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Foreword

The European Solid-State Circuits Conference (ESSCIRC) and the European Solid-State
Devices Research Conference (ESSDERC) have a long, established tradition of high quality
conferences dealing with all aspects of solid-state circuits, devices and technologies.
Following the success of 2002, the 2003 editions of ESSCIRC and ESSDERC are again
jointly organized in an effort to stimulating deeper interaction among technologists, device
- experts, and circuit and system designers in order to address more effectively the
challenges of system-on-chip integration. All delegates to one conference will be admitted to
any session of the companion conference.

The ESSCIRC conference received a total of 329 submissions originating from 35 different
countries, 19 from Europe and 16 from outside Europe, which shows well the world reach of
ESSCIRC. A total of 93 submissions were received from the industry, a new record in the
history of ESSCIRC. A world class panel of renowned experts from industry and academia
had the hard task of selecting a high-quality technical program made up of 133 oral
presentations and 36 poster presentations, which are organized in 4 parallel sessions
throughout the 3 days of the conference. In addition to the regular technical sessions, the
Technical Program Committee has also selected 3 Plenary Invited Speakers which
complement the 6 Plenary Keynote Speakers shared with the companion ESSDERC
conference addressing topics of mutual interest, such as trends in wireless systems
integration, systems-on-chip in the internet age, portable power, polymer electronics, novel
non-volatile memories, among others. Two Tutorials on the pre-conference day, one on
“Interconnect-Centric Design for Advanced SoC and NoC” and the other on “Radios for 3G
and 4G Wireless”, as well as a Workshop on “High Performance wireless transceiver design”
and another on “MOS-AK: Advanced Compact Modeling” organized on the post-conference
day, complete the rich scientific and educational program of ESSCIRC 2003.

We want to express our gratitude to all the members of the ESSCIRC 2003 Technical
Program Committee who have worked very hard and diligently to continue the long
established tradition of a high-quality conference devoted to all aspects of solid-state circuits
and systems.

We are looking forward to an exciting scientific program blended with an array of activities to
foster human relationships and networking. After all, this is what conferences are all about
and | warmly welcome you to be part of this major event in Estoril, Portugal.

The General Chair

José da Franca

The Technical Program Chair
Rudolf Koch
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ESSCIRC 2003 Timetable

Tuesday, 16 September 2003
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09:45 Session C1: Digital Signal Session C2: Sensor Session C3: Frequency Session C4: DAC's
Processing Signal Processing Translation Cygnus Room
Cepheus Room Draco Room Cassiopeia Room
10:45 Coffee Break
11:05 Session C5: PLL's Session C6: Imagers, Session C7: RF & Session C8: Low
Cassiopeia Room Sensors Broadband Amplifiers Power Data
Draco Room Cepheus Room Converters
Cygnus Room
12:45 Lunch Break
13:50 Joint Plenary Session 2 presentation by Takashi Yoshimori, Andromeda Room
14:35 ESSCIRC Plenary Session 1 presentation by Ken Martin, Andromeda Room
15:15 Poster Session, Auriga Room
15:55 Coffee Break
16:15 Session C9: Digital Design Session C10: Systems Session C11: RF Session C12:
Techniques on Chip Transceiver WideBand ADC'’s
Draco Room Cepheus Room Cassiopeia Room Cygnus Room

Wednesday, 17 September 2003

08:50 Best Paper Award — Andromeda Room
09:00 Joint Plenary Session 3 presentation by B. Jagannathan, Andromeda Room
09:45 Session C13: Signal Session C14: Mems & Session C15: IC's for Session C16:
Integrity Sensor Peripherials 100GB/s Optical Amplifiers 2
Cepheus Room Draco Room Communication Cygnus Room
Cassiopeia Room
10:45 Coffee Break
11:05 Session C17: Low Power Session C18: Sensors Session C19: HF Session C20:
Circuits Draco Room Oscillators Amplifiers 1
Cepheus Room Cassiopeia Room Cygnus Room
12:45 Lunch Break
13:50 Joint Plenary Session 4 presentation by Gerhard Muller, Andromeda Room
14:35 ESSCIRC Plenary Session 2 presentation by Dennis Monticelli, Andromeda Room
15:15 Poster Session, Auriga Room
15:55 Coffee Break
16:15 Session C21: Digital Session C22: Memory Session C23: RF Session C24: Filters

Communications
Cepheus Room

Draco Room

System-on-Chip
Cassiopeia Room

Cygnus Room

Thursday, 18 September 2003

08:50 Presentation of 2004 Editions — Andromeda Room
09:00 Joint Plenary Session 5 presentation by Eugenio Cantatore, E.J. Meijer, Andromeda Room
09:45 Session C25: Digital Session C26: Analog & Session C27: Analog Techniques
Circuits Time-to Digital Cassiopeia Room
Cepheus Room Conversion
Cygnus Room
10:45 Coffee Break
11:05 Session C28: VCO'’s Session 29: Circuits for Session 30: Power Amplifiers & Line Drivers
Cygnus Room SoC Cassiopeia Room
Cepheus Room
12:45 Lunch Break
13:50 Joint Plenary Session 6 presentation by Will Schilders, Andromeda Room
14:35 ESSCIRC Plenary Session 3 presentation by Josef Fenk, Andromeda Room
15:15 Poster Session, Auriga Room
15:55 Lunch Break
16:15 Session C31: Session C32: RF Building Blocks
Optoelectronics Circuits Cassiopeia Room
Cygnus Room

IX

AMD EX1021
AMD v. Realtek - Page 233



TABLE OF CONTENTS

Invited Papers

Complex Signal Processing is not — Complex
Ken Martin
University of Toronto, Canada

Taking a System Approach to Energy
Management

Dennis Monticelli

National Semiconductor, USA

RF- Trends in Mobile Communication
Josef Fenk
Infineon Technologies

Transistor Operation and Circuit Performance
in Organic Electronics

Eugenio Cantatore, E.J. Meijer

Philips Research, Netherlands

Emerging Non-Volatile Memory Technologies
Gerhard MUIIer1, Nicolas Nagelz, Cay-Uwe
Pinnow1, Thomas R6hr?

