1/2

2018 IEEE International Reliability
Physics Symposium (IRPS 2018)

Burlingame, California, USA
11 - 15 March 2018

Pages 1-462

I E E E IEEE Catalog Number: CFP18RPS-POD
° ISBN: 978-1-5386-5480-4



Copyright © 2018 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 republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP18RPS-POD
ISBN (Print-On-Demand): 978-1-5386-5480-4
ISBN (Online): 978-1-5386-5479-8
ISSN: 1541-7026

Additional Copies of This Publication Are Available From:

Curran Associates, Inc
57 Morehouse Lane
Red Hook, NY 12571 USA

Phone: (845) 758-0400

Fax: (845) 758-2633

E-mail: curran@proceedings.com
Web: www.proceedings.com

proceedings

.com



TABLE OF CONTENTS

THE PHYSICS OF NBTI: WHAT DO WE REALLY KNOW? (INVITED)....ccociiitiiiirinisieeet ettt 1
James H. Stathis

CHARACTERIZATION AND PHYSICAL MODELING OF THE TEMPORAL EVOLUTION OF NEAR-

INTERFACIAL STATES RESULTING FROM NBTI/PBTI STRESS IN NMOS/PMOS TRANSISTORS ......cocoiiiiiiirircrenenene 5
T. Grasser, B. Stampfer, M. Waltl, G. Rzepa, K. Rupp, F. Schanovsky, G. Pobegen, K. Puschkarsky, H. Reisinger, B. O'Sullivan, B.
Kaczer

SELF-HEATING-AWARE CMOS RELIABILITY CHARACTERIZATION USING DEGRADATION MAPS ..o 15
E. Bury, A. Chasin, B. Kaczer, K.-H. Chuang, J. Franco, M. Simicic, P. Weckx, D. Linten

CAP LAYER AND MULTI-WORK-FUNCTION TUNING IMPACT ON TDDB /BTI IN SOI FINFET DEVICES...........cccccovuen. 21
Wen Liu, Andreas Kerber, Fernando Guarin, Claude Ortolland

THE EFFECTS OF RADIATION ON THE TERRESTRIAL OPERATION OF SIC MOSFETS (INVITED)......cccoceeiiinirinenenene 26
Akin Akturk, James McGarrity, Neil Goldsman, Daniel J. Lichtenwalner, Brett Hull, Dave Grider, Richard Wilkins

RELIABILITY STUDIES OF SIC VERTICAL POWER MOSFETS (INVITED) .....cccctiiiiitinnseeene s 31

Daniel J. Lichtenwalner, Brett Hull, Edward Van Brunt, Shadi Sabri, Donald A. Gajewski, Dave Grider, Scott Allen, John W.
Palmour, Akin Akturk, James McGarrity

SIC POWER MOSFET GATE OXIDE BREAKDOWN RELIABILITY - CURRENT STATUS (INVITED) ...ccooveiviirierncieenne 37
Kin P. Cheung

DEFECTS AFFECTING SIC POWER DEVICE RELIABILITY (INVITED) ...ccooiiiiiiiieieetneeee e 42
R. E. Stahlbush, N. A. Mahadik

SYSTEM-LEVEL DESIGN FOR ESD PROTECTION ON MULTIPLE 10 INTERFACES (INVITED) ......coovoeiiinrnriccicicieins 46
Pengyu Wei, Javad Meiguni, David Pommerenke

STOCHASTIC MODELING OF AIR ELECTROSTATIC DISCHARGE PARAMETERS ..ottt 54

Yang Xiu, Samuel Sagan, Advika Battini, Xiao Ma, Maxim Raginsky, Elyse Rosenbaum
AN INTEGRAL INJECTOR-VICTIM CURRENT TRANSFER MODEL FOR LATCHUP DESIGN RULE

(O] I 1V 742N I 1 LRSS UP PSP 64
Guido Quax, Theo Smedes

LATCH-UP IN FINFET TECHNOLOGIES (INVITED) ...ttt ettt 74
Krzysztof Domanski

INSIGHTS INTO METAL DRIFT INDUCED FAILURE IN MOL AND BEOL ....ccoocoiiiieiieeniee et 79

C. Wu, O. Varela Pedreira, A. Lesniewska, Y. Li, I. Ciofi, Z. Tokei, K. Croes

TIME-DEPENDENT DIELECTRIC BREAKDOWN STATISTICS IN SIO, AND HFO, DIELECTRICS:

INSIGHTS FROM A MULTI-SCALE MODELING APPROACH ..ottt sttt st nenennne 86
Andrea Padovani, Luca Larcher

ELAPSED-TIME STATISTICS OF SUCCESSIVE BREAKDOWN IN THE PRESENCE OF VARIABILITY

FOR DIELECTRIC BREAKDOWN IN BEOL/MOL/FEOL APPLICATIONS ..ottt nens 93
Ernest Y. Wu, Andrew Kim, Baozhen Li, James H. Stathis

STUDY ON MECHANISM OF THERMAL CURING IN ULTRA-THIN GATE DIELECTRICS ........cccoiiiiii et 101
Yuichiro Mitani, Yusuke Higashi, Yasushi Nakasaki

NEW METHODOLOGY FOR MODELLING MOL TDDB: COPING WITH VARIABILITY ..ot 109

Philippe J. Roussel, Adrian Chasin, Steven Demuynck, Naoto Horiguchi, Dimitri Linten, Anda Mocuta

BRIEF HISTORY OF JEDEC QUALIFICATION STANDARDS FOR SILICON TECHNOLOGY AND THEIR

APPLICABILITY(?) TO WBG SEMICONDUCTORS (INVITED) ......cttitiitiieiiinisisieieiestesi ettt s 115
J. M. McPherson

PHYSICAL FAILURE ANALYSIS METHODS FOR WIDE BAND GAP SEMICONDUCTOR DEVICES

(INVITED) <ottt 4 b h 5240 H b h 8 £ 452 E b E 21 £ £ E b Eeh £ EE b b H £ b b e b e R s e A e e bbb bbbt b bbbt n bt 123
Andreas Graff, Michél Simon-Najasek, David Poppitz, Frank Altmann

CHALLENGES TO REALIZE HIGHLY RELIABLE SIC POWER DEVICES: FROM THE CURRENT

STATUS AND ISSUES OF SIC WAFERS (INVITED) ....ovitititiiiieteict sttt ettt ettt 131
Junji Senzaki, Shohei Hayashi, Yoshiyuki Yonezawa, Hajime Okumura

EVALUATION METHODOLOGY FOR CURRENT COLLAPSE PHENOMENON OF GAN HEMTS

(INVITED) <ottt h 88 E 04 £ e E b H 2864028 H 8218 £ R b E R 88 b b £ R £ E e E e bR A e A e e e b b e bbb bbbt n et 137
Toru Sugiyama, Kohei Oasa, Yasunobu Saito, Akira Yoshioka, Takuo Kikuchi, Aya Shindome, Tatsuya Ohguro, Takeshi Hamamoto

UNDERSTANDING AND MODELING TRANSIENT THRESHOLD VOLTAGE INSTABILITIES IN SIC

IMOSFETS (INVITED) ..ottt b st b 88820 £ b8 R £ E bR e 8 E bRt E e e e R bRt b bbbt bbb s 142
Katja Puschkarsky, Tibor Grasser, Thomas Aichinger, Wolfgang Gustin, Hans Reisinger

MANAGING ELECTRICAL RELIABILITY IN CONSUMER SYSTEMS FOR IMPROVED ENERGY

L [ 1 1N 2SO RPRSSRS 152
V. Huard, S. Mhira, A. Barclais, X. Lecocq, F. Raugi, M. Cantournet, A. Bravaix

MACHINE LEARNING BASED DYNAMIC CAUSE MAPS FOR CONDITION MONITORING AND LIFE

LRSI I 117N 1 OSSR PRORSSRR 159
Amit A. Kale, Amit Marathe, Ajay Kamath
EXASCALE FAULT TOLERANCE CHALLENGE AND APPROACHES (INVITED)......ccccciitniireetesseieeeesesesieee s 169

