2006 Bipolar/BiCMOS Circuits
and Technology Meeting
Proceedings

Maastricht, Netherlands
8-10 October 2006

< IEEE IEKE Catalog Number:  06CHI813



Copyright © 2006 by The Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source. Libraries are
permitted to photocopy beyond the limit of U.S. copyright law for private use of patrons those articles in
this volume that carry a code at the bottom of the first page, provided the per-copy fee indicated in the
code is paid through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republications permission, write to IEEE Copyrights Manager, IEEE
Operations Center, 445 Hoes Lane, Piscataway, New Jersey USA 08854. All rights reserved.

IEEE Catalog Number: 06CH37813
ISBN: 1-4244-0458-4
ISSN: 1088-9299

Additional Copies of This Publication Are Available from:

IEEE Service Center
445 Hoes Lane
Piscataway, NJ 08854
IEEE Service Center
445 Hoes Lane
Piscataway, NJ 08854
Phone: (800) 678-IEEE
(732) 981-1393
Fax: (732) 981-9667
E-mail: customer-service(@ieee.org

ii



Table of Contents

Linearization Techniques at the Device and Circuit Level 1
L.C.N. de Vreede and M.P. van der Heijden

Linear Efficiency Load-pull Measurements on GaAs HBT versus Si BJT for EDGE and OFDM Modulation............... 9
L.C.M van den Oever, R.M. Heeres, H.F.F. Jos

Analysis of Temperature Modulation on a SiGe Power Amplifier Non Linearity 13
L. Leyssenne, J. M. Pham, P. Jarry, E. Kerhervé, and Daniel Saias

MEMS-Based Reconfigurable Multi-band BiCMOS Power Amplifier 17

A.J M. de Graauw, P.G. Steeneken, C. Chanlo, J. Dijkhuis, S. Pramm, A. van Bezooijen, H.K.J. ten Dolle, F. van Straten,
P. Lok

Miniaturized Quad-Band Front-End Module for GSM using Si BICMOS and Passive Integration
Technologies 21
A.JM. de Graauw, A. van Bezooijen, C. Chanlo, A. den Dekker, J. Dijkhuis, S. Pramm, and H.K.J. ten Dolle

Physical Description of the Mixed-Mode Degradation Mechanism for High Performance Bipolar
Transistors 25
T. Vanhoucke, G.A.M. Hurkx, D. Panko, R. Campos, A. Piontek, P. Palestri, L. Selmi

Analysis of Factors Contributing to Common-Base Avalanche Instabilities in Advanced SiGe HBTs...........c.ccoeuenene 29
Curtis M. Grens, John D. Cressler, and Alvin J. Joseph

Electrothermal Phenomena in Bipolar Transistors and ICs: Analysis, Modeling, and Simulation 33
N. Rinaldi, V. D’Alessandro, and F. M. De Paola

Reliability Issues in SiGe HBTs Fabricated on CMOS-Compatible Thin-Film SOI 41
Marco Bellini, Tianbing Chen, Chendong Zhu, John D. Cressler, and Jin Cai

Unified Analysis of Degraded Base Current in SiGe:C HBTs after Reverse and Forward Reliability Stress................. 45
M. Ruat, N. Revil, G. Pananakakis and G. Ghibaudo

A BiCMOS Technology Featuring a 300/330 GHz (fT / fmax) SiGe HBT for Millimeter Wave Applications ............... 49

B. A. Orner, M. Dahlstrom, A. Pothiawala, R. M. Rassel, Q. Liu, H. Ding, M. Khater, D. Ahlgren, A. Joseph, J. Dunn

A 0.13pm thin SOI CMOS technology with low-cost SiGe:C HBTs and complementary high-voltage

LDMOS 53
L. Boissonnet, F. Judong, B. Vandelle, L. Rubaldo, P. Bouillon, D. Dutartre, A. Perrotin, G. Avenier, P. Chevalier,

A. Chantre and B. Rauber

A 205/275GHz fT/fmax Airgap Isolated 0.13pm BiCMOS Technology featuring on-chip High Quality