'Infineon Technologies, Germany
2 3

Infineon Technologies, Japan

IP Related Activities in Toshiba and Japanese
SoC Industries

Takashi Yoshimori

Toshiba Semiconductor Co., Japan

[ Contributed Papers

|  Session C1: Digital Signal Processing

A Scaleable Instruction Buffer for a
Configurable DSP Core

Christian Panis', Michael Bramberger?, Herbert
Gruenbach', Jari Nurmi

'Carinthian Tech Institute, Austria

2Infineon Technologies, Austria

3Tampere University of Technology, Finland

A Low Power 3D Rendering Engine with Two
Texture units and 29Mb Embedded DRAM for
3G Multimedia Terminals

Ramchan Woo, Sungdae Choi, Ju-Ho Sohn,
Seong-Jun Song, Hoi-Jun Yoo

Semiconductor System Laboratory, Department of
EECS, Korea Advanced Institute of Science and
Technology, Korea

An Area-Efficient Standard-Cell Floating-Point
Unit Design for a Processing-In-Memory
System

Joong-Seok Moon, Taek-Jun Kwon, Jeff Sondeen,
Jeff Draper

USC Information Sciences Institute, USA

Session C2: Sensor Signal Processing

A 1000FPS@128x128 Vision Processor with 8-
bit Digitized 1/O

Gustavo Lifidan-Cembrano, Angel Rodriguez-
Vazquez, Rafael Dominguez-Castro, Servando
Espejo-Meana

Instituto de Microelectrénica de Sevilla CNM-
CSIC, Universidad de Sevilla, Spain

An Analog Image Processing LS| Employing

15

21

29

37

45

49

53

57

61

65

XI

Scanning Line-Parallel Processing

Teruyasu Taguchi, Makoto Ogawa, Tadashi
Shibata

Department of Frontier Informatics, School of
Frontier Science, The University of Tokyo, Japan

Micropower Mixed-Signal Acoustic Localizer
Milutin Stanacevic, Gert Cauwenberghs
Department of Electrical and Computer
Engineering, Johns Hopkins University, USA

69

Session C3: Frequency Translation

A 50GHz direct injection locked oscillator
topology as low power frequency divider in
0.13um CMOS

Marc Tiebout

Infineon Technologies AG, Corporate Research,
Munich, Germany

A 15GHz 256/257 Dual-Modulus Prescaler in
120nm CMOS

Hans-Dieter Wohlmuth, Daniel Kehrer

Infineon Technologies AG, Munich, Germany

A Digitally Tuned 1.1 GHz Subharmonic
Injection-Locked VCO in 0.18um CMOS
Hesham Ahmed, Chris DeVries, Ralph Mason
Department of Electronics, Carleton University,
Canada

73

77

81

Session C4: DAC’s

A Digital Quadrature Modulator with On-Chip
D/A Converter

Johan Sommarek, Jouko Vankka, Jaakko Ketola,
llari Teikari, Kari Halonen

Electronic Circuit Design Laboratory, Helsinki
University of Technology

A 12b 320MSample/s Current-Steering CMOS
D/A Converter in 0.44mm?

Kevin O’Sullivan, Chris Gorman, Michael
Hennessy, Vincent Callaghan

Silicon and Software Systems, Whelan House,
Dublin, Ireland

Single-Side-Band Digital-to-Analog Converters
for Nyquist signal generation

Jurgen Deveugele, Pieter Palmers, Michiel
Steyaert

Katholieke Universiteit Leuven

85

89

93

Session C5: PLL’s

A Y -A Fractional-N Frequency Synthesizer
using a wideband integrated VCO and a fast
AFC technique for GSM/GPRS/WCDMA
Applications

Han-ll Lee', Je-Kwang Cho', Kun-Seok Lee', In-
Chul Hwang', Tae-Won Ahn?, Kyung-Suc Nah',
Byeong-Ha Park'

'RF/Analog PT, System LS| Division, Device
Solution Network, Samsung Electronics Co., Korea
2Dongyang Technical College, Korea

A Compact, Low-Power Low-Jitter Digital PLL
Amr Fahim
Qualcomm Inc. USA

97

101

AMD EX1021

AMD v. Realtek - Page 234



A Low Voltage, 10-2550MHz, 015u CMOS, 105
Process and Divider Modulus Independent PLL

Using Zero-VT MOSFETs

Adrian Maxim

Integrated Products, Austin, USA

A 1-V 13-mW 2.5-GHz Double-Rate Phase- 109
Locked Loop with Phase Alignment for Zero

Delay

Gerry Leung, Howard Luong,

Department of Electrical and Electronic

Engineering, The Hong Kong University of Science

and Technology

A 1-V 5.2-GHz 27.5-mW Fully-Integrated CMOS 113
WLAN Synthesizer

Gerry Leung, Howard Luong

Department of Electrical and Electronic

Engineering, The Hong Kong University of Science

and Technology

B Session C6: Imagers, Sensors ]

A CMOS Photodiode Array with In-Pixel Data 117
Acquisition System

Roger Steadman', Armin Kemna?®, Francisco

Morales', Gereon Vogtmeier1, Erol Ozkan?,

Werner Brockherde?, B. Hosticka®

'Philips Research Laboratories, Aachen, Germany
2Fraunhofer Institute of Microelectronic Circuits

and Systems, Germany

CMOS X-Ray Image Sensor with Pixel Level 121
A/D Conversion

J. G. Rocha', Nuno Ramos', Reinoud

Wolffenbuttel?, J.H. Correia’

'University of Minho, Portugal

2Delft University of Technology, Netherlands

A Smart Image Sensor with High-Speed Feeble 125
ID-Beacon Detection for Augmented Reality

System

Yusuke Oike', Makoto lkeda"?, Kunihiro Asada'?

