
27th annual 
proceedings 

reliability 
physics 

Phoenix, Arizona April 11, 12, 13, 1989 

Sponsored by 

the IEEE Electron Devices Society and 

the IEEE Reliability Society 

IEEE Catalog No. 89CH2650-0 
Library of Congress Catalog Card No. 82-640313 

Copyright O 1989 by the Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th St., New York, N.Y. 10017 



1989 INTERNATIONAL RELIABILITY PHYSICS SYMPOSIUM 

SYMPOSIUM OFFICERS 
GENERAL CHAIRPERSON ............................................................... B. L. Euzent, Intel 

..................... VICE GENERAL CHAIRPERSON W. H. Schroen, Texas Instruments 
........................................................................................ SECRETARY J. M. Towner, Xicor 

FINANCE ................................................................................................. D. A. Baglee, Intel 

SYMPOSIUM COMMIlTEE CHAIRPERSONS 
TECHNICAL PROGRAM ............................................. P. E. Kennedy, Hughes Aircrafi 
PUBLICITY ........................................................................................ H. A Schafft, NIST 
REGISTRATION ................................................................................ B. A. Moore, RADC 
ARRANGEMENTS .............................................................................. R. C. Blish, 11, Intel 
AUDIO-VISUAL .......................................................... C. A. Duwury, Texas Instruments 
PUBLICATIONS .................................... D. Feliciano-Welpe, Oneida Research Sewices 
EQUIPMENT DEMONSTRATIONS ........................................ G. A. Scoggan, IBM 
CONSULTANT ................................................................... R. C. Walker, SAR Associates 
CONSULTANT ......................................................... D. F. Barber, Scien-Tech Associates 

BOARD OF DIRECTORS 
B. L. Euzent A. L. Tamburrino 

Intel RADC 

L. A Kasprazak R. W. Thomas 
IBM RADC 

N .  McAfee M .  H Woods 
Westinghouse Electric Co. Intel 

W. H. Schroen 
Texas Instruments 

Published by the 

ELECTRON DEVlCE SOCIETYAND RELIABILITYSOCIETY 

of the 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC. 

Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the limits of US. 
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 the Copyright Clearance Center, 21 Congress 
Street, Salem, MA 01970. Instructors are permitted to photocopy isolated articles for noncommercial classroom 
use without fee. For other copying, reprint or republication permission, write to Director, Publishing Services, 
IEEE, 345 East 47th Street, New York, NY 10017. All rights resewed. Copyright O 1989 by the Institute of 
Electrical and Electronics Engineers, Inc. 



TABLE OF CONTENTS 

DIELECTRIC RELIABILITY 
Session Chairperson: N. Mielke, Co-Chairperson: Eiji Takeda 

Time Dependent Dielectric Breakdown of 210A Oxides 
............................................................................ ..................................... KC. Boyko and D.L. Gerlach .... 1 

A Study of the Breakdown Testing of Thermal Silicon Oxides and the Effects of Preoxidation 
Surface Treatment 

D.B. Kao, B.E. Deal, J.M. deLarios and C.R. Helms ............................................................................. .9 

Interface Degradation and Dielectric Breakdown of Thin Oxides Due to Homogeneous Charge 
Injections 

M. Kerber and U. Schwalke ................................................................................................................. 17 

Interface State Generation Due to Election Tunneling into Thin Oxides 
Y. Ozawa, M. Iwase and A. Toriumi ....................................................................................................... 22 

Polarity Dependence of Thin Oxide Wearout 
D.J. Dumin, KJ. Dickerson, M.D. Hall and G.A. Brown .................................................................... 28 

Effect of Mechanical Stress For Thin Si02 Films in TDDB and CCST Characteristics 
Y. Ohno, A. Ohsaki, T. Kaneoka, J. Mitsuhashi, M. Hirayama and T. Kato .................................... 34 

Extensions of the Effective Thickness Theory of Oxide Breakdown 
D.J. Coleman, Jr., W.R. Hunter, G.A. Brown and 1.-C. Chen ............................................................ 39 

FAILURE ANALYSIS, SPECIAL DEVICES and ESD 
Session Chairperson: Steve Groothuis, Co-Chairperson: Wallace Anderson 

New Applications 'of Focused Ion Beam Technique to Failure Analysis and Process 
Monitoring of VLSI 

.................................................. K. Nikawa, K. Nasu, M. Murase, T. Kaito, T. Adachi, and S. Inoue 43 t- 1 

A New Reliability Problem Associated with Ar Ion Sputter Cleaning of Interconnect Vias 
H. Tomioka, S.4. Tanabe and K. Mizukami .......................................................................................... 53 

Analysis of Aluminum Gallium Arsenide Laser Diodes Failing Due to Nonradiative Regions 
Behind the Facets 

W.J. Fritz, L.B. Bauer, and C.S. Miller ................................................................................................. 59 1 7.j 

Aging Effects in GaAs Schottky Barrier Diodes 
KA. Christianson ....................................................................................................................................... 65 

ESD Phenomena in Graded Junction Devices 
,- 

C. Duwury, R.N. Rountree, H.J. Stiegler, T. Polgreen, and D. Corum ............................................ 71 t,.) 

Internal ESD Transients in Input Protection Circuits 
..................................................................................................................................... Y. Fong and C. Hu 77 7'- 6 

iii 



HOT-CARRIER EFFECTS I 
Session Chairperson: Cary Yang, Co-Chairperson: Bob Yun 

The Effect of Minute Impurities(H,OH,F) on Si02/Si Interface Investigated by Nuclear 
Resonant Reaction and Electron Spin Resonance 