Passives 57
S. Van Huylenbroeck, L. J. Choi, A. Sibaja-Hernandez, A. Piontek, D. Linten, M. Dehan, O. Dupuis, G. Carchon, F. Vieugels,
E. Kunnen, P. Leray, K. Devriendt, X. P. Shi, R. Loo, E. Hijzen and S. Decoutere

Simultaneus Integration of SiGe High Speed Transistors and High Voltage Transistors 61
R K. Vytla, T.F. Meister, K. Aufinger, D. Lukashevich, S. Boguth, H. Knapp, J. Bock, H. Schafer and R. Lachner

RF, Analog and Mixed Signal Technologies for Communication ICs - An ITRS Perspective 65
W. Margaret Huang, Herbert S. Bennett, Julio Costa, Peter Cottrell, Anthony A. Immorlica Jr., Jan-Erik Mueller,
Marco Racanelli, Hisashi Shichijo, Charles E. Weitzel, and Bin Zhao

A High-Slew Rate SiGe BiCMOS Operational Amplifier for Operation Down to Deep Cryogenic

Temperatures 72
Ramkumar Krithivasan, Yuan Lu, Laleh Najafizadeh, Chendong Zhu, John D. Cressler, Suheng Chen, Chandradevi
Ulaganathan, and Benjamin J. Blalock

86dB. 10Gb/s SiGe Transimpedance Amplifier Using Photodiode Capacitance Neutralization and Vertical

Threshold Adjustment 76
Adrian Maxim
A 70 MHz - 4.1 GHz 5th-Order Elliptic gm-C Low-Pass Filter in Complementary SiGe Technology.........cccoeersersunenn 80

Yuan Lu, Ramkumar Krithivasan, Wei-Min Lance Kuo, Xiangtao Li, John D. Cressler, Hans Gustat, and Bernd Heinemann

iii



Table of Contents

A 3.5GHz Low Power Programmable Transversal Filter RFIC Implemented in 47GHz SiGe Technology..........ccccu. 84
Vasanth Kakani, Xuefeng Yu, Foster F. Dai, Richard C. Jacger

SiGe BiCMOS Precision Voltage References for Extreme Temperature Range Electronics 88
Laleh Najafizadeh, Chendong Zhu, Ramkumar Krithivasan, John D. Cressler, Yan Cui, Guofu Niu, Suheng Chen ,
Chandradevi Ulaganathan , Benjamin J. Blalock , and Alvin J. Joseph

Quantitative Analysis of Errors in On-Wafer S-Parameter Deembedding Techniques for High Frequency

Device Modeling 92
Rob Groves, Jing Wang, Lawrence Wagner and Ava Wan
BJT Base and Emitter Resistance Extraction from DC Data 96

Colin C. McAndrew

Simultaneous Extraction of Collector and Substrate Series Resistance by Simple DC Measurement..............ccccceeueuees 100
Tianbing Chen, Tracey L. Krakowski, Andy Strachan, Yun Liu, Alexei Sadovnikov, and Je Babcock

Joint Extraction of the Base and Collector Resistances with the Base-Collector Capacitance Split of
HBT/BJT Transistors 104
Z. Huszka, E. Seebacher and W. Pflanzl

Compact Modeling of GaAs Heterojunction Bipolar Transistors using the new Mextram 3500 model 108
R. van der Toorn, J.C.J. Paasschens, J.J. Dohmen, R M.T. Pijper

Substrate Current Injection and Latchup in Complementary Vertical Bipolar Processes 112
Andy Strachan

10A 12V 1 chip DC/DC converter IC using bump technology 118

Kazutoshi Nakamura, Kenichi Matsushita, Norio Yasuhara, Koichi Endo, Fumito Suzuki, Morio Takahashi and
Akio Nakagawa

High RF performances asymmetric spacer NLDMOS integration in a 0.25um SiGe:C BiCMOS Technology............ 122
Bertrand Szelag, Dorothée Muller, Jocelyne Mourier, Caroline Arnaud, Halim Bilgen, Fabienne Judong, Alexandre Giry,
Denis Pache, Agustin Monroy

A Modular 0.18 um Analog / RFCMOS Technology Comprising 32 GHz FT RF-LDMOS and 40V