"Dept. of Electronic Engineering, University of

Tokyo

2\/LSI Design and Education Center, University of

Tokyo

A CMOS Focal-Plane Rotation Sensor with 129
Retinal Processing Circuit

Kuan-Hsun Huang, Li-Ju Lin, Chung-Yu Wu

Department of Electronics Engineering, National

Chiao Tung University, Taiwan

A readout circuit for QWIP infrared detector 133
arrays using current mirroring integration

Murat Tepegoz, Tayfun Akin

Department of Electrical and Electronics

Engineering, Ankara, Turkey

[ Session C7: RF & Broadband Amplifiers |

Linearization of Monolithic LNAs Using Low- 137
Frequency Low-Impedance Input Termination

Vladimir Aparin', Lawrence Larson

'Qualcomm, USA

2University of California in San Diego, USA

A 1.8-V Wide-Band CMOS LNA for Multiband 141
Multistandard Front-End Receiver

Adiseno, Hakan Magnusson, Hakan Olsson

Radio Electronics.LECS/IMIT Royal Institute of

Technolgy (KTH), Sweden

XII

Design of High Gain Fully-Integrated
Distributed Amplifiers in 0.35um CMOS
Rony Amaya, Calvin Plett

Carleton University, Ottawa, Canada

17GHz and 24GHz LNA Designs based on
Extended-S-Parameter with Microstrip-on-die
in 0.18um Logic CMOS Technology

Luiz Franca-Neto, Brad Bloechel, K. Soumyanath
Intel Research and Development, USA

Inductor-less, 10Gb/s Limiter with 10mV
Sensitivity and Offset/Temperature
Compensation in Baseline CMOS18
Mihai A.T. Sanduleanu, Eduard Stikvoort
Philips Research Eindhoven, Netherlands

145

149

153

| Session C8: Low Power Data Converters

A fully-integrated two-channel A/D Interface for
the Acquisition of Cardiac Signals in
Implantable Pacemakers

Andrea Gerosa, Andrea Maniero, Andrea Neviani
Department of Information Engineering, University
of Padova, Italy

A 16-bit 60uW Multi-Bit YA Modulator for
Portable ECG Applications

Jonny Johansson', Harald Neubauer’, Hans
Hauer?

'EISLAB, Lulea, Sweden

2Fraunhofer Institute for Integrated Circuits,

Germany

A Micro Power Continuous-Time Y AModulator
Lourans Samid, Yiannos Manoli
University of Freiburg, Germany

A Very Area/Power Efficient Mixed Signal

Circuit For Voice Signal Processing In 0.18

Digital Technology

Joao Risques ', Jorge Duarte1, Vasco Amaro1,

Seng Pan U2, Kuok Vai Chiangz, Ka Fai Changz,
2

Keng Chong Lai

'Chipidea Microelectronica Portugal

2Chipidea Microelectronica Macau

A low-power entropy-coding analog/digital
converter with integrated data compression
Ralf Peck, Dietmar Schroeder

TU Hamburg-Harburg Microelectronics, Germany

157

161

165

169

173

[ Session C9: Digital Design Techniques :

Energy Minimization Method for Optimal
Energy-Delay Extraction

Hoang Dao, Bart Zeydel, Vojin Oklobdzija
ACSEL Lab, Department of Electrical and
Computer Engineering, University of California,
USA

A Time Borrowing Selectively Clocked Skewed
Logic for High-Performance Circuits in Scaled
Technologies

Naran Sirisantana, Kaushik Roy

School of Electrical and Computer Engineering,
Purdue University, USA

High Performance Pipelining Method for Static
Circuits using Heterogeneous Pipelining
Elements

Manish Garg

Philips Research Laboratories, Eindhoven,
Netherlands

177

181

185

AMD EX1021

AMD v. Realtek - Page 235



A High-Speed Logic Circuit Family with
Interdigitated Array Structure for Deep Sub-
Micron IC Design

Hiroaki Yamaoka', Makoto Ikeda'?, Kunihiro
Asada'?

'Department of Electronics Engineering, University
of Tokyo

2\LSI Design and Education Center, University of
Tokyo

189

~ Session C10: Systems on Chip

An 8-Channel, 12-Bit, 20 MHz Fully Differential
Tester IC for Analog and Mixed-Signal Circuits
Mohamed Hafed', Gordon Roberts?

'DFT MicroSystems Inc. Quebec, Canada
2Microelectronics and Computer Systems
Laboratory, McGill University, Quebec, Canada

A Serial 10 Gigabit Ethernet Transceiver on
Digital 0.13um CMOS

Bin Wu, Yue-Hong Sutu, Karthik Ramamurthy,
Dong Zheng, Eugene Cheung, Toan Tran, Yong
Jiang, Manoj Rana

BitBlitz Communications Inc. USA

A DSP-Based Digital IF AM/FM Car-Radio
Receiver

Francesco Adduci', Marzia Annovazzi', G. Boarin',
Antonio Colaci', Vittorio Colonna’, Gabriele
Gandolfi', Michele Sala’, Fabrizio Salidu', Fabrizio
Stefani' Martin Frey?, Peter Kirchlechner?,
Christian Kutschenreiter?, Andrea Baschirotto®
'STMicroelectronics, Italy

2STMicroelectronics, Germany

*University of Leece, Department of Innovation
Engineering, Italy

Custom Silicon Implementation of a Delayless
Acoustic Echo Canceller Algorithm

Anders Berkeman', Viktor Owall®

'Ericsson Mobile Platforms, Lund, Sweden
2CcCCD, Dept. of Electroscience, Lund University,
Sweden

A Novel Universal Battery Charger for NiCd,
NiMH, Li-lon and Li-Polymer

Floriberto Lima', Nuno Ramalho', David Tavares',
Jorge Duarte’, Célio Albuquerque’, Tiago
Marques', A. Geraldes', P. Casimiro’, Gert
Renkema®, J. Been?, W. Groeneveld’

'Chipidea Microelectronica S.A. Portugal

2Philips Semiconductors, Netherlands

A Contactless Smartcard Designed with
Asynchronous Circuit Technique

Pui-Lam Siu, Chiu-Sing Choy, Cheong-Fat Chan,
Kong-Pang Pun

Dept. of Electronic Engineering, The Chinese
University of Hong Kong

193

197

201

205

209

213

- Session C11: RF Transceiver

A Quad-Band Low Power Single Chip Direct
Conversion CMOS Transceiver with ZA-
Modulation Loop for GSM

Edmund Gotz', Hans Krobel', Giinter Marzinger?,
Bernd Memmler', Christian Miinker', Burkhard
Neurauter?, Dirk Romer’, Jorn Rubach', Werner
Schelmbauer?, Markus Scholz', Martin Simon',
Ulrich Steinacker', Claus Stoger®

'Infineon Technologies AG, Munich, Germany
’DICE GmbH & Co KG, Linz, Austria

217

XIII

A Single-Chip, 5.15GHz-5.35GHz, 2.4GHz-
2.5GHz, 0.18uym CMOS RF Transceiver for
802.11a/b/g Wireless LAN

