
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
IEEE Catalog Number: 
ISBN: 

CFP19IED-POD 
978-1-7281-4033-9 

2019 IEEE International Electron 
Devices Meeting (IEDM 2019) 

San Francisco, California, USA 
7 – 11 December 2019 

Pages 1-473 

1/2 



 
 
 
 
 
 
 
Copyright © 2019 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:   CFP19IED-POD 
ISBN (Print-On-Demand):  978-1-7281-4033-9 
ISBN (Online):   978-1-7281-4032-2 
ISSN:                            0163-1918 
    
        
 
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 
 

 
 



TABLE OF CONTENTS 
 
 
 

PROCESS AND PACKAGING INNOVATIONS FOR MOORE’S LAW CONTINUATION AND 
BEYOND ................................................................................................................................................................................ 1

Robert Chau 
 

CONTINUED SCALING IN SEMICONDUCTOR MANUFACTURING ENABLED BY 
ADVANCES IN LITHOGRAPHY ...................................................................................................................................... 7

Martin Van Den Brink 
 

FUTURE OF NON-VOLATILE MEMORY -FROM STORAGE TO COMPUTING-................................................ 12
K. Ishimaru 

 

DEMONSTRATION OF A RELIABLE 1 GB STANDALONE SPIN-TRANSFER TORQUE MRAM 
FOR INDUSTRIAL APPLICATIONS .............................................................................................................................. 18

S. Aggarwal ; H. Almasi ; M. Deherrera ; B. Hughes ; S. Ikegawa ; J. Janesky ; H. K. Lee ; H. Lu ; F. B. Mancoff ; 
K. Nagel ; G. Shimon ; J. J. Sun ; T. Andre ; S. M. Alam 

 

1GBIT HIGH DENSITY EMBEDDED STT-MRAM IN 28NM FDSOI TECHNOLOGY .......................................... 22
K. Lee ; J. H. Bak ; Y. J. Kim ; C. K. Kim ; A. Antonyan ; D. H. Chang ; S. H. Hwang ; G. W. Lee ; N. Y. Ji ; W. J. 
Kim ; J. H. Lee ; B. J. Bae ; J. H. Park ; I. H. Kim ; B. Y. Seo ; S. H. Han ; Y. Ji ; H. T. Jung ; S. O. Park ; O. I. 
Kwon ; J. W. Kye ; Y. D. Kim ; S. W. Pae ; Y. J. Song ; G. T. Jeong ; K. H. Hwang ; G. H. Koh ; H. K. Kang ; E. S. 
Jung 

 

MANUFACTURABLE 22NM FD-SOI EMBEDDED MRAM TECHNOLOGY FOR INDUSTRIAL-
GRADE MCU AND IOT APPLICATIONS...................................................................................................................... 26

V. B. Naik ; K. Lee ; K. Yamane ; R. Chao ; J. Kwon ; N. Thiyagarajah ; N. L. Chung ; S. H. Jang ; B. Behin-Aein ; 
J. H. Lim ; T. Y. Lee ; W. P. Neo ; H. Dixit ; S. K ; L. C. Goh ; T. Ling ; J. Hwang ; D. Zeng ; J. W. Ting ; E. H. 
Toh ; L. Zhang ; R. Low ; N. Balasankaran ; L. Y. Zhang ; K. W. Gan ; L. Y. Hau ; J. Mueller ; B. Pfefferling ; O. 
Kallensee ; S. L. Tan ; C. S. Seet ; Y. S. You ; S. T. Woo ; E. Quek ; S. Y. Siah ; J. Pellerin 

 

2 MB ARRAY-LEVEL DEMONSTRATION OF STT-MRAM PROCESS AND PERFORMANCE 
TOWARDS L4 CACHE APPLICATIONS....................................................................................................................... 30

J. G. Alzate ; U. Arslan ; P. Bai ; J. Brockman ; Y. J. Chen ; N. Das ; K. Fischer ; T. Ghani ; P. Heil ; P. Hentges ; 
R. Jahan ; A. Littlejohn ; M. Mainuddin ; D. Ouellette ; J. Pellegren ; T. Pramanik ; C. Puls ; P. Quintero ; T. 
Rahman ; M. Sekhar ; B. Sell ; M. Seth ; A. J. Smith ; A. K. Smith ; L. Wei ; C. Wiegand ; O. Golonzka ; F. 
Hamzaoglu 

 

A NOVEL INTEGRATION OF STT-MRAM FOR ON-CHIP HYBRID MEMORY BY UTILIZING 
NON-VOLATILITY MODULATION .............................................................................................................................. 34

J.-H. Park ; J. Lee ; J. Jeong ; U. Pi ; W. K. Kim ; S. Lee ; E. Noh ; K. Kim ; W. C. Lim ; S. Kwon ; B.-J. Bae ; I. 
Kim ; N. Ji ; K. Lee ; H. Shin ; S. H. Han ; S. Hwang ; D. Jeong ; J. Lee ; S. C. Oh ; S. O. Park ; Y. J. Song ; G. T. 
Jeong ; G. H. Koh ; S. Hyun ; K. Hwang ; S. W. Nam ; H. K. Kang ; E. S. Jung 

 

SPIN-TRANSFER TORQUE MRAM WITH RELIABLE 2 NS WRITING FOR LAST LEVEL 
CACHE APPLICATIONS.................................................................................................................................................. 38

G. Hu ; J. J. Nowak ; M. G. Gottwald ; S. L. Brown ; B. Doris ; C. P. D’Emic ; P. Hashemi ; D. Houssameddine ; 
Q. He ; D. Kim ; J. Kim ; C. Kothandaraman ; G. Lauer ; H K Lee ; N. Marchack ; M. Reuter ; R. P. Robertazzi ; 
J. Z. Sun ; T. Suwannasiri ; P. L. Trouilloud ; S. Woo ; D. C. Worledge 

 

22NM STT-MRAM FOR REFLOW AND AUTOMOTIVE USES WITH HIGH YIELD, 
RELIABILITY, AND MAGNETIC IMMUNITY AND WITH PERFORMANCE AND SHIELDING 
OPTIONS ............................................................................................................................................................................. 42

W. J. Gallagher ; Eric Chien ; Tien-Wei Chiang ; Jian-Cheng Huang ; Meng-Chun Shih ; C. Y. Wang ; Chih-Hui 
Weng ; Sean Chen ; Christine Bair ; George Lee ; Yi-Chun Shih ; Chia-Fu Lee ; Po-Hao Lee ; Roger Wang ; Kuei- 
Hung Shen ; J. J. Wu ; Wayne Wang ; Harry Chuang 

 

MONOLITHIC 3D BEOL FINFET SWITCH ARRAYS USING LOCATION-CONTROLLED-
GRAIN TECHNIQUE IN VOLTAGE REGULATOR WITH BETTER FOM THAN 2D 
REGULATORS ................................................................................................................................................................... 46

Ping-Yi Hsieh ; Yi-Jui Chang ; Pin-Jun Chen ; Chun-Liang Chen ; Chih-Chao Yang ; Po-Tsang Huang ; Yi-Jing 
Chen ; Chih-Ming Shen ; Yu-Wei Liu ; Chien-Chi Huang ; Ming-Chi Tai ; Wei-Chung Lo ; Chang-Hong Shen ; 
Jia-Min Shieh ; Da-Chiang Chang ; Kuan-Neng Chen ; Wen-Kuan Yeh ; Chenming Hu 

 

3D-STACKED CAAC-IN-GA-ZN OXIDE FETS WITH GATE LENGTH OF 72NM ................................................ 50
Masashi Oota ; Yoshinori Ando ; Kazuki Tsuda ; Tatsuki Koshida ; Satoru Oshita ; Akio Suzuki ; Kunihiro 
Fukushima ; Shuhei Nagatsuka ; Tatsuya Onuki ; Ryota Hodo ; Takayuki Ikeda ; Shunpei Yamazaki 

 

MONOLITHIC 3D SRAM-CIM MACRO FABRICATED WITH BEOL GATE-ALL-AROUND 
MOSFETS ............................................................................................................................................................................ 54

Fu-Kuo Hsueh ; Chun-Ying Lee ; Cheng-Xin Xue ; Chang-Hong Shen ; Jia-Min Shieh ; Bo-Yuan Chen ; Yen-
Cheng Chiu ; Hsiu-Chih Chen ; Ming-Hsuan Kao ; Wen-Hsien Huang ; Kai-Shin Li ; Chien-Ting Wu ; Kun-Lin 
Lin ; Kun-Ming Chen ; Guo-Wei Huang ; Meng-Fan Chang ; Chenming Hu ; Wen-Kuan Yeh 

 



INTER-TIER DYNAMIC COUPLING AND RF CROSSTALK IN 3D SEQUENTIAL 
INTEGRATION .................................................................................................................................................................. 58

P. Sideris ; J. Lugo-Alvarez ; P. Batude ; L. Brunet ; P. Acosta-Alba ; S. Kerdiles ; C. Fenouillet-Beranger ; G. 
Sicard ; O. Rozeau ; F. Andrieu ; J-P. Colinge ; G. Ghibaudo ; C. Theodorou 

 

BEOL COMPATIBLE 15-NM CHANNEL LENGTH ULTRATHIN INDIUM-TIN-OXIDE 
TRANSISTORS WITH ION = 970 µA/µM AND ON/OFF RATIO NEAR 1011 AT VDS = 0.5 V ................................... 62

Shengman Li ; Mengchuan Tian ; Chengru Gu ; Runsheng Wang ; Mengfei Wang ; Xiong Xiong ; Xuefei Li ; Ru 
Huang ; Yanqing Wu 

 

1200 V MULTI-CHANNEL POWER DEVICES WITH 2.8 O•MM ON-RESISTANCE ............................................. 66
Jun Ma ; Catherine Erine ; Minghua Zhu ; Nela Luca ; Peng Xiang ; Kai Cheng ; Elison Matioli 

 

IMPACT IONIZATION COEFFICIENTS IN GAN MEASURED BY ABOVE- AND SUB-EG 
ILLUMINATIONS FOR P-/N+ JUNCTION ..................................................................................................................... 70

Takuya Maeda ; Tetsuo Narita ; Shinji Yamada ; Tetsu Kachi ; Tsunenobu Kimoto ; Masahiro Horita ; Jun Suda 
 

INVESTIGATION OF NBTI DEGRADATION ON GAN-ON-SI E-MODE MOSC-HEMT ...................................... 74
A. G. Viey ; W. Vandendaele ; M.-A. Jaud ; J. Cluzel ; J.-P. Barnes ; S. Martin ; A. Krakovinsky ; R. Gwoziecki ; 
M. Plissonnier ; F. Gaillard ; R. Modica ; F. Iucolano ; M. Meneghini ; E. Zanoni ; G. Meneghesso ; G. Ghibaudo 

 

GAN-ON-SOI: MONOLITHICALLY INTEGRATED ALL-GAN ICS FOR POWER CONVERSION ................... 78
X. Li ; N. Amirifar ; K. Geens ; M. Zhao ; W. Guo ; H. Liang ; S. You ; N. Posthuma ; B. De Jaeger ; S. Stoffels ; 
B. Bakeroot ; D. Wellekens ; B. Vanhove ; T. Cosnier ; R. Langer ; D. Marcon ; G. Groeseneken ; S. Decoutere 

 

GAN/ALN SCHOTTKY-GATE P-CHANNEL HFETS WITH INGAN CONTACTS AND 100 
MA/MM ON-CURRENT .................................................................................................................................................... 82

S. J. Bader ; R. Chaudhuri ; A. Hickman ; K. Nomoto ; S. Bharadwaj ; H. W. Then ; H. G. Xing ; D. Jena 
 

FIRST DEMONSTRATION OF A SELF-ALIGNED GAN P-FET ............................................................................... 86
Nadim Chowdhury ; Qingyun Xie ; Mengyang Yuan ; Nitul S. Rajput ; Peng Xiang ; Kai Cheng ; Han Wui Then ; 
Tomás Palacios 

 

REVERSE TIP SAMPLE SCANNING FOR PRECISE AND HIGH-THROUGHPUT ELECTRICAL 
CHARACTERIZATION OF ADVANCED NODES........................................................................................................ 90

U. Celano ; T. Hantschel ; T. Boehme ; A. Kanniainen ; L. Wouters ; H. Bender ; N. Bosman ; C. Drijbooms ; S. 
Folkersma ; K. Paredis ; W. Vandervorst ; P. Van Der Heide 

 

HOT-SPOT THERMAL SENSOR DESIGN IN FINFETS ............................................................................................. 94
S. L. Liu ; J. J. Horng ; Amit Kundu ; B. S. Lien ; C. H. Lee ; Y. H. Chen ; Chester Kuo ; Y. C. Peng ; Mark Chen 

 

CHARACTERIZING ELECTROMIGRATION EFFECTS IN A 16NM FINFET PROCESS USING 
A CIRCUIT BASED TEST VEHICLE ............................................................................................................................. 98

N. Pande ; C. Zhou ; Mh Lin ; R. Fung ; R. Wong ; S. Wen ; C. H. Kim 
 

HUMIDITY PENETRATION IMPACT ON INTEGRATED CIRCUIT PERFORMANCE AND 
RELIABILITY................................................................................................................................................................... 102

Franco Stellari ; Cyril Cabral ; Peilin Song ; Robert Laibowitz 
 

NON-PLANARIZATION CU-CU DIRECT BONDING AND GANG BONDING WITH LOW 
TEMPERATURE AND SHORT DURATION IN AMBIENT ATMOSPHERE ......................................................... 106

