PROCEEDINGS OF SPIE

Microelectronics: Design,
Technology, and Packaging lli

Alex J. Hariz
Vijay K. Varadan
Editors

5-7 December 2007
Canberra, Australia

Sponsored by
SPIE

Cosponsored by

The Australian National University (Australia)

Australian Research Council Nanotechnology Network (Australia)
COSNet-ARC Complex Open Systems Research Network (Australia)
CUDOS (Australia)

RPO (Australia)

Bandwidth Foundry (Australia)

Cooperating Organizations
Research School of Physical Sciences and Engineering, Canberra (Australia)
Centre for Biomedical Engineering, Adelaide (Australia)

Published by
SPIE

Volume 6798

Proceedings of SPIE, 0277-786X, v. 6798

SPIE is an international society advancing an interdisciplinary approach fo the science and application of light.



The papersincluded in this volume were part of the fechnical conference cited on the cover and title
page. Papers were selected and subject fo review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published herein
as submitted. The publisher is not responsible for the validity of the information or for any outcomes
resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper,"in Microelectronics: Design, Technology, and Packaging lll, edited by Alex
J. Hariz, Vijay K. Varadan, Proceedings of SPIE Vol. 6798 (SPIE, Belingham, WA, 2007) Article CID
Number.

ISSN 0277-786X
ISBN 9780819469694

Published by

SPIE

P.O. Box 10, Bellingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2008, Society of Photo-Optical Instrumentation Engineers

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by SPIE
subject fo payment of copying fees. The Transactional Reporting Service base fee for this volume is
$18.00 per article (or portion thereof), which should be paid directly to the Copyright Clearance
Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made electronically
through CCC Online at copyright.com. Other copying for republication, resale, advertising or
promotion, or any form of systematic or multiple reproduction of any material in this book is prohibited
except with permission in writing from the publisher. The CCC fee code is 0277-786X/08/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &t
Digital Liorary

SPIEDigitallLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published first
online and then in print and on CD-ROM. Papers are published as they are submitted and meet
publication criteria. A unique, consistent, permanent citation identifier (CID) number is assighed to
each article at the fime of the first publication. Utilization of CIDs allows articles to be fully citable as
soon they are published online, and connects the same identifier to all online, print, and electronic
versions of the publication. SPIE uses a six-digit CID article numbering system in which:
= The first four digits correspond fo the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 05,
06, 07,08, 09, 0A, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID number appears on each page of the manuscript. The complete citation is used on the first
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the last
two digits of the six-digit CID number.



Contents

[ Conference Committee
Xi Infroduction
xiii Symposium Sponsors
SESSION 1 PROCESS TECHNOLOGIES
6798 03 Patterning techniques for next generation IC's [6798-02]
A. Balasinski, Cypress Semiconductor (USA)
6798 04 New type of dummy layout pattern to control ILD etch rate [6798-03]
O. Pohland, J. Spieker, C.-T. Huang, S. Govindaswamy, A. Balasinski, Cypress
Semiconductor (USA)
SESSION 2 DIGITAL AND ANALOG DESIGN
6798 06 A 6-18.5 GHz dynamic frequency divider in 0.25um SOl CMOS [6798-05]
L. Milner, Defence Science and Technology Organisation (Australia)
6798 07 Nonlinearity of anti-parallel Schottky diodes for mixer applications [6798-06]
V. Gutta, A. E. Parker, Macquarie Univ. (Australia); A. Fattorini, J. T. Harvey, Mimix
Broadband (USA)
SESSION 3 RF AND WIRELESS
6798 09 Feasibility of a multipurpose transceiver module for phased array radar and EW
applications using RFIC technology (Invited Paper) [6798-08]
S. Al-Sarawi, The Univ. of Adelaide (Australia); H. Hansen, Defence Science and
Technology Organisation (Australia); Y. Zhu, The Univ. of Adelaide (Australia)
6798 OA An ultra-wideband transceiver for biotelemetry systems [6798-09]
C. Kim, T. Lehmann, Univ. of New South Wales (Australia); S. Nooshabadi, Gwangju Institute
of Science and Technology (South Korea)
6798 0B Geometric dependence of the parasitic components and thermal properties of HEMTs
[6798-10]
P. V. Vun, A. E. Parker, Macquarie Univ. (Australia); S. J. Mahon, A. Fattorini, Mimix
Broadband (USA)
6798 0C Design and optimization of antennas with wireless sensor network applications [6798-11]