Cameron McNairy



AIRPLANE SYSTEM DESIGN FOR RELIABILITY AND QUALITY (INVITED) ..cccootiiitireenirsise et 179
Anapathur V. Ramesh, Shilpa M. Reddy, Dan K. Fitzsimmons

MACHINE-LEARNED ASSESSMENT AND PREDICTION OF ROBUST SOLID STATE STORAGE SYSTEM

RELITABILITY PHYSICS ...tttk b e bbbt e h 4 b b b8 A e e bt e b et e bt b e b e b bt e b e st e e et et e st b e e et e s b e e ene e 187
Jay Sarkar, Cory Peterson, Amir Sanayei

STATISTICAL MODELING AND RELIABILITY PREDICTION FOR TRANSIENT LUMINANCE

DEGRADATION OF FLEXIBLE OLEDS ........ctiiiiiiitieteieie ettt ettt b ettt b ek et b e s b et st s e sb et b et s b e ene e 195
Heejin Kim, Hayeon Shin, Jiyoung Park, Youngtae Choi, Jongwoo Park
IN-SITU CALIBRATION OF MEMS INERTIAL SENSORS FOR LONG-TERM RELIABILITY (INVITED).....cccocoosviininnnne 201

Sachin Nadig, Amit Lal

RESILIENT AUTOMOTIVE PRODUCTS THROUGH PROCESS, TEMPERATURE AND AGING

COMPENSATION SCHEMIES ..ottt et e e b e b2 b 1e a8 e E e bbb R e R e R bbb e b et e b et b e b bt e b et s et eb et en s 205
S. Mhira, V. Huard, D. Arora, P. Flatresse, A. Bravaix

FAST CHIP AGING PREDICTION BY PRODUCT-LIKE VMIN DRIFT CHARACTERIZATION ON TEST

STRUCTURES
S. E. Liu, G. Y. Chen, M. K. Chen, David Yen, W. A. Kuo, C. S. Fu, Y. S. Tsai, M. Z. Lin, Y. H. Fang, M. J. Lin

RELIABILITY CHARACTERIZATION OF ADVANCED CMOS IMAGE SENSOR (CIS) WITH 3D STACK

AND IN-PIXEL DTI
Younggeun Ji, Jeonghoon Kim, Jungin Kim, Miji Lee, Jaeheon Noh, Taeyoung Jeong, Juhyeon Shin, Junho Kim, Young Heo, Ung
Cho, Hyunchul Sagong, Junekyun Park, Yeonsik Choo, Gilhwan Do, Hoyoung Kang, Eunkyeong Choi, Dongyoon Sun, Chanki
Kang, Sangchul Shin, Sangwoo Pae

DEFECT-ASSISTED SAFE OPERATING AREA LIMITS AND HIGH CURRENT FAILURE IN GRAPHENE

N. K. Kranthi, Abhishek Mishra, Adil Meersha, Harsha B. Variar, Mayank Shrivastava

ON THE ESD BEHAVIOR OF A-SI:H BASED THIN FILM TRANSISTORS: PHYSICAL INSIGHTS, DESIGN

AND TECHNOLOGICAL IMPLICATIONS ...ttt h kbbbt h bbb b se st st et en et b e bbb nnene 225
Rajat Sinha, Prasenjit Bhattacharya, Sanjiv Sambandan, Mayank Shrivastava

CONTACT AND JUNCTION ENGINEERING IN BULK FINFET TECHNOLOGY FOR IMPROVED

ESD/LATCH-UP PERFORMANCE WITH DESIGN TRADE-OFFS AND ITS IMPLICATIONS ON HOT

CARRIER RELIABILITY Lottt ettt ettt ettt a4 e s e s 4esbeebe e 4ee4e et e e se a2 s a8t e s s e s e st e s e e s e ek e ebeeaeeR s ek s e st e st e s b essene e beebeabesbeebeaneeseeneenen 231
Milova Paul, B. Sampath Kumar, Harald Gossner, Mayank Shrivastava
MECHANISM OF SOFT AND HARD BREAKDOWN IN HEXAGONAL BORON NITRIDE 2D DIELECTRICS ..........cccce.... 237

A. Ranjan, N. Raghavan, S. J. O'Shea, S. Mei, M. Bosman, K. Shubhakar, K. L. Pey

THE PHYSICAL MECHANISM INVESTIGATION OF OFF-STATE DRAIN BIAS TDDB AND ITS

IMPLICATION IN ADVANCE HK/MG FINFETS ...ttt ettt bbbt bbb bbbt 243
1. K. Chen, S. C. Chen, S. Mukhopadhyay, D. S. Huang, J. H. Lee, Y. S. Tsai, Ryan Lu, Jun He

AC TDDB EXTENSIVE STUDY FOR AN ENLARGEMENT OF ITS IMPACT AND BENEFIT ON CIRCUIT

LIFETIME ASSESSIMENT ..otttk e b s b b e b0 e b £ s bR bR oA e e E e b et e b et e b e b bt e b et e bt eb et e b b e b s bt e ene e 249
M. Rafik, A. P. Nguyen, X. Garros, M. Arabi, X. Federspiel, C. Diouf
A SYSTEMATIC STUDY OF GATE DIELECTRIC TDDB IN FINFET TECHNOLOGY .....ccootiriereiinrereeeenese e 255

Hyunjin Kim, Minjung Jin, Hyunchul Sagong, Jinju Kim, Ukjin Jung, Minhyuck Choi, Junekyun Park, Sangchul Shin, Sangwoo Pae
SUCCESSIVE BREAKDOWN MODE OF TIME-DEPENDENT DIELECTRIC BREAKDOWN FOR CU

INTERCONNECTS AND LIFETIME ENHANCEMENT UNDER DYNAMIC BIAS STRESS ......cotiiiivierece e 259
Sol-Kyu Lee, Kyung-Tae Jang, Seol-Min Yi, Young-Chang Joo

DEGRADATION OF VERTICAL GAN FETS UNDER GATE AND DRAIN STRESS.......ccoiiiiteisee et 265
M. Ruzzarin, M. Meneghini, C. De Santi, G. Meneghesso, E. Zanoni, M. Sun, T. Palacios

A NOVEL INSIGHT OF PBTI DEGRADATION IN GAN-ON-SI E-MODE MOSC-HEMT .....ccccoeiiiiiieinnieie e 270

W. Vandendaele, X. Garros, T. Lorin, E. Morvan, A. Torres, R. Escoffier, M. A. Jaud, M. Plissonnier, F. Gaillard
COMPREHENSIVE STUDY INTO UNDERLYING MECHANISMS OF ANOMALOUS GATE LEAKAGE

DEGRADATION IN GAN HIGH ELECTRON MOBILITY TRANSISTORS ...ttt s 276
K. Mukherjee, F. Darracq, A. Curutchet, N. Malbert, N. Labat
ON THE ORIGIN OF THE LEAKAGE CURRENT IN P-GATE ALGAN/GAN HEMTS .....c.coiiiiiiieieessree e 285

A. Stockman, E. Canato, A. Tajalli, M. Meneghini, G. Meneghesso, E. Zanoni, P. Moens, B. Bakeroot
SCALING TRENDS AND BIAS DEPENDENCE OF THE SOFT ERROR RATE OF 16 NM AND 7 NM FINFET

L RN SRR 289
Balaji Narasimham, Saket Gupta, Dan Reed, J. K. Wang, Nick Hendrickson, Hasan Taufique
SOFT ERRORS IN 7NM FINFET SRAMS WITH INTEGRATED FAN-OUT PACKAGING.......c.ccceiiiiiieiesecc s 293

Yi-Pin Fang, Anthony S. Oates

THRESHOLD ION PARAMETERS OF LINE-TYPE SOFT-ERRORS IN BIASED THIN-BOX SOl SRAMS:

DIFFERENCE BETWEEN SENSITIVITIES TO TERRESTRIAL AND SPACE RADIATION........cciiiiiiireireisesesies e 298
C. Chung, D. Kobayashi, K. Hirose

IMPACT OF SUPPLY VOLTAGE AND PARTICLE LET ON THE SOFT ERROR RATE OF LOGIC

CHRCUITS ettt bbbt h bbbk b s 4o h et e bR e b oAb ek e 44 e h e 4 EeH £ o4 o8 £ e b e R e e b e E e b€ A e e b e e h € b e b £ b e Rt E e b4 b e e b et e bt e bt b e bt s b et ne et ettt n 304
H. Jiang, H. Zhang, R. C. Harrington, J. A. Maharrey, J. S. Kauppila, L. W. Massengill, B. L. Bhuva