Tzu-Chieh Chou ; Kai-Ming Yang ; Jian-Chen Li ; Ting-Yang Yu ; Ying-Ting Chung ; Cheng-Ta Ko ; Yu-Hua 
Chen ; Tzyy-Jang Tseng ; Kuan-Neng Chen 

 

REDUCING THE IMPACT OF PHASE-CHANGE MEMORY CONDUCTANCE DRIFT ON THE 
INFERENCE OF LARGE-SCALE HARDWARE NEURAL NETWORKS............................................................... 110

S. Ambrogio ; M. Gallot ; K. Spoon ; H. Tsai ; C. Mackin ; M. Wesson ; S. Kariyappa ; P. Narayanan ; C.-C. Liu ; 
A. Kumar ; A. Chen ; G. W. Burr 

 

PERFORMANCE MAXIMIZATION OF IN-MEMORY REINFORCEMENT LEARNING WITH 
VARIABILITY-CONTROLLED HF1-XZRXO2 FERROELECTRIC TUNNEL JUNCTIONS.................................. 114

K. Ota ; M. Yamaguchi ; R. Berdan ; T. Marukame ; Y. Nishi ; K. Matsuo ; K. Takahashi ; Y. Kamiya ; S. Miyano ; 
J. Deguchi ; S. Fujii ; M. Saitoh 

 

SUB-NA LOW-CURRENT HZO FERROELECTRIC TUNNEL JUNCTION FOR HIGH-
PERFORMANCE AND ACCURATE DEEP LEARNING ACCELERATION.......................................................... 118

Tzu-Yun Wu ; Hsin-Hui Huang ; Yueh-Hua Chu ; Chih-Cheng Chang ; Ming-Hung Wu ; Chien-Hua Hsu ; Chien-
Ting Wu ; Min-Ci Wu ; Wen-Wei Wu ; Tian-Sheuan Chang ; Heng-Yuan Lee ; Shyh-Shyuan Sheu ; Wei-Chung Lo 
; Tuo-Hung Hou 

 

CAPACITOR-LESS STOCHASTIC LEAKY-FEFET NEURON OF BOTH EXCITATORY AND 
INHIBITORY CONNECTIONS FOR SNN WITH REDUCED HARDWARE COST .............................................. 122

Jin Luo ; Liutao Yu ; Tianyi Liu ; Mengxuan Yang ; Zhiyuan Fu ; Zhongxin Liang ; Liang Chen ; Cheng Chen ; 
Shuhan Liu ; Si Wu ; Qianqian Huang ; Ru Huang 

 

COMPLEMENTARY GRAPHENE-FERROELECTRIC TRANSISTORS (C-GFTS) AS SYNAPSES 
WITH MODULATABLE PLASTICITY FOR SUPERVISED LEARNING............................................................... 126

Yue Zhou ; Nuo Xu ; Bin Gao ; Yangyang Chen ; Boyi Dong ; Yi Li ; Yuhui He ; Xiang Shui Miao 
 



A NOVEL SCALABLE ENERGY-EFFICIENT SYNAPTIC DEVICE: CROSSBAR 
FERROELECTRIC SEMICONDUCTOR JUNCTION ................................................................................................ 130

M. Si ; Y. Luo ; W. Chung ; H. Bae ; D. Zheng ; J. Li ; J. Qin ; G. Qiu ; S. Yu ; P. D. Ye 
 

EXPERIMENTAL DEMONSTRATION OF CONVERSION-BASED SNNS WITH 1T1R MOTT 
NEURONS FOR NEUROMORPHIC INFERENCE ..................................................................................................... 134

Xumeng Zhang ; Zhongrui Wang ; Wenhao Song ; Rivu Midya ; Ye Zhuo ; Rui Wang ; Mingyi Rao ; Navnidhi K. 
Upadhyay ; Qiangfei Xia ; J. Joshua Yang ; Qi Liu ; Ming Liu 

 

HYSTERESIS-FREE NEGATIVE CAPACITANCE IN THE MULTI-DOMAIN SCENARIO FOR 
LOGIC APPLICATIONS ................................................................................................................................................. 138

J. Gomez ; S. Dutta ; K. Ni ; J. A. Smith ; B. Grisafe ; A. Khan ; S. Datta 
 

REVISED ANALYSIS OF NEGATIVE CAPACITANCE IN FERROELECTRIC-INSULATOR 
CAPACITORS: ANALYTICAL AND NUMERICAL RESULTS, PHYSICAL INSIGHT, 
COMPARISON TO EXPERIMENTS ............................................................................................................................. 142

T. Rollo ; F. Blanchini ; G. Giordano ; R. Specogna ; D. Esseni 
 

ELECTROSTATIC INTEGRITY IN NEGATIVE-CAPACITANCE FETS – A SUBTHRESHOLD 
MODELING APPROACH ............................................................................................................................................... 146

Pin Su ; Wei-Xiang You 
 

EQUIVALENT OXIDE THICKNESS (EOT) SCALING WITH HAFNIUM ZIRCONIUM OXIDE 
HIGH-? DIELECTRIC NEAR MORPHOTROPIC PHASE BOUNDARY ................................................................ 150

Kai Ni ; Atanu Saha ; Wriddhi Chakraborty ; Huacheng Ye ; Benjamin Grisafe ; Jeffrey Smith ; G. Bruce Rayner ; 
Sumeet Gupta ; Suman Datta 

 

SURFACE POTENTIAL-BASED COMPACT MODEL FOR NEGATIVE CAPACITANCE FETS 
COMPATIBLE FOR LOGIC CIRCUIT: WITH TIME DEPENDENCE AND MULTIDOMAIN 
INTERACTION................................................................................................................................................................. 154

Ying Zhao ; Ling Li ; Yue Peng ; Quan Li ; Guanhua Yang ; Xichen Chuai ; Qiang Li ; Genquan Han ; Ming Liu 
 

14NM FINFET PROCESS TECHNOLOGY PLATFORM FOR OVER 100M PIXEL DENSITY 
AND ULTRA LOW POWER 3D STACK CMOS IMAGE SENSOR .......................................................................... 158

Donghee Yu ; Choong Jae Lee ; Myounkyu Park ; Junghwan Park ; Seungju Hwang ; Joonhyung Lee ; Sunghun 
Yu ; Hyunjung Shin ; Byoungho Kim ; Jong-Won Choi ; Sangil Jung ; Minho Kwon ; Il-Seon Ha ; Chaesung Kim ; 
Sanghyun Cho ; Seunghyun Lim ; Won-Woong Kim ; Moo-Young Kim ; Seonghye Park ; Ki-Don Lee ; Rakesh 
Ranjan ; Shigenobu Maeda ; Gitae Jeong 

 

HIGH PERFORMANCE GIGAHERTZ FLEXIBLE RADIO FREQUENCY TRANSISTORS WITH 
EXTREME BENDING CONDITIONS ........................................................................................................................... 162

Mengfei Wang ; Mengchuan Tian ; Zhenfeng Zhang ; Shengman Li ; Runsheng Wang ; Chengru Gu ; Xiaoyu Shan 
; Xiong Xiong ; Xuefei Li ; Ru Huang ; Yanqing Wu 

 

A NOVEL STRUCTURAL DESIGN SERVING AS A STRESS RELIEF LAYER FOR FLEXIBLE 
LTPS TFTS ........................................................................................................................................................................ 166

Yu-Xuan Wang ; Ting-Chang Chang ; Shin-Ping Huang ; Mao-Chou Tai ; Yu-Zhe Zheng ; Chia-Chuan Wu ; 
Simon Sze 

 

SELF-ALIGNED ELEVATED-METAL METAL-OXIDE THIN-FILM TRANSISTORS FOR 
DISPLAYS AND FLEXIBLE ELECTRONICS ............................................................................................................. 170

Zhihe Xia ; Lei Lu ; Jiapeng Li ; Hoi-Sing Kwok ; Man Wong 
 

FLEXIBLE, ACTIVE-MATRIX FLAT-PANEL IMAGE SENSOR FOR LOW DOSE X-RAY 
DETECTION ENABLED BY INTEGRATION OF PEROVSKITE PHOTODIODE AND OXIDE 
THIN FILM TRANSISTOR ............................................................................................................................................. 174

Taoyu Zou ; Changdong Chen ; Ben Xiang ; Ya Wang ; Chuan Liu ; Shengdong Zhang ; Hang Zhou 
 

FIRST DEMONSTRATION OF III-V HBTS ON 300 MM SI SUBSTRATES USING NANO-RIDGE 
ENGINEERING ................................................................................................................................................................ 178

A. Vais ; L. Witters ; Y. Mols ; A. S. Hernandez ; A. Walke ; H. Yu ; M. Baryshnikova ; G. Mannaert ; V. 
Deshpande ; R. Alcotte ; M. Ingels ; P. Wambacq ; B. Parvais ; R. Langer ; B. Kunert ; N. Waldron ; N. Collaert 

 

MILLIMETER-WAVE INP DEVICE TECHNOLOGIES FOR ULTRA-HIGH SPEED WIRELESS 
COMMUNICATIONS TOWARD BEYOND 5G ........................................................................................................... 182

H. Hamada ; T. Tsutsumi ; H. Sugiyama ; H. Matsuzaki ; H.-J. Song ; G. Itami ; T. Fujimura ; I. Abdo ; K. Okada 
; H. Nosaka 

 

IMPACT IONIZATION CONTROL IN 50 NM LOW-NOISE HIGH-SPEED INP HEMTS WITH 
INAS CHANNEL INSETS................................................................................................................................................ 186

Diego C. Ruiz ; Tamara Saranovac ; Daxin Han ; Olivier Ostinelli ; C. R. Bolognesi 
 

WEYL SEMI-METAL-BASED HIGH-FREQUENCY AMPLIFIERS........................................................................ 190
A. Toniato ; B. Gotsmann ; E. Lind ; C. B. Zota 

 

NON-VOLATILE RF AND MM-WAVE SWITCHES BASED ON MONOLAYER HBN ........................................ 194
Myungsoo Kim ; Emiliano Pallecchi ; Ruijing Ge ; Xiaohan Wu ; Vanessa Avramovic ; Etienne Okada ; Jack C. 
Lee ; Henri Happy ; Deji Akinwande 

 



NON-RECIPROCAL ACOUSTOELECTRIC AMPLIFICATION IN GERMANIUM-BASED LAMB 
WAVE DELAY LINES ..................................................................................................................................................... 198

F. Hakim ; M. Ramezani ; S. Rassay ; R. Tabrizian 
 

THE NEUROPIXELS PROBE: A CMOS BASED INTEGRATED MICROSYSTEMS PLATFORM 
FOR NEUROSCIENCE AND BRAIN-COMPUTER INTERFACES.......................................................................... 202

B. Dutta ; A. Andrei ; T. D. Harris ; C. M. Lopez ; J. O’Callahan ; J. Putzeys ; B. C. Raducanu ; S. Severi ; S. D. 
Stavisky ; E. M. Trautmann ; M. Welkenhuysen ; K. V. Shenoy 

 

MICROFABRICATED BIOELECTRONIC SYSTEMS FOR PREVENTION, DIAGNOSTICS AND 
TREATMENT OF NEUROLOGICAL DISORDERS ................................................................................................... 206

Giuseppe Schiavone ; Florian Fallegger ; Philipp Schönle ; Qiuting Huang ; Stéphanie P. Lacour 
 

HAPTICS-LED INNOVATION FOR COMING SOCIETY......................................................................................... 210
K. Ohnishi ; T. Nozaki ; Y. Saito ; T. Shimono ; T. Mizoguchi 

 

CHALLENGES IN THE DEVELOPMENT OF WEARABLE HUMAN MACHINE INTERFACE 
SYSTEMS .......................................................................................................................................................................... 214

Brendan O’Flynn ; Javier Sanchez-Torres ; Salvatore Tedesco ; Michael Walsh 
 

INTELLIGENT VISION SYSTEMS – BRINGING HUMAN-MACHINE INTERFACE TO AR/VR ..................... 218
Chiao Liu ; Andrew Berkovich ; Song Chen ; Hans Reyserhove ; Syed Shakib Sarwar ; Tsung-Hsun Tsai 

 

LOW-LATENCY INTERACTIVE SENSING FOR MACHINE VISION................................................................... 222
Paul K. J. Park ; Jun- Seok Kim ; Chang- Woo Shin ; Hyunku Lee ; Weiheng Liu ; Qiang Wang ; Yohan Roh ; 
Jeonghan Kim ; Yotam Ater ; Evgeny Soloveichik ; Hyunsurk Eric Ryu 

 

HIGH-SPEED IMAGE PROCESSING DEVICES AND ITS APPLICATIONS ........................................................ 226
Masatoshi Ishikawa 

 

VERTICAL NANOWIRE AND NANOSHEET FETS: DEVICE FEATURES, NOVEL SCHEMES 
FOR IMPROVED PROCESS CONTROL AND ENHANCED MOBILITY, POTENTIAL FOR 
FASTER & MORE ENERGY EFFICIENT CIRCUITS ............................................................................................... 230

A. Veloso ; G. Eneman ; T. Huynh-Bao ; A. Chasin ; E. Simoen ; E. Vecchio ; K. Devriendt ; S. Brus ; E. Rosseel ; 
A. Hikavyy ; R. Loo ; V. Paraschiv ; B. T. Chan ; D. Radisic ; W. Li ; J. J. Versluijs ; L. Teugels ; F. Sebaai ; P. 
Favia ; H. Bender ; E. Vancoille ; J. E. Scheerder ; C. Fleischmann ; N. Horiguchi ; P. Matagne 

 

