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leakage adder cells for mobile applications are of great
interest.
To summarize, some performance criteria are
considered in the design and evaluation of adder cells,
such as leakage power, active power, ground bounce noise
and robustness with respect to voltage and transistor
scaling as well as varying process and compatibility with
surrounding circuitries.
Shortening the gate length of a transistor increases its
power consumption due to the increased leakage current
between the transistors source and drain when no signal
voltage is applied at the gate [5], [6]. In addition to the sub
threshold leakage current, gate tunneling current also
increases due to the scaling of gate oxide thickness. Each
new technology generations results nearly a 30x increase
in gate leakage [7], [8]. The leakage power is expected to
reach more than 50% of total power in sub 100nm
technology generation [9]. Hence, it has become extremely
important to develop design techniques to reduce static
power dissipation during periods of inactivity. The power
reduction must be achieved without trading-off
performance which makes it harder to reduce leakage
during normal (runtime) operation. On the other hand,
there are several techniques to reduce leakage power [10].
Power Gating is one such well known technique where
a sleep transistor is added between actual ground rail and
circuit ground (called virtual ground) [11], [12], [13],[14].
This device is turned off in the sleep mode to cut-off the
leakage path. It has been shown that this technique
provides a substantial reduction in leakage at a minimal
impact on performance [15], [16], [17], [18] and further
peak of ground bounce noise is possible with proposed
novel technique with improved stacking power gating
technique. This paper focuses on reducing sub threshold
leakage power consumption and ground bounce noise
during the sleep to active mode transition. The remainder
of this paper is organized as follows. In section II, 90nm
low leakage 1 bit CMOS full adder circuit is proposed. In
section III, the performance analysis and simulation results
of conventional CMOS full adder cell and proposed low
leakage 1 bit CMOS full adder cell is explained. Then the
paper is summarized in section IV.

Abstract— In nanometer regime, ground bounce noise and
noise immunity are becoming important metric of
comparable importance to the leakage current and active
power for the analysis and design of complex arithmetic logic
circuits. In this paper, low leakage 1bit full adder cell is
proposed for mobile applications with low ground bounce
noise. A novel approach has been introduced with stacking
power gating technique for further reduction in the peak of
ground bounce noise during the sleep to active mode
transition. The simulation results depicts that the proposed
design leads to efficient 1bit full adder cell in terms of
standby leakage power, active power, ground bounce noise
and propagation delay. We have performed simulations using
Cadence Spectre 90nm standard CMOS technology at room
temperature with supply voltage of 1V.
Keywords—Leakage power; Stacking power gating; Ground
bounce noise; sleep transistor and Adder cell.