EVALUATION OF THE SYSTEM-LEVEL SER PERFORMANCE OF GIGABIT ETHERNET TRANSCEIVER

DEVICES ...ttt ettt b ekt b b2 h e e e h o4 h e h s e EeA e h e e h £ e e R R h R R AR R £ R £ R R R R b h et e ettt b et b e r e n e 308
Balaji Narasimham, Tim Wu, J. K. Wang, Bruce Conway

HIGH-DENSITY FAN-OUT TECHNOLOGY FOR ADVANCED SIP AND 3D HETEROGENEOUS

INTEGRATION (INVITED) ...ttt ettt b et b b s s 26 e b b e b8 2125 b b b 28 £ £ b b e b e b et £ e e b e b e R e R e e s b e b b e b e et et e b et et e e e b 312
Kangwook Lee



INTRA- AND INTER-CHIP ELECTRICAL INTERCONNECTION FORMED BY DIRECTED SELF
ASSEMBLY OF NANOCOMPOSITE CONTAINING DIBLOCK COPOLYMER AND NANOMETAL

(INVITED) <ttt h £ £ £ 4 e b h 254 £ e b e b 2R 2R £ 4 £ e £ e b e b eE 22 £ A £ b b e b e b £ £ 8 E e b e b £ Re £ b e b e b e b e R e b e e e b e b e b e b et ee e b et e b e b et n ettt 316
M. Murugesan, T. Fukushima, J. C. Bea, H. Hashimoto, M. Koyanagi
STRESS MITIGATION OF 3D-STACKING/PACKAGING INDUCED STRESSES (INVITED).......ccccetinnniitieiniesisnenneeeieeas 323

K. Croes, V. Cherman, M. Lofrano, H. Zahedmanesh, L. Kljucar, M. Gonzalez, |. De Wolf, Z. Tokei, E. Beyne

FINE PITCH 3D INTERCONNECTIONS WITH HYBRID BONDING TECHNOLOGY: FROM PROCESS

ROBUSTNESS TO RELIABILITY (INVITED) ..c.oiiitceiiiiisisieiee it teteseesses e se sttt s et s s ssssesetese e ssssesesasessssssasesassssnsssesesenes 329
L. Arnaud, S. Moreau, A Jouve, I. Jani, D. Lattard, F. Fournel, C. Euvrard, Y. Exbrayat, V. Ballan, N. Bresson, S. Lhostis, J.
Jourdon, E. Deloffre, S. Guillaumet, A. Farcy, S. Gousseau, M. Arnoux

RELIABILITY CHALLENGES IN ADVANCE PACKAGING (INVITED).....ccociiieitiiiisieeriisseteee st 336
Subramanian S. lyer, Adeel Ahmad Bajwa

SINGLE PULSE SHORT-CIRCUIT ROBUSTNESS AND REPETITIVE STRESS AGING OF GAN GITS

(INVITED) <.ttt ettt h b4 £ E b h 86 £ b b E 21 £ £ E b E e h £ E bbb H £ bbb Rt A e e b b e b ettt b bbbt n et 340
Alberto Castellazzi, Asad Fayyaz, Siwei Zhu, Thorsten Oeder, Martin Pfost

LIFETIME EVALUATION FOR HYBRID-DRAIN-EMBEDDED GATE INJECTION TRANSISTOR (HD-GIT)

UNDER PRACTICAL SWITCHING OPERATIONS ...ttt sttt sttt se st ta b sestesessesesnenaetenantesaasenannens 350
Ayanori lkoshi, Masahiro Toki, Hiroto Yamagiwa, Daijiro Arisawa, Masahiro Hikita, Kazuki Suzuki, Manabu Yanagihara,
Yasuhiro Uemoto, Kenichiro Tanaka, Tetsuzo Ueda

SAFE OPERATING AREA (SOA) RELIABILITY OF POLARIZATION SUPER JUNCTION (PSJ) GAN FETS.....ccccoeovienininne 357
Bhawani Shankar, Ankit Soni, Sayak Dutta Gupta, Mayank Shrivastava, S. Yagi, H. Kawai, V. Unni, A. Nakajima, E. M. Sankara
Narayanan

ON THE TRAP ASSISTED STRESS INDUCED SAFE OPERATING AREA LIMITS OF ALGAN/GAN HEMTS.......cccevvuuee. 361
Bhawani Shankar, Ankit Soni, Sayak Dutta Gupta, R. Sengupta, H. Khand, N. Mohan, Srinivasan Raghavan, Mayank Shrivastava

FUTURE ON-CHIP INTERCONNECT METALLIZATION AND ELECTROMIGRATION (INVITED) ...c.ccoviieiinirnieienne 366

C.-K. Hu, J. Kelly, H. Huang, K. Motoyama, H. Shobha, Y. Ostrovski, J. H.-C. Chen, R. Patlolla, B. Peethala, P. Adusumilli, T.
Spooner, R. Quon, L. M. Gignac, C. Breslin, G. Lian, M. Ali, J. Benedict, X. S. Lin, S. Smith, V. Kamineni, X. Zhang, F. Mont, S.
Siddiqui, F. Baumann

ANALYSIS OF ELECTROMIGRATION-INDUCED BACKFLOW STRESSES IN CU(MN) INTERCONNECTS

USING HIGH STATISTICAL SAMPLING.......ccoiciititietiieeitee ettt ettt se et e tesae s s b e e ase e e se st esesse b e bebesaesessesesseneebensntessasenaanens 372
M. Kraatz, C. Sander, A. Clausner, M. Hauschildt, Y. Standke, M. Gall, E. Zschech

ELECTROMIGRATION CHARACTERISTICS OF POWER GRID LIKE STRUCTURES........cccceotniiieererineseesese e 376
Baozhen Li, Andrew Kim, Paul McLaughlin, Barry Linder, Cathryn Christiansen

EFFECT OF METAL LINE WIDTH ON ELECTROMIGRATION OF BEOL CU INTERCONNECTS .......ccoovviveiiercieieee 381

Seungman Choi, Cathryn Christiansen, Linjun Cao, James Zhang, Ronald Filippi, Tian Shen, Kong Boon Yeap, Sean Ogden,
Haojun Zhang, Bianzhu Fu, Patrick Justison

HOT ELECTRON AND HOT HOLE INDUCED DEGRADATION OF SIGE P-FINFETS STUDIED BY

DEGRADATION MAPS IN THE ENTIRE BIAS SPACE ..ottt bttt bbb 387
J. Franco, B. Kaczer, A. Chasin, E. Bury, D. Linten

ROLE OF ELECTRON AND HOLE TRAPPING IN THE DEGRADATION AND BREAKDOWN OF SI10, AND

HIFO, FILMS (INVITED)....ct etttk b8 b E bbb bRttt b bbbt 394
D. Z. Gao, J. Strand, A.-M. El-Sayed, A. L. Shluger, A. Padovani, L. Larcher

IMPACT OF SLOW AND FAST OXIDE TRAPS ON INgssGAq47AS DEVICE OPERATION STUDIED USING

V. Putcha, J. Franco, A. Vais, B. Kaczer, S. Sioncke, D. Linten, G. Groeseneken

PBTI IN INGAAS MOS CAPACITORS WITH AL,0:/HFO,/TIN GATE STACKS: INTERFACE-STATE

GENERATION ...ttt sttt be s be s e s se e ese e e Ees e Ee s e s e seesese e st e s e s e e R es e e R e s e beAe e R e e e Re e e e R e b e R e b e e e R ne e s e e e b e e e b et enena e e nne e enensntn 408
Eduard Cartier, Martin M. Frank, Takashi Ando, John Rozen, Vijay Narayanan

RELIABILITY OF NEXT-GENERATION FIELD-EFFECT TRANSISTORS WITH TRANSITION METAL

DICHALGCOGENIDES. .......cootieiit ittt ettt sesteseseese st eseetes e et es s e se e ese s e e Re e e b e s eR e b e R e e s et e s e s e eE e s s e b et e s e neese e s e st asene et ensnteseasennanens 412
Y.Y. lllarionov, A. J. Molina-Mendoza, M. Waltl, T. Knobloch, M. M. Furchi, T. Mueller, T. Grasser