M. Mussetta, A. Gandelli, R. E. Zich, Politecnico di Milano (Italy)



6798 0D

Optimization techniques for smart integrated sensor networks in environmental monitoring
[6798-12]
A. Gandelli, F. Grimaccia, R. E. Zich, Politecnico di Milano (Italy)

6798 OE A SiGe 6 modulus prescaler for a 60 GHz frequency synthesizer [6798-13]
N. Kamal, Y. Zhu, S. F. Al-Sarawi, The Univ. of Adelaide (Australia); N. H. E. Weste, The Univ. of
Adelaide (Australia) and Macquarie Univ. (Australia); D. Abbott, The Univ. of Adelaide
(Australia)
SESSION 4 NEW FRONTIERS
6798 OF Performance and applications of gallium-nitride monolithic microwave integrated circuits
(GaN MMICs) (Invited Paper) [6798-14]
J. B. Scoftt, Waikato Univ. (New Zealand); A. E. Parker, Macquarie Univ. (Australia)
SESSION 5 SYSTEM ON CHIP
6798 Ol SoC variability evaluation and reduction [6798-17]
A. P. Balasinski, Cypress Semiconductor (USA); M. C. Smayling, Tela Innovations, Inc. (USA);
V. Axelrad, Sequoia Design Systems, Inc. (USA)
6798 0J Comparison framework for low swing on-chip interconnect circuits [6798-18]
A. N. Irffansyah, T. Lehmann, S. Nooshabadi, Univ. of New South Wales (Australia)
SESSION 6 MODELLING AND SIMULATIONS
6798 OL Advances in nonlinear characterization of millimetre-wave devices for
telecommunications (Invited Paper) [6798-20]
A. E. Parker, Macquarie Univ. (Australia)
6798 OM A new total static leakage estimation model for UDSM-based tfransistor stacks [6798-21]
H. Al-Hertani, D. Al-Khdlili, C. Rozon, Royal Military College of Canada (Canada)
6798 ON A complementary logic partitioning algorithm for a library-free logic synthesis paradigm
[6798-22]
H. El-Masry, Royal Military College of Canada (Canada) and Queens Univ. (Canadal);
D. Al-Khalili, Royal Military College of Canada (Canada)
6798 00 Nonlinear behavior modeling of SOl micromechanical free-free beam resonators [6798-23]
L. Shao, M. Palaniapan, Natfional Univ. of Singapore (Singapore)
6798 OP Simulation of hydrogel micro-actuation [6798-43]
K. J. Suthar, M. K. Ghantasala, Western Michigan Univ. (USA); D. C. Mancini, Argonne
National Lab. (USA)
6798 0Q A CAD tool for the automatic generation of synthesizable parallel prefix adders in VHDL

[6798-25]
K. Vitoroulis, T. Obuchowicz, A. J. Al-Khalili, Concordia Univ. (Canada)



SESSION 7

MATERIALS AND PACKAGING

6798 OR

6798 0S

SESSION 8

Circuit implementation of a theoretical model of trap centres in GaAs and GaN devices
[6798-26]
J. G. Rathmell, The Univ. of Sydney (Australia); A. E. Parker, Macquarie Univ. (Australia)

Reliability evaluation for solder joints in embedded electronic package [6798-27]

M. Yamabe, Q. Yu, T. Shibutani, H. Miyauchi, M. Shiratori, Yokohama National Univ.
(Japan); H. Ohhashi, Nokia Japan Co. Ltd. (Japan)

ADVANCED DEVICES

6798 OV

6798 0X

SESSION ¢

Using over-sampled single-bit representation for velocity estimation in vision systems
[6798-31]
B. W.-H. Ng, S. T. Nguyen, The Univ. of Adelaide (Australia)

Re-configurable RFID reader [6798-33]
B. Jamali, P. Cole, The Univ. of Adelaide (Australia)

SENSORS AND ACTUATORS

6798 0Y

6798 07

6798 10

6798 11

Semiconductor terahertz emitters (Invited Paper) [6798-34]
S. Hargreaves, R. A. Lewis, Univ. of Wollongong (Australia); M. Henini, Univ. of Nottingham
(United Kingdom)

Wireless acoustic communications for autonomous agents in structural health monitoring
sensor networks [6798-35]
G. Wild, S. Hinckley, Edith Cowan Univ. (Australia)

Low-voltage organic strain sensor on plastic using polymer/high-K inorganic hybrid gate
dielectrics [6798-36]
S.Jung, T. Ji, V. K. Varadan, Univ. of Arkansas (USA)

Electromagnetic micro-actuators, micro-motors, and micro-robots [6798-38]
M. Feldmann, A. Waldschik, S. Buttgenbach, Technical Univ. of Braunschweig (Germany)