I. INTRODUCTION
Adders are heart of computational circuits and many
complex arithmetic circuits are based on the addition [1],
[2].The adder cells commonly aimed to reduce power
consumption and increase speed. These studies have also
investigated different approaches realizing adders using
CMOS technology [3], [4]. For mobile applications,
designers have to work within a very tight leakage power
specification in order to meet product battery life and
package cost objectives. The designer's concern for the
level of leakage current is not only related to ensuring
correct circuit operation, but also related to minimize
power dissipation. For portable electronic devices this
equates to maximizing battery life. For example, mobile
phones need to be powered for extended periods (known as
standby mode, during which the phone is able to receive an
incoming call), but are fully active for much shorter
periods (known as talk or active mode, while making a
call). When an electronic device such as a mobile phone is
in standby mode, certain portions of the device when the
phone is in talk mode, are shut down. These circuits,
however, still have leakage currents running through them,
even though they have been de-activated. Even if the
leakage current is much smaller than the normal operating
current of the circuit, the leakage current depletes the
battery charge over the relatively long standby time,
whereas the operating current during talk time only
depletes the battery charge over the relatively short talk
time. As a result, the leakage current has a disproportional
effect on total battery life. This is why building low
978-0-7695-4294-2/10 $26.00 © 2010 IEEE
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II. PROPOSED FULL ADDER CIRCUITS
Recently, power dissipation and signal integrity has
become an important concern and considerable emphasis is
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placed on understanding the sources of power and
approaches to dealing with power dissipation [3].
Static logic style gives robustness against noise effects,
so automatically provides a reliable operation. Pseudo
NMOS and Pass-transistor logic can reduce the number of
transistors required to implement a given logic function.
But those suffer from static power dissipation.
Implementing Multiplexers and XOR based circuits are
advantageous when we implement by the pass transistor
logic [4]. On the other hand, dynamic logic
implementation of complex function requires a small
silicon area but charge leakage and charge refreshing are
required which reduces the frequency of operation. In
general, none of the mentioned styles can compete with
CMOS style in robustness and stability [4], [13].
Fig. 1 shows the conventional CMOS 28 transistor
adder [12]. This is considered as a Base case throughout
this paper. All comparisons are done with Base case.
The CMOS structure combines PMOS pull up and
NMOS pull down networks to produce considered outputs.
Transistor sizes are specified as a ratio of Width/Length
(W/L).
The sizing of transistors plays a key role in static
CMOS style. It is observed in the conventional adder
circuit that the transistor ratio of PMOS to NMOS is 2 for
an inverter and remaining blocks also followed the same
ratios when we considered the remaining blocks as an
equivalent inverters. This ratio does not give best results
with respect to noise margin and standby leakage power
when it is simulated in 90nm process. Modified adder
circuits with sizing are proposed in Design1, Design2 and
Design2 with stacking power gating targeting the stand by
leakage current, and ground bounce noise.
Further, power gating technique is used to reduce the
leakage power, where a sleep transistor is connected
between actual ground rail and circuit ground. Ground
bounce noise is being estimated when the circuits are
connected with a sleep transistor. Further, the peak of
ground bounce noise is achieved with Design 2 with
stacking power gating technique.
The smallest transistor considered for 90nm technology
has a width of 120nm and a length of 100nm and gives
W/L ratio of 1.2. The W/L ratio of NMOS is fixed at 1.2
and W/L of PMOS is 3.8 which is 3.1 times that of NMOS
in Design1. The sizing of each block is based on the
following assumption. Design 1 is considered as individual
block as shown in Fig. 3. Each block has been treated as an
equivalent inverter. The same inverter ratio is maintained
on each block. These sizing will reduce the standby
leakage current greatly because subthreshold current is
directly proportional to the Width/Length ratio of
transistor. On the other hand, these reduced sizes will
reduce the area occupied by the circuit. This will reduce
the silicon chip area and obviously there will be a
reduction in the cost.

Figure 1. Conventional CMOS full adder.

Modified adder circuit i.e. Design 2 shown in Fig. 4,
the W/L ratio of PMOS is 1.5 times that of W/L ratio of
NMOS and each block has been treated as an equivalent
inverter. The same inverter size has been maintained on
each block as shown in the Fig. 5. The goal of this design
is to reduce the standby leakage power.

Figure 2. Full adder (Design1) circuit with sleep transistor[18].

Figure 3. Equivalent circuit for Design1

176

In this technique, the leakage current is reduced by the
stacking effect, turning both MSL1 and MSL2 sleep
transistors off. Here, we apply the SELECT input in a
manner by which the ground bounce noise (which is the
algebraic summation of ground bounce noise of both the
transistor) is minimum. This is achieved by adjusting the
value of ∆T (this is the delay introduced to the SELECT
signal using delayed buffer) which gives the summation of
ground bounce noises of these two transistors minimum.
When the value of ∆T is half of the oscillation period of
the ground bounce noise then the positive peak of the
ground bounce noise superimposes with the negative peak
thereby bringing it closer to zero.
Figure 4. 1 bit full adder (Design2) circuit with sleep transistor[18]

Figure 5. Equivalent circuit for Design2.

Though the given Design1 and Design2 are capable of
reducing the ground bounce noise and the leakage current
but the reduction in the ground bounce noise is not
improved to a significant level in these two designs so
there is need of a design which is capable to reduce the
ground bounce noise to a significant level without an
appreciable increase in leakage current .So here we
propose an adder design (figure 6) which is a modification
of Design2 using stacking power gating technique[19] . In
this technique, stacking sleep transistors are used to reduce
the magnitude of peak current and voltage glitches in
power rails i.e. ground bounce.

Figure 7.Variation of Ground Bounce Noise with respect to ∆ T.

III. PERFORMANCE ANALYSIS AND SIMULATION
RESULTS
We have performed simulations using cadence-spectre
simulator and the technology used for simulation is 90nm.
A. Active power
The power dissipated by the circuit when the circuit is
in active state. Active power is measured by giving input
vectors and calculating the average power dissipation
during this time. Considered simulation time to calculate
active power is 50ns. Input vectors have been given in
such a way that it covers almost all input vector
combinations. The same vectors and simulation time has
been given to Base case to compare the results. This active
power includes dynamic power as well as the static power
so it is being named as an active power.
As shown in the Table. I, in case of Design1,Design2
and Design 2 with stacking power gating active power is
greatly reduced compared to the Conventional 1 bit full
adder cell. This reduction is almost 40.48% , 63.85% and
61.12% in case of Design1,Design2 and Design2 using
stacking power gating respectively compared to the
Conventional 1 bit full adder cell.

