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University of California Santa Barbara, Santa Barbara, California 93106, USA, 3Center for
Opto-Electronics Materials and Devices, Korea Institute of Science and Technology,
Seoul, 02792, South Korea; “Materials Department, University of California Santa
Barbara, Santa Barbara, California 93106, USA; 5Department of Electronic and Computer
Engineering, Hong Kong University of Science & Technology, Clear Water Bay, Hong
Kong

StUAENt Paper... . e 167
Waveguide Uni-Traveling-Carrier Photodiodes for mmW Signal Generation: Space-
Charge Impedance and Efficiency Limitations

Brandon Isaac', Yuan Liu?, Sergio PinnaZ2, Larry Coldren'-2 and Jonathan Klamkin?
"Materials Department, University of California, Santa Barbara, California 93106, USA;
2Electrical and Computer Engineering Department, University of California, Santa
Barbara, California 93106, USA

Flexible organic light-emitting diodes with efficiency improvement by dielectric-
metal-dielectric anode

Changyeong Jeong, Yongbum Park, and L. Jay Guo

Department of Electrical Engineering and Computer Science, University of Michigan, Ann
Arbor, MI 48109, USA

StUAENt Paper... .. e nas 171
Efficient InGaN p-Contacts for deep-UV Light Emitting Diodes

Kevin Lee', Shyam Bharadwaj', Vladimir Protasenko’, Huili (Grace) Xing'? and Debdeep
Jena'?

'School of Electrical and Computer Engineering, Cornell University, Ithaca, NY 14853,
USA,; 2Department of Material Science and Engineering, Cornell University, Ithaca, NY
14853, USA
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P-48

P-49

P-50

P-51

P-52

P-53

P-54

P-55

Ultrathin Metal Film Transparent Conductor for Efficient Light Coupling in Organic
Light Emitting Diode

Yong-Bum Park’, Changyeong Jeong', and L. Jay Guo'

'Department of Electrical Engineering and Computer Science, University of Michigan,
Ann Arbor, Michigan 48105, USA

Student Paper ... e e as 175
High-Responsivity Flexible Photodetectors based on MOVPE-MoS2

Daniel S. Schneider’, Annika Grundmann?, Andreas Bablich3, Vikram Passi', Satender
Kataria?, Holger Kalisch?, Michael Heuken? 4, Andrei Vescan?, Daniel Neumaier' and
Max C. Lemme'2

'Advanced Microelectronic Center Aachen (AMICA), AMO GmbH, 52074 Aachen,
Germany; 2RWTH Aachen University, 52074 Aachen, Germany; 3University of Siegen,
57076 Siegen, Germany; “AIXTRON SE, 52134 Herzogenrath, Germany

85T 1 Lo (=Y 01 o T o o PP 177
Photo-amplification in Bipolar WSe2 Transistors with Electrostatic Gating

Kartikey Thakar and Saurabh Lodha

Department of Electrical Engineering, Indian Institute of Technology Bombay, Mumbai -
400076. India

Late NEWS. .. e 179
We=100nm InP/InGaAs DHBT with Self-aligned MOCVD Regrown p-GaAs Extrinsic
Base Exhibiting 1Q-um2 Base Contact Resistivity

Yihao Fang, Hsin-Ying Tseng, and Mark J.W. Rodwell

ECE, University of California Santa Barbara, Santa Barbara, CA, 93106, USA

I 1= = TP 181
Ultrathin HfN Multilayer Gate Insulator Formation with High Dielectric Constant
Induced by Interface Polarization

Shun-ichiro Ohmi, Yizhe Ding, and Sohya Kudoh

Department of Electrical and Electronic Engineering, Tokyo Institute of Technology J2-72,
4259 Nagatsuta, Midori-ku, Yokohama 226-8502, Japan

Late NEWS. .. e 183
InP MOSFETs Exhibiting Record 70 mV/dec Subthreshold Swing

Hsin-Ying Tseng, Yihao Fang, Shibo Zhong and Mark J.W. Rodwell

ECE, University of California Santa Barbara, Santa Barbara, CA, 93106, USA

= 1= =T 185
True Random Number Generator using Superconducting Qubits

Abdullah Ash- Saki, Mahabubul Alam, and Swaroop Ghosh

Pennsylvania State University, University Park, PA 16802, USA

Late NeWS. .. 187
Solving the Maximum Independent Set Problem using Coupled Relaxation
Oscillators

