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M. ÖSTLING

EDS Vice-President Publications
HISAYO MOMOSE

Yokohama National University
Yokohama, Japan

EDS Operations Director
JAMES SKOWRENSKI

IEEE Operations Center
Piscataway, NJ

Editor-in-Chief
GIOVANNI GHIONE

Politecnico di Torino
Torino, Italy

Publications Office Contact:
MARLENE JAMES

445 Hoes Lane, Piscataway, NJ 08854
Tel: +1 732 562 6830 E-mail: m.james@ieee.org

Please submit all manuscripts to http://mc.manuscriptcentral.com/ted

Editors

Bipolar Devices
GUOFU NIU
Auburn Univ.
Auburn, AL

Compound Semiconductors
GIOVANNI VERZELLESI
University of Modena

and Reggio Emilia
Reggio Emilia, Italy
Compound Semiconductor Devices
KEVIN CHEN
Hong Kong Univ. of Science

& Technol.
Hong Kong, China
PATRICK FAY
Univ. Notre Dame
Notre Dame, IN
ANISUL HAQUE
East West University
Dhaka, Bangladesh
GAUDENZIO MENEGHESSO
Universit di Padova
Padova, Italy
SIDDHARTH RAJAN
The Ohio State University
Columbus, OH
Device and Process Modeling
ANDREAS SCHENK
Integrated Systems Laboratory
ETH-Zentrum, ETZ, Switzerland
BENJAMIN INIGUEZ
Universitat Rovira i Virgili
Tarragona, Spain

ANDRIES SCHOLTEN
NXP Semiconductors
Eindhoven, Netherlands

KAROL KALNA
Swansea University
Swansea. Wales United Kingdom
of Great Britain and Northern Ireland

YOGESH S. CHAUHAN
Indian Institute of Technology (IIT)
Kanpur
Kanpur, India

Display Technology
KYUNG CHEOL CHOI
KAIST
Daejeon, Korea

XIAOJUN GUO
Shanghai Jiao Tong University
Shanghai, China

Emerging Technologies
MARC CAHAY
University of Cincinnati
Cincinnati, OH

JOACHIM KNOCH
RWTH Aachen Univ.
Aachen, Germany

FRANK SCHWIERZ
Technische Universitaet Ilmenau
Ilmenau, Germany

GREGORY SNIDER
Univ. Notre Dame
Notre Dame, IN

Image Sensors
AMINE BERMAK
Hong Kong Univ. of Science

& Technol.
Hong Kong

ASSAF LAHAV
Tower Semiconductor Ltd
Migdal Haemek, Israel

Memory Devices and Technology
UYGAR E. AVCI
Intel Corp.
Hillsboro, OR

CHRISTIAN MONZIO COMPAGNONI
Politecnico di Milano
Milano, Italy

JINFENG KANG
Peking University
Beijing, China

GWAN-HYEOB KOH
Sansung Electronics
Gyeonggi, Korea

YEN-HAO SHIH
Macronix International Co. Ltd.
Hsinchu, Taiwan, R. O. C.

Molecular and Organic Devices
IOANNIS (JOHN) KYMISSIS
Columbia University SEAS
New York, NY

HAGEN KLAUK
Max Planck Institute for Solid State
Research
Stuttgart, Germany

YONG-YOUNG NOH
Dongguk University
Seoul, Korea
Optoelectronic Devices
JIANJANG HUANG
Natl. Taiwan Univ.
Taiwan
ERIC JOHNSON
Clemson Univ.
Clemson, SC
CHARLES SURYA
Nazarbayev University
Astana, Kazakhstan
Power and High Voltage Devices
MOHAMED DARWISH
MaxPower Semiconductor Inc.
Campbell, CA
SHANKAR N EKKANATH MADATHIL
The University of Sheffield
Sheffield, UK
FLORIN UDREA
University of Cambridge
Cambridge, UK
BO ZHANG
Univ. of Electron. Science and

Technol. of China
Sichuan, China

Reliability
BEN KACZER
IMEC
Leuven, Belgium
ELYSE ROSENBAUM
Univ. Illinois, Urbana-Champaign
Urbana, IL

Solid-State Energy Sources
ARMIN ABERLE
Natl. Univ. of Singapore (NUS)
Singapore
Solid-State Phenomena (noise)
ZEYNEP CELIK-BUTLER
Univ. of Texas - Arlington
Arlington, TX
JAVIER MATEOS
Universidad de Salamanca
Salamanca, Spain
Solid-State Sensors and Actuators
FARROKH AYAZI
Georgia Tech
Atlanta, GA
CHEN YANG
University of California, Berkeley
Berkeley, CA
DARRIN J. YOUNG
University of Utah
Salt Lake City, UT
Thermal Management and Energy Harvesting
RAMA VENKATASUBRAMANIAN
Johns Hopkins Univ.
Laurel, MD
Vacuum Electron Devices
RICHARD CARTER
Lancaster Univ.
Lancashire, UK
LALIT KUMAR
CEPTAM
Delhi, India
MANFRED THUMM
Karlsruhe Inst. of Technol. (KIT)
Karlsruhe, Germany

