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Abstract— Prediction of Gordon Moore moved the
innovation in the direction of integrating more devices on a
single chip and from scaling of devices small leakage
currents are to be considered. The MOSFET transistor
operated in the subthreshold region whose supply voltage is
less than the threshold voltage has gained more importance
since it reduces the consumption of power. The analysis of
the CMOS inverter in subthreshold region is carried in this
paper. This paper consists of design of inverter which
consumes less power and supply voltage is less than
threshold voltage.
one of the key design issues in VLSI is to decrease the power
consumption. Recently efforts are being made to develop
analog circuits working in sub threshold region to reduce the
power consumption by the circuits. If the supply voltage
decreases energy dissipated also decreases quadratically but
the delay increases.
Keywords—Subthreshold voltage, Subthreshold region

I.Introduction
As per Moore’s prediction the innovation moved in the
direction of integrating more and more transistors on
single chip, then scaling was done to reduce the size and
when the scaling reached to its maximum, dissipation of
heat generated became an obstacle for further integration.
With energy crisis and with scaling of devices innovation
slowly shifted in finding ways to make low power
devices. Decreasing the supply voltage below threshold
voltage is one of the means used to design low power
devices. This was done because the dynamic power
consumption depends on the square of the supply voltage.
Here the supply voltage Vdd is less than Vth threshold
voltage. If the gate to source voltage is decreased below
Vth a weak inversion is formed known as sub threshold
region.[5]
There are applications where the device can be made to
work in subthreshold region where power consumption
can be reduced with compromising the performance.
Some of the electronic applications that require low
power consumption is electronic watch cellular phone
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.where the circuits wait for an input or acts like book
keeping i.e. it remains nearly idle for a long duration.
Applications in fields like medical, in wireless
communication require low power with moderate
performance. The work carried out uses BSIM models,
the performance of cmos circuits for the range of
Vdd=0.1% to 0.5% and Vth=0-0.6V are analyzed to show
that subthreshold cmos circuits can be used in low power
applications. [1]
With scaling of mos circuits power supply and threshold
voltage are also scaled down for low power requirements.
Low power design has become essential for extending the
life time of battery and systems.
Lowering the supply voltage Vdd is the most effective way
to decrease the power consumption. Decrease in Vdd
degrades the performance of the circuits. Sub threshold
circuit design involves scaling the supply voltage below
the threshold voltage where load capacitance are charged
and discharged by sub threshold leakage currents. Sub
threshold circuits are used for applications which require
ultra low power dissipation with moderate performance.
Sub threshold digital circuits will be suitable only for
specific application which do not need high performance
but require extremely low power consumptions. [1]
Sub threshold current is exponentially related to gate
voltage. This exponential relationship is expected to give
an increase in delay. [2]
The behavior of semiconductor in weak inversion is
different than those in strong inversion resulting in
different sizing and ratio optimizations. [3]

II. Model of MOSFET in Sub threshold
region.
The expression for drain current of n-channel MOSFET in
subthreshold region is
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The active energy of a gate dominates the total energy
dissipated in the strong inversion region. The active
energy dissipated in a circuit is given by,

The heat dissipation in the chip increases the junction
temperature which in turn decreases the threshold voltage.
This in turn increases the subthreshold current. Therefore
the increase in leakage current and power dissipation
increases the junction temperature.

(2)

(3)

In equation (2) α is the activity factor, C is the
capacitance of the gate and Vdd represents power supply.
In equation (3) n is the subthreshold swing coefficient, Cd
is the depletion layer capacitance per unit area. Since
energy has a quadratic relationship to voltage supply,
scaling of voltage has the strong impact on decreasing
energy dissipation. To satisfy performance requirements
the threshold voltage is lowered. But lowering threshold
voltage has negative impact on static energy which is
given by [5]

III.CMOS Inverter

Where K is a factor related to technology, VT is the
temperature dependent factor and Tc represents clock
period. The above equation shows that the leakage current
has a quadratic relationship to temperature and
exponential relationship to threshold voltage Vth. [2]
Power dissipation is stopping the scaling of transistors.
There are energy storage elements in a chip, some are
good for computation and some are parasitic which affect
the operation of the circuit. During the operation of the
circuit the capacitors charge and discharge resulting in
heat dissipation.
The computational performance of the circuit is affected
by heat dissipation from the capacitors. And also the
power dissipation is increased as the number of transistors
fabricated on the chip has increased because of scaling.
The contribution of the sub-threshold current has become
important due to scaling.

Inverter is the basic block for all digital circuits. When
input voltage Vin is High nmos is ON and PMOS is OFF
and the output voltage is 0v.Similarly when input voltage
Vin is low nmos is OFF and pmos is ON and output
voltage is 1V(Vdd). Since the demand for high
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performance portable digital systems like laptops cellular
phones running on batteries have increased low power
consumption is of prime importance.
Due to low power consumption by inverters, the supply
voltage is 0.4 V less than the threshold voltage and the
inverter is working in subthreshold region.

V. Threshold voltage is 0.5V

The inverter is designed using microwind version 3design
tool and the schematic are drawn in DSCH schematic
editor using 0.12µm technology. Drawn in DSCH
schematic editor using 0.12µm technology.Here supply
voltage is less than threshold voltage

IV. Layout of Inverter

VI. Supply voltage is 0.14V

Conclusions
An optimization path can be taken between speed
and power consumption for certain application. An
effort is made to design an inverter which satisfies
the condition.
The features of CMOS inverter operating in region
where supply voltage is less than threshold voltage
is studied in this paper for encouraging the design of
low power circuits while compromising the speed of
the circuit
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