Mohammad Khairul Bashar, Richard Hrdy, Antik Mallick, Farzad Farnoud
(Hassanzadeh), and Nikhil Shukla

University of Virginia, Charlottesville, Virginia 22904, USA
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P-56 Late NEWS. .. et e et r e e e e r e et 189
Ultra-high responsivity and photovoltaic effect based on vertical transport in multi-
layer a-In2Se3
Roop K. Mech, Neha Mohta, Rangarajan Muralidharan and Digbijoy N. Nath
Centre for Nano Science and Engineering (CeNSE), Indian Institute of Science,
Bengaluru, Karnataka

Session V PLENARY

8:40 AM V_.1 Plenary Paper.......cciiiiiiiiii e s N/A
Electronic Technologies for Enabling Artificial Intelligence at the Edge
Adrian Mihai lonescu

EPFL, Switzerland

Session VI-A MEMORY/NEUROMORPHIC |

10:00 AM VI_A.1 Student Paper.........oo e 193
Ferroelectric Tunneling Junctions for Neurosynaptic Computing
Hojoon Ryu', Haonan Wu', Fubo Rao?, and Wenjuan Zhu'
"Univeristy of lllinois at Urbana-Champaign, 208 North Wright Street, Urbana, IL 61801,
USA

10:20 AM VI_A.-2 StUdeNt Paper.......cuvvuiiiiiieirieercrear e e s s e e e n e 195
Artificial Neuron using Ag/2D-MoS2/Au Threshold Switching Memristor
Durjoy Dev', Adithi Krishnaprasad', Zhezhi He', Sonali Das', Mashiyat Sumaiya
Shawkat!, Madison Manley?', Olaleye Aina?, Deliang Fan', Yeonwoong Jung' and Tania
Roy!
"University of Central Florida, 4000 Central Florida Blvd, Orlando FL 32826, USA; 2BAE
Systems FAST Labs, Columbia, MD 21046, USA

10:40 AM VI_A.-3 StUdeNnt Paper.........ocvuiiiiieiiereree e e e eas 197
Fundamental Limit on Network Size Scaling of Oscillatory Neural Networks due to
PrMnO3 based Oscillator Phase Noise
Vivek Saraswat!, Sandip Lashkare', Pankaj Kumbhare' and Udayan Ganguly'
'Department of Electrical Engineering, Indian Institute of Technology Bombay, Mumbai,
India

11:00 AM VI_A.-4 INVited Paper. ... ..o 199
Phase-change memory enables energy-efficient brain-inspired computing
Manuel Le Gallo', Abu Sebastian' and Evangelos Eleftheriou’
'IBM Research-Zurich, Sdumerstrasse 4, 8803 Riischlikon, Switzerland

Session VI-B QUANTUM DEVICES

10:00 AM VI_B.-1 INVited Paper. ... ..o e N/A
Si/SiGe Quantum Dot Spin Qubits
Mark A. Eriksson'
1Wisconsin Institute for Quantum Information and Department of Physics, University of
Wisconsin-Madison

978-1-7281-2113-0/19 $31.00 © 2019 |IEEE 12



10:40 AM

11:00 AM

11:20 AM

11:40 AM

1:00 PM

1:40 PM

2:00 PM

VI_B.-2 Student Paper........ccoiiiiiii e 203
Demonstration of FETs with 3D Dirac Semimetal, Cd3As2

Omor Shoron', Timo Schumann', Manik Goyal', David Kealhofer?, and Susanne
Stemmer?