POSTER SESSION

6798 12

6798 13

Very uniform and high-aspect ratio anisotropy through Si via etching process in magnetic
nevutral loop discharge plasma [6798-40]
Y. Morikawa, T. Murayama, K. Suu, ULVAC, Inc. (Japan)

An astable multivibrator formed by a novel NDRHBT [6798-44]
P. Niu, Tianjin Polytechnic Univ. (China); W. Guo, Tianjin Polytechnic Univ. (China) and

Tianjin Univ. (China); X. Yu, X. Li, Tianjin Polytechnic Univ. (China); S. Zhang, H. Qi, Tianjin
Univ. (China); C. Mico, X. Wang, W. Wang, Tianjin Polytechnic Univ. (China)



6798 14 Classification of lactose and mandelic acid THz spectra using subspace and wavelet-
packet algorithms [6798-45]
X.Yin, The Univ. of Adelaide (Australia); S. Hadjiloucas, Univ. of Reading (United Kingdom);
B. M. Fischer, B. W.-H. Ng, The Univ. of Adelaide (Australia); H. M. Paiva, R. K. H. Galvdo,
Instituto Tecnoldgico de Aerondutica (Brazil); G. C. Walker, J. W. Bowen, Univ. of Reading
(United Kingdom); D. Abbott, The Univ. of Adelaide (Australia)

6798 15 A robust motion detection estimation algorithm targeted for VLSI technology [6798-47]
L. Horne, The Univ. of Adelaide (Australia); T. Rainsford, The Univ. of Adelaide (Australia)
and Ctr. for Biomedical Engineering (Australia); S. Al-Sarawi, The Univ. of Adelaide
(Australia), Ctr. for High Performance Integrated Technologies and Systems (Australia), and
Ctr. for Biomedical Engineering (Australia); W. Tan, W. Li, Y. Liu, The Univ. of Adelaide
(Australia)

6798 17 A 4-8GHz CMOS active balun using a compensated single-FET topology [6798-49]
L. Milner, Defence Science Technology Organisation (Australia)

6798 18 A high-performance read-out IC design for IR image sensor applications [6798-50]
S. J. Hwang, H. H. Shin, E. S. Jung, M. Y. Sung, Korea Univ. (South Korea)

6798 19 Novel 3D modeling of Ino.s3Gao.47As lateral PIN photodiode [6798-51]
P.S. Menon, K. Kandiah, M. S. b. A. Rahman, S. Shaari, Univ. Kebangsaan Malaysia
(Malaysia)

6798 TA Linearity asymmetry in FET resistive mixers [6798-52]
L. Powles, A. E. Parker, Macquarie Univ. (Australia); S. J. Mahon, Mimix Broadband Inc.
(USA)

6798 1B Spark plasma sintering of wire exploded tungsten nano-powder [6798-53]
C. Shearwood, H. B. Ng, School of Mechanical and Aerospace Engineering (Singapore)

6798 1C Mechanical properties measurement of silicon nitride thin films using the bulge test
[6798-54]
H. K. Lee, S. H. Ko, Pohang Univ. of Science and Technology (South Korea); J. S. Han,
LG Electronics (South Korea); H. Park, Pohang Univ. of Science and Technology (South
Korea)

6798 1D Flexible pressure sensor on polymeric materials [6798-55]
M. F. Teng, A. Hariz, H. Y. Hsu, Univ. of South Australia (Australia); T. Omari, Women's and
Children's Hospital (Australia)

6798 1E Grating light modulators for use as de-multiplexer and switching device in wavelength-
selective switching systems [6798-56]
A. Pothisorn, A. J. Hariz, Univ. of South Australia (Australia)

6798 1F Analysis of the resistive network in a bio-inspired CMOS vision chip [6798-58]
J.-S. Kong, D.-K. Sung, H.-Y. Hyun, J.-K. Shin, Kyungpook National Univ. (South Koreaq)



6798 11 Surface topography in mechanical polishing of 6H-SiC (0001) substrate [6798-62]
L. Yin, Australian National Univ. (Australia); H. Huang, Univ. of Queensland (Australia)

Author Index

vii






Conference Committee

Symposium Chairs

Tiziana Di Matteo, The Australian National University (Australia)
Vijay K. Varadan, University of Arkansas (USA)

Conference Chair

Alex J. Hariz, University of South Australia (Australia)

Conference Cochair

Vijay K. Varadan, University of Arkansas (USA)

