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Abstract: For the most recent CMOS feature sizes (e.g., 180nm), leakage power dissipation has become an
overriding concern for VLSI circuit designers. As technology scales into the nano meter regime leakage power
and noise immunity are becoming important metric of comparable importance to active power, delay and area
for the analysis and design of complex arithmetic and logic circuits. In this project, low leakage 1-bit full adder
cells are proposed for mobile applications. Noise immunity has been carefully considered since the significant
threshold current of the low threshold voltage transition becomes more susceptible to noise. Since, Adders are
heart of computational circuits and many complex arithmetic circuits are based on the addition. The vast use of
this operation in arithmetic functions attracts a lot of researcher’s attention to adder for mobile applications. In
recent years, several variants of different logic styles have been proposed to implement 1-bit adder cells.
Therefore a new transistor resizing approach for 1-bit full adder cells to determine the optimal sleep transistor
size which reduce the leakage power has been proposed. The simulation results depicts that the proposed design
also leads to efficient 1-bit full adder cells in terms of standby leakage power. In order to verify the leakage
power, various designs of full adder circuits are simulated using DSCH, Micro wind and Virtuoso (Cadence).
Keywords: Low leakage power; Noise Margin, Ground bounce noise; Sleep transistor, Sleep method; Stack
method; Dual stack method and Adder cell.

I. Introduction

Adders are heart of computational circuits and many complex arithmetic circuits are based on the
addition. The vast use of this operation in arithmetic functions attracts a lot of researcher’s attention to adder for
mobile applications. In recent years, several variants of different logic styles have been proposed to implement
1-bit adder cells. These adder cells commonly aimed to reduce power consumption and increase speed. These
studies have also investigated different approaches realizing adders using CMOS technology. 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 related to
ensuring correct circuit operation, but is 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 circuitry
within the electronic device, which are active 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 leakage adder cells for mobile applications
are of great interest.

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. 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. The leakage power is expected
to reach more than 50% of total power in sub 100nm technology generation. 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. Power gating is one such well known technique where a sleep transistor is added between actual
ground rail and circuit ground (called virtual ground). This device is turned off in the sleep mode to cut-off the
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leakage path. It has been shown that this technique provides a substantial reduction in leakage at a
minimal impact on performance and further peak of ground bounce noise is possible with proposed novel
technique with improved staggered phase damping technique.

In order to achieve high density and high performance, CMOS technology feature size and threshold voltage
have been scaling down for decades. Because of this technology trend, transistor leakage power has increased
exponentially. As the feature size becomes smaller, shorter channel lengths result in increased subthreshold
leakage current through a transistor when it is off. Low threshold voltage also results in increased subthreshold
leakage current because transistors cannot be turned off completely. For these reasons, static power
consumption, i.c., leakage power dissipation, has become a significant portion of total power consumption for
current and future silicon technologies.

There are several VLSI techniques to reduce leakage power. Each technique provides an efficient way to reduce
leakage power, but disadvantages of each technique limit the application of each technique. We propose a new
approach, thus providing a new choice to low-leakage power VLSI designers. Previous techniques are
summarized and compared with our new approach presented in this project.

The advent of a mobile computing era has become a major motivation for low power design because
the operation time of a mobile device is heavily restricted by its battery life. The growing complexity of mobile
devices, such as a cell phone with a digital camera or a personal digital assistant (PDA) with global positioning
system (GPS), makes the power problem more challenging. Dynamic power consumption was previously a
major concern for chip designers since dynamic power accounted for 99% or more of the total chip power.
However, as the feature size shrinks, static power, which consists mainly of subthreshold and gate-oxide leakage
power, has become a great challenge for current and future technologies. The main reason is that leakage current
increases exponentially as the feature size shrinks. Based on the International Technology Roadmap for
Semiconductors (ITRS), Kim et al. report that subthreshold leakage power dissipation of a chip will exceed
dynamic power dissipation at the 65nm feature size [1][2]. Techniques for leakage power reduction can be
grouped in two categories: state-preserving techniques where circuit state (present value) is retained and state-
destructive techniques where the current boolean output value of the circuitmight be lost [1]. A state-preserving
technique has an advantage over a state destructive technique in that with a state-preserving technique the
circuitry can resume operation at a point much later in time without having to somehow regenerate state. Our
new design technique, which we call the “sleepy stack” technique, retains data during sleep mode while
providing reduced leakage power consumption at a cost of slightly increased delay. Furthermore, the sleepy
stack approach can be applicable to single- and dual-threshold voltage technologies. The sleepy stack approach
delivers a new choice to designers to implement low leakage- power circuits that retain state.