HOT CARRIER DEGRADATION, TDDB, AND 1/f NOISE IN POLY-SI TRI-GATE NANOWIRE

LI AN ST S I SRR 418
Yoko Yoshimura, Kensuke Ota, Masumi Saitoh

ANALYSIS OF 28 NM SRAM CELL STABILITY UNDER MECHANICAL LOAD APPLIED BY

NANOINDENTATION. ...ttt stee et te sttt et e e e tes e teeesessesessese st eseeteseetesseseseese e ese s eE e s es e beReas et e s e s e eE e s s et e s esenaeneese st asenenbensnteeasenannens 424
A. Clausner, S. Schlipf, G. Kurz, M. Otto, J. Paul, K.-U. Giering, J. Warmuth, A. Lange, R. Jancke, A. Aal, R. Rosenkranz, M. Gall,
E. Zschech

ELECTROMIGRATION OF MULTI-SOLDER BALL TEST STRUCTURES .......ccooiitieiiesereeeee e 430
C. Hau-Riege, H. Xu, Y.-W. Yau, M. Kakade, J. Li, X. Zhang, H. Farr

RELIABILITY CHALLENGES FOR 2.5D/3D INTEGRATION: AN OVERVIEW (INVITED)......ccccoititireeeiirsseeesesessneeesens 436
C. S. Premachandran, Seungman Choi, Salvatore Cimino, Thuy Tran-Quinn, Lloyd Burrell, Patrick Justison

TSV PROCESS INDUCED MOS RELIABILITY DEGRADATION ... .ottt sttt sttt ettt st bessesaestaenaaneennens 441
Yunlong Li, Michele Stucchi, Stefaan Van Huylenbroeck, Geert Van Der Plas, Gerald Beyer, Eric Beyne, Kristof Croes

DEVICE RELIABILITY FOR CMOS IMAGE SENSORS WITH BACKSIDE THROUGH-SILICON VIAS.......cccccoovviiriinrianne 446

J. P. Gambino, H. Soleimani, I. Rahim, B. Riebeek, L. Sheng, G. Hosey, H. Truong, G. Hall, R. Jerome, D. Price
RECENT ADVANCES IN IN-SITU AND IN-FIELD AGING MONITORING AND COMPENSATION FOR

INTEGRATED CIRCUITS (INVITED)
Mingoo Seok, Peter R. Kinget, Teng Yang, Jiangy

Doyun Kim



ALL-DIGITAL PLL FREQUENCY AND PHASE NOISE DEGRADATION MEASUREMENTS USING

SIMPLE ON-CHIP MONITORING CIRCUITS ..ottt ettt 457
Gyusung Park, Minsu Kim, Chris H. Kim, Bongjin Kim, Vijay Reddy
DESIGN OF AGING AWARE 5 GBPS LVDS TRANSMITTER FOR AUTOMOTIVE APPLICATIONS .....cccooiiiniineniereene 463

Srikanth Jagannathan, Kumar Abhishek, Nihaar Mahatme, Ender Yilaz
RELIABILITY PERSPECTIVE OF RESISTIVE SYNAPTIC DEVICES ON THE NEUROMORPHIC SYSTEM

PERFORMANCE (INVITED).....cuettiiiitetetetinistetetee sttt sttt st ssseteseseseseasstesasese s sasebes et sases et esese s asebebeseseasebebeses et ssebasebeseneesasesene 468
Pai-Yu Chen, Shimeng Yu

ACCELERATED BTI DEGRADATION UNDER STOCHASTIC TDDB EFFECT ..ottt 472
Devyani Patra, Ahmed Kamal Reza, Mehdi Katoozi, Ethan H. Cannon, Kaushik Roy, Yu Cao

INVESTIGATION OF SPEED SENSORS ACCURACY FOR PROCESS AND AGING COMPENSATION .......ccoeivrevrriniennes 476
R. Shah, F. Cacho, V. Huard, S. Mhira, D. Arora, P. Agarwal, S. Kumar, S. Balaraman, B. Singh, L. Anghel

AN OVERVIEW OF AUTONOMOUS VEHICLES SAFETY (INVITED) ...cucoiiiriirieteieiisisie ettt 482

Riccardo Mariani
MAKING THE CONNECTION BETWEEN PHYSICS OF FAILURE AND SYSTEM-LEVEL RELIABILITY

FOR MEDICAL DEVICES (INVITED) ....oiiiteititirieisieieiestses sttt etttk etk e bbbtk bttt n s 488
Andy Fenner, Mark Porter, Randy Crutchfield
KEY ATTRIBUTES TO ACHIEVING > 99.99 SATELLITE AVAILABILITY (INVITED)....cccoiiieitiirseeensseeee s 493

Brian Kosinski, Ken Dodson

PROGNOSTICS HEALTH MANAGEMENT OF ELECTRONIC SYSTEMS - A RELIABILITY PHYSICS

APPROACH (INVITED)....c.cititetetttttitsteteteiest ettt sttt ettt b et s b s s e 1£ s b4 b8 164848 h e h 1 £ 844 b bR e e e e e b e b e Rt A e b £ e bbb s et b bbbttt s 503
A. Pradeep Lall, B. Kazi Mirza, C. David Locker

SOLVING CRITICAL ISSUES IN 10NM TECHNOLOGY USING INNOVATIVE LASER-BASED FAULT

ISOLATION AND DFT DIAGNOSIS TECHNIQUES ........coiiiiiieise ettt sttt es et st a bt ene st enesaeranneseee 513
Lesly Endrinal, Rakesh Kinger, Lavakumar Ranganathan, Amit Sheth

CATHODOLUMINESCENCE SPECTROSCOPY FOR FAILURE ANALYSIS AND PROCESS

DEVELOPMENT OF GAN-BASED MICROELECTRONIC DEVICES (INVITED) ....cccccciitinieeternsieeee e 518
C. Monachon, M. S. Zielinski, J. Berney, D. Poppitz, A. Graff, S. Breuer, L. Kirste

ELECTRICAL METHOD TO LOCALIZE THE HIGH-RESISTANCE OF NANOSCALE COSI, WORD-LINE

FOR OTP IMEMORIES ..ottt ettt ettt sttt e st e s et e s e bt e s et e R a2 a8 e s e s e b e A e e s et e s et e b e s e b e b e s e et e st e s e st et e neete e ntesesenaane s 523
Ming-Yi Lee, T.-Y. Chang, W.-F. Hsueh, L.-K. Kuo, D.-J. Lin, Y.-H. Chao, U. J. Tzeng, C.-Y. Lu

ESTIMATING TRANSISTOR CHANNEL TEMPERATURE USING TIME-RESOLVED AND TIME-

INTEGRATED NIR EMISSION (INVITED)......octtttitiiiititeitieitisi ettt bbbt b bbbt en bbbt 529
Franco Stellari, Alan J. Weger, Keith A. Jenkins, Giuseppe La Rosa, Barry Linder, Peilin Song

BEOL TDDB RELIABILITY MODELING AND LIFETIME PREDICTION USING CRITICAL ENERGY TO

BREAKDOWN ... ootiiitiititieteietestse et ste e setastesessesesseseeseseesessesessesessasesseseaseseasessesesseseseese e ese s eE e ses e e be e es e e e s e s e esess et e beseeaeseeseseaseneebensnbeeeseneane s 535
Pin-Shiang Chen, Shou-Chung Lee, A. S. Oates, C. W. Liu

PERMANENT SHUNTING FROM PASSING SHADOWS: REVERSE-BIAS DAMAGE IN THIN-FILM

PHOTOVOLTAIC MODULES (INVITED) ...ttt bbbttt b ettt 541
Timothy Silverman, Steve Johnston