MULTIPLE-VT SOLUTIONS IN NANOSHEET TECHNOLOGY FOR HIGH PERFORMANCE 
AND LOW POWER APPLICATIONS ........................................................................................................................... 234

R. Bao ; K. Watanabe ; J. Zhang ; J. Guo ; H. Zhou ; A. Gaul ; M. Sankarapandian ; J. Li ; A. R. Hubbard ; R. 
Vega ; S. Pancharatnam ; P. Jamison ; M. Wang ; N. Loubet ; V. Basker ; D. Dechene ; D. Guo ; B. Haran ; H. Bu 
; M. Khare 

 

3D-CARRIER PROFILING AND PARASITIC RESISTANCE ANALYSIS IN VERTICALLY 
STACKED GATE-ALL-AROUND SI NANOWIRE CMOS TRANSISTORS............................................................ 238

P. Eyben ; R. Ritzenthaler ; A. De Keersgieter ; U. Celano ; T. Chiarella ; A. Veloso ; H. Mertens ; V. Pena ; G. 
Santoro ; J. Machillot ; M. Kim ; T. Miyashita ; N. Yoshida ; H. Bender ; O. Richard ; K. Paredis ; L. Wouters ; J. 
Mitard ; N. Horiguchi 

 

A NOVEL DRY SELECTIVE ETCH OF SIGE FOR THE ENABLEMENT OF HIGH 
PERFORMANCE LOGIC STACKED GATE-ALL-AROUND NANOSHEET DEVICES ....................................... 242

N. Loubet ; S. Kal ; C. Alix ; S. Pancharatnam ; H. Zhou ; C. Durfee ; M. Belyansky ; N. Haller ; K. Watanabe ; T. 
Devarajan ; J. Zhang ; X. Miao ; M. Sankar ; M. Breton ; R. Chao ; A. Greene ; L. Yu ; J. Frougier ; D. 
Chanemougame ; K. Tapily ; J. Smith ; V. Basker ; A. Mosden ; P. Biolsi ; T. Q. Hurd ; R. Divakaruni ; B. Haran ; 
H. Bu 

 

IMAGING, MODELING AND ENGINEERING OF STRAIN IN GATE-ALL-AROUND 
NANOSHEET TRANSITORS ......................................................................................................................................... 246

S. Reboh ; R. Coquand ; N. Loubet ; N. Bernier ; E. Augendre ; R. Chao ; J. Li ; J. Zhang ; R. Muthinti ; V. 
Boureau ; T. Yamashita ; O. Faynot 

 

FULL BOTTOM DIELECTRIC ISOLATION TO ENABLE STACKED NANOSHEET 
TRANSISTOR FOR LOW POWER AND HIGH PERFORMANCE APPLICATIONS ........................................... 250

J. Zhang ; J. Frougier ; A. Greene ; X. Miao ; L. Yu ; R. Vega ; P. Montanini ; C. Durfee ; A. Gaul ; S. 
Pancharatnam ; C. Adams ; H. Wu ; H. Zhou ; T. Shen ; R. Xie ; M. Sankarapandian ; J. Wang ; K. Watanabe ; R. 
Bao ; X. Liu ; C. Park ; H. Shobha ; P. Joseph ; D. Kong ; A. Arceo De La Pena ; J. Li ; R. Conti ; D. Dechene ; 
N. Loubet ; R. Chao ; T. Yamashita ; R. Robison ; V. Basker ; K. Zhao ; D. Guo ; B. Haran ; R. Divakaruni ; H. Bu 

 

FIRST DEMONSTRATION OF CMOS INVERTER AND 6T-SRAM BASED ON GAA CFETS 
STRUCTURE FOR 3D-IC APPLICATIONS ................................................................................................................. 254

S.-W. Chang ; P.-J. Sung ; T-Y. Chu ; D. D. Lu ; C.-J. Wang ; N.-C. Lin ; C.-J. Su ; S.-H. Lo ; H.-F. Huang ; J.-H. 
Li ; M.-K. Huang ; Y.-C. Huang ; S.-T. Huang ; H.-C. Wang ; Y.-J. Huang ; J.-Y. Wang ; L. - W Yu ; Y.-F. Huang ; 
F. - K. Hsueh ; C.-T. Wu ; W. C.-Y. Ma ; K.-H. Kao ; Y. - J. Lee ; C.-L. Lin ; R. W. Chuang ; K.-P. Huang ; S. 
Samukawa ; Y. Li ; W. - H. Lee ; T.-S. Chao ; G. - W. Huang ; W.-F. Wu ; J. - Y. Li ; J.-M. Shieh ; W. - K. Yeh ; Y.-
H. Wang 

 

MODELING NEEDS FOR POWER SEMICONDUCTOR DEVICES AND POWER 
ELECTRONICS SYSTEMS............................................................................................................................................. 258

Ramchandra Kotecha ; Gilberto Moreno ; Barry Mather ; Sreekant Narumanchi 
 



PROGRESS IN SI IGBT TECHNOLOGY – AS AN ONGOING COMPETITION WITH WBG 
POWER DEVICES ........................................................................................................................................................... 262

T. Laska 
 

DYNAMIC AVALANCHE FREE DESIGN IN 1.2KV SI-IGBTS FOR ULTRA HIGH CURRENT 
DENSITY OPERATION .................................................................................................................................................. 266

Peng Luo ; Sankara Narayanan Ekkanath Madathil ; Shin-Ichi Nishizawa ; Wataru Saito 
 

SINGLE AND MULTI-FIN NORMALLY-OFF GA2O3 VERTICAL TRANSISTORS WITH A 
BREAKDOWN VOLTAGE OVER 2.6 KV .................................................................................................................... 270

W. Li ; K. Nomoto ; Z. Hu ; T. Nakamura ; D. Jena ; H. G. Xing 
 

FIRST DEMONSTRATION OF WAFERSCALE HETEROGENEOUS INTEGRATION OF GA2O3 
MOSFETS ON SIC AND SI SUBSTRATES BY ION-CUTTING PROCESS............................................................. 274

Wenhui Xu ; Yibo Wang ; Tiangui You ; Xin Ou ; Genquan Han ; Haodong Hu ; Shibin Zhang ; Fengwen Mu ; 
Tadatomo Suga ; Yuhao Zhang ; Yue Hao ; Xi Wang 

 

CHALLENGES IN RADIO FREQUENCY AND MIXED-SIGNAL CIRCUIT RELIABILITY .............................. 278
V. Reddy ; S. Martin ; K. Benaissa ; C. Chancellor ; K. Bhatia ; V. Srinivasan ; V. Rentala ; S. Krishnan ; J. 
Ondrusek 

 

TELEMETRY FOR SYSTEM RELIABILITY .............................................................................................................. 282
Robert Kwasnick ; Hermann Gartler ; Josh Boelter ; John Holm ; Sheela Surisetty ; Chansik Im ; Praveen 
Polasam ; Oren Zonensain 

 

ENABLING PROGNOSTICS OF ROBUST DESIGN WITH INTERPRETABLE MACHINE 
LEARNING........................................................................................................................................................................ 286

Jay Sarkar ; Cory Peterson 
 

SECURITY AND RELIABILITY – FRIEND OR FOE ................................................................................................ 290
I. Verbauwhede ; K.-H. Chuang 

 

DESIGNING SECURE CRYPTOGRAPHIC CIRCUITS............................................................................................. 294
N. Homma 

 

LEVERAGING CIRCUIT RELIABILITY EFFECTS FOR DESIGNING ROBUST AND SECURE 
PHYSICAL UNCLONABLE FUNCTIONS ................................................................................................................... 298

M. Kim ; G. Park ; P. Chiu ; C. H. Kim 
 

CUSTOM CMOS AND POST-CMOS CROSSBAR CIRCUITS FOR RESOURCE-CONSTRAINED 
HARDWARE SECURITY PRIMITIVES....................................................................................................................... 302

Kaiyuan Yang 
 

PROGRAMMABLE LINEAR RAM: A NEW FLASH MEMORY-BASED MEMRISTOR FOR 
ARTIFICIAL SYNAPSES AND ITS APPLICATION TO SPEECH RECOGNITION SYSTEM ............................ 306

Shifan Gao ; Guangjun Yang ; Xiang Qiu ; Chun Yang ; Cheng Zhang ; Binhan Li ; Chao Gao ; Hong Jiang ; 
Zhexian Wang ; Jian Hu ; Jun Xiao ; Bo Zhang ; Choonghyun Lee ; Yi Zhao ; Weiran Kong 

 

ON-CHIP TRAINABLE 1.4M 6T2R PCM SYNAPTIC ARRAY WITH 1.6K STOCHASTIC LIF 
NEURONS FOR SPIKING RBM .................................................................................................................................... 310

M. Ishii ; S. Kim ; S. Lewis ; A. Okazaki ; J. Okazawa ; M. Ito ; M. Rasch ; W. Kim ; A. Nomura ; U. Shin ; K. 
Hosokawa ; M. Brightsky ; W. Haensch 

 

FULLY INTEGRATED SPIKING NEURAL NETWORK WITH ANALOG NEURONS AND 
RRAM SYNAPSES ........................................................................................................................................................... 314

A. Valentian ; F. Rummens ; E. Vianello ; T. Mesquida ; C. Lecat-Mathieu De Boissac ; O. Bichler ; C. Reita 
 

A DEEP NEURAL NETWORK ACCELERATOR BASED ON TILED RRAM ARCHITECTURE ...................... 318
Qiwen Wang ; Xinxin Wang ; Seung Hwan Lee ; Fan-Hsuan Meng ; Wei D. Lu 

 

ON DESIGNING EFFICIENT AND RELIABLE NONVOLATILE MEMORY-BASED 
COMPUTING-IN-MEMORY ACCELERATORS ........................................................................................................ 322

Bonan Yan ; Mengyun Liu ; Yiran Chen ; Krishnendu Chakrabarty ; Hai Li 
 

BAYESIAN NEURAL NETWORK REALIZATION BY EXPLOITING INHERENT STOCHASTIC 
CHARACTERISTICS OF ANALOG RRAM ................................................................................................................ 326

Yudeng Lin ; Qingtian Zhang ; Jianshi Tang ; Bin Gao ; Chongxuan Li ; Peng Yao ; Zhengwu Liu ; Jun Zhu ; Jiwu 
Lu ; Xiaobo Sharon Hu ; He Qian ; Huaqiang Wu 

 

AN ANALOG NEURO-OPTIMIZER WITH ADAPTABLE ANNEALING BASED ON 64×64 0T1R 
CROSSBAR CIRCUIT ..................................................................................................................................................... 330

M. R. Mahmoodi ; H. Kim ; Z. Fahimi ; H. Nili ; L. Sedov ; V. Polishchuk ; D. B. Strukov 
 

A HIGH-SPEED AND HIGH-RELIABILITY TRNG BASED ON ANALOG RRAM FOR IOT 
SECURITY APPLICATION ............................................................................................................................................ 334

Bohan Lin ; Bin Gao ; Yachuan Pang ; Peng Yao ; Dong Wu ; Hu He ; Jianshi Tang ; He Qian ; Huaqiang Wu 
 

MATERIAL PERSPECTIVES OF HFO2-BASED FERROELECTRIC FILMS FOR DEVICE 
APPLICATIONS ............................................................................................................................................................... 338

Akira Toriumi ; Lun Xu ; Yuki Mori ; Xuan Tian ; Patrick D. Lomenzo ; Halid Mulaosmanovic ; Monica Materano 
; Thomas Mikolajick ; Uwe Schroeder 

 



FIRST DIRECT MEASUREMENT OF SUB-NANOSECOND POLARIZATION SWITCHING IN 
FERROELECTRIC HAFNIUM ZIRCONIUM OXIDE ............................................................................................... 342

X. Lyu ; M. Si ; P. R. Shrestha ; K. P. Cheung ; P. D. Ye 
 

3D SCALABLE, WAKE-UP FREE, AND HIGHLY RELIABLE FRAM TECHNOLOGY WITH 
STRESS-ENGINEERED HFZROX ................................................................................................................................. 346

Y. D. Lin ; H. Y. Lee ; Y. T. Tang ; P. C. Yeh ; H. Y. Yang ; P. S. Yeh ; C. Y. Wang ; J. W. Su ; S. H. Li ; S. S. Sheu ; 
T. H. Hou ; W. C. Lo ; M. H. Lee ; M. F. Chang ; Y. C. King ; C. J. Lin 

 

IMPACT OF HOMOGENEOUSLY DISPERSED AL NANOCLUSTERS BY SI-MONOLAYER 
INSERTION INTO HF0.5ZR0.5O2 FILM ON FEFET MEMORY ARRAY WITH TIGHT 
THRESHOLD VOLTAGE DISTRIBUTION ................................................................................................................. 350

K. Maekawa ; T. Yamaguchi ; T. Ohara ; A. Amo ; E. Tsukuda ; K. Sonoda ; H. Yanagita ; M. Inoue ; M. Matsuura 
; T. Yamashita 

 

NEXT GENERATION FERROELECTRIC MEMORIES ENABLED BY HAFNIUM OXIDE .............................. 354
T. Mikolajick ; U. Schroeder ; P. D. Lomenzo ; E. T. Breyer ; H. Mulaosmanovic ; M. Hoffmann ; T. Mittmann ; F. 
Mehmood ; B. Max ; S. Slesazeck 

 

IMPACT OF CHARGE TRAPPING ON IMPRINT AND ITS RECOVERY IN HFO2 BASED 
FEFET ................................................................................................................................................................................ 358

Y. Higashi ; N. Ronchi ; B. Kaczer ; K. Banerjee ; S. R. C. McMitchell ; B. J. O’Sullivan ; S. Clima ; A. Minj ; U. 
Celano ; L. Di Piazza ; M. Suzuki ; D. Linten ; J. Van Houdt 