Kostis Vavelidis', lason Vassiliou?, Theodore
Georgantas', Akira Yamanaka’, Spyros
Kavadias', George Kamoulakos', Charalambos
Kapnistis', Yiannis Kokolakis', Aris Kyranas',
Panagiotis Merakos', llias Bouras', Stamatis
Bouras', Sofoklis Plevridis', Nikos Haralabidis'
'Athena Semiconductors, Greece

®Athena Semiconductors, USA

A Dual-Mode Direct-Conversion CMOS
Transceiver for Bluetooth and 802.11b
Yeon-Jae Jung', Hoesam Jeong', Eunseok
Song', Jungho Lee', Seung-Wook Lee?,
Donghyeon Seo?, Inho Song?, Sanghun Jung?,
Joonbae Park?, Deog-Kyoon Jeong', Wonchan
Kim'

'Seoul National University, Korea

*GCT Semiconductor, USA

A highly integrated, dual-band, multi-mode
Wireless LAN Transceiver

Thomas Ruhlicke, Markus Zannoth, Bernd-Ulrich
Klepser

Infineon Technologies AG, Secure Mobile
Solutions, Technology and Innovations, Munich,
Germany

221

225

229

Session C12: WideBand ADC,s

A 15 MHz Bandwidth Sigma-Delta ADC with 11
Bits of Resolution in 0.13um CMOS

Antonio Di Giandomenico', Susana Paton?,
Andreas Wiesbauer', Luis Hernandez’, Thomas
Potscher’, Lukas Doerrer'

'Infineon Technologies, Design Centers Austria
2University Carlos Ill, Madrid, Spain

A 400-MHz 6-bit ADC with a Partial Analog
Equalizer for Coaxial Cable Channels
Amir Hadji-Abdolhamid, David Johns
Department of Electrical and Computer
Engineering, University of Toronto, Canada

A 1.8V 100mW 12bits 80Msample/s Two-step
ADC in 0.18u CMOS

Amir Zjajo, Hendrik van der Ploeg, Maarten
Vertregt

Philips Research Laboratories, Netherlands

A 10-Bit, 3 mW Continuous-Time Sigma-Delta
ADC for UMTS in a 0.12um CMOS process
Lukas Dorrer, Franz Kuttner, Andreas Wiesbauer,
Antonio Di Giandomenico, Thomas Hartig
Infineon Technologies Austria

A Continuous-Time Sigma-Delta Modulator
with Switched Capacitor Controlled Current
Mode Feedback

Maurits Ortmanns, Friedel Gerfers, Yiannos
Manoli

Institute for Microelectronics, Albert-Ludwigs-
University, Freiburg

Modeling Impact of Digital Substrate Noise on
Embedded Regenerative Comparators

Yann Zinzius, Georges Gielen, Willy Sansen
K.U. Leuven ESAT-MICAS, Belgium

233

237

241

245

249

253

AMD EX1021

AMD v. Realtek - Page 236



Session C13: Signal Integrity

Session C16: Amplifiers Il

Digital Circuit Capacitance and Switching
Analysis for Ground Bounce in ICs with a
High-Ohmic Substrate

Mustafa Badaroglu', Lakshmanan
Balasubramanian’, Kris Tiri?, Vincent Gravot',
Piet Wambacq', Geert Van der Plas’, Stéphane
Donnay', Georges Gielen®, Hugo De Man"®
'IMEC, DESICS, Leuven, Belgium

2EE Dept. University of California, USA

*ESAT, K.U. Leuven, Belgium

Aggressor Aware Repeater Circuits for
Improving On-chip Bus Performance and
Robustness

Atul Katoch', Sanjeev K Jain?, Maurice Meijer’
'Philips Research Laboratories, Eindhoven,
Netherlands

?Indian Institute of Technology, New Delhi, India

Clock Net Optimization using Active Shielding
Himanshu Kaul, Dennis Sylvester, David Blaauw
EECS Department, University of Michigan, USA

257

261

265

Session C14: Mems & Sensor Peripherials

Passive integration and RF MEMS: a toolkit for
adaptive LC circuits

Th.G.S.M. Rijks', J.T.M. van Beek', M.J.E.
Ulenaers', J. De. Coster’, R. Puers’, A. den
Dekker®, L. van Teeffelen®

'Philips Research, Eindhoven, Netherlands

?K.U. Leuven, Dept. of Electrical Engineering,
ESAT-MICAS, Belgium

*Philips Semiconductors, Nijmegen, Netherlands

Single chip, Low Supply Voltage Piezoelectric
Transformer Controller

Enrico Dallago’, Alberto Danioni',
Giuseppe Venchi'

'Power Electronics Laboratory, Department of
Electrical Engineering, University of Pavia, Italy
2STMicroelectronics, Italy

Giulio Ricotti?,

24Gb/s Laser/Modulator Driver IC using 0.2um
Gate length PHEMTs

Ting Huang, Zhigong Wang, En Zhu, Xiaoming
Wang, Mingzhen Xiong

Institute of RF-& OE-ICs, Southeast University,
Nanjing, China

269

273

277

Session C15: IC,s for 10GB/s Optical
Communication

A CMOS 10Gb/s SONET Transceiver
Harish Muthali, Thomas P. Thomas, lan Young
Intel Corporation, USA

A 10 Gb/s CMOS Limiting Amplifier for Optical
links

Rui Tao, Manfred Berroth

Institute of Electrical and Optical Communication
Engineering, University of Stuttgart, Germany

10Gb/s single-ended laser driver in 0.35um
SiGe BiCMOS technology

Chia-Ming Tsai, Li-Ren Huang, Day-Vei Li, Chien-

Fu Chang
SoC Technology Center, Industrial Technology
Research Institute, Taiwan

281

285

289

XIV

A CMOS Single-Ended OTA With High CMRR
Maxim Pribytko, Patrick Quinn
Xilinx Ireland

A 0.8-V, 8uW, CMOS OTA with 50-dB Gain and
1.2-MHz GBW in 18-pF Load

Libin Yao, Michiel Steyaert, Willy Sansen
ESAT-MICAS, Katholieke University Leuven,
Belgium

