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Abstract – The excessive power consumption has become
one in all the first hindrances to the more advances of CMOS
integrated circuits. Low power circuit style is a crucial
analysis space. there are 3 primary stimuli for low power
circuit design: setting friendly inexperienced computing,
battery life extension for mobile applications, and rising self-
sufficing battery replacement free applications like intelligent
sensing element nodes. The leakage current in MOSFET is
due to subthreshold leakage current due to parasitic pn
junctions.  The sleep transistor is use between CMOS logic
and supply rail. Our technique, sleep transistor square
measure placed between the circuits offer and provide rails
to show off the run current flow throughout idle time this will
be done by victimization one PMOS transistor and one
NMOS transistor nonparallel with the transistors of every
logic block to make a virtual ground and a virtual power
supply. constant estimation victimization town simulation
will acquire a comparatively correct estimation of the run
distribution; but, this methodology needs an extended
simulation time and is therefore computationally expensive.
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I. INTRODUCTION

Power and responsibility became two key vogue goals
with technology reducing. the foremost objective of this
thesis is to provide new low power solutions for very large
Scale Integration (VLSI) designers. Especially, this work
focuses on the reduction of the ability dissipation, that's
showing degree ever-increasing growth with the reducing
of the technologies. various techniques at the varied levels
of the planning technique are enforced  to cut back the
ability dissipation at the circuit, study and system level.
moreover, the number of gates per chip area is
systematically increasing, whereas the gate amendment
energy does not decrease at identical rate, that the ability
dissipation rises and heat removal becomes more durable
and high-ticket. Power dissipation in digital CMOS
circuits may be classified into 2 types:

Dynamic power dissipation and static power dissipation.
Dynamic power dissipation is owing to high-to-low and
low-to-high signal shift in circuits. Static power
dissipation depends on the logic states of the circuit. It
doesn't rely on signal shift. the common power dissipation
during a digital CMOS circuit may be given by the
subsequent equation

Pavg = Psw + Psc + Pleak + Pstatic
Where, Psw is that the capacitive switching power

dissipation, Psc is that the short-circuit power dissipation,
Pleak is that the power dissipation owing to leakage
currents and Pstatic is that the static power dissipation

owing to non-leakage static currents. capacitive switching
power and short-circuit power are elements of dynamic
power dissipation. leakage power may be a major part of
static power dissipation in CMOS circuits, though there
may be some non-leakage currents that contribute to a
little share of static power dissipation. Reducing the shift
activity within the circuit reduces short power dissipation.
short power dissipation is simply alittle share of dynamic
power dissipation in CMOS circuits. Optimizations that
scale back switching activity within the circuit scale back
each capacitive switching power and short power.

II. PROPOSED METHODOLOGY

Our work is base on Subthreshold leakage in MOSFET.
one in all the most reasons inflicting the leakage power
increase is increase of sub-threshold leakage power. The
Sub-threshold conductivity or the sub-threshold leakage or
the subthreshold drain current is that the current that flows
between the supply and drain of a MOSFET once the
semiconductor device is in sub-threshold region, or weak-
inversion region, that is, for gate-to-source voltages below
the threshold voltage.
The approaches that square measure adopted in VLSI style
are
1. CMOS Design

Fig.1. Base Case

The conventional Cmos design consist of pullm  up
network design by using PMOS transistor And pull down
etwork design by using NMOS transistor. The PMOS
transistor have ability to pass strong ‘1’ binary logic at
output but its output is degraded by threshold voltage
when it passes the binary ‘0’ at output. The NMOS
transistor have ability to pass strong ‘0’ binary logic at
output but its output is degraded by threshold voltage
when it passes the binary ‘1’ at output. A base case
inverter is shown Fig.1 . it's a state saving technique and
minimum space demand.
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2. Sleep Transistor Technique