MODIFIED TRANSFORMERLESS DUAL BUCK INVERTER WITH IMPROVED LIFETIME FOR PV

F N o I (O N I @ N £ SRR SSTPRRPRR 542
Ahmad Khan, Frede Blaabjerg

EVALUATION OF SILICON, ORGANIC, AND PEROVSKITE SOLAR CELL RELIABILITY WITH LOW-

FREQUENCY NOISE SPECTROSCOPY ..ottt sttt sttt st e st e te st tesae s s be e et et e se e ese st et e s e s e st esesseneaseneetessntesasensanens 548
G. Landi, C. Barone, C. Mauro, S. Pagano, H. C. Neitzert

MECHANICAL AND CHEMICAL ADHESION AT THE ENCAPSULANT INTERFACES IN LAMINATED

PHOTOVOLTAIC IMODULES........cooiititit ettt ettt et 4 a8 e te s et e a8 st e s e s e Re et e R et e R e e ke st e b e e e se s e s et et et ene st e ne e s et enensetn 554
Philippe Nivelle, Tom Borgers, Eszter Voroshazi, Jef Poortmans, Jan D'Haen, Ward De Ceuninck, Michaél Daenen

A NEW MECHANISM OF SIGNAL PATH CHARGING DAMAGE ACROSS SEPARATED POWER DOMAIN

DEEP N-WELL INTERFACE (LATE NEWS) ..ottt bbb eh ettt bbbttt b bbbt 560
Yu-Lin Chu, Hsi-Yu Kuo, Sheng-Fu Hsu, Yung-Sheng Tsai, Ming-Yi Wang, Chuan-Li Chang, Bill Kiang, Kenneth Wu

INVESTIGATION OF DATA PATTERN EFFECTS ON NITRIDE CHARGE LATERAL MIGRATION IN A

CHARGE TRAP FLASH MEMORY BY USING A RANDOM TELEGRAPH SIGNAL METHOD........cccccveitniiineisenesese e 567
Y. H. Liu, H. Y. Lin, C. M. Jiang, Tahui Wang, W. J. Tsai, T. C. Lu, K. C. Chen, Chih-Yuan Lu

IMPACT OF SPECIFIC FAILURE MECHANISMS ON ENDURANCE IMPROVEMENT FOR HFO,-BASED

FERROELECTRIC TUNNEL JUNCTION MEMORY ....cooitiiiiiiieisietstets et sttt et et se st esa e ta s sestasessesessesassessnsessnsenensens 572
Marina Yamaguchi, Shosuke Fujii, Yuuichi Kamimuta, Shoichi Kabuyanagi, Tsunehiro Ino, Yasushi Nakasaki, Riichiro Takaishi,
Reika Ichihara, Masumi Saitoh

INVESTIGATION OF THE ENDURANCE OF FE-HFO, DEVICES BY MEANS OF TDDB STUDIES..........ccoooiiiiiiviiiiiiiene 578
K. Florent, A. Subirats, S. Lavizzari, R. Degraeve, U. Celano, B. Kaczer, L. Di Piazza, M. Popovici, G. Groeseneken, J. Van Houdt

CARBON ELECTRODE FOR GE-SE-SB BASED OTS SELECTOR FOR ULTRA LOW LEAKAGE CURRENT

AND OUTSTANDING ENDURANCE ........oootitietitisttet ettt st be st stestesbesseaseeseesseses4es4es4e s ke a4esb e e b e e bt as b e b ees e e b e be b e sbesbesbeabeabeabeeneeneas 585

A. Verdy, G. Navarro, M. Bernard, S. Chevalliez, N. Castellani, E. Nolot, J. Garrione, P. Noé, G. Bourgeois, V. Sousa, M.-C.
Cyrille, E. Nowak

RELIABILITY BENEFITS OF A METALLIC LINER IN CONFINED PCM .....ocoiiiiiiiiiiesest et 591
W. Kim, S. Kim, R. Bruce, F. Carta, G. Fraczak, A. Ray, C. Lam, M. BrightSky, Y. Zhu, T. Masuda, K. Suu, Y. Xie, Y. Kim, J. J. Cha
AREA AND PULSEWIDTH DEPENDENCE OF BIPOLAR TDDB IN MGO MAGNETIC TUNNEL JUNCTION .......ccccovvuenee 596

J. H. Lim, N. Raghavan, S. Mei, V. B. Naik, J. H. Kwon, S. M. Noh, B. Liu, E. H. Toh, N. L. Chung, R. Chao, K. H. Lee, K. L. Pey



THE FIRST OBSERVATION OF P-TYPE ELECTROMIGRATION FAILURE IN FULL RUTHENIUM

INTERGCONNECTS ...ttt 2 R0 s8R h e e n 08 E e E £ h 108 E R st R e R bt e e e R st st n e R b bt e e nner b bt e nnas 602
Sofie Beyne, Shibesh Dutta, Olalla Varela Pedreira, Niels Bosman, Christoph Adelmann, Ingrid De Wolf, Zsolt Tokei, Kristof
Croes
LATERAL PROFILING OF HCI INDUCED DAMAGE IN ULTRA-SCALED FINFET DEVICES WITH Ip-Vp
CHARACTERISTICS ..ottt et b bbb e h b s o4t h o8 s e e h e b€ A e bt Eeh b b e E e A e E b bt e bt eh et e b e b b e e b et b et eb e enn 611

Miaomiao Wang, Richard G. Southwick, Kangguo Cheng, James H. Stathis

AMBIENT TEMPERATURE AND LAYOUT IMPACT ON SELF-HEATING CHARACTERIZATION IN

FINFET DEVICES..... .ottt sttt ettt s et s et e s be b e be s 4 a4 e o4 e 44 e e £ e e bt e R e a8 e a8 e e st e At e s b e b e A b e e ke e bt e b e e b e e s e e Rt e st e ne e b e beebeabenbe e ke abeabeateeneanean 617
P. Paliwoda, Z. Chbili, A. Kerber, D. Singh, D. Misra

RELIABILITY OF DUAL-DAMASCENE LOCAL INTERCONNECTS FEATURING COBALT ON 10 NM

LOGIC TECHNOLOGY ...ttt sttt sttt se st e testesessesbesbeases4e a8 e e bt as e et e e s e e s sesbe s s e ebe s b e e beebeeb e e b e e s e e s e es b ene e b e beebesbenbeebeabeabeateeneanean 622
F. Griggio, J. Palmer, F. Pan, N. Toledo, A. Schmitz, |. Tsameret, R. Kasim, G. Leatherman, J. Hicks, A. Madhavan, J. Shin, J.
Steigerwald, A. Yeoh, C. Auth

THRESHOLD VOLTAGE BITMAP ANALYSIS METHODOLOGY: APPLICATION TO A 512KB 40NM

FLASH MEMORY TEST CHIP
T. Kempf, V. Della Marca, L. Baron, F. Maugain, F. La Rosa, S. Niel, A. Regnier, J.-M. Portal, P. Masson

BVpss (DRAIN TO SOURCE BREAKDOWN VOLTAGE) INSTABILITY IN SHIELDED GATE TRENCH

POWER MOSFETS..... oottt sttt et se et sse e et e ek es et e e s e s e enese e st e e a8 e e b e st e b e s e b e A e e Rt A e e R e e e Rt e b e R e e b et e R ne e s e e e b et e b et en e s e et ne et enenennn 635
Jifa Hao, Amartya Ghosh, Mark Rinehimer, Joe Yedinak, Muhammad A. Alam

EFFECT OF MEASUREMENT SPEED (uS-800 PS) ON THE CHARACTERIZATION OF RELIABILITY

BEHAVIORS FOR FDSOI NMOSFETS....
Yiming Qu, Ran Cheng, Wei Liu, Junkang Li, en Nguyen, Olivier Faynot, Nuo Xu, Bing Chen, Yi Zhao

NON-POISSONIAN BEHAVIOR OF HOT CARRIER DEGRADATION INDUCED VARIABILITY IN

MOSFETS (LATE NEWS) ... iciiiiisisieteitesisie ettt sa st tese a1 se s £es a8 e ess et s eses e e 22 a8 a8 e s e e s e b e R e e e s e s e b e Rese s e e e b e Re R e e e e et e s e s et ne s nnsene s 645
Roberta Bottini, Andrea Ghetti, Sara Vigano, Maria Grazia Valel ratap Murali, Chandra Mouli

