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Abstract

Power consumption is now a major technical problem
facing the CMOS circuits in deep submicron process.
As process moves to finer technologies, leakage power
significantly increases very rapidly due to the high
transistor density, reduced voltage and oxide thickness.
We first experimentally investigate existing low-power
techniques and point out problems with them. We then
propose a family of circuit types for low-power design
centered around inserting controlling transistors
between pull-up and pull down circuits as well as
between pull-up circuits/pull down circuits and
power/ground.We have compared different approach,
named “sleepy keeper,” which reduces leakage current
while saving exact logic state. Sleepy keeper uses
traditional sleep transistors plus two additional
transistors — driven by a gate’s already calculated
output — to save state during sleep mode. In short, like
the sleepy stack approach, sleepy keeper achieves
leakage power reduction equivalent to the sleep and
other approaches but with the advantage of
maintaining exact logic state (instead of destroying the
logic state when sleep mode is entered).. Unfortunately,
sleepy keeper causes additional dynamic power
consumption, approximately 15% more than the base
case (no sleep transistors used at all). However, for
applications spending the vast majority of time in sleep
or standby mode while also requiring low area, high
performance and maintenance of exact logic state, the
sleepy keeper approach provides a new weapon in a
VLSI designer's arsenal.

I. Introduction

In Deep Sub-Micron (DSM) technology, more
number of gates is to be integrated on a single chip, so
as to result in small geometries. But with this power
densities and total power are rapidly increasing. Design
of low power circuits has become important in a variety
of application [1]. However reducing power
consumption involves a trade off between timing and
area at different stages of the design. The successful
power sensitive design requires engineers to accurately
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and efficiently be able to perform these tradeoffs. To
handle these issues efficiently, it is essential to
understand the different types and source of power
dissipation in the digital complementary metal oxide
semiconductor (CMQOS) circuits. The reason for
choosing the CMOS technology is that it is the most
dominant digital 1C implementation technology. 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 [2]. 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 paper.

The paper is organized as follows. Literature review
about existing domino circuit discussed in section 2.
Simulation result is presented and compared in section
3 with the brief conclusion of the paper in section 4.

Il. Literature Review

A. SLEEP MODE APPROACH

One of the most commonly known traditional
approaches for subthreshold leakage power reduction is
the sleep approach [30-31]. In the sleep approach,
additional transistors (sleep transistors) are inserted in
between the power supply and ground. An additional
"sleep" PMOS transistor is placed between VDD and
the pull-up network of a circuit and an additional
"sleep" NMOQOS transistor is placed between the pull-
down network of the circuits and GND[2]. These sleep
transistors turn off the circuit by cutting off the power
rails. Figure 1 shows the structure of sleep approach.
The sleep transistors are turned on when the circuit is
active and provide very low resistance in the
conduction path so that circuit™s performance will not
affects due to these additional transistors[3]. During the
standby mode these transistors are turned off and
introduce large resistance in the conduction path so that
leakage power is reduced in the circuit. By cutting off
the power source, this technique can reduce leakage
power effectively. These types of techniques are also
called gated-VDD and gated- GND [2,9].
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Fig. 1 Sleep Approach NAND gate

B.STACK APPROACH

Another leakage power reduction technique is
the stack approach, which forces a stack affect by
breaking down an existing transistor into two half size
transistors. Subthreshold leakage is exponentially
related to the threshold voltage of the device, and the
threshold voltage changes due to body effect [4]. From
these two facts, one can reduce the subthreshold
leakage in the device by stacking two or more
transistors serially [5]. The transistors above the lowest
transistor will experience a higher threshold voltage
due to the difference in the voltage between the source
and body as shown in Figure 2. Also, the Vds of the
higher transistor is decreased, since the intermediate
node has a voltage above the ground. These results in
reduction of DIBL effect hence better leakage savings.
However, forced stack devices have a strong
performance degradation that must be taken into
account when applying the technique [3-5].
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Fig. 2 Stack Approach based 2 input NAND gate

C. SLEEPY STACK APPROACH

The main idea behind the sleepy stack
technique is to combine the sleep transistor approach
during active mode with the stack approach during
sleep mode. The structure of the sleepy stack approach
is shown in Fig. 3. The sleepy stack technique divides
existing transistors into two transistors each typically
with the same width half the size of the original single
transistor”s width. Then sleep transistors are added in
parallel to one of the transistors in each set of two
stacked transistors; the divided transistors reduce
leakage power using the stack effect while retaining
state [5]. The sleepy stack technique divides existing
transistors into two transistors each typically with the
same width W1 half the size of the original single
transistor”s width (i.e. W1 = WO0/2), thus, maintaining
equivalent input capacitance. The added sleep
transistors operate similar to the sleep transistors used
in the sleep technique in which sleep transistors are
turned on during active mode and turned off during
sleep mode [6]. During active mode, S=0 and S’=1 are
asserted, and thus all sleep transistors are turned on.
Due to the added sleep transistor, the resistance through
the activated (i.e., “on”) path decreases, and the
propagation delay decreases (compared to not adding
sleep transistors while leaving the rest of the circuitry
the same, i.e., with stacked transistors). During the
sleep mode, S=1 and S’=0 are asserted, and so both of
the sleep transistors are turned off. The stacked
transistors in the sleepy stack approach suppress
leakage current. Although the sleep transistors are
turned off, the sleepy stack structure maintains exact
logic state. The leakage reduction of the sleepy stack
structure occurs in two ways. First, leakage power is
suppressed by high- transistors, which are applied to
the sleep transistors and the transistors parallel to the
sleep transistors. Second, stacked and turned off
transistors induce the stack effect which also
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suppresses leakage power consumption. By combining
these two effects, the sleepy stack structure achieves

ultra-low leakage power consumption during sleep - Oa
mode while retaining exact logic state. The price for
this, however, is increased area [4].
INPUTL O——
—o
OUTPUT INPUT2
wpytt
—0eum — o

