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Abstract: The development of digital integrated circuits is
challenged by higher power consumption. The combination of
higher clock speeds, greater functional integration, and smaller
process geometries has contributed to significant growth in
power density. Scaling improves transistor density and
functionality on a chip. Scaling helps to increase speed and
frequency of operation and hence higher performance. As
voltages scale downward with the geometries threshold voltages
must also decrease to gain the performance advantages of the
new technology but leakage current increases exponentially.
Thinner gate oxides have led to an increase in gate leakage
current. Today leakage power has become an increasingly
important issue in processor hardware and software design. With
the main component of leakage, the sub-threshold current,
exponentially increasing with decreasing device dimensions,
leakage commands an ever increasing share in the processor
power consumption. In 65 nm and below technologies, leakage
accounts for 30-40% of processor power. According to the
International Technology Roadmap for Semiconductors (ITRS)
[1], leakage power dissipation may eventually dominate total
power consumption as technology feature sizes shrink. While
there are several process technology and circuit-level solutions to
reduce leakage in processors, we propose novel approaches for
reducing both leakage and dynamic power with minimum
possible area and delay trade off.

I. INTRODUCTION

For the most recent CMOS feature sizes (e.g., 90nm and
65nm), leakage power dissipation has become an overriding
concern for VLSI circuit designers. International technology
roadmap for semiconductors (ITRS) [1] reports that leakage
power dissipation may concern for low-power chip designers
since dynamic power accounted for 90% or more of the total
chip power. Therefore, many previously proposed techniques,
such as voltage and frequency scaling, focused on dynamic
power reduction. However, as the technology feature size
shrinks, e.g., to 90 nm and 65 nm, static power dissipation has
become a great challenge for current and future technologies.
In this paper, we proposed two new approaches for leakage
reduction. Hence we compared our approaches with prior
techniques in this paper.

II. NOVEL STACKED SLEEP APPROACH
In this Novel technique there are two sleep transistors is

forcedly stacked in both pull-up and pull-down networks. So
that we called it “Stacked Sleep” approach (Fig. 1). For
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maintaining the exact logic state, two extra transistors are used
with the pull-up and pull-down networks. Basically the sleep
transistor is used in this technique to reduce the leakage power
in sleep mode. In this novel technique leakage is reduced in
two ways, firstly stacked effect [2] of sleep transistor and
secondly, sleep transistor effect.

Fig. 1: Novel stacked sleep approach

Sleep transistors induce extra internal resistance and
according to the Narendra er al. study stack effect increases
the channel length of the circuit. Sleep transistor is turned off
when the exact generic logic circuit are not in use. Moreover
sleep transistor isolated the logic network and that can help to
reduce the leakage power dramatically during sleep mode. As
like as the prior approaches dual Vy, can be applied in this
novel technique. Now we explain how the stacked sleep works
during active mode and during sleep mode. Also, we explain
how the leakage power is saved by using the stacked sleep
approach. Despite all the sleep transistors used in this
technique are turned on during active mode and turned off
during sleep mode. During active mode (Fig.1), s=1 and s’=0
are asserted and thus all sleep transistors are turned ON.
Since, the entire sleep transistors in pull-up network (M1 and
M2) and pull-down network (M6 and MS8) are turned ON
during active mode, so that circuit will perform faster.
Furthermore, high V4, is used in this technique which can
incur some delay penalty but reduces the leakage
substantially. During sleep mode s=0 and s’=1 are asserted
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and so all sleep transistors in both pull-up network (M1 and
M2) and pull-down network (M6 and M8) are turned OFF.
Although all sleep transistors are turned OFF but the circuit
still maintains exact logic level by the help of two parallel
transistors (M4 and M8). When sleep transistors are turned
OFF, induce stack effect suppresses leakage power
consumption. By combining this effect stacked sleep
approaches can achieve low leakage. However its increase
some delay penalty.

[II. NOVEL VARIABLE BODY BIASING TECHNIQUE

Variable body biasing technique is combined structure of
forced sleep and sleep transistor techniques. But the basic
difference of this circuit is that source of PMOS is connected
with body of another PMOS in pull-up network. Meanwhile,
in pull-down network, source of NMOS is connected with
body of another NMOS.
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Fig. 2: Novel variable body biasing technique

Hence we named it “Variable body biasing” technique (Fig.
2). This Novel technique helps to reduce the leakage power by
changing the body bias of transistors dramatically. Moreover,
the source voltages of PMOS transistor (M2) and NMOS
transistor (M7) depend on the gate voltages of M1 and M6
transistor, respectively. Thus this effect changes threshold
voltage and reduces the leakage power substantially. During
active mode, s=1 and s’=0 are asserted, thus turned ON the
entire sleep transistors. When all sleep transistors are turned
ON then the internal resistance in between increases. During
sleep mode, s=0 and s’=1 are asserted; all sleep transistors in
pull-up network (M1 and M2) and pull-down network (M6
and M7) are turned OFF. Meanwhile, for retaining the exact
logic state in sleep mode two extra transistors (M3 and M8)
are paralleled with the sleep transistors in both pull-up and
pull-down networks. So it is a state saving technique.
However, high and low Vg can be applied in this novel
technique.
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IV. SIMULATION RESULTS

