 1-bit full-adder cell  is  the  building circuits. Therefore, traditionally, sub-threshold circuits
block of all these modules. Thus, enhancing its have been used for applications which require ultra-low-
performance is critical for enhancing the overall module power dissipation, with low-to moderate circuit
performance. The transistor count is, of course, a primary performance [7], [9-11]. The 1-bit full-adder design is one
concern which primarilyaffects the design complexity of of the most critical components of a processor that
larger circuit. For such submicron CMOS technology area, determines its throughput, as it is used in ALU, the
topology selection, power dissipation and speed of floating point unit andaddress generation in case of cache
operation are very important parameters and aspectsfor or memory accesses[7],[9-10].
high speed and low-power applications [1], [2]. For CMOS The total power dissipated in a generic digital CMOS
circuits, the cost of a lower supply voltage is lower gate is calculated by Eq. (1), Eq. (2), Eq. (3) andEq. (4).

performance loss somewhat but results in increased
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The above equations P, f, C , V , I , t  and I  areL DD peak SC Static

respectively, change state probability of gate, simulation
frequency andcapacitor of gate, supply voltage, maximum
current during changing the status of gate, short circuit
time and static current. Static power is very important in
low supply voltage.Although lowering supply voltage Fig. 1: The Conventional CMOS Adder with 28
and modifying the threshold voltage results in decreasing Transistors. Reprinted with permission from [14],
the power consumption, modifying V  and reducing J. M. Rabaeyet al., Digital Integrated Circuits,th

supply voltage have direct influence on latency of the Prentice Hall Publications (2003).
circuit and as shown in Eqs. (5) and(6) any increase in Vth

or decrease in supply voltage cause reduction in
performance of the two circuit [12, 13].

(5)

(6)

The most  important  parameter for optimization of the
full-adder  is  the  energy  delay  product  (EDP). Many
full-adders  have been designed and published in the
literature. They are built upon different logic styles.
Among these adders the circuits explained below will be
used for comparison in this paper. Although all of them
perform a similar function, but the method of producing
the intermediate nodes and outputs, the loads on them Fig. 2: The CPL Full-adder.
and transistor  count   are  varied. In all of these full-
adders, the goal has been to reduce power and delay 28 transistors as shown in Fig.1. It is based on a regular
factors and thus decrease the power delay product(PDP) CMOS structure with pull-up and pull-down transistors.
and energy delay  product (EDP)  in  comparison  to  the This adder has a very good output swing.
full-adder, the  results  of  which  are presented. The
remainder of  the paper  is  organized as follows: brief The CPL Full-Adder Cell: The second adder is the CPL
explanation of the most popular full-adder cells like the: full-adder as shown in Fig.2, below. In this particular
28T, CPL, SS16T, 14T, 22T– which are presented in design, the adder has utilized the pass-transistor
Section (2). Illustration of the proposed full-adder (PTG technique using 34 transistors. The adder has PDP and
full-adder)is given in Section (3). The simulation results of EDP lower than the previous adder.
the proposed full-adder (PTG full-adder) and performance
comparisons with counterparts’full-adders are shown in SS16T Full-adder Cell: The third adder is the SS16T Full-
Section (4). Finally, the conclusion is given in Section (6). adder  as  shown  in   Fig.3.  It  is  based  on  the pass-

A Brief Introduction Tosome Standard Full-adders transistors. This adder has a lower propagation delay and
The 28T Full-Adder Cell: One of the most well-known a decreased number of transistors than the two previous
full-adders  is  the standard  CMOS   full-adder  that  uses adders.However, it consumes more power.

transistor, for this particular design, this adder uses 16
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Fig. 3: The SS16T Full-adder[3].

Fig. 4: The 14T full-adder[4].

Fig. 5: The 22T full-adder [15]. chip area.

The 14T Full-Adder Cell: The fourth adder is the 14T full- Simulations and Results: In this section, the proposed
adder as shown in Fig. 4. It is an incorporation of the circuit is  evaluated  and compared with the other ones.
pass-transistor and TG techniques.It is composed of 14 The simulations were done for all four Full-adders and our
transistors in its structure. This full-adder has the least design under the same conditions.The full-adder cells
number of transistors among all the full-adders in this were simulated using 0.18µm CMOS technology files with
paper.Moreover, it has a very low propagation a clock frequency of 100MHz operating at 27°Cunder a
delay,however, its main problem is its high consumption supply voltage of 1.8 V.
of power. As can beseen  in  Table  1  and Table 2, the PTG full-

The 22T Full-Adder Cell: The fifth adder is the 22T Full- product (PDP).This designhas achieved a reduced area,
Adder thathas utilized 22 transistors  with  minimum  area. power consumption and PDP.

Fig. 6: The Circuit of the Proposed Full-Adder Cell (PTG
Full-Adder Cell)

This adder design is based on the pass-transistor and the
transmission gate. This full adder is illustrated in Fig. 5. In
this design, our effort was expended on reducing the
delay, the PDP and the EDP. In fact the main advantage of
this adder is its ultra-low propagation delay.

The Proposed Full-AdderCell (PTG Full-AdderCell): The
proposedfull-adderonly consists of 18 transistors with a
minimum area. The Sum part is designed based on the two
logics of the pass transistor and the transmission gate
(TG).The output carry part is designed by using the pass
transistor logic. This adder is illustrated in Fig. 6. In this
design  our  effort  was on reducing power  and  delay.
The greatest advantage of this adder is its low
consumption power. This proposed adder also has a very
low propagation  delay.  Thus  we achieved the least
power delay product (PDP) and the energy delay product
(EDP) with this novel design. Thus this novel adder has
a low number of transistors whilst occupying a minimal

adder has the least power consumption and power delay
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Table 1: Simulation result for the full-adder using 0.18 µm technology
with a 1.8 V supply voltage and 100 MHz clock frequency.

Design Average power(µW) Delay(ps)
28T 32.322 167.5
CPL 32.036 150
SS16T 49.69 119.85
14T 63.308 68
22T 56.645 61.55
Proposed Adder (PTG) 29.826 110

Table 2: Simulation result for the full-adder using 0.18 µm technology with
a 1.8 Vsupply voltage and 100 MHz clock.

Design PDP(FJ) EDP( ×10 ) Number of transistors-27

28T 5.413935 906.8341 28
CPL 4.8054 720.81 34
SS16T 5.955 713.706 16
14T 4.304944 292.736 14
22T 3.3633 207.017 22
Proposed Adder(PTG) 3.28086 360.8946 18

CONCLUSIONS

In this paper, a novel low-power and high speed 1-bit
full-adderhas been proposed and presented. The circuit
utilizesonly 18 transistors.This low transistor count lead
to a reduction in the power consumption and the
propagation delay. This full-adder has the lowest power
consumption and PDP than any of the others compared.
The simulation  have  been performed on HSPICE by
using 0.18µm technology to evaluate the new design (PTG
adder) and four other adders, including 28T, CPL, 14T,
22T andthe SS16T full-adder. The simulation results show
the presented adder has the lowest power
consumptionand  PDP in comparison with  the  others.
This adder consumes around 53%, 40%, 8%, 47% and 7%
less power compared with the 14T, SS16T, 28T, 22T and
CPL respectively.
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