Fig. 3 Sleepy Stack Approach based 2 input NAND gate
D. SLEEPY KEEPER APPROACH

Another leakage power reduction technique is the
“sleepy keeper” approach. The structure of the sleepy
keeper approach as well as its operation is described
here. The basic problem with traditional CMOS is that
the transistors are used only in their most efficient, and
naturally inverting, way: namely, PMOS transistors
connect to VDD and NMOS transistors connect to
GND [9]. It is well known that PMOS transistors are
not efficient at passing GND; similarly, it is well
known that NMOS transistors are not efficient at
passing VDD. However, to maintain a value of ,,1* in
sleep mode, given that the ,,1 value has already been
calculated, the sleepy keeper approach uses this output
value of ,,1“ and an NMOS transistor connected to
VDD to maintain output value equal to ,,1* when in
sleep mode [7-8]. As shown in Figure 4,

Fig.4. Sleepy keeper Approach based 2 input NAND
gate

An additional single NMOS transistor placed in parallel
to the pull-up sleep transistor connects VDD to the
pull-up network. When in sleep mode, this NMOS
transistor is the only source of VDD to the pull-up
network since the sleep transistor is off. Similarly, to
maintain a value of ,,0° in sleep mode, given that the
,»0“ value has already been calculated, the sleepy
keeper approach uses this output value of ,,0 and a
PMOS transistor connected to GND to maintain output
value equal to ,,0 when in sleep mode. As shown in
Figure 4, an additional single PMOS transistor placed
in parallel to the pull-down sleep transistor is the only
source of GND to the case pull-down network which is
the dual case of the output ,,1* explained above [3]. For
this approach to work, all that is needed is for the
NMOS connected to VDD and the PMOS connected to
GND to be able to maintain proper logic state[11]. This
seems likely to be possible as other researchers have
described ways to use far lower VDD values to
maintain logic state.

I11. Simulation and Results

We have simulated 2 input NAND gate by applying
sleepy approach, forced stack approach, sleepy stack
approach and sleepy keeper approach. By analyzing the
results of dynamic power consumption, average power
consumption, static power consumption, delay and
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power delay product (PDP). These circuit™s schematics TABLE |

are designed on cadence virtuoso schematic editor and

simulated it by using spectre simulator on cadence Average power, Dynamic power, Static power, Delay
virtuoso specter version 5.1.0. 65nm  process and PDP for 2 input NAND gate

technology has been used for designing these

circuits.The transistors are used in the smallest possible

size i.e. channel length is taken as 60nm and channel 65nm Averag | Dynamic | Static -\ Delay | PDP

e power | power(nW | power | (pSec) | (1E-21)

width is taken as 90nm (W/L=1.5). The high threshold (W) ) (W)
sleep transistors decrease the Ieak.age in t.he mrcun- Wlt.h Base 1735 4715 974 11821 13595
the delay penalty. The main logic circuit is 2

implemented with low threshold transistors to
compensate the delay arises due to high threshold sleep

Sleep 43 42.97 24.04 | 24.04 | .602
transistors. In active mode, sleep transistors S1 and S2
are set as S1=0 and S2=1 sp that in active mode circuit
can work properly. In sleep mode, sleep transistors are Forced | 61.64 61.62 1545 | 40.10 | .619
set as S1=1 and S2=0 so that there is no connection stack 5
between VDD and GND in the sleep state and no
leakage could flow through the circuit. Eleepy 4283 42.79 397 | 2342 ) 842
eeper
The transistors are used in the smallest possible size i.e.
channel length is taken as 60nm and channel width is 3fffy 50.59 50.57 17 26'74 4T3

taken as 90nm (W/L=1.5). The high threshold sleep
transistors decrease the leakage in the circuit with-the

delay penalty. The main logic circuit is implemented PDP
with low threshold transistors to compensate the delay
arises due to high threshold sleep transistors. In active
mode, sleep transistors S1 and S2 are set as S1=0 and
S2=1 sp that in active mode circuit can work properly.
In sleep mode, sleep transistors are set as S1=1 and
S2=0 so that there is no connection between VDD and 1] = PDP
GND in the sleep state and no leakage could flow

through the circuit. 0 - . - . - . . . -—\

Base Sleep Forced Sleepy Sleepy
Stack Keeper stack

Fig.6 Comparison of Power delay product of different
Approaches

IVV.Conclusion

In  nanometer scale CMOS technology,
subthreshold leakage power is compatible to dynamic
power consumption, and thus handling leakage power
is a great challenge. In this paper, we compared a
differnt circuit structure named “sleepy stack to tackle
the leakage problem. The sleepy stack has a combined
structure of four well-known low-leakage techniques,
which are the forced stack, sleep transistor techniques.
However, unlike the forced stack technique, the sleepy

Fig. 5 Output waveform of 2 input NAND gate
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stack technique can utilize high-Vth transistors without
incurring large delay overhead. Also, unlike the sleep
transistor technique, the sleepy stack technique can
retain exact logic state while achieving similar leakage
power savings. In short, our sleepy stack structure
achieves ultra-low leakage power consumption while
retaining state. In 2 input NAND gate we have
achieved dynamic power reduction upto 20.03%, static
power reduction upto 65.91%, delay increment upto
101.5% and PDP upto 40.20%.
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