Complementary MOSFET Devices 126
Zachary Lee, Robert Zwingman, Jie Zheng, Will Cai, Paul Hurwitz, and Marco Racanelli

A Concurrent Fully-Integrated BiFET LNA for W-CDMA/IEEE 802.11a Applications 130
C. P. Moreira, E. Kerherve, P. Jarry, D. Belot

A 77 GHz (W-band) SiGe LNA with a 6.2 dB Noise Figure and Gain Adjustable to 33 dB 134
Ralf Reuter, Yi Yin

A 5GHz Series Coupled BiCMOS Quadrature VCO with Wide Tuning Range 138
Vasanth Kakani, Foster F. Dai and Richard C. Jaeger

Design and Scaling of SiGe BiCMOS VCOs Above 100GHz 142
S. T. Nicolson, K.H.K Yau, K.A. Tang, P. Chevalier, A. Chantre, B. Sautreuil, and S. P. Voinigescu

Turn-On Voltage Control in BSCR and LDMOS-SCR by the Local Blocking Junction Connection ............coeeerueennens 146

V.A. Vashchenko and P.J. Hopper
Deep Trench NPN Transistor for Low-RON ESD Protection of High- Voltage I/Os in Advanced Smart

Power Technology 150
A. Gendron, C. Salamero, N. Nolhier, M. Bafleur, P. Renaud, P. Besse

GaAs HBT ESD Diode Layout and its Relationship to Human Body Model Rating 154
Douglas A. Teeter, Kathy Muhonen, David Widay, Mike Fresina

Human Body Model ESD Protection of RF Bipolar Circuits 158

Paul Davis and Brian Horton

Characterization and Modeling of Intermodulation Linearity in a 200 GHz SiGe HBT Technology ........cccccoeveseesunene 162
Guofu Niu, Ying Li, Zhiming Feng, Jun Pan, and David C. Sheridan

iv



Table of Contents

Impact of Collector-Base Space Charge Region on RF Noise in Bipolar Transistors 166
Kejun Xia and Guofu Niu
SiGe Profile Optimization for Improved Cryogenic Operation at High Injection 170

Yan Cui, Guofu Niu, Yun Shi, Chendong Zhu, Laleh Najafizadeh and John D. Cressler, and Alvin Joseph

Influence of the Ge Profile on VBE and Current Gain Mismatch in Advanced SiGe BICMOS NPN HBT
with 200 GHz T 174
M. Dahlstrom, K. Walter, S. Von Bruns, R.M. Malladi, Kim M. Newton and A.J. Joseph

Substrate Transfer: an Enabling Technology for System-in-Package Solutions 178
R. Dekker

Above IC RF MEMS and BAW filters: fact or fiction? 186
P. Ancey

Lithography for the 32-nm Node and Beyond 191
J. N. Burghartz, M. Irmscher, F. Letzkus, J. Kretz, and D. Resnick

Applications of SiGe Material for CMOS and Related Processing 196
S.Monfray, T.Skotnicki, P.Coronel, S.Harrison, D.Chanemougame, F.Payet, D.Dutartre, A.Talbot, S.Borel

Design and Modeling of mm-Wave Monolithic Transformers 203
Tak Shun D. Cheung and John R. Long

Lumped Modeling of Differentially Driven Symmetric Inductors for RF IC Design 207
E. Ragonese, A. Scuderi, T. Biondi, A. Italia, and G. Palmisano

Demonstration of three-dimensional 35nF/mm?> MIM Capacitor integrated in BiCMOS Circuits 211
JC. Giraudin, F. Badets, JP. Blanc, E. Chataigner, A. Bajolet, T. Jagueneau, C. Rossato and P. Delpech

Integrated BICMOS 10 GHz S-Parameter Module 215
Jangsup Yoon, Robert M. Fox, and William R. Eisenstadt

RF Switch on Standard SiGe-CMOS Technology for System-on-a-chip Radio Transceivers 219
Domenico Zito and Bruno Neri

SiGe BiCMOS for Analog, High-Speed Digital and Millimetre-Wave Applications Beyond 50 GHz..................cccuu.... 223