UNDERSTANDING GATE METAL WORK FUNCTION (MWF) IMPACT ON DEVICE RELIABILITY - A

HOLISTIC APPROACH. ...ttt h et 8 b 088 £t s bR e e R Rt e e e R bttt e b bt n s 651
P. Srinivasan, R. Ranjan, S. Cimino, A. Zainuddin, B. Kannan, L. Pantisano, I. Mahmud, G. Dilliway, T. Nigam
PERFORMANCE & RELIABILITY OF 3D ARCHITECTURES (ITFET, FINFET, QFET)....ccccoiiiieeeireeeeeere e 656

A. Laurent, X. Garros, S. Barraud, J. Pelloux-Prayer, M. Casse, F. Gaillard, X. Federspiel, D. Roy, E. Vincent, G. Ghibaudo

RELIABILITY STUDIES OF A 10NM HIGH-PERFORMANCE AND LOW-POWER CMOS TECHNOLOGY

FEATURING 3RD GENERATION FINFET AND 5TH GENERATION HK/MG .....cccooiiiiiiiiiiiiiseee et 662
Anisur Rahman, Javier Dacuna, Pinakpani Nayak, Gerald Leatherman, Stephen Ramey

EFFECTS OF FAR-BEOL ANNEAL ON THE WLR AND PRODUCT RELIABILITY CHARACTERIZATION

OF FINFET PROCESS TECHNOLOGY ..ottt ettt sttt b et ebe e st £ttt b et b e b et h et b ek et b e st et e b et ene e etn 668
Hyun Chul Sagong, Hyunjin Kim, Seungjin Choo, Sungyoung Yoon, Hyewon Shim, Sangsu Ha, Tae-Young Jeong, Minhyeok Choe,
Junekyun Park, Sangchul Shin, Sangwoo Pae

BOTTOM-UP METHODOLOGY FOR PREDICTIVE SIMULATIONS OF SELF-HEATING IN

AGGRESSIVELY SCALED PROCESS TECHNOLOGIES ..ottt s 672
D. Singh, O. D. Restrepo, P. P. Manik, N. Rao Mavilla, H. Zhang, P. Paliwoda, S. Pinkett, Y. Deng, E. Cruz Silva, J. B. Johnson,
M. Bajaj, S. Furkay, Z. Chbili, A. Kerber, C. Christiansen, S. Narasimha, E. Maciejewski, S. Samavedam, C.-H. Lin

COMPREHENSIVE DEVICE AND PRODUCT LEVEL RELIABILITY STUDIES ON ADVANCED CMOS

TECHNOLOGIES FEATURING 7NM HIGH-K METAL GATE FINFET TRANSISTORS (INVITED) ...cccooveeiiivieriereneene 679
D. S. Huang, J. H. Lee, Y. S. Tsai, Y. F. Wang, Y. S. Huang, C. K. Lin, Ryan Lu, Jun He

TRANSISTOR RELIABILITY CHARACTERIZATION AND MODELING OF THE 22FFL FINFET

TECHNOLOGY ..otttk h e bt bbb b4 b e R4 b e e 44 e b4 e e b e b e b e E e s e 44 e Rt eh e R £ ek s b e b e b e bt E e s e e b e Rt e b h e e b e st b et e bt e bt e bt et b e ee 684
C.-Y. Su, M. Armstrong, L. Jiang, S. A. Kumar, C. D. Landon, S. Liu, I. Meric, K. W. Park, L. Paulson, K. Phoa, B. Sell, J.
Standfest, K. B. Sutaria, J. Wan, D. Young, S. Ramey

OPTIMAL DESIGN OF DUMMY BALL ARRAY IN WAFER LEVEL PACKAGE TO IMPROVE BOARD

LEVEL THERMAL CYCLE RELIABILITY (BLR) ...ttt sttt 691
Seongwon Jeong, Jinseok Kim, Ayoung Kim, Byungwook Kim, Moonsoo Lee, Jaewon Chang, In Hak Baick, Hanbyul Kang,
Younggeun Ji, Sangchul Shin, Sangwoo Pae

STUDY OF IMPACT OF BTI'S LOCAL LAYOUT EFFECT INCLUDING RECOVERY EFFECT ON

VARIOUS STANDARD-CELLS IN LONM FINFET .....oiiiiiititieiestese sttt sttt saesteebeesaasaessessessessessesbesbassessestaensanenseans 695
Mitsuhiko lgarashi, Yuuki Uchida, Yoshio Takazawa, Yasumasa Tsukamoto, Koji Shibutani, Koji Nii
A MULTI-BIT/CELL PUF USING ANALOG BREAKDOWN POSITIONS IN CMOS. ..ottt 699

K.-H. Chuang, E. Bury, R. Degraeve, B. Kaczer, T. Kallstenius, G. Groeseneken, D. Linten, I. Verbauwhede

NEW INSIGHTS INTO THE HCI DEGRADATION OF PASS-GATE TRANSISTOR IN ADVANCED FINFET

TECHNOLOGY ..ttt ettt h bt h et b s h bk e84 4 £ 44 £ £ ek £ e e b £ b e b e A8 e h e A4 e s e e e e o £ e h e R e e E b e b e Eeh e A b eh £ e b e h b b s bbb bt h e bt b e n e 704
Pengpeng Ren, Changze Liu, Sanping Wan, Jiayang Zhang, Zhuoging Yu, Nie Liu, Yongsheng Sun, Runsheng Wang, Canhui Zhan,
Zhenghao Gan, Waisum Wong, Yu Xia, Ru Huang

DEVICE VARIABILITY TOLERANCE OF A RRAM-BASED SELF-ORGANIZING NEUROMORPHIC

S ST = YRS 708
M. Pedro, J. Martin-Martinez, E. Miranda, R. Rodriguez, M. Nafria, M. B. Gonzalez, F. Campabadal
RELIABILITY ASSESSMENT OF 4GSP/S INTERLEAVED SAR ADC .......ciiiiiiiteeteseste sttt ev et 713

R. Lajmi, F. Cacho, O. David, J.-P. Blanc, E. Rouat, S. Haendler, P. Benech, E. Lauga Larroze, S. Bourdel

WEIGHTED TIME LAG PLOT DEFECT PARAMETER EXTRACTION AND GPU-BASED BTl MODELING

FOR BTT VARIABILITY Lottt ettt et a4 a4 e 4 e 4ee4e s 4e e ke e bt e he a8 e a8 e e s s e s b e s s e s e b e ke e b e e R e e b e e ss e st es b ens e s et e beebeebeebeabeabeateeneenras 719
Victor M. van Santen, Javier Diaz-Fortuny, Hussam Amrouch, Javier Martin-Martinez, Rosana Rodriguez, Rafael Castro-Lopez,
Elisenda Roca, Francisco V. Fernandez, Jorg Henkel, Monteserrat Nafria



A CASE STUDY OF ESD TRIGGER CIRCUIT: TIME-OUT AND STABILITY w.ooiiiiit ettt st 725
Kuo-Hsuan Meng, Mohamed Moosa, Cynthia Torres, Jim Miller

NEW INSIGHT ON TDDB AREA SCALING METHODOLOGY OF NON-POISSON SYSTEMS ..o 731
Tian Shen, Kong Boon Yeap, Sean Ogden, Cathryn Christiansen, Patrick Justison

RELIABILITY EVALUATION OF DEFECT ACCOUNTED TIME-DEPENDENT DIELECTRIC

BREAKDOWN WITH COMPETING-MIXTURE DISTRIBUTION ......coiiiiiiitieieesesese et 737
Shinji Yokogawa, Kazuki Tate

IMPACT OF FORMING GAS ANNEALING ON THE DEGRADATION DYNAMICS OF GE-BASED MOS

Fernando L. Aguirre, Sebastian M. Pazos, Felix Palumbo, Sivan Fadida, Roy Winter, Moshe Eizenberg
RELIABILITY OF MGO IN MAGNETIC TUNNEL JUNCTIONS FORMED BY MGO SPUTTERING AND MG

