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1. HBEY aA Y FFKF MY —ik ki

2017 4 F T, WAL R, EVRERY: (BE) LRIICOE2F#MRm AT TED .,
% OILFIFZE, B % b A NWATH R & & KRB AR L se €~ 7 —. Wit
RRLEWF eI, TR ek, AR ZE Rl BT 20 T4 BB B S e i CRAE. ARHE
SEEMTEIT) SEAhLE o TEMBLTETH (K1),

History of Collaboration between Tohoku Univ. and NCTU

) rowrsumrar

)

2018 International Joint Research Center between
Tohoku University and NCTU

2018 Student Exchange Program between Tohoku
University and NCTU

- Graduate School of Engineering
+ Graduate School of Science

- New Industry Creation Hatchery Center

« Institute of Fluid Science

+ Advanced Institute of Materials Research

2017 Liaison Office: NCTU and Tohoku University

2016 Renewed University Level Agreement

2014 AIMR Tohoku University-NCTU Joint Workshop on Fusion of
Mathematics, Nano-Materials and Nano-devices (Hsinchu, NCTU)

2014 NCTU Chair Professor Inauguration ceremony of Prof. Seiji
Samukawa, IFS/AIMR Tohoku University (Hsinchu, NCTU)

2011 Renewed University Level Agreement

2010 Joint Workshop on Nano-process and Nano-device : NDL,
NCTU and IFS, AIMR, ED, Tohoku University (Sendai, Kokusai Hotel)

2005 University Level Agreement

since 2005
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2005 A IUE AR = EA LM ZE & » & — 2L R, LEmsefh 2 BRETR e LTk
PRI E Z MR LT BFERTNA A5 O - BHERREZHEAEL 72, €0, 2010 4
ZHARBH AR ZEF A % o THRINAGHE KR L F /) 727 /7 u T =B X UF 7 734 AL
M3sTa4 b= vay 7oL, FEHEK - F 2 TN, 25O X0 RHPH
b Sz, ZoRREZEF 2T, 2010 T ARRB AP L FZE L > ¥ —, T4
FFFERHIN 2 CHARFH A FEFT, B Ze Rt & BEE)R & 2 0 . R RE 1 25 &
N7ze HIZ 2010 4 & D 2014 4RI D72 Ty AKBHAZEIT B & O 70 T A R w46
WEFEREts & EV. 2R RY L D' T-F / 735 AT 5 LFEFZEANEFICHEAE S . 2014
AT PR R A R SR e R & BB EN B R & O BB LU 7
AZACHT BV a4y NT—r v ay TR L. B L)AHPH T2 EEE2 HYIC
2016 AE ISR E D 2 BEH O EF A Th N, 2017 F T BB EWIZEr & E 728 @ K4
DT JST EBEFL Bl R % (HA - B8) BLORE 70 Y = 7 MRS A ¥ —
b L. 2018 4FIZIZ L T B R AR e A3 b R, UL RE, KRR, JUHRA:
EHEELCHED DZWE - TN AL FERF TR & BB E S AR O L FN R E ¢
Y —=HEBENAGERFHARISGKE SN, BB Y RT T APHEEI N, 2O X
) BB RIGR R LM A DA o722 L 221, 2017 FFIIZHFAERR 70 75 L D%E
BHREEY a4 Y IR M) —OFEZHIELTRFEMY) =V Y F 74 ZAORBEIZE-
TWa,