S.P. Voinigescu, T. Chalvatzis, K. H.K. Yau, A. Hazneci, A. Garg, S. Shahramian, T. Yao, M. Gordon, T.O. Dickson,
E. Laskin, S.T. Nicolson, A.C. Carusone, L. Tchoketch-Kebir, O. Yuryevich, G. Ng, B. Lai, and P. Liu

A 64-bit High-Speed Read-Write Look-Up Table Memory Implemented in GaAs HBT 231
Andre G. Metzger and Peter M. Asbeck
Low-Power, Low-Phase Noise SiGe HBT Static Frequency Divider Topologies up to 100 GHz 235

E. Laskin, S. T. Nicolson, P. Chevalier, A. Chantre, B. Sautreuil, S. P. Voinigescu
A Low Power 12.5Gb/s SiGe Limiting Amplifier Using a Feed-forward Adjustable Threshold Loss-Of-

Signal Detector 239
A. Maxim, D. Smith
250-GHz self-aligned Si/SiGeC HBT featuring an all-implanted collector 243

P. Chevalier, C. Raya, B. Geynet, F. Pourchon, F. Judong, F. Saguin, T. Schwartzmann, R. Pantel, B. Vandelle, L. Rubaldo,
G. Avenier, B. Barbalat, and A. Chantre

Development of a Cost-Effective, Selective-Epi, SiGe:C HBT Module for 77GHz Automotive Radar ..........cccccevveuen. 247
Jay P. John, Jim Kirchgessner, Matt Menner, Hernan Rueda, Francis Chai, Dave Morgan, Jill Hildreth, Morgan Dawdy,
Ralf Reuter, and Hao Li

Experimental Study of Metallic Emitter SiGeC HBTs 251
B. Barbalat, F. Judong, L. Rubaldo, P. Chevalier, M. Proust, C. Richard, G. Borot, B. Vandelle, F. Saguin, D. Dutartre,
N. Zerounian, F. Aniel and A. Chantre

Schottky Barrier Diodes for Millimeter Wave SiGe BICMOS Applications 255
R.M. Rassel, J.B. Johnson, B.A. Orner, S.K. Reynolds, M.E. Dahlstrom, J.S. Rascoe, A.J. Joseph, B.P. Gaucher, J.S. Dunn,
S.A. St. Onge




Table of Contents

High Performances 3D Damascene MIM Capacitors Integrated in Copper Back-End Technologies.........cc.ccovverersneens 259
S. Crémer, C. Richard, D. Benoit, C. Besset, J.-P. Manceau, A. Farcy, C. Perrot, N. Segura, M. Marin, S. Bécu, S. Boret,
M. Thomas, S. Guillaumet, A. Bonnard, P. Delpech and S. Bruyére

5.8 GHz RF Transceiver LSI Including On-Chip Matching Circuits 263
Minoru Nagata, Hideaki Masuoka, Shin-ichi Fukase, Makoto Kikuta, Makoto Morita, Nobuyuki Itoh
5-GHz WLAN Standards Compliant Image Reject Radio Receiver on Low-cost SiGe-CMOS Technology ................ 267

Domenico Zito and Bruno Neri

A SiGe BiCMOS 9.75/10.6GHz Frequency Synthesizer for DBS Satellite LNB Down-Converters Using Half-
Rate Oscillators 271
A. Maxim, M. Gheorghe, C. Turinici

Ruggedness Improvement by Protection 275
André van Bezooijen, Anton de Graauw, Lennart Ruijs, Skule Pramm, Christophe Chanlo, Henk Jan ten Dolle,
Freek van Straten, Reza Mahmoudi, and Arthur H. M. van Roermund

Compact Modeling of High Frequency Correlated Noise in HBT's 279
P.Sakalas, J Herricht, A.Chakravorty, M.Schroter

Modeling of Intrinsic Base Majority Carrier Thermal Noise for SiGe HBTs Including Fringe BE Junction

Effect 283
Kejun Xia and Guofu Niu

Fully coupled dynamic self heating model for power SOI Lateral Insulated Gate Bipolar Transistors............cceeceuee.. 287
S. Gamage, V. Pathirana and F. Udrea

A Broadband and Scalable On-Silicon-Chip Inductor Model for Varying Substrate Resistivities 291

J C.GuoandT. Y. Tan

vi