II. Proposed Full Adder Circuits

Recently, power dissipation has become an important concern and considerable emphasis is 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 Designl and Design?2 targeting the noise margin, 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 a
proposed novel technique.

Modified sizing are shown in Fig. 2 and Fig. 4 respectively. 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
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NMOS is fixed at 1.2 and W/L of PMOS is 3.8 which is 3.1 times that of NMOS in Designl. The sizing of each
block is based on the following assumption.

Modified adder circuit i.e Design2 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 goal of this design is to reduce the
standby leakage power. Further compared to the Base case and Designl and ground bounce noise produced
when a circuit is connected to sleep transistor. However, there will be a slight variation on the noise margin
levels and is almost equal to the Base case.

VoD

. of [wi
SUM

H w2

|—| w/L=3 A_| W/L=4.5

MH w4
C —I W/L=1.5

A—| [w=s
e E{m ]

a-[wi-1z  wr-2 I_| WALES A [wr-1s
Hiia : o [Fi-18

SELECT{[Wi-13

Figure 2. Proposed full adder (Desi\éslsll) circuit with sleep transistor.
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Figure 3. Layout for design-1 full adder circuit
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Figure 4. Proposed 1 bit full adder (Design2) circuit with sleep transistor

www.iosrjournals.org 53 | Page



Design and realisation of Low leakage 1-bit CMOS based Full Adder Cells for Mobile Applications

T FR4LETE, FaSSTILERTIERI | LR TPRSEE THiBi 1, {oPSasseveds.  PERE EEFETTF, 4ERTFFS (P34t PRI PERIIEE FRRMIEE:FRARE ?
eess£es a3 s T

| <ARESARTEORRALI U B3, AETERE, AT BERIARES RRAATIEI ERARTEO IAARTERN 1AANIERN ARTTORN ASSIARTI VERIANS IWRSALTE ' 1ARTEOFRIATTERRTILY ERRIALTIOD 101 ITTORTAANTERRS: SXTORREI RRSARTIN )
I& ¥ T i T ) [ ]

T O L T T L e T O T T T T L L T o L L T O A T T AT

‘-‘m:m»-‘-wm T

Figure 5. Layout for design-2 full adder circuit

III. Sleep Method

Low power has emerged as a principal theme in today’s electronics industry. The need for low power
has caused a major paradigm shift where power dissipation has become as important a consideration as
performance and area. Two components determine the power consumption in a CMOS circuit: Static power:
Includes sub-threshold leakage, drain junction leakage and gate leakage due to tunneling. Among these,
subthreshold leakage is the most prominent. Dynamic power: Includes charging and discharging power and
short circuit power. When technology feature size scales down, supply voltage and threshold voltage also scale
down.

Techniques for leakage power reduction can be grouped into two categories: state-preserving

techniques; where circuit state is retained and state-destructive techniques; where the current Boolean output
value of the circuit might be lost. A state-preserving technique has an advantage over a state destructive
technique in that with a state-preserving technique the circuitry can resume operation at a point much later in
time without having to somehow regenerate state.
The most well-known traditional approach is the sleep approach. In the sleep approach, a "sleep" PMOS
transistor is placed between Vdd and the pull-up network of a circuit and a "sleep" NMOS transistor is placed
between the pull-down network and Gnd (Fig.6). These sleep transistors turn off the circuit by cutting off the
power rails. The sleep transistors are turned on when the circuit is active and turned off when the circuit is idle.
By cutting off the power source, this technique can reduce leakage power effectively.
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Figure 6. Full Adder circuit using sleep method