BETREF T, FHEEBOFHIZX Y, RAITBT 2 EBLofetE, Joimiy 2 i7es &
CHBEOREZ HWIZ, BAZBHRFAEEE L2V a Y FTRT M) —OFEIHEAE
ENTwb, EVRERFE, ~f 70”7 ba=2 A5 TEIER Ny 727 5 Z0H
FEWA - LML THEY, 4R MR —DOFBRIETHLIBEDLL Y bu =7 AP
DIREEHE - \MBROMATHATELZE Vo THMES TR RV IR & o224
eI D IFH I T2 ANTE Y, UC Berkeley, Univ. of Illinois, Urbana-Champaign,
Carnegie Mellon University, Chalmers University of Technology, University of Paris & &
RN =y F T4 ARV af Y M) —F Ly —RRETLHIEICAEEL, Th
ZTNOBOREZ AP LT - HEOHEELZ K> TWVd, TOLI) ZEFROPT, K
R & E AR, WALRFEDTRA L TEHMFP T v 77 T ZOMER 58 & EL7
LR FENRAE T LMP N Y T 7 T 208K T 7 70T — 5580 7B R gt did; %
FEHTLYaA b IRT M) —%EVTHIELETEEL, M7 - HBEORBEWFEZ X
HHELTWD (K2),

[Yaf >y bR M) —OREBICBEVTIZ, MEREZIEEE LCREAT 2
OY—LEETA5ZET, 3TFITOWTIHE L TBREOFBEICOWTHY A, [HEHE
PO IR LR T LI L ZHMWE LTS, BRI, 35HIE 1) TRV F—
TINAZATVAT A, 2) FITNALRATVAT A, WBIZ3) N F AT ANt rH—
v bT—=27Thb, TNHOWFEFERIE 1) [TOWTIIEEMEIIZERT. AR5
. MR AR ERT. ST BB SR, SRR AR ge R, LR 2) 2
L TR A 7eT. XGREM eI, GBI 7ET, KRB APl L mfse £ > & —.
TEMFFEFRR 3) ICBI LTI T geRl, TEgeRl. AR AIFZeRT 2 SR EGT RIS
F:20356720. &AM E LTI LA RTHL, £DOTVaA Y NTFKRT M) —
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NCTU

Semiconductor Technology

BREAHEIRPR

(2018.7.125%31)

Interdisciplinary
Research

Tohoku University

Materials Science

BEEZAFHELR

. )& Green EFEEEmE
B Energy WRE>H— (MasC) Si Quantum
Science Park - Material Valley Dot Arrays
B XAo0FI)RS=>D
- $1T Science MRAFE>T— 2D crystals
Park/
National

Nano-device Lab.

3D FinFET

XA U027 L&
WRMSE 5~ -

Nano-particles

Li/Na Fast-Ionic Spintronic
Conductor Materials

Bio-FET 2D Transistor Nanoporous Metals

B2, HAERE - EGERY: FHBEY a4 Y PRI M) —0are Tt

FESED 12O IR R TS IERM BT SNAEEY a4 Y P IRE Yy 7=
ICRRE L. EEIEFIZEOHEREIC L D, HARHIZBWTEOEEMES—~HEE > T
FALRA, BEw LA 2B 2 FER BB RE T A~ — b AR B ~ o240 ki
RS B, KFEEEROWRE OZIT I I E B RFERTF A T A= 2 LD
ARG WAL KRFPRE L T AMEE%, 57 727 7 v Y —% MEMS (ZMb 2 3L [Hf
REDZUTMELTDOY aAf > MFIERF MY —& UTHEENZAGRER - RO 7HE
ERLETIEPHREEND, TOXHITRFICEMEINLEER Y a4 Y b IRT MY =1,
RALKFEOW L LT, EE K LMl U CEBILFFZEOHERAL 25 5 DTH
0. HEOHEY - EYWAALCICEMNT —2 ¥ 3y 7O, EEFEOILFERE,
OB R T Eh—RERES NS 2 LRSS,

2. EVARBRACREINTWATVaAf Y 7K T M) —DRK

HIE, BEIE7 2 2 RHELZIKE, MR —0FEAKVETH L, 2F 0. wLmBA
DMLY FEABICBITAILZ Fuo 7 AEENPR-TEBY, ZOHBIES R KEA
VIVt B CHEBRAREREE (Taiwan Semiconductor Manufacturing Company:
TSMC) &%, TSMC 7 7 ¥ 5 — L) ¥V AET IV & HEFUTSEERT THEN L 74
DTCHETMERETH Lo PN A Ty A= OWMRBELHT Ty b7+ —2 (KA
%« TSRD) DK E V. Tid, BED 50 FICFE > THEISHIIHA = A8—7
WCHBHM A SR L CELRETH S, i, HEAPRER R EBEFMOEHROREENZ
HOHIZOTRLIZBDTH ), [FEARVEHARC] KEREIREZILTH S,