"Materials Department, University of California Santa Barbara; 2Department of Physics,
University of California Santa Barbara

VI_B.-3 Student Paper.........oo e 205
A Novel ESD Clamp Based on the VO2 Insulator-Metal Transition

Stephanie M. Bohaichuk', Mario M. Pelella?, Yifei Sun3, Zhen Zhang?3, Shriram
Ramanathan?, Eric Pop'

'Stanford University, Stanford, CA 94305, USA; 20N Semiconductor, Santa Clara, CA
95054 USA,; 3Purdue University, West Lafayette, IN 47097 USA

Top-gated atomic precision phosphorous doped silicon single electron transistor
with low thermal budget gate dielectric

E. M. Anderson, L. Maurer, L. Tracy, S. W. Smith, P. Lu, A. M. Katzenmeyer, A.D.
Baczewski, D. M. Campbell, M. T. Marshall, D. R. Ward, T.-M. Lu, and S. Misra

Sandia National Laboratories, P.O. Box 5800, Albuquerque, NM 87185, USA

VI_B.-5 Late NeWS. ... e v e s e e s r e e r e 209
Field-plated Ga203 Trench Schottky Barrier Diodes with a Record High
Figure-of-merit of 0.78 GW/cm2

Wenshen Li', Kazuki Nomoto', Zongyang Hu', Debdeep Jena'-23 and Huili Grace
Xing'23

'School of Electrical and Computer Engineering, Cornell University, Ithaca, NY 14853,
USA,; 2Department of Material Science and Engineering, Cornell University, Ithaca, NY
14853, USA; 3Kavli Institute at Cornell for Nanoscale Science, Cornell University, Ithaca,
NY 14853, USA

Session VII-A MEMORY/NEUROMORPIC 1l

VI_A.-1 INVited Paper.......ccoviiii e e e 211
Variants of Ferroelectric Hafnium Oxide based Nonvolatile Memories

T. Mikolajick'2, H. Mulaosmanovic', M. Hoffmann', B.Max?, T. Mittmann', U. Schroeder,
and S. Slesazeck'

"NaMLab gGmbH, Noethnitzer Str. 64, Dresden, D-01187, Germany; 2Chair of
Nanoelectronic Materials, TU Dresden, Dresden, D-01069, Germany

VII_A.-2 Student Paper.........o.o e 213
Sheet-rich Silk-base RRAM with Low Switching Voltages and Improved Reliabilities
Mohammad T. Sharbati!, Se Youn Cho?, Golnaz Najaf Tomaraei?, Qingzhou Wan',
Joshua Schlea', Mostafa Bedewy?, and Feng Xiong'

'Dept. of Electrical and Computer Engineering, 2Dept. of Industrial Engineering,
University of Pittsburgh 3700 O’Hara St., Pittsburgh, PA 15261, United States of America

VII_A.-3 Student Paper.......ccooiiiiiiiiiiie e e 215
WSe2 based Valley-Coupled-Spintronic Devices for Low Power Non-Volatile
Memories

S. Thirumala', T. Hung'2, A. Raha3, N. Thakuria’, K. Cho', V. Raghunathan’, Z. Chen'2
and S. Gupta'

Electrical and Computer Engineering and 2Birck Nanotechnology Center, Purdue Univ.;
3Intel Corp.

978-1-7281-2113-0/19 $31.00 © 2019 |IEEE 13



2:20 PM

2:40 PM

1:00 PM

1:40 PM

2:00 PM

2:20 PM

2:40 PM

VII_A.-4 Student Paper.......cccoiiiiiiiiiier e e 217
Dynamic (BixSb1-x)2Te3 Synaptic Devices with Programmable Spatio-Temporal
Responses

Qingzhou Wan', Peng Zhang?, Qiming Shao?, Mohammad T. Sharbati!, John R.
Erickson’, Kang L. Wang? and Feng Xiong'

Dept. of ECE, University of Pittsburgh, Pittsburgh, PA 15261, USA; 2Dept. of ECE,
University of California, Los Angeles, Los Angeles, CA 90095, USA

VIL_A.-5 INVited Paper.......ccoiiiii v e e 219
In-memory solution of linear systems with crosspoint arrays without iterations

Z. Sun, G. Pedretti, E. Ambrosi, A. Bricalli, W. Wang and D. lelmini

Dipartimento di Elettronica, Informazione e Bioingegneria, Politecnico di Milano, Piazza
L. da Vinci 32, 20133 Milano, 20133, Italy

Session VII-B WIDE BANDGAP DEVICES I

VII_B.-1 INVited Paper...... . i 221
GaN Integrated Circuits for Power Electronics

Nick Fichtenbaum

Navitas Semiconductor, Inc.