A 1.8-V 73-dB Dynamic-Range CMOS Variable
Gain Ampllfler

Ryutaro Saito’, Kmya Hosoda', Akira Hyogo',
Takara Maruyama H|rosh| Komurakl Hisayasu
Sato?, Keitaro Sekine'

1Tokyo University of Science, Department of
Electrical Engineering

Renesas Technology Corporation

293

297

301

Session C17: Low Power Circuits

Optimization of Device Dimensions for High-
Performance Low-Power Architecture Blocks
Tobias Gemmeke', Michael Gansen', Tobias G.
Noll', Heiner Stockmanns®

'Chair of Electrical Engineering and Computer

Systems, RWTH Aachen University, Germany
%Infineon Technologies, Design Center Munich,
Germany

New Digital Circuit Techniques for Total
Standby Leakage Reduction in Nano-Scale SOI
Technology

Koushlk Das', Rajiv V. JOShI Ching-Te Kent
Chuang Peter W. Cook?, R|chard B. Brown'
'Department of EECS, The University of Michigan,
USA

?IBM T.J. Watson Research Center, USA

Circuit Techniques for Gate and Sub-Threshold
Leakage Minimization in Future CMOS
Technoloqnes

Rahul Rao', Jeffrey L. Burns?, Richard Brown'
'Dept. of EECS, University of Michigan, USA

%IBM Austin Research Labs, Austin, USA

A Gate Leakage Reduction Strategy for Future
CMOS Circuits
Mindaugas Drazdziulis, Per Larsson-Edefors

Department of Computer Engineering, Chalmers

University of Technology, Sweden

Power - Performance Optimal 64-Bit Carry-
Lookahead Adders .

Radu Zlatanovici, Borivoje Nikolic
Department of Electrical Engineering and
Computer Sciences, University of California,
Berkley

305

309

313

317

321

Session C18: Sensors

A CMOS Receiver for a Pulsed Time-of-Flight
Laser Rangefinder

Jan Nissinen, Pasi Palojarvi, Juha Kostamovaara
University of Oulu, Department of Electrical and
Information Engineering, Electronics Laboratory,
Finland

A Micro-Hotplate-Based Monolithic CMOS
Thermal Analysis System

Diego Barrettino, Wan Ho Song, Markus Graf,
Andreas Hierlemann, Henry Baltes

Physical Electronics Laboratory, ETH Zurich,
Switzerland

325

329

AMD EX1021

AMD v. Realtek - Page 237



A 4x64 Pixel CMOS Image Sensor for 3D 333
Measurement Applications

Olaf M. Schrey', Omar Elkhalili', Peter Mengel?,
Martin Petermann’', Werner Brockherde', Bedrich
J. Hosticka'

"Fraunhofer Institute of Microelectronic Circuits
and Systems, Germany

?Siemens AG, Corporate Technology, Munich,
Germany

DNA Electrical Detection Based on Inductor 337
Resonance Frequency in Standard CMOS
Technology

Gary Laurent', Luis Moreno Hagelsieb', Dimitri
Lederer', Pierre Emmanuel Lobert’, Denis
Flandre', J. Remacle?, Jean-Pierre Raskin'
'Laboratoire de Microélectronique, Université
Catholique de Louvain, Belgium

%L aboratoire de Biochimie et Biologie Cellulaire,
Facultés Universitaires Notre-Dame de la Paix,
Belgium

A Low-Noise 1.8Gbps Bipolar OEIC 341
Robert Swoboda, Horst Zimmermann

Institute for Electrical Measurement and Circuit

Design, Vienna University of Technology, Austria

‘Session C19: HF Oscillators

ol

A Robust 43 GHz VCO in Standard CMOS for
OC-768 SONET Applications
Arnoud van der Wel', Sander Gierkink?, Robert
Frye?, Vito Boccuzzi?, Bram Nauta'

'IC-Design Group, University of Twente,
Netherlands

Wireless Circuits Research Group, Agere
Systems, USA

345

A 19-23 GHz Integrated LC-VCO in a production 349
70 GHz fT SiGe technology
Hugo Veenstra, Edwin van der Heijden

Philips Research, Eindhoven, Netherlands

Fully-Integrated 10 GHz CMOS VCO for muilti-
band WLAN applications

Laurent Perraud, Jean-Louis Bonnot, Nicolas
Sornin, Christophe Pinatel

NewLogic Technologies France

353

A 31 GHz CML Ring VCO with 5.4ps Delay in a
0.12um SOI CMOS Technology

Jean-Olivier Plouchart, Jonghae Kim, Noah
Zamdmer, Melanie Sherony, Yue Tan, Meeyoung
Yoon, Mohamed Talbi, Asit Ray, Lawrence
Wagner

IBM Semiconductor Research and Development
Center, USA

357

10 GHz Quadrature-Phase Voltage Controlled
Oscillator and Prescaler

Wei-Zen Chen', Chien-Lian Kuo', Chia-Chun Liu?
1Depan‘ment of Electronics Engineering, National
2Chiao-Tung University, Taiwan

Department of Electrical Engineering, National
Central University, Taiwan

361

Session C20: Amplifiers |

]

365

Three Stage Amplifier Frequency
Compensation

Joao Ramos, Xiaohong Peng, Michiel Steyaert,
Willy Sansen

Katholieke Universiteit Leuven, Dept.
Elektrotechniek, adf. ESAT-MICAS, Belgium

XV

Dynamic Biasing: a Low Power Linearisation
Technique

Philippe Coppejans, Michiel Steyaert

KU Leuven, ESAT-MICAS, Belgium

1.5V Rail-to-Rail Programmable-Gain CMOS
Amplifier

Jaime Ramirez-Angulo’, Antonio Lopez-Martin?,
Ramon G. Carvajal’, Chad Lackey'

1Klipsch School of Electrical and Computer Eng.
New Mexico State University, USA

zDept. Electrical and Electronic Engineering, Public
University of Navarra

3Dpto. Ingenieria Electronica, Escuela Superior de
Ingenieros, Universidade de Seuvilla, Spain

Input/Output Rail-to-Rail Video Op-Amp with
Constant Behaviour over the Entire Voltage
Range

Juan M. Carrillo', J. Francisco Duque-Carrillo”,
Guido Torelli’, José L. Ausin'