 

DEMONSTRATION OF BEOL-COMPATIBLE FERROELECTRIC HF0.5ZR0.5O2 SCALED 
FERAM CO-INTEGRATED WITH 130NM CMOS FOR EMBEDDED NVM APPLICATIONS........................... 362

T. Francois ; L. Grenouillet ; J. Coignus ; P. Blaise ; C. Carabasse ; N. Vaxelaire ; T. Magis ; F. Aussenac ; V. 
Loup ; C. Pellissier ; S. Slesazeck ; V. Havel ; C. Richter ; A. Makosiej ; B. Giraud ; E. T. Breyer ; M. Materano ; 
P. Chiquet ; M. Bocquet ; E. Nowak ; U. Schroeder ; F. Gaillard 

 

NANOPHOTONICS CONTRIBUTIONS TO STATE-OF-THE-ART CMOS IMAGE SENSORS.......................... 366
Sozo Yokogawa 

 

A 0.8 µM SMART DUAL CONVERSION GAIN PIXEL FOR 64 MEGAPIXELS CMOS IMAGE 
SENSOR WITH 12K E- FULL-WELL CAPACITANCE AND LOW DARK NOISE ............................................... 370

Donghyuk Park ; Seung-Wook Lee ; Jinhwa Han ; Dongyoung Jang ; Heesang Kwon ; Seungwon Cha ; Mihye 
Kim ; Haewon Lee ; Sungho Suh ; Woong Joo ; Yunki Lee ; Seungjoo Nah ; Heegeun Jeong ; Bumsuk Kim ; Sangil 
Jung ; Jesuk Lee ; Yitae Kim ; Chang-Rok Moon ; Yongin Park 

 

A 1/2INCH 48M ALL PDAF CMOS IMAGE SENSOR USING 0.8µM QUAD BAYER CODING 
2×2OCL WITH 1.0LUX MINIMUM AF ILLUMINANCE LEVEL ............................................................................ 374

T. Okawa ; S. Ooki ; H. Yamajo ; M. Kawada ; M. Tachi ; K. Goi ; T. Yamasaki ; H. Iwashita ; M. Nakamizo ; T. 
Ogasahara ; Y. Kitano ; K. Tatani 

 

A 2.2µM STACKED BACK SIDE ILLUMINATED VOLTAGE DOMAIN GLOBAL SHUTTER 
CMOS IMAGE SENSOR ................................................................................................................................................. 378

Geunsook Park ; Alan Chih-Wei Hsuing ; Keiji Mabuchi ; Jingming Yao ; Zhiqiang Lin ; Vincent C. Venezia ; 
Tongtong Yu ; Yu-Shen Yang ; Tiejun Dai ; Lindsay A. Grant 

 

A HIGHLY RELIABLE BACK SIDE ILLUMINATED PIXEL AGAINST PLASMA INDUCED 
DAMAGE ........................................................................................................................................................................... 382

Y. Sacchettini ; J.-P. Carrère ; C. Doyen ; R. Duru ; K. Courouble ; S. Ricq ; V. Goiffon ; P. Magnan 
 

THREE-LAYER STACKED COLOR IMAGE SENSOR WITH 2.0-µM PIXEL SIZE USING 
ORGANIC PHOTOCONDUCTIVE FILM .................................................................................................................... 386

H. Togashi ; T. Watanabe ; M. Joei ; T. Hayashi ; S. Hirata ; S. Fukuoka ; Y. Ando ; Y. Sato ; J. Yamamoto ; I. 
Yagi ; M. Murata ; M. Kuribayashi ; F. Koga ; T. Yamaguchi ; Y. Oike ; T. Ezaki ; T. Hirayama 

 

HIGH-DEFINITION VISIBLE-SWIR INGAAS IMAGE SENSOR USING CU-CU BONDING OF 
III-V TO SILICON WAFER. ........................................................................................................................................... 390

S. Manda ; R. Matsumoto ; S. Saito ; S. Maruyama ; H. Minari ; T. Hirano ; T. Takachi ; N. Fujii ; Y. Yamamoto ; 
Y. Zaizen ; T. Hirano ; H. Iwamoto 

 

DEEP SUBMICRON III-N HEMTS – TECHNOLOGICAL DEVELOPMENT AND RELIABILITY ................... 394
R. Quay ; M. Dammann ; T. Kemmer ; P. Brückner ; M. Cwiklinski ; D. Schwantuschke ; S. Krause ; S. Leone ; M. 
Mikulla 

 

CMOS-COMPATIBLE GAN-BASED DEVICES ON 200MM-SI FOR RF APPLICATIONS: 
INTEGRATION AND PERFORMANCE....................................................................................................................... 398

U. Peralagu ; A. Alian ; V. Putcha ; A. Khaled ; R. Rodriguez ; A. Sibaja-Hernandez ; S. Chang ; E. Simoen ; S. E. 
Zhao ; B. De Jaeger ; D. M. Fleetwood ; P. Wambacq ; M. Zhao ; B. Parvais ; N. Waldron ; N. Collaert 

 

3D HETEROGENEOUS INTEGRATION OF HIGH PERFORMANCE HIGH-K METAL GATE 
GAN NMOS AND SI PMOS TRANSISTORS ON 300MM HIGH-RESISTIVITY SI SUBSTRATE 
FOR ENERGY-EFFICIENT AND COMPACT POWER DELIVERY, RF (5G AND BEYOND) AND 
SOC APPLICATIONS ...................................................................................................................................................... 402

Han Wui Then ; S. Dasgupta ; M. Radosavljevic ; P. Agababov ; I. Ban ; R. Bristol ; M. Chandhok ; S. Chouksey ; 
B. Holybee ; C. Y. Huang ; B. Krist ; K. Jun ; K. Lin ; N. Nidhi ; T. Michaelos ; B. Mueller ; R. Paul ; J. Peck ; W. 
Rachmady ; D. Staines ; T. Talukdar ; N. Thomas ; T. Tronic ; P. Fischer ; Walid Hafez 

 



HIGH-POWER-DENSITY ALGAN/GAN TECHNOLOGY FOR 100-V OPERATION AT L-BAND 
FREQUENCIES ................................................................................................................................................................ 406

S. Krause ; P. Brückner ; M. Dammann ; R. Quay 
 

GAN-BASED PERIODIC HIGH-Q RF ACOUSTIC RESONATOR WITH INTEGRATED HEMT ...................... 410
Vikrant J. Gokhale ; Brian P. Downey ; D. Scott Katzer ; Laura B. Ruppalt ; David J. Meyer 

 

452 MHZ BANDWIDTH, HIGH REJECTION 5.6 GHZ UNII XBAW COEXISTENCE FILTERS 
USING DOPED ALN-ON-SILICON ............................................................................................................................... 414

Y. Shen ; P. Patel ; R. Vetury ; J. B. Shealy 
 

MINIMALLY INVASIVE MEDICAL CATHETER WITH HIGHLY FLEXIBLE FDSOI-BASED 
INTEGRATED CIRCUITS .............................................................................................................................................. 418

Seung-Yoon Kim ; Jae Hoon Bong ; Mi Kyung Kim ; Wan Sik Hwang ; Hyunjoo J. Lee ; Byeong-Wook Song ; Il-
Kwon Kim ; Byung Jin Cho 

 

HIGHLY SENSITIVE SILICON SLIP SENSING IMAGER FOR FORCEPS GRIPPERS USED 
UNDER LOW FRICTION CONDITION ....................................................................................................................... 422

K. Ando ; T. Yamamoto ; Y. Maeda ; K. Terao ; F. Shimokawa ; M. Fujiwara ; H. Takao 
 

NEURAL INTERFACES BASED ON FLEXIBLE GRAPHENE TRANSISTORS: A NEW TOOL 
FOR ELECTROPHYSIOLOGY ..................................................................................................................................... 426

A. Guimerà-Brunet ; E. Masvidal-Codina ; X. Illa ; M. Dasilva ; A. Bonaccini-Calia ; E. Prats-Alfonso ; J. 
Martínez-Aguilar ; J. M. De La Cruz ; R. Garcia-Cortadella ; N. Schaefer ; A. Barbero ; P. Godignon ; G. Rius ; 
E. Del Corro ; J. Bousquet ; C. Hébert ; R. Wykes ; M. V. Sanchez-Vives ; R. Villa ; J. A. Garrido 

 

DESIGN AND FABRICATION OF CMOS-BASED NEURAL PROBES FOR LARGE-SCALE 
ELECTROPHYSIOLOGY............................................................................................................................................... 430

C. M. Lopez ; A. Andrei ; S. Wang ; R. Van Hoof ; S. Severi ; N. Van Helleputte 
 

SOLUTION PROCESSED HIGHLY UNIFORM AND RELIABLE LOW VOLTAGE ORGANIC 
FETS AND FACILE PACKAGING FOR HANDHELD MULTI-ION SENSING ..................................................... 434

Y. Huang ; Y. Song ; Y. Tang ; Z. Liu ; L. Han ; Q. Zhang ; B. Ouyang ; W. Tang ; L. Feng ; X. Guo 
 

BIOFET TECHNOLOGY: AGGRESSIVELY SCALED PMOS FINFET AS BIOSENSOR.................................... 438
K. Martens ; S. Santermans ; M. Gupta ; G. Hellings ; R. Wuytens ; B. Du Bois ; E. Dupuy ; E. Altamirano-
Sanchez ; K. Jans ; R. Vos ; T. Stakenborg ; L. Lagae ; M. Heyns ; S. Severi ; W. Van Roy 

 

NANOPORE DIGITAL COUNTING OF AMPLICONS FOR ULTRASENSITIVE ELECTRONIC 
DNA DETECTION............................................................................................................................................................ 442

Zifan Tang ; Gihoon Choi ; Reza Nouri ; Weihua Guan 
 

BURIED POWER RAILS AND BACK-SIDE POWER GRIDS: ARM® CPU POWER DELIVERY 
NETWORK DESIGN BEYOND 5NM ............................................................................................................................ 446

Divya Prasad ; S. S. Teja Nibhanupudi ; Shidhartha Das ; Odysseas Zografos ; Bilal Chehab ; Satadru Sarkar ; 
Rogier Baert ; Alex Robinson ; Anshul Gupta ; Alessio Spessot ; Peter Debacker ; Diederik Verkest ; Jaydeep 
Kulkarni ; Brian Cline ; Saurabh Sinha 

 

MONOLITHIC HETEROGENEOUS INTEGRATION OF BEOL POWER GATING 
TRANSISTORS OF CARBON NANOTUBE NETWORKS WITH FEOL SI RING OSCILLATOR 
CIRCUITS.......................................................................................................................................................................... 450

Chao-Ching Cheng ; Chun-Chieh Lu ; Tsu-Ang Chao ; Ang-Sheng Chou ; Hung-Li Chiang ; Tzu-Chiang Chen ; 
Tianqi Gao ; Jianwen Zhao ; Zheng Cui ; Lain-Jong Li ; H.-S. Philip Wong 

 

THREE-LAYER BEOL PROCESS INTEGRATION WITH SUPERVIA AND SELF-ALIGNED-
BLOCK OPTIONS FOR THE 3 NM NODE .................................................................................................................. 454

V. Vega-Gonzalez ; C. J. Wilson ; B. Briggs ; S. Decoster ; J. Versluijs ; A. Lesniewska ; S. Paolillo ; R. Baert ; H. 
Puliyalil ; J. Bekaert ; E. Kesters ; Q. T. Le ; C. Lorant ; O. Varela P. ; L. Teugels ; N. Heylen ; Z. El-Mekki ; M. 
Van Der Veen ; T. Webers ; H. Vats ; L. Rynders ; M. Cupak ; J. Uk-Lee ; Y. Drissi ; L. Halipre ; A.-L. Charley ; 
P. Verdonck ; T. Witters ; S. V. Gompel ; Y. Kimura ; N. Jourdan ; I. Ciofi ; A. Gupta ; A. Contino ; G. Boccardi ; 
S. Lariviere ; L. Dupas ; B. De-Wachter ; E. Vancoille ; F. Lazzarino ; M Ercken ; P. Debacker ; R. Kim ; D. 
Trivkovic ; K. Croes ; P. Leray ; L. Dillemans ; Y.-F. Chen ; Z. Tokei 

 

HETEROGENEOUS INTEGRATION USING OMNI-DIRECTIONAL INTERCONNECT 
PACKAGING .................................................................................................................................................................... 458

A. A. Elsherbini ; S. M. Liff ; J. M. Swan 
 

INTEGRATED DEEP TRENCH CAPACITOR IN SI INTERPOSER FOR COWOS 
HETEROGENEOUS INTEGRATION ........................................................................................................................... 462

S. Y. Hou ; H. Hsia ; C. H. Tsai ; K. C. Ting ; T. H. Yu ; Y. W. Lee ; F. C. Chen ; W. C. Chiou ; C. T. Wang ; C. H. 
Wu ; Douglas Yu 

 

FOVEROS: 3D INTEGRATION AND THE USE OF FACE-TO-FACE CHIP STACKING FOR 
LOGIC DEVICES ............................................................................................................................................................. 466

D. B. Ingerly ; S. Amin ; L. Aryasomayajula ; A. Balankutty ; D. Borst ; A. Chandra ; K. Cheemalapati ; C. S. 
Cook ; R. Criss ; K. Enamul ; W. Gomes ; D. Jones ; K. C. Kolluru ; A. Kandas ; G.-S. Kim ; H. Ma ; D. Pantuso ; 
C. F. Petersburg ; M. Phen-Givoni ; A. M. Pillai ; A. Sairam ; P. Shekhar ; P. Sinha ; P. Stover ; A. Telang ; Z. 
Zell 

