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In this paper, a one-bit ultra-low-power full adder cell using GDI structure is proposed. Main objective of this design
is not only providing low power consumption, but also providing full swing outputs. In this paper, combination of
different logics and stacking technique are used to provide an ultra-low power cell. Also, by using stacked inverters
after each function, full swing characteristic for the cell is obtained. These characteristics are obtained in cost of more
occupied chip area and higher delay. In order to verify the performance of the proposed cell, simulations are done in
HSPICE using 90nm CMOS technology library. Beside Noise immunity, power consumption is also analyzed under
different load conditions, different supply voltages and different temperatures. Although delay of the circuit is
increased, results show a tremendous reduction in power consumption and an improved power-delay-product for the

proposed full adder cell.
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1. INTRODUCTION

Full adders are the basic cells of most applications
in VLSI. Basic operations such as address calculation,
subtraction, division and multiplication are based on
performance of the full-adder cells. That is the reason
why many researchers have focused on enhancing the
performance of a single bit full adder cell in respect to
reduction in power consumption or improvement in
the speed.

In order to improve an adder’s performance, two
main ways ‘Circuit Design view-point’ and ‘System
level view-point’ are of interest. Transistor level
design skills are considered in ‘circuit design view
point’ to achieve a high performance core for a full-
adder. In ‘system level view point’ the total critical
path delay is reduced by finding the longest critical
path in ripple carry adders. Mostly, the carry out
signal of the most significant bit (MSB) is the longest
signal path [1].

In order to achieve desirable characteristics such as
high speed in critical path, low power consumption
and reliability at low supply voltages in Nano-meter
CMOS technologies, circuit designs need to be
optimized. Good driving capability of a full adder cell
under different load conditions is also counts as
another desirable characteristic for a full adder cell.

Whenever we are to scale down the size of CMOS
transistors in VLSI applications, some considerations
should be taken into account. First of all, the supply
voltage and the threshold voltage should be scaled

down in order to avoid hot carrier effect and avoid
degradation in speed of the circuits, respectively.
However, scaling down the threshold voltage results in
an increase in the standby current; and that yields a
higher range of power consumption in the circuit [2].

There are different implementations for low power
adders. Some of them use different logic styles and
some of them wuse only one logic style.
Complementary CMOS (C-CMOS) full adder
structures are those which have one logic style [3-4].
These structures are based on pull-up and pull-down
networks. These adders provide full swing voltage and
have a robust structure against transistor sizing and
voltage scaling. The input capacitance in these
structures exhibits a large value, due to need of using
sized-up PMOS transistors in pull up networks.

Another structure as one logic style full adder is
complementary pass transistor logic (CPL). This
structure provides a full swing output voltage. Due to
use of fast differential stage of cross coupled PMOS
transistors and output static inverters, good driving
capability is obtained in these structures [3]. Of
course, the good driving capability and high speed
characteristic in these structures are obtained in cost of
more leakage current and hence more static power
dissipation.

Transmission gate full adders (TGA) [5,6], which
are based on transmission function theory, have no
voltage drop, but it is necessary to double the number
of transistors in order to design a similar function.
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Transmission function full adder (TFA) [6] and TGASs
are suitable structures to design XOR and XNOR
gates. But these structures do not provide a good
driving capability. Their performance significantly
degrades when they are used in cascaded structures.
So, in order to solve this problem we need to add
buffers to these structures.

One of the most important aspects in designing
VLSI circuits is their power consumption. [9-12].
Since 1980s, by introducing standard CMOS Logic,
many researchers have proposed solutions to decrease
power consumption in digital VLSI chips. The
challenge of power consumption is always a limiting
factor for high performance systems.

GDI structures, which were primarily introduced
for fabrication in silicon on insulator and twin-well
CMOS processes, were introduced as an alternative to
static CMOS logics [13]. By using GDI structure,
complex logic functions can be implemented using
only two transistors. Compared to standard CMOS
implementations, GDI structure reduces the dynamic
power in combinational and sequential logics.
Although GDI gates suffer from reduced voltage
swing at their outputs, which causes degradation in
performance, a significant power reduction is the
advantage of using these gates. Many researchers are
focusing on minimizing the performance penalty of
these structures.

Many researchers studied the efficiency of
sequential and combinational logic using GDI [13-20].
GDiI flip-flops, adders, comparators, multiplexers and
counters were implemented using 0.18um to 65nm
CMOS technologies, showing improvements in power
consumptions [21].

In this paper, an ultra-low-power full adder is
proposed in 90nm CMOS technology which provides
full-swing output. Combination of an inherited low
power GDI structure and forced stacking technique in
implementing different functions, and using stacked
inverters after each gate results in an ultra-low-power
and full-swing full adder cell. These desirable
performances are achieved in cost of more occupied
chip area.