Y. Ohji, Y. Nishioka, K. Yokogawa, K. Mukai, Q. Qiu, E. Arai, and 
T. Sugano ................................................................................................................................................ 82 3 r 

Kinetics of Hot-Carrier Effects for Circuit Simulation 
S. Aur .................................................................................................................................................... 88 

Low-Voltage Hot-Electron Currents Degradation in Deep Submicrometer MOSFETs 
J. Chung, M.-C. Jeng, J.E. Moon, P.K. KO, and C. Hu ......................................................................... 92 55 

Hot-Carrier Degradation in P-Channel MOSFETs 
S.W. Mittl, and M.J. Hargrove ............................................................................................................ 98 

An Investigation of the Time Dependence of Current Degradation in MOS Devices 
'1 ,; R. Rakkhit, M.C. Peckerar, and C.T. Yao ........................................................................................... 103 ... 

Hot-Carrier-Induced Latchup and TrappingDetrapping Phenomena 
,..? ; < .  C.M. Wang, J.J. Tzou, P. Tan, and C.Y. Yang ..................................................................................... 110 .J& 

PACKAGING ISSUES 
Session Chairperson: Gene Gottlieb, 

Co-Chairperson: Melanie lannuzzi-Glogovsky 

HAST Applications: Acceleration Factors and Results for VLSI Components 
> ' 

D.D. Danielson, G.Marcyk, E. Babb and S. Kudva ............................................................................ 1 4  - I  

Improved EPROM Moisture Performance Using Spin-On-Glass (SOG) for Passivation 
Planarization 

I. Gaeta and KJ. Wu ............................................................................................................................... 122 

On-Chip Measurement of Package-Related Metal Shift Using an Integrated Silicon Sensor 
A. Bossche ............................................................................................................................................ 2 7  ' J  3 

The Impact of Wafer Back Surface Finish on Chip Strength 
T.B. Lim ..................................................................................................................................................... 131 

A Reliability Study of Au-Sn Eutectic Bonding with GaAs Dice . . 
G.S. Matljasevic and C.C. Lee ................................................................................................................ 137 ; I <-* 

Electrical Overstress of Nonencapsulated Bond Wires . p' R. King, C. Van Schaick and J. Lusk ..................................................................................................... 141 
-d 

DEVICE RELIABILITY 
Session Chairperson: Walter Slusark, Co-Chairperson: David Gibson 

Angled Implant Fully Overlapped LDD (AI-FOLD) NFETS for Performance and Reliability 
A. Bryant, T, Furukawa, J. Mandelman, S. Mittl, W. Noble, E. Nowak, 
W. Wade, S. Ogura, and M. Wordeman ....................................... -52 5 1 



Long Term Reliability of SiO /SiN/Si02 Thin Layer Insulator Formed in 9pm Deep Trench on P High Boron Concentrated Si Icon 
S. Murata, S. Kuroda, 0. Enomoto, A. Nishimura, H. Kitagawa 
and S. Hasegawa ................................................................................................................................... 8 ,< 

Reliability Aspects of Laser Programmable Redundancy: Infrared vs. Green, Polysilicon vs. 
Silicide 

............................................................................................................ J.D. Chlipala and L.M. Scarfone 163 

Fatigue Mechanisms in Thin Film Potassium Nitrate Memory Devices 
A K  Kulkarni, G.A. Roher, L.D. McMillan and S.E. Adams .......................................................... 7 1  54 

HOT-CARRIER EFFECTS II 
Session Chairperson: Wendell Noble 

P-MOSFET Gate Current and Device Degradation 
................................................................................................ T.-C. Ong, K Seki, P.K KO, and C. Hu 178 b f 

+ + Oxide Charge Trapping and HCI Susceptibility of a Submicron CMOS Dual-Poly (N /P ) 
Gate Technology 

S.W. Sun, K-Y. Fu, C. Swift, and J.R. Yeargain ................................................................................. 183 

Hot-Carrier Induced Instability of 0.5 pm CMOS Devices Patterned Using Synchrotron X-ray 
Lithography 

........................................ C.C.-H. Hsu, L.K. Wang, J.Y.-C. Sun, M.R. Wordeman, and T.H. Ning 8 1 3 

ELECTROMIGRATION and METALLIZATION 
Session Chairperson: John Yue, Co-Chairperson: Giorgio Riga 

Stress Driven Diffusive Voiding of Aluminum Conductor Lines 
.......................................................................................... F.G. Yost, D.E. Amos and AD. Romig, Jr 193 7 1 

Effects of Copper and Titanium Addition to Aluminum Interconnects on Electro- and Stress- 
Migration Open Circuit Failure 

T. Hosoda, H. Yagi and H. Tsuchikawa ............................................................................................... 202 

Electromigration of Ionized Cluster Beam Deposited Aluminum Metallizations 
R. E. Hummel ....................................................................................................................................... 0 7  ? 1 

2 

The Properties of Al-Cu/Ti Films Sputter Deposited at Elevated Temperatures and High DC 
Bias 

................................................... T. Hariu, K Watanabe, M. Inoue, T. Takada and H. Tsuchikawa 210 

Electromigration Interconnect Lifetime Under AC and Pulse DC stress 
7 

B.K Liew, N.W. Cheung and C. Hu ...................................................................................................... 215 ; $- 

Characterization of Electromigration Under Bidirectional (BC) and Pulsed Unidirectional 
(PDC) Currents 

J.A. Maiz .................................................................................................................................................... 220 

The Electromigration Damage Response Time and Implications for DC and Pulsed 
Characterizations 

J.S. Suehle and H.A. Schafft ............................................................................................................... 229 7.7 