Fig.2 Sleep Transistor Technique

The leakage current in MOSFET is due to subthreshold
leakage current cause by parasitic pn junctions.  The sleep
transistor is use between CMOS logic and supply rail.
When the device is in active mode it behaves like the
conventional CMOS device and when it is in stand by
mode the conventional CMOS  device is disconnected
from its supply rail which reduces the possibility of
leakage power.These styles of techniques also are referred
to as gated Vdd and gated-GND (note that a gated clock is
mostly used for dynamic power reduction).
3. Forced stack

The effect of stacking the transistor results in the
reduction of subthreshold leakage current when two or
more transistors are turned off together.Another technique
to scale back leakage power is to stack the transistors.
Fig.3 shows a forced stack inverter. A MOS transistor in
the circuit is separated and stacked into two half width size
transistors. When two half size stacked MOS transistors
are turned off together, induce reverse bias between them
results in the decrease of the subthreshold leakage power.

Fig.3. Forced stack inverter

However, increase in the number of transistors increases
the on the whole propagation delay of the circuit. For
usually use of CMOS technology is for consuming a lesser
amount of power. But as the technology feature size
minimize sub threshold voltage. In this design measure it
focuses on sub threshold leakage power consumption and
it also focuses on body biasing effect and stack effect. All
transistors are receiving the same input. So this forced
stack technique is a state saving technique. That is when
the circuit is in OFF mode it saves the current state. The
major drawback of this forced stack inverter is that it can
not use the high threshold votage transistor. Because if it
use the high threshold votage ransistor than there is a
remarkable raise in delay.
4. Sleepy stack approach

In the asleep stack structure the forced stack and also the
sleep transistor techniques are combined along. thus the
names asleep stack. Fig.4 shows a asleep stack inverter.

Fig.4. Sleepy stack inverter

The sleep stack inverter in fig.4 uses the ratio W/L = 3
for the pull up transistors and W/L =1.5 for the pull down
transistors. At constant time the traditional inverter with
constant input capacitance uses the ratio W/L = 6 for the
pull up transistors and W/L = 3 for the pull down
transistors. Here μn = 2μp is assumed. The sleep transistor
and also the stacked transistor in every network are created
parallel. Here the dimension of the sleep transistors is
reduced. dynamic  the dimension of the sleep transistors
might offer extra tradeoffs between delay, power and
space
5. Sleepy keeper approach

In the ancient CMOS style the NMOS are placed always
at the pull down network as a result of it's accepted that
NMOS transistors aren't economical at passing Vdd shown
in Fig.5 On the opposite hand PMOS transistors are placed
at the pull up network as a result of PMOS transistors
aren't economical at passing GND.
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Fig.5. Sleepy keeper approach

Let us maintain a price of ‘1’ in sleep mode and assume
that the value has already been calculated. The sleepy
keeper circuit in fig.5 uses this output price of ‘1’ and an
NMOS transistor maintains this price throughout sleep
mode. an extra NMOS transistor is additional in parallel to
the pull up sleep transistor connected to Vdd.
6. Dual Sleep approach

Sleep transistors are crucial half in any low leakage
power style. In dual sleep methodology  shown in fig.6, 2
sleep transistors in every NMOS or PMOS block are used.
One sleep transistor is employed to show on in ON state
and therefore the different one is employed to show on in
OFF state. once more in OFF state a block containing each
PMOS and NMOS transistors are utilized in order to
reduce the leakage power.

Fig.6. Dual sleep method

Like the sleep, sleepy stack and sleepy keeper
approaches, dual Vth technology are often applied in dual
sleep approach to get bigger leakage power reduction.
Since high-Vth leads to less leakage however lowers
performance, high-Vth is applied only to leakage
reduction transistors, that are sleep transistors, and any
transistors in parallel to the sleep transistors. dual sleep
approach uses the advantage of exploitation 2 additional
pull-up and two additional pull-down transistors in sleep
mode either in OFF state or in ON state.

IV. RESULTS & DISCUSSION

Fig.7. Layout Design of CMOS NAND Logic Gate

Fig.8. Timing Simulation of CMOS NAND Logic Gate

Fig.9. Current Timing Simulation of CMOS NAND Logic
Gate
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Fig.10. Power Dissipation Simulation of CMOS NAND
Logic Gate

Fig.11. CMOS layout for NAND gate with sleep
transistor.