 



SUPPRESSION OF BIPOLAR DEGRADATION IN 4H-SIC POWER DEVICES BY CARRIER 
LIFETIME CONTROL .................................................................................................................................................... 470

H. Tsuchida ; K. Murata ; T. Tawara ; M. Miyazato ; T. Miyazawa ; K. Maeda 
 

LOW VON 17KV SIC IGBT ASSISTED N-MOS THYRISTOR ................................................................................... 474
S. Matsunaga ; T. Mizushima ; K. Takenaka ; Y. Kiuchi ; A. Koyama ; Y. Yonezawa ; H. Okumura 

 

EXPERIMENTAL INVESTIGATION AND IMPROVEMENT OF CHANNEL MOBILITY IN 4H-
SIC TRENCH MOSFETS................................................................................................................................................. 478

K. Kutsuki ; E. Kagoshima ; T. Onishi ; J. Saito ; N. Soejima ; Y. Watanabe 
 

IMPROVEMENT IN THE CHANNEL PERFORMANCE AND NBTI OF SIC-MOSFETS BY 
OXYGEN DOPING........................................................................................................................................................... 482

M. Noguchi ; T. Iwamatsu ; H. Amishiro ; H. Watanabe ; K. Kita ; N. Miura 
 

PHYSICAL MODELING OF BIAS TEMPERATURE INSTABILITIES IN SIC MOSFETS.................................. 486
C. Schleich ; J. Berens ; G. Rzepa ; G. Pobegen ; G. Rescher ; S. Tyaginov ; T. Grasser ; M. Waltl 

 

ADDRESSING RELIABILITY CHALLENGES IN ADVANCE NODES FOR COMMERCIAL AND 
AUTOMOTIVE APPLICATION .................................................................................................................................... 490

T. Nigam ; P. Paliwoda ; X. Wang ; A. Kerber 
 

A PHYSICS-AWARE COMPACT MODELING FRAMEWORK FOR TRANSISTOR AGING IN 
THE ENTIRE BIAS SPACE ............................................................................................................................................ 494

Zhicheng Wu ; Jacopo Franco ; Philippe J. Roussel ; Stanislav Tyaginov ; Brecht Trujen ; Michiel Vandemale ; 
Geert Hellings ; Nadine Collaert ; Guido Groeseneken ; Dimitri Linten ; Ben Kaczer 

 

UNDERSTANDING AND PHYSICAL MODELING SUPERIOR HOT-CARRIER RELIABILITY 
OF GE PNWFETS............................................................................................................................................................. 498

S. Tyaginov ; A.-M. El-Sayed ; A. Makarov ; A. Chasin ; H. Arimura ; M. Vandemaele ; M. Jech ; E. Capogreco ; 
L. Witters ; A. Grill ; A. De Keersgieter ; G. Eneman ; D. Linten ; B. Kaczer 

 

NEW INSIGHT INTO MOS GATE STACK FORMATIONS ON GE AND SIGE FROM 
THERMODYNAMICS, REACTION KINETICS AND NANOSCALE ENGINEERING ......................................... 502

Akira Toriumi ; Tomonori Nishimura 
 

NOVEL CONCEPT OF THE TRANSISTOR VARIATION DIRECTED TOWARD THE CIRCUIT 
IMPLEMENTATION OF PHYSICAL UNCLONABLE FUNCTION (PUF) AND TRUE-RANDOM-
NUMBER GENERATOR (TRNG) .................................................................................................................................. 506

Y. Xiao ; E. R. Hsieh ; Steve S. Chung ; T. R Chen ; S. A. Huang ; T. J. Chen ; Osbert Cheng 
 

PHYSICAL INSIGHTS ON STEEP SLOPE FEFETS INCLUDING NUCLEATION-
PROPAGATION AND CHARGE TRAPPING.............................................................................................................. 510

Y. Xiang ; M. Garcia Bardon ; Md Nur K. Alam ; M. Thesberg ; B. Kaczer ; P. Roussel ; M. I. Popovici ; L.-å. 
Ragnarsson ; B. Truijen ; A. S. Verhulst ; B. Parvais ; N. Horiguchi ; G. Groeseneken ; J. Van Houdt 

 

DESIGN CONSIDERATIONS FOR EFFICIENT DEEP NEURAL NETWORKS ON 
PROCESSING-IN-MEMORY ACCELERATORS ....................................................................................................... 514

Tien-Ju Yang ; Vivienne Sze 
 

TOWARDS 10000TOPS/W DNN INFERENCE WITH ANALOG IN-MEMORY COMPUTING – A 
CIRCUIT BLUEPRINT, DEVICE OPTIONS AND REQUIREMENTS..................................................................... 518

S. Cosemans ; B. Verhoef ; J. Doevenspeck ; I. A. Papistas ; F. Catthoor ; P. Debacker ; A. Mallik ; D. Verkest 
 

THE MARRIAGE OF TRAINING AND INFERENCE FOR SCALED DEEP LEARNING ANALOG 
HARDWARE ..................................................................................................................................................................... 522

Tayfun Gokmen ; Malte J. Rasch ; Wilfried Haensch 
 

CAN IN-MEMORY/ANALOG ACCELERATORS BE A SILVER BULLET FOR ENERGY-
EFFICIENT INFERENCE? ............................................................................................................................................. 526

J. Deguchi ; D. Miyashita ; A. Maki ; S. Sasaki ; K. Nakata ; F. Tachibana 
 

AI EDGE DEVICES USING COMPUTING-IN-MEMORY AND PROCESSING-IN-SENSOR: 
FROM SYSTEM TO DEVICE......................................................................................................................................... 530

Tzu-Hsiang Hsu ; Yen-Cheng Chiu ; Wei-Chen Wei ; Yun-Chen Lo ; Chung-Chuan Lo ; Ren-Shuo Liu ; Kea-Tiong 
Tang ; Meng-Fan Chang ; Chih-Cheng Hsieh 

 

HYBRID ANALOG-DIGITAL LEARNING WITH DIFFERENTIAL RRAM SYNAPSES..................................... 534
T. Hirtzlin ; M. Bocquet ; M. Ernoult ; J. - O. Klein ; E. Nowak ; E. Vianello ; J. - M. Portal ; D. Querlioz 

 

ACTIVE MEMRISTOR NEURONS FOR NEUROMORPHIC COMPUTING ......................................................... 538
Wei Yi ; Kenneth K. Tsang ; Stephen K. Lam ; Xiwei Bai ; Jack A. Crowell ; Elias A. Flores 

 

TOWARDS LARGE-SCALE PHOTONIC NEURAL-NETWORK ACCELERATORS........................................... 542
R. Hamerly ; A. Sludds ; L. Bernstein ; M. Prabhu ; C. Roques-Carmes ; J. Carolan ; Y. Yamamoto ; M. Soljacic ; 
D. Englund 

 

IMPORTANCE OF INTERCONNECTS: A TECHNOLOGY-SYSTEM-LEVEL DESIGN 
PERSPECTIVE ................................................................................................................................................................. 546

J. Liang ; A. Todri-Sanial 
 



ULTRA-SCALED MOCVD MOS2 MOSFETS WITH 42NM CONTACT PITCH AND 250µA/µM 
DRAIN CURRENT ........................................................................................................................................................... 550

Quentin Smets ; Goutham Arutchelvan ; Julien Jussot ; Devin Verreck ; Inge Asselberghs ; Ankit Nalin Mehta ; 
Abhinav Gaur ; Dennis Lin ; Salim El Kazzi ; Benjamin Groven ; Matty Caymax ; Iuliana Radu 

 

HIGHLY AREA-EFFICIENT LOW-POWER SRAM CELL WITH 2 TRANSISTORS AND 2 
RESISTORS....................................................................................................................................................................... 554

Jiayi Li ; Jingyu Li ; Yi Ding ; Chunsen Liu ; Xiang Hou ; Huawei Chen ; Yan Xiong ; David Wei Zhang ; Yang 
Chai ; Peng Zhou 

 

AREA-SELECTIVE-CVD TECHNOLOGY ENABLED TOP-GATED AND SCALABLE 2D-
HETEROJUNCTION TRANSISTORS WITH DYNAMICALLY TUNABLE SCHOTTKY 
BARRIER........................................................................................................................................................................... 558

Chao-Hui Yeh ; Wei Cao ; Arnab Pal ; Kamyar Parto ; Kaustav Banerjee 
 

TRANSIENT NEGATIVE CAPACITANCE OF SILICON-DOPED HFO2 IN MFMIS AND MFIS 
STRUCTURES: EXPERIMENTAL INSIGHTS FOR HYSTERESIS-FREE STEEP SLOPE NC 
FETS ................................................................................................................................................................................... 562

C. Gastaldi ; A. Saeidi ; M. Cavalieri ; I. Stolichnov ; P. Muralt ; A. M. Ionescu 
 

BI-DIRECTIONAL SUB-60MV/DEC, HYSTERESIS-FREE, REDUCING ONSET VOLTAGE AND 
HIGH SPEED RESPONSE OF FERROELECTRIC-ANTIFERROELECTRIC HF0.25ZR0.75O2 
NEGATIVE CAPACITANCE FETS............................................................................................................................... 566

M. H. Lee ; K.-T. Chen ; C.-Y. Liao ; G.-Y. Siang ; C. Lo ; H.-Y. Chen ; Y.-J. Tseng ; C.-Y. Chueh ; C. Chang ; Y.-
Y. Lin ; Y.-J. Yang ; F.-C. Hsieh ; S. T. Chang ; M.-H. Liao ; K.-S. Li ; C. W. Liu 

 

DIRECT OBSERVATION OF INTERFACE CHARGE BEHAVIORS IN FEFET BY QUASI-
STATIC SPLIT C-V AND HALL TECHNIQUES: REVEALING FEFET OPERATION ........................................ 570

K. Toprasertpong ; M. Takenaka ; S. Takagi 
 

FIRST–PRINCIPLES PARAMETER–FREE MODELING OF N– AND P–FET HOT–CARRIER 
DEGRADATION............................................................................................................................................................... 574

M. Jech ; S. Tyaginov ; B. Kaczer ; J. Franco ; D. Jabs ; C. Jungemann ; M. Waltl ; T. Grasser 
 

COMPUTATIONAL STUDY OF SPIN INJECTION IN 2D MATERIALS ............................................................... 578
Arnab Pal ; Kamyar Parto ; Kunjesh Agashiwala ; Wei Cao ; Kaustav Banerjee 

 

AB INITIO SIMULATION OF ADVANCED MATERIALS AND DEVICES: CURRENT 
CHALLENGES ................................................................................................................................................................. 582

P. Blaise 
 

AB INITIO MOBILITY OF SINGLE-LAYER MOS2 AND WS2: COMPARISON TO 
EXPERIMENTS AND IMPACT ON THE DEVICE CHARACTERISTICS ............................................................. 586

Y. Lee ; S. Fiore ; M. Luisier 
 

PIEZOELECTRIC HETERO-JUNCTION TUNNEL FET WITH STAGGERED GAP AT OFF-
STATE AND BROKEN GAP AT ON-STATE ............................................................................................................... 590

Yuxiong Long ; Hong-Yu Wen ; Shenyuan Yang ; Jun Z. Huang ; Xiangwei Jiang 
 

LARGE-SCALE AB INITIO QUANTUM TRANSPORT SIMULATION OF NANOSIZED COPPER 
INTERCONNECTS: THE EFFECTS OF DEFECTS AND QUANTUM INTERFERENCES ................................. 594

Meng Ye ; Xiangwei Jiang ; Shu-Shen Li ; Lin-Wang Wang 
 

RF PERFORMANCE OF A FULLY INTEGRATED 3D SEQUENTIAL TECHNOLOGY..................................... 598
X. Garros ; J. Lugo-Alvarez ; L. Brunet ; R. Nait Youcef ; P. Batude ; C. Fenouillet-Béranger ; M. Cassé ; B. 
Sklenard ; P. Scheiblin ; J. Lacord ; K. Triantopoulos ; F. Andrieu ; G. Ghibaudo ; F. Gaillard 

 

RECORD HIGH-PERFORMANCE RF DEVICES IN AN ADVANCED FDSOI PROCESS 
ENABLING INTEGRATED WATT-LEVEL POWER AMPLIFIERS FOR WIFI AND 5G 
APPLICATIONS ............................................................................................................................................................... 602

T. V. Dinh ; B. W. C. Hovens ; M. Vroubel ; I. Brunets ; H. P. Tuinhout ; L. T. F. Tiemeijer ; N. Wils ; G. T. Sasse ; 
P. Grudowski ; M. Raucoules-Aime ; S. Dal Toso ; C. Ghidini 

 

FABRICATION AND CHARACTERIZATION OF MILLIMETER WAVE 3D INFO DIPOLE 
ANTENNA ARRAY INTEGRATED WITH CMOS FRONT-END CIRCUITS ......................................................... 606

C. H. Tsai ; C. W. Hsu ; K. Y. Kao ; T. C. Tang ; C. L. Lu ; K. C. Wu ; H. P. Pu ; K. Y. Lin ; H. Wang ; T. L. Wu ; 
C. S. Liu ; C. T. Wang ; Doug C. H. Yu 

 

IMPLEMENTATION OF HIGH POWER RF DEVICES WITH HYBRID WORKFUNCTION AND 
OXIDE THICKNESS IN 22NM LOW-POWER FINFET TECHNOLOGY ............................................................... 610