Program Committee

Derek Abbott, The University of Adelaide (Australia)

Said F. Al-Sarawi, The University of Adelaide (Australia)

Neil W. Bergmann, The University of Queensland (Australia)

Yves Blanchard, Groupe ESIEE Paris (France)

Abdesselam S. Bouzerdoum, University of Wollongong (Australia)

Robert J. Clarke, RADLogic Pty Ltd. (Australia)

Sorin D. Cotofana, Technische Universiteit Delft (Netherlands)

William G. Cowley, University of South Australia (Australia)

Ivan Curtis, Keyworks Technologies Pty (Australia)

Andrew S. Dzurak, University of New South Wales (Australia)

Manfred Glesner, Technische Universitat Darmstadt (Germany)

Herbert B. Harrison, Griffith University (Australia)

Anthony S. Holland, Royal Melbourne Institute of Technology
(Australia)

Torsten Lehmann, University of New South Wales (Australia)

Kevin C. Liddiard, Electro-optic Sensor Design (Australia)

Michael Liebelt, The University of Adelaide (Australia)

Warren Marwood, Defence Science and Technology Organisation
(Australia)

Alireza Moini, Silverbrook Research Pty. Ltd. (Australia)

Adam Osseiran, Edith Cowan University (Australia) (USA)

Anthony E. Parker, Macquarie University (Australia)

James G. Rathmell, The University of Sydney (Australia)

Olaf Reinhold, Defence Science and Technology Organisation
(Australia)



Session Chairs

1 Process Technologies
Alex J. Hariz, University of South Australia (Australia)

2 Digital and Analog Design
Said F. Al-Sarawi, The University of Adelaide (Australia)

3 RF and Wireless
Leigh Milner, Defence Science and Technology Organisation
(Australia)

4 New Frontiers
Andrew $. Dzurak, University of New South Wales (Australia)

5 System on Chip
Warren Marwood, Defence Science and Technology Organisation
(Australia)

6 Modelling and Simulations
Warren Marwood, Defence Science and Technology Organisation
(Australia)

7 Materials and Packaging
Anthony E. Parker, Macquarie University (Australia)

8 Advanced Devices
James G. Rathmell, The University of Sydney (Australia)

9 Sensors and Actuators
Alex J. Hariz, University of South Australia (Australia)



Infroduction

In this volume we present the proceedings of the conference on
Microelectronics: Design, Technology, and Packaging lll, held alongside four
other conferences which constitute the SPIE Symposium on Microelectronics,
MEMS, and Nanotechnology (AUO7) held in Canberra, Australia in December of
2007. The other conferences are: BIoMEMS and Nanotechnology llI; Devices and
Process Technologies for  Microelectronics, MEMS, Photonics, and
Nanotechnology IV; Photonics: Design, Technology, and Packaging Ill; and
Complex Systems Il. The meeting saw the coming together of a diverse
intfernational congregation with delegates from various countries far and wide.
The multidisciplinary nature of this meeting made the exchanges uniquely
interesting. The six plenary presentations were exceptionally good and thought
provoking. To that extent, and as the content of this proceedings will attest, the
meeting was fruly successful in its mission.

The Microelectronics conference, in particular, provided a forum for researchers,
scienfists, engineers, and practitioners of intfernational repute to present their
latest research findings, ideas, developments and applications in the area of
microelectronics and related topics; including fabrication and modeling of
microsystems, intfegrated circuits and devices, and exploration of future trends. A
particular focus of this meeting was on interfaces between advanced
technologies and biological and quantum domains. This conference offered a
unique blend of technologies and served as a major hub for the discussion of
interdisciplinary research around the world through a variety of formats, such as
oral presentations, poster sessions, and panel discussions. There were over seventy
papers submitted to this conference alone, a good portion of which were
presented at the meeting, but only those submissions which passed the full-paper
peer review process are published in this volume. Some of the topics covered by
the presentations are: device characterization ; device physics ; materials ;
optoelectronics; MEMS and MOEMS ; smart power devices and sensors;
interconnects; embedded system design; system on chip; low-voltage, low-power
VLS| design; circuits for wireless communications; modeling and simulation; trends
in sub-micron technologies; signal processing and multiplexing; SiGe, GaN, and
SiC devices; SOI; RF mixed analog/digital; quantum computing; and terahertz
technology.

In order to comply with the requirements of some institutions for publication
review, the full manuscripts herein were each peer-reviewed by members of the
international program committee, and were then assessed by the editors. Review
was judged on the basis of originality, substance, technical quality, and
significance. The review outcomes were provided individually to the authors.
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