We compared the proposed stacked sleep approach and
variable body biasing technique with previous approaches
namely dual sleep, sleepy keeper and sleepy stack. Here we
compare our design approaches in terms of power
consumption (dynamic and static), propagation delay and area
with the prior approaches [2-7]. Moreover, in the novel
techniques we used low Vy, almost for all transistors. High Vy,
can be applied also. Our two novel techniques are suitable for
generic logic design and memory cell. For calculating power
consumption and delay we used Avant! Star-HSPICE
software [8]. All the simulation processes are done for a chain
of four inverters and a SRAM cell. The inverter chains have
aspect ratio W/L= 6 for PMOS and W/L= 3 for NMOS and
rest of transistors aspect ratios are W/L=1. We choose five
different technologies from BSIM4 PTM [9] to observe the
changes of power and delay as the technology feature size
shrinks. The chosen technologies, i.e., 22nm, 32nm, 45nm,
90nm and 130nm, use supply voltages of 0.8V, 0.9V, 1V,
1.2V and 1.3V, respectively. We do consider single Vy, for
proposed methods but for sleepy stack, sleepy keeper and dual
sleep both single and dual Vy are used. We measure the
dynamic and static power of the chain of 4 inverters by
asserting ‘1’ and ‘0’ repeatedly. For the chain of 4 inverters,
we measure two different propagation delay values: one when
an output goes high and another when an output goes low. We
take the larger value as the worst case propagation delay of
the chain of 4 inverters. We directly measure the area of two
novel techniques from an actual full layout we did for each.
We perform two different experiments. We first compare the
stacked sleep and variable body biasing with three well-
known techniques, i.e., sleepy stack, sleepy keeper and dual
sleep, while scaling transistors technologies for chain of four
inverters and secondly for SRAM cell. We use the “Delvto”
option of HSPICE to change Vy,.
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Fig. 3: Static power dissipation (chain of four inverters)
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The static power dissipation, dynamic power dissipation,
propagation delay and area for a chain of four inverters are
shown in Fig.3, Fig.4, Fig.5 and Fig.6, respectively.
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The static power dissipation, dynamic power dissipation,
propagation delay and area for a SRAM cell are shown in

Fig.7, Fig.8, Fig.9 and Fig.10, respectively.
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Fig. 4: Dynamic power dissipation (chain of four inverters)
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Fig. 5: Propagation delay (chain of four inverters)
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Fig. 6: Area (chain of four inverters)

The comparison of stacked sleep approach (32 nm
technology) and variable body biasing technique (32 nm
technology) with dual sleep method for a chain of four
inverters and a SRAM cell are shown in Table-1, Table-2
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Table-3, Table-4 respectively. Here “+” and “-” indicate
better and worst performance while comparing stacked sleep
and variable body biasing with the dual sleep.
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Fig. 7: Static power dissipation (SRAM cell)
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Fig. 8: Dynamic power dissipation (SRAM cell)
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Fig. 9: Propagation delay (SRAM cell)

In case of a chain of four inverters stacked sleep approach
shows 83.41%, 65.49% better and 238.08%, 20.31% worse
than dual sleep method in static power, dynamic power,
propagation delay and area, respectively.
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In case of a chain of four inverters variable body biasing
technique shows 69.29%, 50.44% better performance and
102.49%, 20.31% worse performance than the Dual sleep
method in terms of static power, dynamic power, propagation
delay and area, respectively.
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Fig. 10: Area (SRAM cell)

In case of a SRAM cell stacked sleep shows 97.11%, 1%
better performance and 49.59%, 112.6% worss performance
than the Dual sleep method in terms of dynamic power, area,
static power and propagation delay, respectively.

Table-1: Comparison of stacked sleep approach in case of a
chain of four inverters.

Method | Static Dynamic | Propagation | Area
power power delay

Dual +83.41% | +65.49% | -238.08% -20.31%

sleep

Table-2: Comparison of stacked sleep approach in case of a
SRAM cell.

Method | Static Dynamic | Propagation | Area
power power delay

Dual -49.59% | +97.11% | -112.6% +1%

sleep

Table-3: Comparison of variable body biasing in case of chain
of four inverters

Method | Static Dynamic | Propagation | Area
power power delay

Dual +69.29% | +50.44% | -102.49% -20.31%

sleep

Table-4: Comparison of variable body biasing in case of a
SRAM cell.

Method | Static Dynamic | Propagation | Area
power power delay

Dual +20.69% | +95.33% | -102.9% +1%

sleep
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Meanwhile, in case of SRAM cell variable body biasing
shows 20.69%, 95.33%, 1% better performance and 102.49%
degraded performance than the dual sleep method in terms of
static power, dynamic power, area and propagation delay
respectively. For this, stacked sleep and variable body shows
best performance in power reduction and area while some

delay penalty.
V. CONCLUSIONS

CMOS technology in nanometer scale faces great challenge
due to sub-threshold leakage power consumption. The earlier
approaches and our proposed methods can be effective in
some ways but no previous approaches could find the exact
solution of power dissipation. So depending on the designer,
they choose different techniques based on the chosen
technology. In this paper we actually proposed two different
novel approaches for leakage reduction as well as area and
delay concern. We compared our proposed methods with the
previous approaches. Our two proposed methods can be
applied in both generic logic and memory circuit. Multi-
threshold voltage can be applied in this technique. Our
proposed method had excellent tradeoffs between power,
delay and area than the prior approaches. Therefore, novel
stacked sleep and variable body biasing techniques represent a
new way in the VLSI designer’s working area.
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