H.-J. Lee ; S. Morarka ; S. Rami ; Q. Yu ; M. Weiss ; G. Liu ; M. Armstrong ; C. - Y. Su ; D. Ali ; B. Sell ; Y. Zhang 
 

A VERY ROBUST AND RELIABLE 2.7GHZ +31DBM SI RFSOI TRANSISTOR FOR POWER 
AMPLIFIER SOLUTIONS .............................................................................................................................................. 614

X. Garros ; V. Knopik ; N. Revil ; A. Divay ; J. Cluzel ; J. Lugo ; A. Giry ; X. Federspiel ; G. Bertrand ; F. Cacho ; 
E. Vincent ; E. Granger ; F. Gaillard 

 



MILLIMETER SCALE THIN FILM BATTERIES FOR INTEGRATED HIGH ENERGY DENSITY 
STORAGE.......................................................................................................................................................................... 618

S. Oukassi ; A. Bazin ; C. Secouard ; I. Chevalier ; S. Poncet ; S. Poulet ; J-M. Boissel ; F. Geffraye ; J. Brun ; R. 
Salot 

 

BEYOND ELECTROLYTIC CAPACITOR: HIGH FREQUENCY ON-CHIP MICRO 
SUPERCAPACITOR WITH LARGE CAPACITANCE DENSITY ............................................................................ 622

Sixing Xu ; Fan Xia ; Xiaohong Wang 
 

DEVICE ENGINEERING FOR DIAMOND QUANTUM SENSORS ......................................................................... 626
M. Hatano ; T. Iwasaki 

 

EFFICIENT INTEGRATION OF SI FET-TYPE GAS SENSORS AND BAROMETRIC PRESSURE 
SENSORS ON THE SAME SUBSTRATE...................................................................................................................... 630

Dongkyu Jang ; Gyuweon Jung ; Yujeong Jeong ; Yoonki Hong ; Seongbin Hong ; Wonjun Shin ; Ki Soo Chang ; 
Chan Bae Jeong ; Byung-Gook Park ; Jong-Ho Lee 

 

A LARGE-AREA CURVED PYROELECTRIC FINGERPRINT SENSOR .............................................................. 634
Jf. Mainguet ; D. Gallaire ; A. Martinent ; A. Revaux ; M. Benwadih ; S. Charlot ; A. J. J. M Van Breemen ; J.- L. 
Van Der Steen ; H. B. Akkerman ; A. J. Kronemeijer ; G. H. Gelinck ; M. Pouet ; J.-Y. Fourré ; S. Sinopoli ; U. 
Emanuele ; L. Fritsch ; J. Liu Jimenez ; J. Karlsson ; F. De Roose ; S. Steudel 

 

ULTRASENSITIVE FLEXIBLE STRAIN SENSOR BASED ON TWO-DIMENSIONAL INSE FOR 
HUMAN MOTION SURVEILLANCE ........................................................................................................................... 638

Li Chen ; Dan Liang ; Zhigen Yu ; Sifan Li ; Xuewei Feng ; Bochang Li ; Yesheng Li ; Yong-Wei Zhang ; Kah-Wee 
Ang 

 

3D SEMICIRCULAR FLASH MEMORY CELL: NOVEL SPLIT-GATE TECHNOLOGY TO 
BOOST BIT DENSITY ..................................................................................................................................................... 642

M. Fujiwara ; T. Morooka ; S. Nagashima ; T. Kato ; N. Fukuda ; N. Kariya ; T. Ogura ; T. Kurusu ; Y. Shimada ; 
T. Ishikawa ; Y. Arayashiki ; K. Hirayama ; Y. Koyama ; S. Kashiyama ; W. Cai ; Y. Goki ; K. Sawa ; D. Ikeno ; 
M. Nishikawa ; Y. Uchiyama ; N. Ohtani ; F. Arai ; M. Kondo 

 

A NOVEL DOUBLE-DENSITY HEMI-CYLINDRICAL (HC) STRUCTURE TO PRODUCE MORE 
THAN DOUBLE MEMORY DENSITY ENHANCEMENT FOR 3D NAND FLASH ............................................... 646

Hang-Ting Lue ; Teng-Hao Yeh ; Pei-Ying Du ; Roger Lo ; Wei-Chen Chen ; Tzu-Hsuan Hsu ; Chiatze Huang ; 
Guan-Ru Lee ; Chih-Ping Chen ; Yu-Wei Jiang ; Min-Feng Hung ; Yan-Ru Su ; Li-Yang Liang ; Chih-Wei Hu ; 
Chia-Jung Chiu ; Keh-Chung Wang ; Chih-Yuan Lu 

 

METAL-ASSISTED SOLID-PHASE CRYSTALLIZATION PROCESS FOR VERTICAL 
MONOCRYSTALLINE SI CHANNEL IN 3D FLASH MEMORY ............................................................................. 650

Hidenori Miyagawa ; Haruka Kusai ; Riichiro Takaishi ; Tomoya Kawai ; Yuuichi Kamimuta ; Toshiya Murakami 
; Keiko Ariyoshi ; Takanori Asano ; Masakazu Goto ; Makoto Fujiwara ; Yuichiro Mitani ; Tomoyuki Obu ; 
Hideaki Aochi 

 

A FULLY INTEGRATED LOW VOLTAGE DRAM WITH THERMALLY STABLE GATE-FIRST 
HIGH-K METAL GATE PROCESS ............................................................................................................................... 654

Sung Ho Jang ; Junhee Lim ; Joon Han ; Juyeon Jang ; Jaehyun Yeo ; Chanmin Lee ; Sungkweon Baek ; Jaehoon 
Lee ; Jong-Ho Lee ; Satoru Yamada ; Kyupil Lee 

 

FIRST DEMONSTRATION OF FIELD-FREE SOT-MRAM WITH 0.35 NS WRITE SPEED AND 
70 THERMAL STABILITY UNDER 400oC THERMAL TOLERANCE BY CANTED SOT 
STRUCTURE AND ITS ADVANCED PATTERNING/SOT CHANNEL TECHNOLOGY ..................................... 657

H. Honjo ; T. V. A. Nguyen ; T. Watanabe ; T. Nasuno ; C. Zhang ; T. Tanigawa ; S. Miura ; H. Inoue ; M. Niwa ; 
T. Yoshiduka ; Y. Noguchi ; M. Yasuhira ; A. Tamakoshi ; M. Natsui ; Y. Ma ; H. Koike ; Y. Takahashi ; K. Furuya 
; H. Shen ; S. Fukami ; H. Sato ; S. Ikeda ; T. Hanyu ; H. Ohno ; T. Endoh 

 

FIELD-FREE SWITCHING OF PERPENDICULAR MAGNETIZATION THROUGH VOLTAGE-
GATED SPIN-ORBIT TORQUE..................................................................................................................................... 661

S. Z. Peng ; J. Q. Lu ; W. X. Li ; L. Z. Wang ; H. Zhang ; X. Li ; K. L. Wang ; W. S. Zhao 
 

A MULTILEVEL FEFET MEMORY DEVICE BASED ON LAMINATED HSO AND HZO 
FERROELECTRIC LAYERS FOR HIGH-DENSITY STORAGE ............................................................................. 665

T. Ali ; P. Polakowski ; K. Kühnel ; M. Czernohorsky ; T. Kämpfe ; M. Rudolph ; B. Pätzold ; D. Lehninger ; F. 
Müller ; R. Olivo ; M. Lederer ; R. Hoffmann ; P. Steinke ; K. Zimmermann ; U. Mühle ; K. Seidel ; J. Müller 

 

A NOVEL FERROELECTRIC SUPERLATTICE BASED MULTI-LEVEL CELL NON-
VOLATILE MEMORY .................................................................................................................................................... 669

Kai Ni ; Jeffrey Smith ; Huacheng Ye ; Benjamin Grisafe ; G. Bruce Rayner ; Andrew Kummel ; Suman Datta 
 

STRAIN AND SURFACE ORIENTATION ENGINEERING IN EXTREMELY-THIN BODY GE 
AND SIGE-ON-INSULATOR MOSFETS FABRICATED BY GE CONDENSATION............................................. 673

K. - W. Jo ; C.- M. Lim ; W. - K. Kim ; K. Toprasertpong ; M. Takenaka ; S. Takagi 
 

GE OXIDE SCAVENGING AND GATE STACK NITRIDATION FOR STRAINED SI0.7GE0.3 
PFINFETS ENABLING 35% HIGHER MOBILITY THAN SI ................................................................................... 677

H. Arimura ; K. Wostyn ; L.-å. Ragnarsson ; E. Capogreco ; A. Chasin ; T. Conard ; S. Brus ; P. Favia ; J. Franco 
; J. Mitard ; S. Demuynck ; N. Horiguchi 

 



FIRST VERTICALLY STACKED TENSILY STRAINED GE0.98SI0.02 NGAAFETS WITH NO 
PARASITIC CHANNEL AND LG = 40 NM FEATURING RECORD ION = 48 µA AT VOV=VDS=0.5V 
AND RECORD GM,MAX(µS/µM)/SSSAT(MV/DEC) = 8.3 AT VDS=0.5V ........................................................................ 681

Chien-Te Tu ; Yu-Shiang Huang ; Fang-Liang Lu ; Hsiao-Hsuan Liu ; Chung-Yi Lin ; Yi-Chun Liu ; C. W. Liu 
 

ENABLING SUB-5NM CMOS TECHNOLOGY SCALING THINNER AND TALLER! ........................................ 685
J. Ryckaert ; M. H. Na ; P. Weckx ; D. Jang ; P. Schuddinck ; B. Chehab ; S. Patli ; S. Sarkar ; O. Zografos ; R. 
Baert ; D. Verkest 

 

FIRST STACKED GE0.88SN0.12 PGAAFETS WITH CAP, LG=4ONM, COMPRESSIVE STRAIN OF 
3.3%, AND HIGH S/D DOPING BY CVD EPITAXY FEATURING RECORD ION OF 58µA AT 
VOV=VDS= -0.5V, RECORD GM,MAX OF 172µS AT VDS= -0.5V, AND LOW NOISE .................................................. 689

Yu-Shiang Huang ; Chung-En Tsai ; Chien-Te Tu ; Hung-Yu Ye ; Yi-Chun Liu ; Fang-Liang Lu ; C. W. Liu 
 

FIRST DEMONSTRATION OF VERTICAL GE0.92SN0.08/GE AND GE GAA NANOWIRE 
NMOSFETS WITH LOW SS OF 66 MV/DEC AND SMALL DIBL OF 35 MV/V .................................................... 693

Mingshan Liu ; Stefan Scholz ; Konstantin Mertens ; Jin Hee Bae ; Jean-Michel Hartmann ; Joachim Knoch ; Dan 
Buca ; Qing-Tai Zhao 

 

300MM HETEROGENEOUS 3D INTEGRATION OF RECORD PERFORMANCE LAYER 
TRANSFER GERMANIUM PMOS WITH SILICON NMOS FOR LOW POWER HIGH 
PERFORMANCE LOGIC APPLICATIONS................................................................................................................. 697

W. Rachmady ; A. Agrawal ; S. H. Sung ; G. Dewey ; S. Chouksey ; B. Chu-Kung ; G. Elbaz ; P. Fischer ; C. Y. 
Huang ; K. Jun ; B. Krist ; M. Metz ; T. Michaelos ; B. Mueller ; A. A. Oni ; R. Paul ; A. Phan ; P. Sears ; T. 
Talukdar ; J. Torres ; R. Turkot ; L. Wong ; H. J. Yoo ; J. Kavalieros 

 

ULTRA-LOW POWER PHYSICAL UNCLONABLE FUNCTION WITH NONLINEAR FIXED-
RESISTANCE CROSSBAR CIRCUITS ......................................................................................................................... 701

M. R. Mahmoodi ; H. Nili ; Z. Fahimi ; S. Larimian ; H. Kim ; D. Strukov 
 

FORMATION OF HIGH RELIABILITY HYDROGEN-FREE MONOS CELLS USING 
DEUTERATED AMMONIA............................................................................................................................................ 705

Masaki Noguchi ; Tatsunori Isogai ; Hiroyuki Yamashita ; Keiichi Sawa ; Ryota Fujitsuka ; Takanori Yamanaka ; 
Shunsuke Okada ; Tomonori Aoyama ; Fumiki Aiso ; Junko Abe ; Yoshihiro Ogawa ; Seiji Nakagawa ; Hideshi 
Miyajima 

 

FILAMENTARY STATISTICAL EVOLUTION FROM NANO-CONDUCTING PATH TO 
SWITCHING-FILAMENT FOR OXIDE-RRAM IN MEMORY APPLICATIONS.................................................. 709

Ernest Wu ; Takashi Ando ; Youngseok Kim ; Ramachandran Muralidhar ; Eduard Cartier ; Paul Jamison ; 
Miaomiao Wang ; Vijay Narayanan 

 

PUSHING ON-CHIP MEMORIES BEYOND RELIABILITY BOUNDARIES IN MICROPOWER 
MACHINE LEARNING APPLICATIONS .................................................................................................................... 713

Alfio Di Mauro ; Francesco Conti ; Pasquale Davide Schiavone ; Davide Rossi ; Luca Benini 
 

OXRAM FOR EMBEDDED SOLUTIONS ON ADVANCED NODE: SCALING PERSPECTIVES 
CONSIDERING STATISTICAL RELIABILITY AND DESIGN CONSTRAINTS................................................... 717

J. Sandrini ; L. Grenouillet ; V. Meli ; N. Castellani ; I. Hammad ; S. Bernasconi ; F. Aussenac ; S. Van Duijn ; G. 
Audoit ; M. Barlas ; J. F. Nodin ; O. Billoint ; G. Molas ; R. Fournel ; E. Nowak ; F. Gaillard ; C. Cagli 