R | = 2 PPt 223
Self-Aligned Gate Thin-Channel 3-Ga203 MOSFETs

Kyle J. Liddy', Nolan S. Hendricks2, Andrew J. Green?, Andreas Popp?, Miles T.
Lindquist!, Kevin D. Leedy?, Stephen E. Tetlak?, Neil A. Moser?, Glinter Wagner?, Kelson
D. Chabak?, Gregg H. Jessen?

'KBRWYyle, Sensors Directorate, 2241 Avionics Circle, WPAFB, Ohio 45433 USA, 2Air
Force Research Laboratory, Sensors Directorate, 2241 Avionics Circle, WPAFB, Ohio
45433 USA; 3Leibniz-Institute flr Kristallziichtung, Max-Born-Str.2, D-12489 Berlin,
Germany

Polarization Recovery Behavior of Hf0.5Z2r0.502 on Gallium Nitride HEMT
Heterostructures

Chunlei Wu, Nikhita Shaju, Hansheng Ye, Benjamin Grisafe, Suman Datta, and Patrick
Fay

Department of Electrical Engineering, University of Notre Dame, Notre Dame, IN 46556,
USA

VII_B.-4 Student Paper.........ooi e 227
Epitaxial passivation of delta doped -Ga203 field effect transistors

Chandan Joishi'- 2, Zhanbo Xia', Shahadat H. Sohel', Saurabh Lodha?, Siddharth
Rajan’3

'Department of Electrical and Computer Engineering, The Ohio State University,
Columbus, OH 43210, USA, 2Department of Electrical Engineering, Indian Institute of
Technology Bombay, Mumbai 400076, India; 3Department of Materials Science and
Engineering, The Ohio State University, Columbus, OH 43210, USA

VI_B.-5 Late NeWS. ... e r e s e e e s s e e nerna 229
Enhancement-Mode Current Aperture Vertical Ga203 MOSFETs

Man Hoi Wong1, Hisashi Murakami2, Yoshinao Kumagai2 and Masataka Higashiwaki1
"National Institute of Information and Communications Technology, Koganei, Tokyo 184-
8795, Japan; 2Department of Applied Chemistry, Tokyo University of Agriculture and
Technology,Koganei, Tokyo 184-8588, Japan
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3:40 PM

4:00 PM

4:20 PM

4:40 PM

3:40 PM

4:20 PM

4:40 PM

Session VIII-A 2D AND FLEXIBLE DEVICES I

VII_A.-1 S 0o LY 0 1 - ' T 231
New Observations in Contact Scaling for 2D FETs

Zhihui Cheng', Hattan Abuzaid', Yifei Yu?, Shreya Singh', Linyou Cao?, Aaron D.
Franklin-3

'Duke University, Department of Electrical & Computer Engineering, Durham, NC 27708,
USA,; 2Department of Materials Science and Engineering, North Carolina State
University, Raleigh, NC, 27695, USA; ®Duke University, Department of Chemistry,
Durham, NC 27708, USA

L N 233
Flexible Top-Gated Monolayer MoS2 Transistors with High Mobility

Alwin Daus, Sam Vaziri, Kevin Brenner, Ryan W. Grady, Alvin U. Tang and Eric Pop
Electrical Engineering, Stanford University, Stanford, CA 94305, USA

VIII_A.-3 Student Paper.........o o 235
Atomic Layer Etching (ALE) of WSe2 Yielding High Mobility p-FETs

Ankur Nipane', Punnu Jose Sebastian', Younghun Jung', Min Sup Choi'2, Abhinandan
Borah', Won Jong Yoo?, James Hone', and James T. Teherani’

'Columbia University, New York, NY 10027, United States; 2Sungkyunkwan University,
Suwon, Gyeonggi-do 16419, Republic of Korea