Fig.12 Power Dissipation Simulation of NAND gate with
sleep transistor.

The power dissipation simulation of cojnventional
NAND gate from the supply rail”Vddsupply’ to theoutput
node ‘y’ shown in fig.11 is 4uW whereas the power
dissipation analysis for NAND gate with sleep transistor is
3uW shown in fig.12 .

Fig.13. CMOS layout design for sleepy keeper transistor.

Fig.14. CMOS layout design for dual Sleep approach

Dual Sleep approach uses 2 pull-up sleep transistors and
2 pull-down sleep transistors. once S=1 the pull down
NMOS transistor is ON and also the pull-up PMOS
transistor is ON since S’=0. that the arrangement works as
a conventional CMOS device in active state. In stad by
state S is forced to zero and thus the pull down NMOS
transistor is OFF and PMOS transistor is ON and also the
pull-up PMOS transistor is OFF whereas NMOS transistor
is ON. therefore in OFF state a PMOS is an with associate
degree NMOS each in pull-up and pull-down circuits that
is liable to cut back power
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V. CONCLUSION

This  work reviewed sources of leakage current in
CMOS integrated circuits and represented variety of tested
circuit improvement and software system techniques for
controlling the OFF current of CMOS circuits in each
standby and active modes of circuit operation. Forcing a
stack in each n- and p-networks of a gate can guarantee
leakage reduction owing to stacking of the input logic
level. stack forcing is applied to ways providing increase
in delay owing to stacking doesn't violate temporal
arrangement requirements. The static and dynamic power
of sleepy stack is considerably low. But it has a delay
penalty and its area requirement is maximum compared
with other processes. Again the sleepy keeper process
possesses excellent speed criteria but it requires more
static and dynamic power than sleepy stack. Our goal is to
trade off between these limitations and thus propose new
methods which reduce both leakage and dynamic power
with minimum possible area and delay trade off.

REFERENCES

[1] Yu Wang,Xiaoming Chen, Wenping Wang,Yu Cao, Yuan Xie,
and Huazhong Yang "Leakage Power and Circuit Aging
Cooptimization by Gate Replacement Techniques"IEEE
Transactions On Very Large Scale Integration (Vlsi) Systems,
Vol. 19, No. 4, April 2011.

[2] Hailong Jiao,and Volkan Kursun  "Reactivation Noise
Suppression With Sleep Signal Slew Rate Modulation in
MTCMOS Circuits" IEEE Transactions On Very Large Scale
Integration (Vlsi) Systems, Vol. 21, No. 3, March 2013 pp no
533.

[3] Rakesh Gnana David Jeyasingh, Navakanta Bhat,and Bharadwaj
Amrutur "Adaptive Keeper Design for Dynamic Logic Circuits
Using Rate Sensing Technique" IEEE Transactions On Very
Large Scale Integration (Vlsi) Systems, Vol. 19, No. 2, February
2011 pp no.295.

[4] Vita Pi-Ho Hu,Ming-Long Fan, Pin Su, and Ching-Te Chuang
"Band-to-Band-Tunneling Leakage Suppression for Ultra-Thin-
Body GeOI MOSFETs Using Transistor Stacking" IEEE
Electron Device Letters, VOL. 33, No. 2, February 2012pp No.
197.

[5] Fabio Frustaci, Pasquale Corsonello,and Stefania Perri
"Analytical Delay Model Considering Variability Effects in
Subthreshold Domain" IEEE Transactions On Circuits And
Systems-Ii: Express Briefs, Vol. 59, No. 3, March 2012 pp no
168.

[6] Hailong Jiao and Volkan Kursun "Threshold Voltage Tuning for
Faster Activation With Lower Noise in Tri-Mode MTCMOS
Circuits" IEEE Transactions On Very Large Scale Integration
(Vlsi) Systems, Vol. 20, No. 4, April 2012 pp no. 741.