1Dept. Of Electronics and Elec. Eng. University of
Extremadura, Spain

2Depar1mem‘ of Electronics, University of Pavia,
Italy

OPAMP with 106dB DC gain in 120nm digital
CMOSs

Franz Schlogl, Horst Zimmermann

Institut fur elektrische Mess und
Schaltungstechnik, Technische Universitat Wien,
Austia

369

373

377

381

| Session C21: Digital Communications

A 20Gb/s One-Stage 4:1 Multiplexer in 120nm
CMOS

Daniel Kehrer, Hans-Dieter Wohlmuth

Infineon Technologies AG, Munich, Germany

A 3.125-Gb/s CMOS Word Alignment
Demultiplexer for Serial Data Communications
Wen-Hu Zhao, Zhi-Gong Wang, En Zhu

Institute of RF & OE ICs, Southeast University,
China

A Direct Digital Frequency Synthesis System
for Low Power Communications

Alistair McEwan, Sunay Shah, Steve Collins
Department of Engineering Science, University of
Oxford, UK

Direct Digital Frequency Synthesis with Dual-
slope Approach

Antonio G.M. Strollo, Davide De Caro, Ettore
Napoli, Nicola Petra

Dept. Of Electronics and Telecom. Engineering,
University of Naples, Italy

385

389

393

397

O Session C22: Memory

Bitline Leakage Equalization for Sub-100nm
Caches

Atila Alvandpour', Dinesh Somasekhar®, Ram
Krishnamurthy?, Vivek De?, Shekhar Borkar?,
Christer Svensson'

'Electronic Devices, Department of Electrical
Engineering, Linkbping University, Sweden
*Circuits Research, Intel Labs, Intel Corporation,
USA

A Novel Hierarchical Multi-port Cache
Zhaomin Zhu', Kou Johguchi', Hans Jiirgen

401

405

AMD EX1021

AMD v. Realtek - Page 238



Mattausch', Tetsushi Koide', Tai Hirakawa’,
Tetsuo Hironaka®

'"Research Center for Nanodevices and Systems,
Hiroshima University, Japan

2Graduate School of Information Sciences,
Hiroshima City University, Japan

A Yield-Optimized Latch-Type SRAM Sense 409
Amplifier

Bernhard Wicht'* Thomas Nirsch
Schmitt- Landsuedel

'Texas Instruments, Germany
2Infineon Technologies, Germany
%Technical University Munich, Germany

I>?, Doris

Low Voltage Sensing Techniques and 413
Secondary DeSIgn Issues for sub-90nm Caches

Manoj Sinha’, Steven Hsu?, Atila Alvandpour2

Wayne Burleson', Ram Knshnamurthy Shekhar

Borkar®

'Department of Electrical and Computer

Engineering, University of Massachusetts

Microprocessor Research Labs, Intel

Corporation, USA

A 0.6mA, 0.9V 100MHz FM front-end in a 417
0.18um CMOS-D technology

Thierry Melly, Erwan Le Roux, David Ruffieux,

Vincent Peiris

RF and Analog ICs, Microelectronic Division,

Centre Suisse d’Electronique et de

Microtechnique, Switzerland

A Cable-Modem RF Tuner 421
Kari Stadius', Arto Malinen', Petri Jarvio', Kari

Halonen', Petteri Paatsila®

Helsinki University of Technology

2ATMEL Finland Design Center

A 0.35um CMOS Fractional-N Transmitter for 425
315,433,868 and 915 MHz ISM Applications

Peter Jacobs, Johan Janssens, Tomas Geurts,

Jan Crols

AnSem NV, Belgium

A fast modulator for dynamic supply linear RF 429
power amplifier

Nicolas Schlumpf, Michel Declercq, Catherine

Dehollain

Electronics Laboratories Swiss Federal Institute of
Technology, Lausanne

A CDMA2000 Zero IF Receiver with Low- 433
Leakage Integrated Front-End

Helen Waite', Paul Ta', J. Chen', HongYu Li",

MinZhan Gao', Chang Shang Chang YS Chang :

Wnllnam Redman-Whlte Olivier Charlon', Ylplng

Fan', Richard Perkins', Dominique Brunel’,

Emmanuel Soudee’

'Philips Semiconductors, USA

2Philips Semiconductors, France

A 62 dB Dynamic Range Sixth-Order Band 437
Pass Filter with 100-175 MHz Tuning Range
Concepcion Aldea, Santiago Celma, Arancha Otin

Grupo de Diseno Electronico, Universidad de

Zaragoza, Spain

Continuously Tunable, Very Long Time 441
Constant CMOS Integrator for a Neural

Robert Reiger', Andreas Demosthenous', John
Taylor®

'Department of Electronic and Electrical
Engineering, University College, UK
’Department of Electronic and Electrical
Engineering, University of Bath, UK

Programmable switched capacitor 4-tap FIR 445
filter

Heikki Repo, Timo Rahkonen

University of Oulu, Finland

A Widely Tunable CMOS Gm-C Filter With a 449
Negative Source Degeneration Resistor
Transconductor

Shinichi Hori, Tadashi Maeda, Hitoshi Yano,

Noriaki Matsuno, Keiichi Numata, Nobuhide

Yoshida, Yuji Takahashi, Tomoyuki Yamase,

Robert Walkington, Hikaru Hida

Photonic and Wireless Devices Research

Laboratories, NEC Corporation, Japan

A High-Speed and Lightweight On-Chip 453
Crossbar Switch Scheduler for On-Chip
Interconnection Networks

Kangmin Lee, Se-Joong Lee, Hoi-Jun Yoo

Department of Electrical Engineering, KAIST,

Korea

A Linear High Voltage Charge Pump For 457
MEMS Applications in 0.18um CMOS

Technology

Manuel Innocent Piet Wambacq Stephane

Donnay Willy Sansen’, Hugo De Man'

'IMEC, Leuven, Belgium

2ESAT-MICAS, Kathokieke Universiteit Leuven

A 10Gbps/port 8x8 Shared Bus Switch with 461
embedded DRAM Hierarchical Output Buffer

