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Next-generation broadband wireless systems based on orthogonal frequency division multiplexing
(OFDM) have become a key technique and have rapidly developed for increasing data transmission
_and link reliability significantly. These progresses provide high-speed communication services, such as
multimedia applications and broadband Internet access at whenever and wherever. The systems endure
increase hardware complexity of the baseband digital part caused by the large number of operations
for high-throughput data transmission. The devices used in wireless systems are becoming a smart
and compact with limited battery, and thus, the ability to handle wireless high-throughput data trans-
mission while consuming less power dissipation is an important issue in consumer products. Power
consumption is, therefore, becoming a major element in the hardware design of portable electronics
devices, which rely only on a battery with limited power. Generous-purpose low-power design tech-
niques, a variable wordlength and dynamic voltage scaling, are available to reduce power consumption
for CMOS circuits.
This thesis focuses on variable wordlength circuit, wordlength optimization and dynamic voltage scal-
ing for keeping power consumption low in wireless communication systems. In the thesis, there are
three approaches as summarized in below:
First approach is an optimization of multiple wordlengths of FFT and Viterbi decoder in SISO-OFDM
systems. Gated clock design is used for a variable wordlength circuit in both of FFT processor and
Viterbi decoder. Wordlength calibration is proposed to search the optimum wordlength combination
and to adjust wordlengths simultaneously for multiple-block in SISO-OFDM systems.
Second approach is a variable wordlength OFDM receiver with a link adaptation. In IEEE802.11a
standard, multiple modulation schemes are used for achieving data rate up to 54Mbps under wireless
channels. Variable wordlength techniques in wireless systems must include a link adaptation, which
adaptively changes a modulation and coding rate conditions. Wordlength calibration is applied with
auto rate fallback (ARF) as a link adaptation.
Third approach addresses a dynamic voltage and wordlength scaling (DVWS) for power-efficient wire-
less systems. Dynamic voltage scaling based on variable wordlength is applied to a radix-4 Viterbi de-
coder and pipelined MIMO MMSE detector in SISO- and MIMO-OFDM systems, respectively. Shift
register is applied for implementing variable wordlength circuits. Wordlength control scheme utilizes
a dynamic range of metric factor. This approach achieves power reduction in switching activities
and supply voltage simultaneously while maintaining a fixed clock speed in wireless communication
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systems.

The main body of the thesis is consisted of six chapters and a conclusion.

Chapter 1 provides the motivation of the thesis.
Chapter 2 describes the concepts of low-power techniques, such as clock gating, dynamic voltage
scaling, and variable wordlength technique.
Chapter 3 introduces an approach of wordlength calibration to optimize multiple-wordlength, FFT
processor and Viterbi decoder in OFDM receiver. The wordlength calibration utilizes the output bi-
nary data of Viterbi decoding to calculate the Hamming distance, which is used for determining the
multiple-wordlength.
Chapter 4 describes wordlength calibration with a link adaption for reducing power dissipation of FFT
processor. The previous approaches in variable wordlength have considered only the fixed-modulation
and coding rate conditions. The variable wordlength approaches in wireless communication systems
must include a link adaptation, which adaptively changes the modulation schemes in accordance with
changing channel conditions. '
Chapter 5 introduces a dynamic voltage scaling based on variable wordlength to optimize supply volt-
age for various wordlengths. This approach dynamically changes a supply voltage and wordlength
simultaneously and thus it can reduce power in both supply voltage and switching activity.
Chapter 6 describes a low power MMSE MIMO detector by utilizing a dynamic voltage and
wordlength scaling (DVWS).
Chapter 7 concludes the contributions of the thesis.
According to the results in this study, variable wordlength technique and DVWS are suitable techniques
for power-efficient wireless applications, which request fixed throughput.
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A Study on Power-Efficient LSI Design Using Dynamic
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