Figure 6. Design 2 with stacking power gating technique (proposed.)
Modified Design 2
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TABLE I.
ACTIVE POWER DISSIPATION OF 1-BIT FULL ADDER CELL
Circuit

Conventional
CMOS

Design 1
[18]

Design 2
[18]

Active
Power (µw)

3.488

2.076

1.261

Design2
with
stacking
power
gating
1.3559

Figure 9. Comparison of standby leakage power with different input
combinations of four designs.

Table II comparing the various propagation delays for
all the designs and different input combinations is given
below. the symbol ‘p’ is used to denote a pulse input. Here
various delay calculated are in pico seconds and (-) sign
indicates that the value of sum or carry is same for the
given and previous input vector.
TABLE II.
PROPOGATION DELAY OF 1-BIT FULL ADDER CELL

Figure 8. Active power dissipation of 1-bit full adder cell

B. Standby leakage power
Standby leakage power is measured when the circuit is
in standby mode. Sleep transistor is connected to the pull
down network of 1 bit full adder circuit. Sleep transistor is
off by asserting an input 0V. For simplicity, size of a sleep
transistor is equal to the size of largest transistor in the
network (pull up or pull-down) connected to the sleep
transistor. The sleep transistor size in Design1 and Design2
is reduced due to the resizing of the adder cells in proposed
circuit. Standby leakage power is measured by giving
different input combinations to the circuit. Standby
leakage is greatly reduced in both Design1, Design2 and
Design2 with stacking power gating as shown in Fig. 9. In
case of Design1 reduction in standby power is about 82%,
in Design2 it is about 84% and in Design2 with stacking
power gating it is about 87% for all input combinations.

D. Ground bounce noise reduction
During the power mode transition, an instantaneous
charge current passes through the sleep transistor, which is
operating in its saturation region, and creates current
surges elsewhere, Because of the self-inductance of the
off-chip bonding wires and the parasitic inductance
inherent to the on-chip power rails, these surges result in
voltage fluctuations in the power rails. Magnitude of the
voltage surge in circuit may erroneously latch to the wrong
value or switch at the wrong time. Inductive noise, also
known as simultaneous switching noise, is phenomenon
that has been traditionally associated with input/output
buffers and internal circuitry. Also the noise immunity of a
circuit decreases as its supply voltage is reduced. There are
some methods such as power gating to address the problem
of ground bounce in low-voltage CMOS circuits. The
ground bounce model which is used in our simulation is

C.Delay
Propagation delay, is the time required for a digital
signal to travel from the input(s) of a circuit to the output.
The propagation delay for an integrated circuit logic gate
may differ for each of the inputs. If all other factors are
held constant, the average propagation delay in a logic gate
IC increases as the complexity of the internal circuitry
increases. The propagation delay is inversely proportional
to the speed of the topology and hence is an important
performance parameter.
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shown in Fig.10. Ground bounce noise is reduced in all the
three designs. Design1, Design2 and Design2 with
stacking power gating are compared to the Conventional
full adder and is shown in Fig.12.

IV CONCLUSION
In this paper, Low leakage 1 bit full adder cell is
proposed for mobile applications with low ground bounce
noise. A high performance stacking power gating structure
has been presented which minimizes the ground bounce
noise as well as controls the leakage power during the
sleep to active mode transition. Stacking power gating
technique has been analyzed and the conditions for the
important design objectives i.e. (i) Minimum ground
bounce noise (ii) Minimum standby leakage power have
been achieved by using the modified design where ground
bounce noise has been controlled by using stacked sleep
transistors with Delta T delayed SELECT signal for
MSL2. The leakage power is reduced by 82 % (Design1),
84% (Design2) and 87% (Design2 with stacking power
gating) in comparison to the conventional 1 bit full adder
cell. Ground bounce noise is reduced about 1.5 times in
Design1, 3 times in Design2 and 12.3 times in Design2
with stacking power gating respectively compared to
conventional 1 bit full adder cell. Active power is reduced
by 40.48% (Design1), 63.38% (Design2) and 61.33%
(Design2 with stacking power gating) in comparison to
conventional 1 bit full adder cell. The proposed 1-bit full
adder cells are designed with 90nm technology and
operated with 1V supply voltage.

Figure 10. DIP -40 package pin ground bounce noise model [11].

Figure. 11 (a)
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