IV. Dual Stack Approach

In dual stack approach (Fig.7), 2 PMOS in the pulldown network and 2 NMOS in the pull-up network
are used. The advantage is that NMOS degrades the high logic level while PMOS degrades the low logic level.
Sleep transistors in the sleep approach (Fig.6) are sized such that any sleep transistor between Vdd and a pull-up
network takes the size of the largest transistor in the pull-up network, and any sleep transistor between Gnd and
a pull-down network takes the size of the largest transistor in the pull-down network. We compare the dual stack
approach with Base Case, Design 1, Design 2, Sleep techniques. Thus, we compare five design approaches in
terms of leakage power and area.
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Figure 7. Digital schematic design for full adder circuit using dual-stack method
For example, sleep transistors used in the pull-up and pull-down networks of the base case inverter
chain have W/L=6 and W/L=3. Transistors in the stack approach are sized to half of the size of the base case
transistors, e.g., transistors used in pull-up and pull-down of the base case inverter chain have W/L=3 and
W/L=1.5, respectively. Similarly, transistors, including sleep transistors, in the sleepy stack approach are sized

to half of the size of the base case transistors.

Figure 8. Layout for full adder circuit using sleep method

Figure 9. Layout for full adder circuit using dual-stack method

V. Conclusion And Future Work

In this thesis, low leakage 1 bit full adder cells are proposed for mobile applications with low leakage
power. By using the proposed technique leakage power is reduced by 33%( Designl), 46% (Design2) in
comparison to the conventional adder cell (Base case). By using the novel techniques of sleep method and dual-
stack method leakage power is further reduced when compared with the basic circuit, design-1 and design-2
circuits as shown in the below tabular column 1. According to the requirement where area reduction is the key
point, sleep method circuit is implemented because in dual stack method since each transistor is replaced by two
transistors, the 28T full adder circuit will be converted in to a 56T excluding the sleep transistors and if sleep
transistors are also included then it becomes a 58T circuit and if area is not a matter but power reduction is the
key point then, in such cases dual-stack method is implemented.
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Full Adder circuit Optimized Power %Power reduction
Base case 0.594mw | -
Design-1 0.200mw 66.33%
Design-2 93.377uw 82.21%

Sleep method 74.601uw 87.34%

Dual stack method 58.733uw 90.11%

Table-1: Performance characteristics of simulated full adder circuits.
In this thesis, we have presented different ways to reduce the leakage power of one-bit full adder circuits. The
same full adder circuit designs i.e., sleep method and Dual stack designs with little modifications as discussed
below can be used to reduce the ground bounce noise and further may also reduce the leakage power.

During last one decade various alternatives and improvements of conventional power gating has been
proposed to reduce the ground bounce noise during mode transition. In staggered Phase Damping technique [15]
during standby-to-active power mode transition, staggered-phase damping delays the activation time of one of
the two sleep transistors relative to the activation time of the other one by a time that is equal to half the
resonant oscillation period. As a result, noise cancellation occurs once the second sleep transistor turns on due to
phase shift between the noise induced by the second sleep transistor hence reduction in settling time. But it is
not very effective in reducing the peak noise due to the initial spike. And in another scheme [17], there will be a
two stage procedure. In first stage sleep transistor working as diode by turn on the control transistor which is
connected across the drain and gate of the sleep transistor. Due to this, drain to source current of the sleep
transistor drops in a quadratic manner. This reduces the voltage fluctuation on the ground and power net and it
also reduces the circuit wakeup time. In second stage control transistor is off so that sleep transistor works
normally. This method is not effective to suppress the overall fluctuations in the ground bounce noise.
Therefore, the technique must be adopted to reduce both peak of ground bounce noise and reducing the overall
fluctuations in the ground bounce noise. The idea is to combine both the above techniques to further reduce the

peak of ground bounce noise and overall power mode transition noise in the proposed technique.
VDD

Figure 10. Proposed novel technique for ground bounce noise reduction.
Figurel0 shows the proposed scheme for peak of ground bounce noise reduction in mode transition.
One bit full adders will be taken to apply the proposed technique. One-bit full adder circuit is considered as two
cascaded blocks i.e. carry generation block and sum generation block. Separate sleep transistors are added at the
bottom of the blocks.
To summarize, since full adder circuits are designed in five different methods, each with its own
advantages and disadvantages of power, area, etc,. can be used depending up on the requirement of the designer.
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