VII_A.-4 INVIted PaPer......cueeiee e e e 237
Efficient Optoelectronics with 2D Materials

Max C. Lemme'2

'Advanced Microelectronic Center Aachen (AMICA), AMO GmbH, 52074 Aachen,
Germany; 2RWTH Aachen University, Chair of Electronic Devices, 52074 Aachen,
Germany

Session VIII-B WIDE BANDGAP DEVICES il

VIII_B.-1 INVited Paper.... ..o 239
Process Technologies for GaN High Voltage Devices

Tetsu Kachi', Tetsuo Narita?, Hideki Sakurai’-* and Jun Suda'’

"Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan; 2Toyota Central
R&D Labs., Inc., Nagakute, Aichi 480-1191, Japan; 3ULVAC Inc., Chigasaki, Kanagawa
253-8543, Japan

VIII_B.-2 Student Paper.......ccccoiiiiiiii e e 241
Impact of Gate Oxide Thickness on Electrical Characteristics of 1200 V 4H-SiC
Planar-Gate Power MOSFETSs

Aditi Agarwal, Kijeong Han and B. Jayant Baliga

North Carolina State University, MRC Building, 2410 Campus Shore Dr, Raleigh, NC
27606, USA

VIII_B.-3 Student Paper...........oooi e 243
Metal/BaTiO3/B-Ga203 Dielectric Heterojunction Diode with 5.6 MV/cm Breakdown
Field

Zhanbo Xia', Caiyu Wang', Hareesh Chandrasekar', Wyatt Moore', Aidan Lee?, Nidhin
Kurian Kalarickal!, Fengyuan Yang?, Siddharth Rajan??3

'Department of Electrical and Computer Engineering, The Ohio State University, USA;
2Department of Physics, The Ohio State University, USA; 3Department of Materials
Science and Engineering, The Ohio State University, USA
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5:00 PM VIII_B.-4 Late NEWS. ....cuiiiiiieieer e v e s e s r s s e e s e s s e e r e e s e e e ennen 245
Buried tunnel junction for p-down nitride laser diodes
Henryk Turski', Marcin Siekacz', Grzegorz Muziol'!, Mikolaj Zak', Shyam Bharadwaj'?,
Mikolaj Chlipala®, Krzesimir Nowakowski-Szkudlarek', Mateusz Hajdel", Huili Grace
Xing?, Debdeep Jena? and Czeslaw Skierbiszewski’
Institute of High Pressure Physics, Polish Academy of Sciences, Sokolowska 29/37, 01-
142 Warsaw, Poland; 2Cornell University, Ithaca, NY 14853, USA

RUMP SESSIONS
8:30 PM R.1
What will be the Ultimate Applications of 2D Materials?..........cccccoiriiccismrrerni s N/A
Session Moderators:
8:30 PM R.2
Quantum Computation: What Device Platform will Reign Supreme?..........ccccoeooimrrrecerrneceerncceenns N/A

Session Moderators:

Session IX EMC/DRC PLENARY SESSION

8:30 AM IX_.-1 Plenary Paper........ooeiiiiiiiieiiveeeve v e v e s e n e e N/A
Programmable Quantum Materials
Dmitri N. Basov, Columbia University

Session X STEEP THRESHOLD/LOGIC I

10:10 AM X_--1 Student Paper.........o.oi e 251
Significance of Multi and Few Domain Ferroelectric Switching Dynamics for Steep-
Slope Non-Hysteretic Ferroelectric Field Effect Transistor
J. Gomez', S. Dutta’, K. Ni', B. Grisafe’, J. Smith', A. Khan? and S. Datta’
"University of Notre Dame, Notre Dame, IN 46545, USA

10:30 AM X_.-2 Student Paper........ccoeiiiiiiie s 253
3D-stacked Strained SiGe/Ge Gate-All-Around (GAA) Structure Fabricated by 3D
Ge Condensation
Junkyo Suh', Andrew C. Meng?, Marc Jaikissoon', Michael Braun?, Taeho R. Kim2, Ann
F. Marshall?, Anahita Pakzad?, Paul C. Mcintyre? and Krishna C. Saraswat"?2
Electrical Engineering Dept., Stanford University, Stanford, CA 94305, USA; 2Material
Science & Engineering Dept., Stanford University, Stanford, CA 94305, USA, 3Gatan Inc.,
Pleasanton, CA 94588, USA.