So, this paper is organized as follows: Section 2
overviews the GDI structure. In section 3, the
proposed full adder is given. Section 4 analyses and
discusses the results of simulations and finally, the
paper is concluded in section 5.

2. REVIEW of GDI STRUCTURE

The Gate-Diffusion-Input cell, which is shown in
figure (1), consists of two transistors. Although the
structure is similar to the conventional CMOS
inverter, it contains three inputs. The inputs, as it
shown in figure (1), are inserted as follow: the ‘G’ is
the common gate input, the ‘P’ is the source-drain of
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the PMOS input, and the ‘N’ is the source-drain of the
NMOS input.

P Vdd
o
G —O Out
o -4
N —

Fig. 1. The Basic GDI Cell

By changing the input configuration of a GDI cell,
different Boolean functions can be implemented. So,
implementation of complex functions can be achieved
using combination of simple structures.

Table (1) demonstrates the Boolean functions
synthesized by a GDI structure. The most complex
function that can be implemented by GDI structure is
the Multiplexer (MUX). This structure is very efficient
in compare to conventional CMOS implementations
[22].

The GDI structures shown in figure (1) suffer from
reduced current drive due to threshold voltage drop
across the transistors. This phenomenon also results in
increased static power consumption in cascaded
inverters. Morgenstein and et al. in [23] proposed a
solution using swing restoration buffers. They suggest
using low threshold transistors in order to avoid
significant voltage drop.

CMOS NOR/NAND gates are vastly used in
design of static digital circuits, because these gates are
implemented simply by four transistors. GDI
MUX/AND/OR gates are also implemented by the
same number of transistors. Moreover, GDI provides
two more functions named F1 and F2 in table (1). It is
shown in [23] that more efficient functions can be
synthesized using these two function by GDI. In figure
(2), a comparison between number of functions that
can be synthesized by NAND gates and F1 is
investigated [22].

Table 1. Boolean Functions implemented by a GDI

Structure

N P G Out Function
0 B A AB F1

B 1 A A+ B F2

1 B A A+B Or

B 0 A AB And
C B A AB + AC Mux
0 1 A A Not
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Fig. 2. Number of Functions that can be Synthesized
by NAND Gates and F1 [22]

3. The PROPOSED FULL ADDER

In this section, a simple ultra-low-power full adder
cell is proposed. By considering the truth table of the
full adder, it can be noticed that Coy is equal to (A or
B) whenever Ci, is 0, and Cqt is (A and B) whenever
Cin is 0. So two AND gates and a multiplexer is
required to implement Co, at the output. In a same
way, SUM can be implemented. Whenever Coy i
equal to 0, the SUM is equal to (A or B or Ciy), and
whenever Coy is equal to 1, the SUM is equal to (A
and B and Cjn). So two multiplexers, two OR gates and
two AND gates are required for a one-bit full adder
cell, as it is shown in figure (3).

In this paper, we have used the benefits of Basic
GDI structure for implementing each gate. The basic
GDI cell and its truth table are demonstrated in figure
(1) and table (1), respectively.

Figure (4) demonstrates the proposed full adder,
and figure (5) shows the structure of the low power
drivers used to obtain full swing voltages. Considering
figure (1), by connecting N input to Vg4, P input to B
and G input to A, OR gate can be implemented. Using
stacking technique for this configuration leads us to
have an ultra-low power OR gates shown in figure (4).
Also, considering figure (1), by connecting G to A, N
to B and P to ground, and using stacking technique,
ultra-low power AND gate can be implemented, and
again in a same way implementing ultra-low power
multiplexers are done as it is shown in the figure. For
producing Coyu, Cin roles as a selector of a multiplexer
and is connected to G. (A AND B) and (A OR B) are
also connected to P and N, respectively. For producing
SUM, Coy: roles as a selector and (A OR B OR Cjy) is
connected to P and (A AND B AND Ciy) is connected
to N.
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Fig. 3. Logic Scheme of the Proposed Full Adder [1]

As it can be seen, by using series transistor with
half the width as one (using stacking technique),
leakage power can be reduced. Two buffers are used
after each gate in order to provide a full swing voltage.
In the structure of each driver, the stacking technique
is also used as it is shown in figure (5). In such a way
ultra-low power and full swing characteristic for the
full adder cell is provided.

4. SIMULATION RESULTS

In this section, the proposed Full Adder cell is
simulated in HSPICE using 90nm CMOS technology
parameters. The full adder cell is simulated with
50MHz frequency at 27°C. The Inputs and outputs of
the proposed full adder are demonstrated in figure (6).