Kangmin Lee, Se-Joong Lee, Hoi-Jun Yoo

Semiconductor System Laboratory, Dept. of

Electrical Engineering, KAIST, Korea

Monolithic Time-to-Digital Converter with 20ps 465
resolution

Simone Tisa, Arturo Lotito, Andrea Giudice,

Franco Zappa ,

Dipartimento di Ellectronica e Informazione,

Politecnico di Milano, Italy

A CMOS Time-to-Digital Converter based on a 469
Ring Oscillator for a Laser Radar

likka Nissinen, Antti Mantyniemi, Juha

Kostamovaara

University of Oulu, Department of Electrical and
Information Engineering, Electronics Laboratory,

Finland

Verification of a Blind Mismatch Error 473
Equalization Method for Randomly Interleaved
ADCs using a 2.5V/12b/30MSs PSAADC

Martin Anderson Jan-Erik Eklund Jonas
Elbornsson?, Hennk Fredriksson®, Joaklm
Alvbrant’

1Lund University, Department of Electroscience

?| inképing University, Department of Electrical
Engineering

3Infineon Technologies Wireless Solutions,
Sweden

AMD EX1021

XVI AMD v. Realtek - Page 239



[ Session C27: Analog Techniques
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Session C32: RF Building Blocks
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Minimizing Inductive Noise in
System-On-a-Chip with Multiple Power Gating Structures

Suhwan Kim, Stephen V. Kosonocky, Daniel R. Knebel,
Kevin Stawiasz, David Heidel, and Mike Immediato

IBM Thomas J. Watson Research Center
Yorktown Heights, New York 10598, U.S.A4

Abstract

A multiple power domain strategy in which each power
domain has an independent power gating structure is an
effective means for reducing leakage power consumption
in a system-on-a-chip. During an individual power gating
Structure power-mode transition, however, serious induc-
tive noise is introduced that may affect normal operation
of neighboring circuits. We present a novel power gat-
ing structure in which inductive noise is reduced through
gradual turn-on and turn-off of its sleep transistor. Ex-
perimental simulation results with PowerSpice fixtured in
different package models demonstrate the effectiveness of
the proposed power gate switching noise reduction tech-
nique.

1. Introduction

The multi-threshold CMOS (MTCMOS) circuit [1],
called a “power gating structure”, is a well-known tech-
nique for reducing leakage power in standby mode. By
turning off the sleep transistor during the sleep period,
however, all of the internal capacitive nodes of logic block
and virtual VDD (VVDD) node is discharged down to
a steady state value near GND. During the power-mode
transition, the instantaneous charge current through the
sleep transistor operated in saturation region creates cur-
rent surges. Because of the self-inductance of the off-chip
bonding wires and the on-chip parasitic inductance inher-
ent to the power rails, current surges result in voltage fluc-
tuations in the on-chip power rails. If the magnitude of the
voltage surge/droop is greater than the noise margin of a
circuit, the circuit may erroneously latch the wrong value
or switch at the wrong time.

Inductive noise, also known as simultaneous switching
noise, has been a phenomenon traditionally associated to
input/output buffers and internal circuitry [2, 3, 4]. Re-
cently, inductive noise problems due to clock gating have
been introduced in [5, 6]. Until now, however, inductive
noise originating from the power-mode transition between
active and standby modes of a power gating structure was
not seriously considered, even though it may become an
important issue in the design of a system-on-a-chip (SOC)
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employing multiple power gating domains to control leak-
age power.

In this paper, we first address test chip measurements
that indicate inductive noise induced by quick turn-on of
the sleep transistor in a conventional power gating struc-
ture. Then we propose a novel power gating structure in
which inductive noise is reduced through gradual turn-on
an turn-off of its sleep transistor. In PowerSpice simula-
tion with different package models, quantitative compari-
son is made between the proposed power gating structure
and a conventional one. Our power gating structures re-
duce the magnitude of voltage fluctuations in the power
rails, as well as the time required to stabilize them.

2. Test Chip Measured Results

In this section, we address the measured result of a test
chip designed and implemented to evaluate a conventional
power gating structure. Specifically, we show the serious-
ness of inductive noise induced by instant turn-on of the
sleep transistor in conventional power gating structure.

Figure 1. Microphoto and block diagram of test chip
used to evaluate a conventional power gating structure.
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Figure 1 shows a microphotograph and block diagram
of the test chip designed and implemented in 0.13um
CMOS technology. Two identical DSP 40-bit arith-
metic units (ALUs) were compared, one powered by the
VDDL grid and the other by VVDDg serially connected
to the VDDLg grid through a sleep transistor. The sleep
transistor is sized at less than 1% of the total ALU PMOS
and NMOS width and is composed of parallel instantia-
tion of standard cells. The ALU critical path is through
a saturating adder with data inputs supplied by two 40-
bit linear feedback shift registers (LFSRs) that generate
random patterns with approximately 50% average switch-
ing factor. Each element in the pipeline includes a data
transition barrier to prevent unneeded switching of ele-
ments when they are clock gated. Results are transferred
from the output register to a multiple input signature reg-
ister (MISR). Repeated tests are made at discrete supply
voltages ranging from 0.9V to 1.5V in which clock fre-
quency is increased until an error signature is detected by
the MISR. The highest non-failing frequency is recorded
at each supply voltage. Standby leakage power is mea-
sured by stopping the clocks and recording supply current.
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Figure 2. Performance penalty.
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Figure 3. Leakage saving benifit.

The measured test results, comparing the performance
and leakage power consumption of the two ALUs are
shown in Figures 2 and 3, respectively. In Figure 2, it
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is observed that the relatively small sleep transistor incurs
a performance penalty on the circuit ranging from 23%
at the lowest operating frequency to 13% at the highest.
This sizing of the sleep transistor, however, provides large
reduction in leakage power, ranging from nearly three or-
ders of magnitude at the lowest supply voltage to nearly
four orders of magnitude at the highest as is shown in Fig-
ure 3.
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Figure 4. Non-failing wake-up latency.

We also measure the time required to bring the circuit
out of sleep mode and operate at 95% of the maximum
operating frequency for a given supply voltage, “wake-
up latency”. It effectively excludes the inductive noise
due to clock gating from our measurement, since the mea-
sured performance degradation due to clock gating itself
was around 5%. Initially, we turn off a sleep transistor by
|Vas| = 0 and wait until all of internal nodes and VVDD
node is completely discharged. Then, we turn on the sleep
transistor by |Vgs| = VDD and measure the shortest non-
failing wake-up latency. The test is repeated at discrete
supply voltages. Results are shown in Figure 4, with
wake-up times ranging from 498.38 ns to 807.042 ns over
the measured supply range.