 

MANUFACTURING LOW DISSIPATION SUPERCONDUCTING QUANTUM PROCESSORS ......................... 721
Ani Nersisyan ; Stefano Poletto ; Nasser Alidoust ; Riccardo Manenti ; Russ Renzas ; Cat-Vu Bui ; Kim Vu ; Tyler 
Whyland ; Yuvraj Mohan ; Eyob A. Sete ; Sam Stanwyck ; Andrew Bestwick ; Matthew Reagor 

 

SCALABLE QUANTUM COMPUTING INFRASTRUCTURE BASED ON SUPERCONDUCTING 
ELECTRONICS ................................................................................................................................................................ 725

O. Mukhanov ; A. Kirichenko ; C. Howington ; J. Walter ; M. Hutchings ; I. Vernik ; D. Yohannes ; K. Dodge ; A. 
Ballard ; B. L. T. Plourde ; A. Opremcak ; C.-H. Liu ; R. McDermott 

 

SILICON HARD-STOP SPACERS FOR 3D INTEGRATION OF SUPERCONDUCTING QUBITS..................... 729
Bethany M. Niedzielski ; David K. Kim ; Mollie E. Schwartz ; Danna Rosenberg ; Greg Calusine ; Rabi Das ; 
Alexander J. Melville ; Jason Plant ; Livia Racz ; Jonilyn L. Yoder ; Donna Ruth-Yost ; William D. Oliver 

 

A SPARSE SPIN QUBIT ARRAY WITH INTEGRATED CONTROL ELECTRONICS......................................... 733
J. M. Boter ; J. P. Dehollain ; J. P. G. Van Dijk ; T. Hensgens ; R. Versluis ; J. S. Clarke ; M. Veldhorst ; F. 
Sebastiano ; L. M. K. Vandersypen 

 

HIGH VOLUME ELECTRICAL CHARACTERIZATION OF SEMICONDUCTOR QUBITS ............................. 737
R. Pillarisetty ; H. C. George ; T. F. Watson ; L. Lampert ; N. Thomas ; S. Bojarski ; P. Amin ; R. Caudillo ; E. 
Henry ; N. Kashani ; P. Keys ; R. Kotlyar ; F. Luthi ; D. Michalak ; K. Millard ; J. Roberts ; J. Torres ; O. Zietz ; 
T. Krähenmann ; A. - M. Zwerver ; M. Veldhorst ; G. Scappucci ; L. M. K. Vandersypen ; J. S. Clarke 

 

QUBIT READ-OUT IN SEMICONDUCTOR QUANTUM PROCESSORS: CHALLENGES AND 
PERSPECTIVES ............................................................................................................................................................... 741

T. Meunier ; M. Urdampilleta ; D. Niegemann ; B. Jadot ; E. Charion ; P.-A. Mortemousque ; C. Spence ; B. 
Bertrand ; G. Billiot ; M. Cassé ; L. Hutin ; H. Jacquinot ; G. Pillonet ; N. Rambal ; Y. Thonnart ; A. Amisse ; A. 
Apra ; L. Bourdet ; A. Crippa ; R. Ezzouch ; X. Jehl ; R. Maurand ; Y.-M. Niquet ; M. Sanquer ; B. Venitucci ; S. 
De Franceschi ; M. Vinet 

 



CHALLENGES IN SCALING-UP THE CONTROL INTERFACE OF A QUANTUM COMPUTER .................... 745
D. J. Reilly 

 

III-V-ON-CMOS DEVICES AND CIRCUITS: OPPORTUNITIES IN QUANTUM 
INFRASTRUCTURE ........................................................................................................................................................ 751

C. B. Zota ; T. Morf ; P. Müller ; C. Convertino ; S. Filipp ; W. Riess ; L. Czornomaz 
 

QUANTITATIVE 3-D MODEL TO EXPLAIN LARGE SINGLE TRAP CHARGE VARIABILITY 
IN VERTICAL NAND MEMORY .................................................................................................................................. 755

D. Verreck ; A. Arreghini ; J. P. Bastos ; F. Schanovsky ; F. Mitterbauer ; C. Kernstock ; M. Karner ; R. Degraeve 
; G. Van Den Bosch ; A. Furnémont 

 

A COMPREHENSIVE MODELING FRAMEWORK FOR FERROELECTRIC TUNNEL 
JUNCTIONS ...................................................................................................................................................................... 759

Hsin-Hui Huang ; Tzu-Yun Wu ; Yueh-Hua Chu ; Ming-Hung Wu ; Chien-Hua Hsu ; Heng-Yuan Lee ; Shyh-
Shyuan Sheu ; Wei-Chung Lo ; Tuo-Hung Hou 

 

MODELING OF SWITCHING SPEED AND RETENTION TIME IN VOLATILE RESISTIVE 
SWITCHING MEMORY BY IONIC DRIFT AND DIFFUSION ................................................................................ 763

Wei Wang ; Erika Covi ; Yu-Hsuan Lin ; Elia Ambrosi ; Daniele Ielmini 
 

A PHYSICS-BASED MODEL OF RRAM PROBABILISTIC SWITCHING FOR GENERATING 
STABLE AND ACCURATE STOCHASTIC BIT-STREAMS ..................................................................................... 767

Yudi Zhao ; Wensheng Shen ; Peng Huang ; Weijie Xu ; Mengqi Fan ; Xiaoyan Liu ; Jinfeng Kang 
 

DNN+NEUROSIM: AN END-TO-END BENCHMARKING FRAMEWORK FOR COMPUTE-IN-
MEMORY ACCELERATORS WITH VERSATILE DEVICE TECHNOLOGIES................................................... 771

Xiaochen Peng ; Shanshi Huang ; Yandong Luo ; Xiaoyu Sun ; Shimeng Yu 
 

A SILICON PHOTONICS TECHNOLOGY FOR 400 GBIT/S APPLICATIONS..................................................... 775
F. Boeuf ; A. Fincato ; L. Maggi ; J. F. Carpentier ; P. Le Maitre ; M. Shaw ; S. Cremer ; N. Vulliet ; C. Baudot ; 
S. Monfray ; S. Jan ; C. Deglise ; J. R. Manouvrier ; C. Durand ; A. Simbula ; D. Goguet ; P. Bar ; D. Ristoiu ; F. 
Leverd ; L. Babaud ; A. Daverio ; M. Binda ; A. Bazzotti ; A. Canciamilla ; L. Ramini ; M. Traldi ; P. Gambini 

 

SILICON NITRIDE WAVEGUIDE COUPLED 67+ GHZ GE PHOTODIODE FOR NON-SOI PIC 
AND EPIC PLATFORMS ................................................................................................................................................ 779

S. Lischke ; D. Knoll ; C. Mai ; A. Hesse ; G. Georgieva ; A. Peczek ; A. Kroh ; M. Lisker ; D. Schmidt ; M. 
Fraschke ; H. Richter ; A. Krüger ; U. Saarow ; P. Heinrich ; G. Winzer ; K. Schulz ; P. Kulse ; A. Trusch ; L. 
Zimmermann 

 

HIGH-PERFORMANCE HYBRID SILICON AND LITHIUM NIOBATE MACH–ZEHNDER 
MODULATORS FOR OVER 100 GBIT/S ..................................................................................................................... 783

Xinlun Cai 
 

INTEGRATED DFB LASER DIODE AND HIGH-EFFICIENCY MACH-ZEHNDER 
MODULATOR USING MEMBRANE III-V SEMICONDUCTORS ON SI PHOTONICS 
PLATFORM ...................................................................................................................................................................... 787

T. Hiraki ; T. Aihara ; T. Fujii ; K. Takeda ; T. Kakitsuka ; T. Tsuchizawa ; S. Matsuo 
 

2D-3D INTEGRATION OF HIGH-? DIELECTRIC WITH 2D HETEROSTRUCTURES FOR 
OPTO-ELECTRONIC APPLICATIONS ....................................................................................................................... 791

B. Terrés ; H. Agarwal ; L. Orsini ; A. Montanaro ; V. Sorianello ; D. Van Thourhout ; K. Watanabe ; T. 
Taniguchi ; M. Romagnoli ; F. H. L. Koppens 

 

FIRST DEMONSTRATION OF WAVEGUIDE-INTEGRATED BLACK PHOSPHORUS 
ELECTRO-OPTIC MODULATOR FOR MID-INFRARED BEYOND 4 µM ............................................................ 795

Li Huang ; Bowei Dong ; Yiming Ma ; Chengkuo Lee ; Kah-Wee Ang 
 

PHASE CHANGE NEMS RELAY .................................................................................................................................. 799
J. T. Best ; M. A. Masud ; M. P. De Boer ; G. Piazza 

 

ULTRA-LOW-VOLTAGE OPERATION OF MEM RELAYS FOR CRYOGENIC LOGIC 
APPLICATIONS ............................................................................................................................................................... 803

Xiaoer Hu ; Sergio F. Almeida ; Zhixin Alice Ye ; Tsu-Jae King Liu 
 

MONOLITHIC 180NM CMOS CONTROLLED GHZ ULTRASONIC IMPEDANCE SENSING 
AND IMAGING................................................................................................................................................................. 807

Mamdouh Abdelmejeed ; Adarsh Ravi ; Yutong Liu ; Justin Kuo ; Jaibir Sharma ; Srinivas Merugu ; Navab Singh 
; Amit Lal 

 

MEMS RESONANT MICROPHONE ARRAY FOR LUNG SOUND CLASSIFICATION ...................................... 811
Hai Liu ; Song Liu ; Anton A. Shkel ; Yongkui Tang ; Eun Sok Kim 

 

EXTREMELY HIGH Q ALN LAMB WAVE RESONATORS IMPLEMENTED BY WEIGHTED 
ELECTRODES .................................................................................................................................................................. 815

A. Gao ; J. Zou 
 

GALFENOL-TI-DIAMOND MULTILAYER MEMS RESONATOR FOR MAGNETIC SENSOR 
WORKING UP TO 773 K................................................................................................................................................. 819

Z. Zhang ; L. Sang ; H. Wu ; J. Huang ; L. Wang ; S. Koizumi ; Y. Kodie ; M. Liao 
 



COMPOSITION OPTIMIZATION AND DEVICE UNDERSTANDING OF SI-GE-AS-TE OVONIC 
THRESHOLD SWITCH SELECTOR WITH EXCELLENT ENDURANCE ............................................................ 823

D. Garbin ; W. Devulder ; R. Degraeve ; G. L. Donadio ; S. Clima ; K. Opsomer ; A. Fantini ; D. Cellier ; W. G. 
Kim ; M. Pakala ; A. Cockburn ; C. Detavernier ; R. Delhougne ; L. Goux ; G. S. Kar 

 

ENDURANCE IMPROVEMENT OF MORE THAN FIVE ORDERS IN GEXSE1-X OTS 
SELECTORS BY USING A NOVEL REFRESHING PROGRAM SCHEME ........................................................... 827

F. Hatem ; Z. Chai ; W. Zhang ; A. Fantini ; R. Degraeve ; S. Clima ; D. Garbin ; J. Robertson ; Y. Guo ; J. F. 
Zhang ; J. Marsland ; P. Freitas ; L. Goux ; G. S. Kar 

 

RELIABILITY AND VARIABILITY OF 1S1R OXRAM-OTS FOR HIGH DENSITY CROSSBAR 
INTEGRATION ................................................................................................................................................................ 831

D. Alfaro Robayo ; G. Sassine ; J. Minguet Lopez ; L. Grenouillet ; A. Verdy ; G. Navarro ; M. Bernard ; E. 
Esmanhotto ; C. Carabasse ; D. Deleruyelle ; E. Vianello ; N. Castellani ; L. Ciampolini ; B. Giraud ; C. Cagli ; 
G. Ghibaudo ; E. Nowak ; G. Molas 

 

LEARNING WITH RESISTIVE SWITCHING NEURAL NETWORKS................................................................... 835
Mingyi Rao ; Zhongrui Wang ; Can Li ; Hao Jiang ; Rivu Midya ; Peng Lin ; Daniel Belkin ; Wenhao Song ; Shiva 
Asapu ; Qiangfei Xia ; J. Joshua Yang 

 

NOVEL 1T2R1T RRAM-BASED TERNARY CONTENT ADDRESSABLE MEMORY FOR 
LARGE SCALE PATTERN RECOGNITION ............................................................................................................... 839

D. R. B. Ly ; J-P. Noel ; B. Giraud ; P. Royer ; E. Esmanhotto ; N. Castellani ; T. Dalgaty ; J -F. Nodin ; C. 
Fenouillet-Beranger ; E. Nowak ; E. Vianello 

 

HIGH-DENSITY MULTIPLE BITS-PER-CELL 1T4R RRAM ARRAY WITH GRADUAL 
SET/RESET AND ITS EFFECTIVENESS FOR DEEP LEARNING .......................................................................... 843

E. R. Hsieh ; M. Giordano ; B. Hodson ; A. Levy ; S. K. Osekowsky ; R. M. Radway ; Y. C. Shih ; W. Wan ; T. F. 
Wu ; X. Zheng ; M. Nelson ; B. Q. Le ; H.-S. P. Wong ; S. Mitra ; S. Wong 

 

METAL-OXIDE BASED, CMOS-COMPATIBLE ECRAM FOR DEEP LEARNING 
ACCELERATOR .............................................................................................................................................................. 847

Seyoung Kim ; Teodor Todorov ; Murat Onen ; Tayfun Gokmen ; Douglas Bishop ; Paul Solomon ; Ko-Tao Lee ; 
Matt Copel ; Damon B. Farmer ; John A. Ott ; Takashi Ando ; Hiroyuki Miyazoe ; Vijay Narayanan ; John Rozen 

