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The continuous growth of recent mobile and portable devices has caused a push great toward low-
power circuit design. Various methods and techniques have been found, for example, the utilization
of concurrent / pipeline architecture with low supply voltage for traditional circuits. Proper design
of subthreshold circuits operating in a weak inversion region achieves ultralow threshold and supply
voltages and has been studied for both analog and digital circuits.

The analog circuit has been studied and implemented in many areas such as speech signal and
image processing. On the other hand, digital circuits have been studied for very low clock frequency
and can be applied in medical devices such as pacemakers and defibrillators. For the idle state of low-
power, subthreshold voltage condition has been used for microprocessors in ultralow-voltage operation
and leakage current. The idea to study subthreshold operation comes after much research carried out
through conventional analysis focusing on for example, low power, low voltage, low frequency, and
application in small circuit systems.

Recently, as a result of the aggressive scaling of transistor size for high-performance applications,
not only does subthreshold leakage current increase exponentially, but gate leakage and reverse-biased
source-substrate and drain-substrate junction band-to-band tunneling (BTBT) currents also increase
significantly. The tunneling currents are detrimental to the functionality of the devices. The well-
known methods of low-power design (such as voltage scaling, switching activity reduction, archi-
tectural techniques of pipelining and parallelism, Computer-Aided Design (CAD) techniques of de-
vice sizing, interconnect, and logic optimization) may not be sufficient in many applications such as
portable computing gadgets, and medical electronics, where ultralow power consumption with medium
frequency of operation is the primary requirement. To cope with this, several novel design techniques
have been proposed. Energy recovery or adiabatic techniques are promising for reducing power in
computation by orders of magnitude. However, they involve the use of high-quality inductors, which
makes integration difficult. More recently, the design of digital subthreshold logic was investigated
with transistors operated in the subthreshold region. '

The aim of this study is to archieve ultralow-power communication circuits operating at high fre-

quency. In this situation, we focus on implementing large-scale subthreshold circuits and must explore
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a new design in which only the CMOS standard cell librafy is used and simplify the modeling proce-
dure of subthreshold circuits. -

The conventional désign involves subthreshold analysis on a transistor level or cell library prepa-
ration under multiple voltage conditions. This procedure has a disadvantageous that it requires a long

time to estimate the circuit performance for operation in the subthreshold region.

We proposed scale modeling so we need only use a typical cell library, which is suitable for large-scale
digital circuits such as wireless communication circuits. In the proposed'method, each CMOS logic
cell operating in the subthreshold region in circuit delays and power dissipation are analyzed and scaled
factors are obtained by mapping from typical to subthreshold voltage conditions. This process does not
need preparation of a special-purpose CMOS library operating in the sub-threshold region. The critical
path delay is also obtained by scaling factors and used for determining the optimal voltage condition
that satisfies the required timing constrains. For practical examples, we have designed wireless circuits
of a channel equalizer, FIR filter and FFT used in an OFDM receiver. These circuits have been power
dissipation by adjusting the overall voltage conditions to satisfy the required timing constrains of
IEEES802.11a standard.
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