10:50 AM G P 255
High Performance and Yield for Super Steep Retrograde Wells (SSRW) by Well
Implant / Si-based Epitaxy on Advanced Technology FinFETs
U. Rana, D. P. Brunco, S. Raman, D.H. Triyoso, M.W. Stoker, J. B. Johnson, L.
Pantisano, K. D. Seo, M., Zhao, A. Reznicek, R. Krishnan, B. Moser, J. Freeman, L.
Jang, E. Kaganer,
GLOBALFOUNDRIES, 400 Stone Break Rd Ext, Malta, NY 12110, USA.
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11:10 AM

X_.-4 Student Paper........cooeiiiiiii e 257
Experimental calibration of the temperature dependence of the heterojunction
bandgap in lll-V tunneling devices

J. Bizindavyi'?, A. S. Verhulst?, Q. Smets?, B. Sorée'?3, and G. Groeseneken'?
'Department of Electrical Engineering, KU Leuven, Kasteelpark Arenberg 10, 3001
Leuven, Belgium; 2imec, Kapeldreef 75, 3001 Leuven, Belgium; *Department of Physics,

Universiteit Antwerpen, Groenenborgerlaan 171, 2020 Antwerpen, Belgium

F N o g T Y ol [ Yo (= 259

61t ELECTRONIC MATERIALS CONFERENCE WEDNESDAY PM

1:30 PM

2:10 PM

2:30 PM

2:50 PM

3:10 PM

3:30 PM

4:10 PM

SESSIONS

SESSION H: Chalcogenide Quantum Materials

HO1 Invited Paper

Observation of Valley Coupled Topological Current in 2D TMDs Terry Y.T. Hung,
Kerem Y. Camsari, Shengjiao Zhang, Pramey Upadhyaya and Zhihong Chen; School of
Electrical and Computer Engineering and Birck Nanotechnology Center , Purdue
University, Lafayette, Indiana, United States

HO02

(Student) Probing Topological Surface States in Bi2Te3-Bi2Se3 and Bi2Te3-
Sb2Te3 Alloy Films Gregory Cunningham?, Christian Greenhill2, Rachel S. Goldman3,
Theresa P. Ginley* and Stephanie Law?®; 'Electrical Engineering, University of Michigan—
Ann Arbor, Southfield, Michigan, United States; 2Materials Science & Engineering ,
University of Michigan, Ann Arbor, Michigan, United States; 3Department of Materials
Science and Engineering, University of Michigan, Ann Arbor, Michigan, United States;
4Material Science and Engineering , University of Delaware, Newark, Delaware, United
States; SUniversity of Delaware, Newark, Delaware, United States

Ho03

Effect of Spin-Orbit Coupling and Magnetic Strength on Weyl Semimetallic and
Chern Insulating Phase of Magnetic Bi2MnX,4 (X= Se, Te) Sugata Chowdhury; MML,
NIST, Gaithersburg, Maryland, United States

H04

Epitaxial Growth and Characterization of Chromium Selenide Thin Films on c-
Al;03(0001) Anupam Roy, Tanmoy Pramanik, Rik Dey, Amritesh Rai and Sanjay
Banerjee; Microelectronics Research Center, The University of Texas at Austin, Austin,
Texas, United States

REFRESHMENT BREAK

HO05 Invited Paper

Rotationally Controlled van der Waals Heterostructures—Electron Physics and
Device Applications G W. Burg, Kyounghwan Kim, Hema C. Movva and Emanuel
Tutuc; Department of Electrical and Computer Engineering, The University of Texas at
Austin, Austin, Texas, United States

HO06
Moiré Excitons in WS,/WSe; Heterostructures Feng Wang" 2, Chenhao Jin', Emma
Regan' and Danging Wang'; 'Physics, UC Berkeley, Berkeley, California, United States;
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