 

CO ACTIVE ELECTRODE ENHANCES CBRAM PERFORMANCE AND SCALING POTENTIAL ................. 851
A. Belmonte ; J. Radhakrishnan ; L. Goux ; G. L. Donadio ; P. Kumbhare ; A. Redolfi ; R. Delhougne ; L. Nyns ; 
W. Devulder ; T. Witters ; A. Covello ; G. Vereecke ; A. Franquet ; V. Spampinato ; S. Kundu ; M. Mao ; H. Hody 
; G. S. Kar 

 

DESIGN-TECHNOLOGY CO-OPTIMIZATION OF ANTI-FUSE MEMORY ON INTEL 22NM 
FINFET TECHNOLOGY................................................................................................................................................. 855

Yu-Lin Chao ; Sarvesh H. Kulkarni ; Soonwoo Cha ; Leif R. Paulson ; Salil M. Rajarshi ; Jason Bloomstrom ; 
Guannan Liu ; Mark Armstrong ; Jiabo Li ; Chen-Yi Su ; Stephen M. Ramey ; Uddalak Bhattacharya ; Bernhard 
Sell ; Ying Zhang 

 

VARIABILITY SOURCES IN NANOSCALE BULK FINFETS AND TITAN- A PROMISING LOW 
VARIABILITY WFM FOR 7/5NM CMOS NODES...................................................................................................... 859

Mandar S. Bhoir ; Thomas Chiarella ; Lars Å. Ragnarsson ; Jerome Mitard ; Naoto Horiguchi ; Nihar R. 
Mohapatra 

 

KEY TECHNOLOGY ENABLERS OF INNOVATIONS IN THE AI AND 5G ERA................................................ 863
Shien-Yang Wu 

 

ULTRA-SCALED CONFORMAL SCAVENGING ELECTRODE WITH SUPERIOR TUNABILITY 
FOR SHORT-CHANNEL RMG FINFET WORKFUNCTION AND ALL-ALD 3D-COMPATIBLE 
RERAM .............................................................................................................................................................................. 867

J. Rozen ; Y. Ogawa ; T. Ando ; R. Bao ; E. Cartier ; K. Honda ; K.-C. Lee ; J. Bruley ; H. Miyazoe ; K. Suu ; M. 
Hatanaka ; V. Narayanan 

 

NOVEL FORKSHEET DEVICE ARCHITECTURE AS ULTIMATE LOGIC SCALING DEVICE 
TOWARDS 2NM ............................................................................................................................................................... 871

P. Weckx ; J. Ryckaert ; E. Dentoni Litta ; D. Yakimets ; P. Matagne ; P. Schuddinck ; D. Jang ; B. Chehab ; R. 
Baert ; M. Gupta ; Y. Oniki ; L.-A. Ragnarsson ; N. Horiguchi ; A. Spessot ; D. Verkest 

 

MACHINE LEARNING-ENHANCED MULTI-DIMENSIONAL CO-OPTIMIZATION OF SUB-
10NM TECHNOLOGY NODE OPTIONS ..................................................................................................................... 875

A. Ceyhan ; J. Quijas ; S. Jain ; H.-Y Liu ; W. E. Gifford ; S. Chakravarty 
 



5NM CMOS PRODUCTION TECHNOLOGY PLATFORM FEATURING FULL-FLEDGED EUV, 
AND HIGH MOBILITY CHANNEL FINFETS WITH DENSEST 0.021µM2 SRAM CELLS FOR 
MOBILE SOC AND HIGH PERFORMANCE COMPUTING APPLICATIONS ..................................................... 879

Geoffrey Yeap ; S. S. Lin ; Y. M. Chen ; H. L. Shang ; P. W. Wang ; H. C. Lin ; Y. C. Peng ; J. Y. Sheu ; M. Wang ; 
X. Chen ; B. R. Yang ; C. P. Lin ; F. C. Yang ; Y. K. Leung ; D. W. Lin ; C. P. Chen ; K. F. Yu ; D. H. Chen ; C. Y. 
Chang ; H. K. Chen ; P. Hung ; C. S. Hou ; Y. K. Cheng ; J. Chang ; L. Yuan ; C. K. Lin ; C. C. Chen ; Y. C. Yeo ; 
M. H. Tsai ; H. T. Lin ; C. O. Chui ; K. B. Huang ; W. Chang ; H. J. Lin ; K. W. Chen ; R. Chen ; S. H. Sun ; Q. Fu 
; H. T. Yang ; H. T. Chiang ; C. C. Yeh ; T. L. Lee ; C. H. Wang ; S. L. Shue ; C. W. Wu ; R. Lu ; W. R. Lin ; J. Wu 
; F. Lai ; Y. H. Wu ; B. Z. Tien ; Y. C. Huang ; L. C. Lu ; Jun He ; Y. Ku ; J. Lin ; M. Cao ; T. S. Chang ; S. M. 
Jang 

 

SUB-THERMIONIC SCALABLE III-V TUNNEL FIELD-EFFECT TRANSISTORS INTEGRATED 
ON SI (100)......................................................................................................................................................................... 883

C. Convertino ; C. B. Zota ; Y. Baumgartner ; P. Staudinger ; M. Sousa ; S. Mauthe ; D. Caimi ; L. Czornomaz ; A. 
M. Ionescu ; K. E. Moselund 

 

CO-INTEGRATED SUBTHERMIONIC 2D/2D WSE2/SNSE2 VERTICAL TUNNEL FET AND 
WSE2 MOSFET ON SAME FLAKE: TOWARDS A 2D/2D VDW DUAL-TRANSPORT STEEP 
SLOPE FET ....................................................................................................................................................................... 887

N. Oliva ; L. Capua ; M. Cavalieri ; A. M. Ionescu 
 

EXPERIMENTAL DEMONSTRATION OF INTEGRATED MAGNETO-ELECTRIC AND SPIN-
ORBIT BUILDING BLOCKS IMPLEMENTING ENERGY-EFFICIENT LOGIC.................................................. 891

Chia-Ching Lin ; Tanay Gosavi ; Dmitri Nikonov ; Yen-Lin Huang ; Bhagwati Prasad ; Wonyoung Choi ; Van 
Tuong Pham ; Inge Groen ; Jun-Yang Chen ; Mahendra Dc ; Huichu Liu ; Kaan Oguz ; Emily S. Walker ; John 
Plombon ; Benjamin Buford ; Carl H. Naylor ; Jian-Ping Wang ; Felix Casanova ; Ramamoorthy Ramesh ; Ian A. 
Young 

 

SELF-ORGANIZED PAIRS OF GE DOUBLE QUANTUM DOTS WITH TUNABLE SIZES AND 
SPACINGS ENABLE ROOM-TEMPERATURE OPERATION OF QUBIT AND SINGLE-
ELECTRON DEVICES .................................................................................................................................................... 895

Kang-Ping Peng ; Ching-Lun Chen ; Ying-Tsan Tang ; David Kuo ; Thomas George ; Horng-Chih Lin ; Pei-Wen 
Li 

 

A PROBABILISTIC APPROACH TO QUANTUM INSPIRED ALGORITHMS ..................................................... 899
S. Chowdhury ; S. Datta ; K. Y. Camsari 

 

HIGH-SPEED LOW-ENERGY HEAT SIGNAL PROCESSING VIA DIGITAL-COMPATIBLE 
BINARY SWITCH WITH METAL-INSULATOR TRANSITIONS ........................................................................... 903

T. Yajima ; T. Tanaka ; Y. Samata ; K. Uchida ; A. Toriumi 
 

GATE REFLECTOMETRY FOR PROBING CHARGE AND SPIN STATES IN LINEAR SI MOS 
SPLIT-GATE ARRAYS ................................................................................................................................................... 907

L. Hutin ; B. Bertrand ; E. Chanrion ; H. Bohuslavskyi ; F. Ansaloni ; T.-Y. Yang ; J. Michniewicz ; D. J. 
Niegemann ; C. Spence ; T. Lundberg ; A. Chatterjee ; A. Crippa ; J. Li ; R. Maurand ; X. Jehl ; M. Sanquer ; M. 
F. Gonzalez-Zalba ; F. Kuemmeth ; Y.-M. Niquet ; S. De Franceschi ; M. Urdampilleta ; T. Meunier ; M. Vinet 

 

EXPERIMENTAL DEMONSTRATION OF PHASE TRANSITION NANO-OSCILLATOR BASED 
ISING MACHINE ............................................................................................................................................................. 911

S. Dutta ; A. Khanna ; J. Gomez ; K. Ni ; Z. Toroczkai ; S. Datta 
 

OPTIMAL DESIGN METHODS TO TRANSFORM 3D NAND FLASH INTO A HIGH-DENSITY, 
HIGH-BANDWIDTH AND LOW-POWER NONVOLATILE COMPUTING IN MEMORY 
(NVCIM) ACCELERATOR FOR DEEP-LEARNING NEURAL NETWORKS (DNN) ........................................... 915

Hang-Ting Lue ; Po-Kai Hsu ; Ming-Liang Wei ; Teng-Hao Yeh ; Pei-Ying Du ; Wei-Chen Chen ; Keh-Chung 
Wang ; Chih-Yuan Lu 

 

STORAGE RELIABILITY OF MULTI-BIT FLASH ORIENTED TO DEEP NEURAL NETWORK ................... 919
Y. C. Xiang ; P. Huang ; H. Z. Yang ; K. L. Wang ; R. Z. Han ; W. S. Shen ; Y. L. Feng ; C. Liu ; X. Y. Liu ; J. F. 
Kang 

 

A 3D NAND FLASH READY 8-BIT CONVOLUTIONAL NEURAL NETWORK CORE 
DEMONSTRATED IN A STANDARD LOGIC PROCESS.......................................................................................... 923

M. Kim ; M. Liu ; L. Everson ; G. Park ; Y. Jeon ; S. Kim ; S. Lee ; S. Song ; C. H. Kim 
 

HIGH-DENSITY AND HIGHLY-RELIABLE BINARY NEURAL NETWORKS USING NAND 
FLASH MEMORY CELLS AS SYNAPTIC DEVICES ................................................................................................ 927

Sung-Tae Lee ; Hyeongsu Kim ; Jong-Ho Bae ; Honam Yoo ; Nag Yong Choi ; Dongseok Kwon ; Suhwan Lim ; 
Byung-Gook Park ; Jong-Ho Lee 

 

COMPLEMENTARY MEMORY CELL BASED ON FIELD-PROGRAMMABLE 
FERROELECTRIC DIODE FOR ULTRA-LOW POWER CURRENT-SA FREE BNN 
APPLICATIONS ............................................................................................................................................................... 931

Qing Luo ; Bing Chen ; Rongrong Cao ; Xiaoyong Xue ; Keji Zhou ; Jianguo Yang ; Xu Zheng ; Haoran Yu ; Jie 
Yu ; Tiancheng Gong ; Xiaoxin Xu ; Peng Yuan ; Xiaoyan Li ; Lu Tai ; Qi Liu ; Hangbing Lv ; Ming Liu 

 



A 2TNC FERROELECTRIC MEMORY GAIN CELL SUITABLE FOR COMPUTE-IN-MEMORY 
AND NEUROMORPHIC APPLICATION ..................................................................................................................... 935

Stefan Slesazeck ; Taras Ravsher ; Viktor Havel ; Evelyn T. Breyer ; Halid Mulaosmanovic ; Thomas Mikolajick 
 

MEMORY-LOGIC HYBRID GATE WITH 3D-STACKABLE COMPLEMENTARY LATCHES 
FOR FINFET-BASED NEURAL NETWORKS............................................................................................................. 939

Chieh Lee ; Yue-Der Chih ; Jonathan Chang ; Chrong Jung Lin ; Ya-Chin King 
 

STATE-OF-THE-ART TCAD: 25 YEARS AGO AND TODAY .................................................................................. 943
M. Stettler ; S. Cea ; S. Hasan ; L. Jiang ; A. Kaushik ; P. Keys ; R. Kotlyar ; C. Landon ; D. Pantuso ; A. Slepko ; 
S. Smith ; V. Tiwari ; C. Weber ; J. R. Weber 

 

EFFICIENT VARIABILITY- AND RELIABILITY-AWARE DEVICE-CIRCUIT CO-DESIGN: 
FROM TRAP BEHAVIORS TO CIRCUIT PERFORMANCE ................................................................................... 947

Wangyong Chen ; Linlin Cai ; Gang Du ; Xiaoyan Liu 
 

ROLE OF CORRELATION IN SYSTEMATIC VARIATION MODELING............................................................. 951
Ananda S. Roy ; Sourabh Dongaonkar ; Sivakumar P. Mudanai 

 

AN EMPIRICALLY VALIDATED VIRTUAL SOURCE FET MODEL FOR DEEPLY SCALED 
COOL CMOS .................................................................................................................................................................... 955

Wriddhi Chakraborty ; Kai Ni ; Jeffrey Smith ; Arijit Raychowdhury ; Suman Datta 
 

MULTIPHYSICS SIMULATION & DESIGN OF SILICON QUANTUM DOT QUBIT DEVICES ....................... 959
F. A. Mohiyaddin ; G. Simion ; N. I. Dumoulin Stuyck ; R. Li ; F. Ciubotaru ; G. Eneman ; F. M. Bufler ; S. 
Kubicek ; J. Jussot ; Bt Chan ; Ts. Ivanov ; A. Spessot ; P. Matagne ; J. Lee ; B. Govoreanu ; I. P. Raduimec 

 

Author Index 