OXIDATION . ..ttt h b s b bk b s e b e s et e b e 2 s e b e s e b e 4 Eeh e A EeH £ eE e R £ e h e e e e R e s s e b e A e e h £ A Eeh £ b e R £ R e h e AR b b e e b et e bt b ek e b bt e b et b et e e an s 746
Akinobu Teramoto, Keiichi Hashimoto, Tomoyuki Suwa, Jun-ichi Tsuchimoto, Marie Hayashi, Hyeonwoo Park, Shigetoshi Sugawa
STUDY OF DYNAMIC TDDB IN SCALED FINFET TECHNOLOGIES .......c.cooiiiirireceis et 752

K. Joshi, S. W. Chang, D. S. Huang, P. J. Liao, Y-H. Lee

ENHANCED RELIABILITY OF HEXAGONAL BORON NITRIDE DIELECTRIC STACKS DUE TO HIGH

THERMAL CONDUCTIVITY ittt sttt ettt seese et eseete s se 8 e s 8 ese a2 e st es a8t a8 es e b e e e b e seer e seeneaseseebeneabe e ase st ereneenenensensenees 757
Xianhu Liang, Bin Yuan, Yuanyuan Shi, Fei Hui, Xu Jing, Mario Lanza, Felix Palumbo

PERCOLATION DEFECT NUCLEATION AND GROWTH AS A DESCRIPTION OF THE STATISTICS OF

ELECTRICAL BREAKDOWN FOR GATE, MOL AND BEOL DIELECTRICS. ..ottt 761
Yi Ching Ong, Shou-Chung Lee, A. S. Oates
OXIDE BREAKDOWN PATH FOR OPTICAL SENSING AT THE NANOSCALE LEVEL.....cccccooiiiiiniieeeeesee e 767

Y. Zhou, D. S. Ang, P. S. Kalaga, S. R. Gollu

HIGH VOLTAGE TIME-DEPENDENT DIELECTRIC BREAKDOWN IN STACKED INTERMETAL

(D] L@ N 4 O3 TSSOSO RUP USRS 772
SangHoon Shin, Yen-Pu Chen, Woojin Ahn, Honglin Guo, Byron Williams, Jeff West, Tom Bonifield, Dhanoop Varghese, Srikanth
Krishnan, Muhammad A. Alam

METHOD TO ASSESS THE IMPACT OF LER AND SPACING VARIATION ON BEOL DIELECTRIC

RELIABILITY USING 2D-FIELD SIMULATIONS FOR <20NM SPACING .....oooiiiiiiiieieerei et T
D. Kocaay, P. Roussel, K. Croes, I. Ciofi, A. Lesniewska, |. De Wolf
ELECTROMIGRATION FAILURE RATE OF REDUNDANT VIA ... oottt 781

Jae-Gyung Ahn, Ping-Chin Yeh, Jonathan Chang
TRANSIENT SELF-HEATING MODELING AND SIMULATIONS OF BACK-END-OF-LINE

INTERGCONNECTS ..ottt sttt ettt e st a2 s e s et e s4 e be et e sh e ek e e bt eaeeh s et e e st e st es s e sseaa et e eseea e e b e e bt e s s e s s ensess et e s b e s e beebaeaesaeabeeneeneennen 786
Andrew Kim, Baozhen Li, Barry Linder
MODELING SELF-HEATING EFFECTS IN ADVANCED CMOS NODES .......c.cooiiiiiiit ettt 791

M. Arabi, A. Cros, X. Federspiel, C. Ndiaye, V. Huard, M. Rafik

CORRELATION BETWEEN SET-STATE CURRENT LEVEL AND READ-DISTURB FAILURE TIME IN A

RESISTIVE SWITCHING MEMORY ..ottt bbbt 2 bbb bt h £ h e bbb e b b s bttt ab et eb e bt n bt e ene e 795
P. C. Su, C. M. Jiang, C. W. Wang, Tahui Wang

SUB-PJ CONSUMPTION AND SHORT LATENCY TIME IN RRAM ARRAYS FOR HIGH ENDURANCE

AAPPLICATIONS ...tttk ettt b e b bt 1o e h 1 £ e bbb b h e E e st b e e eh e £ e b £ s ek £ b b e h e s e 44 e Eeh et e b e b e b e b e bt na st eb et eb e b e b en s eb et b nn b 800
Gilbert Sassine, Cécile Nail, Luc Tillie, Diego Alfaro Robayo, Alexandre Levisse, Carlo Cagli, Khalil EI Hajjam, Jean-Frangois
Nodin, Elisa Vianello, Mathieu Bernard, Gabriel Molas, Etienne Nowak

HIGH-TEMPERATURE AND HIGH-FIELD CYCLING RELIABILITY OF PZT FILMS EMBEDDED

WITHIN 130 NIM CIMOS.....ooocteieiiise ettt 8t et h R h e 08 E et E e R Rt e R Rt e e R b sttt e bbbt r s b s 805
G. Walters, P. Chojecki, A. Garraud, T. Nishida, S. Summerfelt, J. A. Rodriguez, A. G. Acosta

SUPPRESSION OF ENDURANCE-STRESSED DATA-RETENTION FAILURES OF 40NM TAOX-BASED

Shouhei Fukuyama, Kazuki Maeda, Shinpei Matsuda, Ken Takeuchi, Ryutaro Yasuhara

EXTENDED RVS CHARACTERISATION OF STT-MRAM DEVICES: ENABLING DETECTION OF AP/P

SWITCHING AND BREAKDOWN ....ocootiiiieteietesiee et sestesessesesseseesessesessesessesessesesseseesessasensasessesessesessesessesessensasessesessesessesessenens 816
B. J. O'Sullivan, S. Van Beek, P. J. Roussel, S. Rao, W. Kim, S. Couet, J. Swerts, F. Yasin, D. Crotti, D. Linten, G. Kar

CHIP-LEVEL CHARACTERIZATION AND RTN-INDUCED ERROR MITIGATION BEYOND 20NM

FLOATING GATE FLASH MEMORY ..ottt sttt st sttt s et e s et et et e s et e b et be st e ne s e enesseneebenenbensenenannens 822
T. W. Lin, S. H. Ku, C. H. Cheng, C. W. Lee, ljen Huang, Wen-Jer Tsai, T. C. Lu, W. P. Lu, K. C. Chen, Tahui Wang, Chih-Yuan Lu

ERROR ELIMINATION ECC BY HORIZONTAL ERROR DETECTION AND VERTICAL-LDPC ECC TO

INCREASE DATA-RETENTION TIME BY 230% AND ACCEPTABLE BIT-ERROR RATE BY 90% FOR 3D-

NAND FLASH SSDS......o ottt ettt ettt b s bt st s s e b b e £ e 8 e b8 £ 8 £ 210 a8 b e 828 £ £ e £ a8 a8 e R e R £ £ EE e b e R e 8 E e E e R e R e A e e e e e b e bRt e bbbt bbb s 827
Shun Suzuki, Yoshiaki Deguchi, Toshiki Nakamura, Kyoji Mizoguchi, Ken Takeuchi
INVESTIGATION OF MONOLAYER MX, AS SUB-NANOMETER COPPER DIFFUSION BARRIERS.........cccccconniiiiinnnne 831

Kirby K. H. Smithe, Zhongwei Zhu, Connor S. Bailey, Eric Pop, Alex Yoon

EVALUATION ON FLIP-FLOP PHYSICAL UNCLONABLE FUNCTIONS IN A 14/16-NM BULK FINFET

LI =10 L 1 SRR 835
H. Zhang, H. Jiang, M. R. Eaker, K. J. Lezon, B. Narasimham, N. N. Mahatme, L. W. Massengill, B. L. Bhuva

CHARGE STATE EVALUATION OF PASSIVATION LAYERS FOR SILICON SOLAR CELLS BY

SCANNING NONLINEAR DIELECTRIC MICROSCOPY ....ooitiiiiirieiiietinieiesieeseeesee st tes st ssaseseenessesessesessesessessssesessessssessssessesens 840
K. Kakikawa, Y. Yamagishi, Y. Cho, K. Tanahashi, H. Takato
EFFECT OF HCI DEGRADATION ON THE VARIABILITY OF MOSFETS ..ottt 844

C. Zhou, K. A. Jenkins, P. I. Chuang, C. Vezyrtzis



TEMPERATURE AND VOLTAGE EFFECTS ON HTRB AND HTGB STRESSES FOR ALGAN/GAN HEMTS.........c.cccovve. 848
Omar Chihani, Loic Theolier, Jean-Yves Deletage, Eric Woirgard, Alain Bensoussan, André Durier