MOS Devices and Technology

MUHANNAD BAKIR
Georgia Tech
Atlanta, GA
DAVID ESSENI
Universit di Udine
Udine, Italy
RU HUANG
Peking University
Beijing, China

MUHUMMAD MUSTAFA HUSSAIN
King Abdullah Univ. of Science & Technol.
Makkah, Saudi Arabia
YOUICHI MOMIYAMA
SOCIONEXT
Kanagawa, Japan

HUILING SHANG
IBM Corporation
Hopewell Junction, NY
RAVI TODI
Globalfoundries
Santa Clara, CA

WILMAN TSAI
TSMC
San Jose, CA
RUNSHENG WANG
Peking University
Institute of Microelectronics
Beijing, China

HEI WONG
City University of Hong Kong
Kowloon, Hong Kong
JASON C. S. WOO
Univ. California Los Angeles
Los Angeles, CA

For further information concerning the T-ED Editor-in-Chief and Editors, please see the T-ED Home Page at http://eds.ieee.org/t-ed
IEEE Officers

KAREN BARTLESON, President
JAMES A. JEFFERIES, President-Elect
WILLIAM P. WALSH, Secretary
JOHN W. WALZ, Treasurer
BARRY L. SHOOP, Past President

S. K. RAMESH, Vice President, Educational Activities
SAMIR M. EL-GHAZALY, Vice President, Publication Services and Products
MARY ELLEN RANDALL, Vice President, Member and Geographic Activities
FORREST D. WRIGHT, President, Standards Association
MARINA RUGGIERI, Vice President, Technical Activities
KAREN S. PEDERSEN, President, IEEE-USA

MACIEJ J. OGORZALEK, Director, Division I
IEEE Executive Staff

DR. E. JAMES PRENDERGAST, Executive Director & Chief Operating Officer
THOMAS SIEGERT, Business Administration
JULIE EVE COZIN, Corporate Governance
DONNA HOURICAN, Corporate Strategy
JAMIE MOESCH, Educational Activities
EILEEN M. LACH, General Counsel & Chief Compliance Officer
VACANT, Human Resources
CHRIS BRANTLEY, IEEE-USA

CHERIF AMIRAT, Information Technology
KAREN HAWKINS, Marketing
CECELIA JANKOWSKI, Member and Geographic Activities
MICHAEL FORSTER, Publications
KONSTANTINOS KARACHALIOS, Standards Association
MARY WARD-CALLAN, Technical Activities

IEEE Periodicals
Transactions/Journals Department

Senior Director, Publishing Operations: FRAN ZAPPULLA
Director, Editorial Services: DAWN MELLEY Director, Production Services: PETER M. TUOHY

Associate Director, Editorial Services: JEFFREY CICHOCKI Associate Director, Information Conversion and Editorial Support: KEVIN LISANKIE
Managing Editor: CHRISTOPHER PERRY Journals Coordinator: MARGARET M. RAFFERTY

IEEE TRANSACTIONS ON ELECTRON DEVICES (ISSN 0018-9383) is published monthly by The Institute of Electrical and Electronics Engineers, Inc. Responsibility for the contents rests upon the
authors and not upon the IEEE, the Society/Council, or its members. IEEE Corporate Office: 3 Park Avenue, 17th Floor, New York, NY 10016-5997. IEEE Operations Center: 445 Hoes Lane,
Piscataway, NJ 088554-4141. NJ Telephone: +1 732 981 0060. Price/Publication Information: Individual copies: IEEE Members $20.00 (first copy only), nonmembers $245.00 per copy. (Note:
Postage and handling charge not included.) Member and nonmember subscription prices available upon request. Copyright and Reprint Permissions: Abstracting is permitted with credit to the
source. Libraries are permitted to photocopy for private use of patrons, provided the per-copy fee of $31.00 is paid through the Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA
01923. For all other copying, reprint, or republication permission, write to Copyrights and Permissions Department, IEEE Publications Administration, 445 Hoes Lane, Piscataway, NJ 08854-4141.
Copyright c© 2017 by The Institute of Electrical and Electronics Engineers, Inc. All rights reserved. Periodicals Postage Paid at New York, NY and at additional mailing offices. Postmaster: Send
address changes to IEEE TRANSACTIONS ON ELECTRON DEVICES, IEEE, 445 Hoes Lane, Piscataway, NJ 08854-4141. GST Registration No. 125634188. CPC Sales Agreement #40013087.
Return undeliverable Canada addresses to: Pitney Bowes IMEX, P.O. Box 4332, Stanton Rd., Toronto, ON M5W 3J4, Canada. IEEE prohibits discrimination, harassment and bullying. For more
information visit http://www.ieee.org/nondiscrimination. Printed in USA.

Digital Object Identifier 10.1109/TED.2017.2769423



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [576.000 783.000]
>> setpagedevice