It demonstrates the seriousness of inductive noise due
to power gating structure in terms of performance. To
make it worse, the other circuits sharing the same power
rails are disturbed similarly.

3. Proposed Power Gating Structure

In this section, we propose a novel power gating struc-
ture that reduces the magnitude of peak current and volt-
age glitches in the power rails as well as the minimum
time required to stabilize power and ground rails.

In the previously published power gating structures, as
shown in Figure 5(a), sleep transistor is implemented with
a single transistor or a set of transistors [7, 8, 9]. The
sleep transistor that consists of a set of transistors is effec-
tively a single transistor, since the transistors share both
VDDL and VVDD nodes, as well as a gate-input sig-
nal. In standby mode, the sleep transistor operates in the
cut-off region. During this mode, the leakage current is
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Figure 5. Sleep transistor part of (a) conventional and
(b) proposed power gating structures.

limited by the sleep transistor with a high threshold volt-
age and a proportionally smaller width. By turning off
the sleep transistor during the sleep period, all of internal
capacitive loads of logic block and VVDD node are dis-
charged down to a steady state value near GND. It causes
all of PMOS pull-up paths of logic block turned on, even
though NMOS pull-down ones are turned off.

As the sleep transistor is turned on, however, all of dis-
charged internal capacitive loads of the logic block and
VVDD node begins to simultaneously charge through the
switched PMOS pull-up paths of logic blocks and sleep
transistor. The switching activity of entire capacitive loads
at that moment is close to 1.0. As a result, a large instanta-
neous current flows through the PMOS pull-up paths and
sleep transistor. The current surge creates inductively in-
duced voltage fluctuations in the power rails.

To solve this wake-up noise problem originating from
the power-mode transition between standby and active
mode of a power gating structure, we propose a novel
power gating structure of Figure 5(b) that consists of
a sleep transistor whose |Vgs| gradually increases with
multiple voltage steps. Our power gate structure min-
imizes the instantaneous current flow through the sleep
transistor by dynamically controlling its |Vgs| and Vps.
The sleep transistor turn-on and turn-off procedure of ours
consists of a relaxation stage and complete turn-on stage.
During the relaxation stage, the sleep transistor is weakly
turned on with |Vgs| = AV (0 < AV < VDD), until its
Vps is significantly reduced. During the complete turn-
on stage, the sleep transistor is completely turned on with
|Ves| = VDD. When the Vps of the sleep transistor is
small enough, the instantaneous current is less sensitive to
the variation in |V 5|, thus allowing increase of the |Vgs|
in a non-uniform stepwise manner without increasing in-
stantaneous peak current.
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TURN_ON + AT

NMOS_CTRL

Figure 6. Block diagram of proposed gating structure.

Figure 6 shows a block diagram of our power gating
structure with a circuit that generates stepwise voltages.
When TURN_ON signal become low, the relaxation stage
is initiated, and a pulse of AT is generated at node X.
The AT is controlled by any delay components such as
a serially connected shift register. During this time, the
transistor MPO and MNO are turned off, and MP3 turns
on the current reference circuit of diode-connected de-
vices MP1 and MN1, generating the intermediate voltage
of SLEEP_CTRL VDD - AV, which is determined by %
ratios of MP1 and MN1. The current through MP1 is then
multiplied by the ratio of MP1 and total sleep transistor
size S, allowing precise current control during the power-
mode transition of the sleep transistor. When the Vpg is
reduced significantly, the complete turn-on state is initi-
ated and |Vgs| becomes VDD.

4. Simulation Results

In this section, several parameters are defined to char-
acterize the effects of inductive noise caused by the transi-
tion between active and standby modes implemented with
a power gating structure. Then, in terms of these parame-
ters, the proposed power gating structure is compared to a
conventional one by simulating the circuits fixtured in two
package models.

Figure 7 shows the block diagram of the circuit used for
the comparison and parameters defined to characterize the
impact of inductive noise caused by the power-mode tran-
sition. The circuit is the same as implemented on the test
chip, described in Section 2. Vi voor and Vmax voor
are, respectively, the lowest and highest voltage levels of
the bounce on the VDDL rail. Vmin/enoL and Vuax/enoL
are, respectively, the lowest and highest voltage levels of
the bounce on the GNDL rail. Ts is the minimum time re-
quired for both the VDDL and GNDL rails to be stabilized
within + 5% of nominal and defines the minimum delay
before the ALU will operate at its specified performance.
The measurement of Ts is started at the falling edge of
TURN_ON signal of each power gating structure.
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Figure 8. Electrical characteristics of (a) DIP-40 and
(b) PGA108M packages supported by MOSIS.

Experimental simulations are made with VDD fixed
at 1.5V and are repeated with MOSIS DIP-40 and
PGA108M package models of Figure 8.

Table 1. Relative inductive noise reduction.

[ MOSIS DIP-40 | MOSIS 108PGA
VMAX/VDDL 79.09% 79.36%
VMIN/VDDL 67.53% 67.66%
VMAX /GNDL 50.76% 56.21%
VMIN/GNDL 76.72% 83.39%

| Ts [ 7444% ] 78.55% ]

The simulation results, in which the size of the transis-
tors in the stepwise voltage generation part of our power
gating structure is tuned for the intermediate voltage of
SLEEP_CTRL and AT to be set as 0.8V and 6.0 ns, are
summarized in Table 1. Values shown for all parame-
ters are performance gains, i.e. reduced bounce or turn-
on latency, of the proposed power gating structure rela-
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tive to the conventional one. In particularly, the maximum
magnitude of voltage glitches on power rails in the 40-bit
ALUs with our power gating structure is reduced by up to
79.09% and 83.39%, respectively, compared to the ALU
with conventional one. At the same time, the time required
for power rails to stabilize is reduced by up to 74.44% and
78.55%, depending on package models.

5. Conclusions

This paper investigates the inductive noise caused by
instantaneous charge current through a sleep transistor
during the mode transition of the power gating structure.
We propose a novel power gating structure in which the in-
ductive noise is reduced through gradual turn-on an turn-
off of its sleep transistor. In PowerSpice simulation with
different package models, our power gating structures re-
duce the magnitude of voltage fluctuations in the power
rails, as well as the time required to stabilize them.
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