POLYSILICON RESISTOR STABILITY UNDER VOLTAGE STRESS FOR SAFE-OPERATING AREA

CHARACTERIZATION ..ottt ettt t e te a1t et e ss et et e sessesbeebee2ee4 e et e e s e e s s es b e s s e s e st asseeseeEeebeeaees s eb e esee s es b et e ae e beebeabeebeebeeneesseneenes 854
C. Kendrick, M. Cook, J. P. Gambino, T. Myers, J. Slezak, T. Hirano, T. Sano, Y. Watanabe, K. Ozeki
RELIABILITY CHARACTERISTICS OF MIM CAPACITOR STUDIED WITH AC-F CHARACTERISTICS........ccccoovveinee 859

S. C. Kang, S. K. Lee, S. Heo, S. M. Kim, S. K. Lim, B. H. Lee

A NEW METHOD FOR QUICKLY EVALUATING REVERSIBLE AND PERMANENT COMPONENTS OF

THE BTI DEGRADATION ..ottt b a4 £ 4 b0k 8 b8 s 14 e s £ a8 £ 1 £ e h e s e e R e s h e b Ae e s £ e b e b e bbb e bt e bt eb e n et e b s 864
X. Garros, A. Subirats, G. Reimbold, F. Gaillard, C. Diouf, X. Federspiel, V. Huard, M. Rafik

INVESTIGATION OF ALPHA-INDUCED SINGLE EVENT TRANSIENT (SET) IN 10 NM FINFET LOGIC

CHRCUIT ettt bbbt h bk b s b h et e b e 2 s ek e 8 e b e 48 e he A EeH e E e R £ e R e R e e E 8o h A e e h e A E e h £ e b e R £ AR e R e E e bbb e s et eb e b e b e b bt b et s b et b er s 869
Taiki Uemura, Soonyoung Lee, Dahye Min, Ihihwa Moon, Jungman Lim, Seungbae Lee, Hyun Chul Sagong, Sangwoo Pae
STUDY OF TID EFFECTS ON ONE ROW HAMMERING USING GAMMA IN DDR4 SDRAMS ...ttt 873

Donghyuk Yun, Myungsang Park, Chulseung Lim, Sanghyeon Baeg
SENSITIVITY TO SOFT ERRORS OF NMOS AND PMOS TRANSISTORS EVALUATED BY LATCHES

WITH STACKING STRUCTURES IN A 65 NM FDSOI PROGCESS .......ccoooiiirieiieieese sttt s neene 878
Kodai Yamada, Haruki Maruoka, Jun Furuta, Kazutoshi Kobayashi

DESIGNING SOFT-ERROR-AWARE CIRCUITS WITH POWER AND SPEED OPTIMIZATION ..o 883
H. Jiang, H. Zhang, B. Narasimham, L. W. Massengill, B. L. Bhuva

SINGLE-EVENT EFFECTS ON OPTICAL TRANSCEIVER ..ottt sttt 888

K. J. Lezon, S.-J. Wen, Y.-F. Dan, R. Wong, B. L. Bhuva

WEIBULL CUMULATIVE DISTRIBUTION FUNCTION (CDF) ANALYSIS WITH LIFE EXPECTANCY

ENDURANCE TEST RESULT OF POWER WINDOW SWITCH .....coiiiiiiieiiieee sttt 892
Miky Lee, K. Kim, D. Lim, D. Cho, C. Han

PHM OF STATE-OF-CHARGE FOR FLEXIBLE POWER SOURCES IN WEARABLE ELECTRONICS WITH

A. Pradeep Lall, B. Hao Zhang, C. Rahul Lall

LOW FREQUENCY NOISE IN MOS, NEGATIVE CAPACITANCE FIELD-EFFECT TRANSISTOR .....ccccooniierenireecene 904
Sami Alghamdi, Mengwei Si, Lingming Yang, Peide D. Ye

HOT CARRIER EFFECTS ON THE RF PERFORMANCE DEGRADATION OF NANOSCALE LNA SOl

D. P. loannou, Y. Tan, R. Logan, K. Bandy, R. Achanta, P. C. Wang, D. Brochu, M. Jaffe

HOT CARRIER INDUCED TDDB IN HV MOS: LIFETIME MODEL AND EXTRAPOLATION TO USE

(1@ 1IN I I 0 OSSR STRPS 912
Guido T. Sasse

KEY PARAMETERS DRIVING TRANSISTOR DEGRADATION IN ADVANCED STRAINED SIGE

CHANNELS ...ttt ettt s et et et e e b e s e b e s e R e e e e Rt Ae e st e e e Rt e b e s b e st R e Ae e Rt A e e Rt ee e Rt e R e R e e R e e e R e e s e e e b et e b et eneneenene et anenentn 918
V. Huard, C. Ndiaye, M. Arabi, N. Parihar, X. Federspiel, S. Mhira, S. Mahapatra, A. Bravaix
PREDICTION OF NBTI STRESS AND RECOVERY TIME KINETICS IN SI CAPPED SIGE P-MOSFETS. ........ccccocveviiiniine 924

Narendra Parihar, Souvik Mahapatra

INVESTIGATION ON THE AMPLITUDE COUPLING EFFECT OF RANDOM TELEGRAPH NOISE (RTN)

IN NANOSCALE FINFETS ...ttt bbbt h sk bk e84t b et e b es bR bt b h A e e e b e bbb bt e h et e bt b b e en s 931
Shaofeng Guo, Zhenghan Lin, Runsheng Wang, Zexuan Zhang, Zhe Zhang, Yangyuan Wang, Ru Huang

PBTI EVALUATION OF INggGAq35AS/INg53GAq47AS NANOWIRE FETS WITH AL,03 AND LAALO; GATE

DIELECTRICS
Y. Li, K. L. Wang, S. Y. Di, P. Huang, G. Du, X. Y. Li

INTERFACE ENGINEERING OF FERROELECTRIC NEGATIVE CAPACITANCE FET FOR HYSTERESIS-

FREE SWITCH AND RELIABILITY IMPROVEMENT
Chia-Chi Fan, Chun-Yuan Tu, Ming-Huei Lin, Chun-Yen Chang, Chun-Hu Cheng, Yen Liang Chen, Guan-
Wu-Ching Chou, Hsiao-Hsuan Hsu

THRESHOLD VOLTAGE SHIFT AND INTERFACE/BORDER TRAPPING MECHANISM IN

AL O3/ALGAN/GAN MOS-HEMTS ...ttt ittt h 86ttt h bbbttt 945
Jiejie Zhu, Bin Hou, Lixiang Chen, Qing Zhu, Ling Yang, Xiaowei Zhou, Peng Zhang, Xiaohua Ma, Yue Hao

INVESTIGATION OF THE PULSED-1V DEGRADATION MECHANISM OF GAN-HEMT UNDER HIGH

in Liou, Chien Liu,

TEMPERATURE STORAGE TESTS... .ottt ettt sttt se s s £e st see st es e s e e tes e be e e s s e erese e s e se e s e et eseabeneaseneeneneenensesensenees 949
Yasunori Tateno, Yasuyo Kurachi, Hiroshi Yamamoto, Takashi Nakabayashi

FAILURE MODE ANALYSIS OF GAN-HEMT UNDER HIGH TEMPERATURE OPERATION........ccceiiviiirere e 954
Yasuyo Kurachi, Hiroshi Yamamoto, Yukinori Nose, Satoshi Shimizu, Yasunori Tateno, Takumi Yonemura, Masato Furukawa

A NOVEL GAN HEMT DEGRADATION MECHANISM OBSERVED DURING HTST TEST ....cccoiiiiieeee e 958

F. lucolano, A. Parisi, S. Reina, A. Chini

INVESTIGATION OF DEGRADATION PHENOMENA IN GAN-ON-SI POWER MIS-HEMTS UNDER

SOURCE CURRENT AND DRAIN BIAS STRESSES .......ooitiiieitit sttt sttt st bbb sbesbesbeanensean 963
Chih-Yi Yang, Tian-Li Wu, Tin-En Hsieh, Edward-Yi Chang

Author Index