The performance of the proposed full adder is
analyzed under different values of supply voltages.
Figure (7) shows the power, delay and the power-
delay-product (PDP) of the proposed full adder. The
delay is measured from when the input reaches 50% of
its value till the output reaches its 50% value. The
proposed full adder shows a great reduction in
consuming power, due to the changes in the structure
of each function. Of course, the ultra-low-power
characteristic of the full adder is obtained in cost of
more delay and larger occupied chip area.

i + Vout

Fig. 5. The Driver

125



Majlesi Journal of Telecommunication Devices Vol. 7, No. 3, September 2018

1 | !
1 1 !
1 1 :
! ! ‘ I oy S
1 1 Cout :
Cin | !
I 1 I
1 1 !
1 1 !
1 I |
Fig. 4. The Proposed Full Adder
!
A oo
o
Al 1 n 2 3 El
Time (in) (TIME)
1
B 500m
.
o 1000 150 0 250n o 3500 400n
i G )
1
C =
o
: S oo - o 2 A - o
e G 0D
12
;
-
s00m
SUM ..
2000
o
n 1000 1500 al 250n n 3500 n
e e
r -
.
.
Cout ©m
2o0m ‘
- \ \
.
200
. o o o - == o

200n
Time fn) (TIME)

Fig. 6. The Simulated Input and Output Waveforms
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PDP is a quantitative measure which is significant
when low power operation is needed. As it is shown in
figure (8), the PDP of the proposed full adder is less
than other related works for more than 0.95v supply
voltage. This indicates the advantage of the proposed
full adder over other works. The PDP of the proposed
full adder is decreased in compare to [7] (ULPFA) and
[1] (GDI-MUX), respectively for 1.2v supply voltage.
This reduction in PDP is achieved due to the added
transistors which results in reduction of sub threshold
current. Hence the power consumption is reduced and
delay of the system is increased. Of course, the rate of
reduction in power consumption is more than the rate
of growth in delay. So, the PDP is improved.
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Fig. 7. a) Power, b) Delay and c) PDP of the proposed
full adder for Different Supply voltages

Also, simulation of PDP under different load
conditions is shown in figure (9). Figure (10)
compares the results with other works. As it is shown,
the PDP is decreased a lot, due to reduction of power.
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Fig. 9. PDP Results under Different Load Conditions
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Fig. 10. Comparison of the Proposed Full Adder under
Different Load Conditions

Table 2. Simulation Results for 1.2v supply voltage

Vol. 7, No. 3, September 2018

Table 3. Effect of Temperature variation on Delay,
Power and PDP of the Proposed Full-Adder

Temp. | Delay (s) Power (w) PDP (J)
0°C 1.5748x% 24.7n 3.88x 10718
10—10
250C 1.622x 81.47n 1.32x 10717
10—10
500C 1.6704% 225.0n 3.75x 10717
10—10
75°C 1.7102x 538.17n 9.2x 10717
10—10

Design Power(w) Delay (s) PDP (j)
ULPFA[7] | 1.65x 107° 3.86x 6.38%
10—11 10—17

Hybrid [1] | 1.34x 107° 3.04x 4.11x
10—11 10—17

GDI-MUX | 1.03x 107 3.67% 3.81x
10—11 10—17

Proposed 81.47x 4.64 3.78x%
Full Adder 1077 x 10710 10-17

Table (2) compares the results of the proposed full
adder cell with other works. As the table exhibits, the
power consumption is decreased by order of 2, and the
delay is increased only by order of 1. Results indicate
that the proposed full adder has some superiors over
the other ones.

In order to analyze the noise tolerance performance
of the proposed full adder, noise immunity curve
(NIC) is used. A sufficiently long duration and high
amplitude is needed for a noise pulse to cause logic
errors. Figure (11) shows the noise injection circuit,
introduced in [1]. This circuit provides a noise pulse
with desired amplitude and width. By varying Ve and
V7 the amplitude and the width of the signal is under
control. Whenever a glitch appears in the output and
causes unrecoverable logic errors, we say the noise
affects the output. Figure (12) shows the NIC results
and compares it with results in [1]. Each point under
the NIC is in the safe zone.

Also, effect of temperature variation on power
consumption, delay and PDP of the proposed full
adder is simulated. Results are stated in table (3).
Figure (13) demonstrates the effect of temperature
variation on delay and power, and figure (14)
compares the effect of temperature variation on PDP
with other reported works in [1].
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5. CONCLUSIONS

In this paper, a GDI structure is used to provide
different functions to obtain a full adder cell. The idea
is to reach an ultra-low-power cell. So, stacking
technique is used in different functions which results
in more delay and imperfect output voltages. To solve
this problem, two inverters with stacking technique are
used after each function to obtain full swing outputs
besides achieving low power characteristics. These
characteristic are obtained in cost of more occupied
chip area and higher delay, But the PDP of the
proposed full adder is improved in compare to other
works. Results of simulations using 90nm CMOS
technology library in HSPICE indicate proper
performance of the proposed cell as an ultra-low-
power full adder.
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