B8 E 7 AR 213 1896 AF IR S, B - I OB A 2 A8 — 7 ITFTE
T 50 FAERK13058 4 (KRAEREA: 7762 44, “#HBAE 5296 44) T#HHE - WI%E#H 700 % TH %,
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ERML, B AR FA MY APEMI N, T2 BBICBTLEERDOT T v
N7 4 — A TH 5 BEREEW LG FEgE 780 (Taiwan Semiconductor Research
Institute: TSRD). B4 6l #% < & % E K [W A~ 5 5 4F 22 v/ .0» (National Synchrotron
Radiation Research Center) 2SBE#E L. H#FHUTIBIT 5 FER TN A AW 0 F L
HEhoTWwWh,

WL KFEDOEEY a4 v I KRT MY —IZEVARE RSN O Engineering Building
No5 —R (3, K4, {H—o 8k —% — TSMC EBEE R >~ ¥ — 1B,
VIV F T4 ARETaf Y b IRT M) —DHEELTREINTWS,) IZREL, A%
DHBW N FADEY - RINCHAAEL. EREEFLFRMEZHEEL TWE, V)Y ¥
T 7 4 AT RED SIRE SN MBI AEL, BT a A Y I RT MY =12
LR (KA N2 14, PhD %4 2% 0 BRI BIZ 23 Co-advisor) B X OHALK
FOMBEBRFEPHEIEL TWbo —T BIEKRFIZEREF v 278 AN O REFE b
MEIFZER St ~ ¥ — (MaSC) 4 FSICENRERF Y a4 ¥ I RT M) —25%E S .,
E R ERFOMEE Z RV CEBRREMAEZHEEL TV 5, 28, BBEVRHEKEE,
WAL K & O s % S 2| EBR I R P 7T & O #HE % RO 5 S AEROER 7u Y = 7 b
BIOYVaA M) —F ¥ -V EAHEHS L ORHEEBICHE LT 201844 A2 5
S5AEMIC DIz THHEIEE CRIEKFANEE T 2 ke, WaER, X5y 7EHEY &
B THEEE NTS$1500000) 257 SNTW5bH, — i, WL KF TS E B 25 E B R H A 17
DM RAE S (JST/MOST). A-STEP (JST). J&Mghfse S, FARMF7E AL MG 1 /) X —
YavAlE Uy T AEOBRFNEESERB XML O LFIIEE & #1S L CTHFgE % HEdE L
TWwb, L7zdio T, REREY a4 Y FIRT M) —OHBOENZERFEICB S
. EEEEODDOTH Y, RKEOHBWNITEAHY»EH - BRINCHAEL, BICEMI N
7o S O B B i 7 & 2 TG U 72 28 & B 722 22 B L MFZE 2 3EtE L T b0

RIEXTE - [BEAFER>IA > SRS hU—
LEAFF T/ ARICRESNTOSRIAS - SEAZERS 31> MRS M-
(EBAS - TSMCHRIHFE =5 — EBiE)
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3. BRI ZWIZEAE (WH7EE 5. WEZENZE. I, IFZesinss)

Ky aA b RT M) —OEEHREE X OWIZEAE () IR BLOR1LITRT @
DTHhbH, A, HEVRBBEORIFESE (L), ENV @KL AFgeiH SRR R
DTS, Lee %A EFMT AT M) —K& L. RACKFENBIZD X CEN A KPR
ZIEEI T RT M) — K, FHEHEY, WHBHEYE L CHIEFIRED 6 4 TR SN 5 &
FEZZHBL, KVaA Y FIRS N —DEBFIIH725 TV 5D,

#£ 1 (a) 12 2018 4EFE R UIED X N ——BE 2R § . HILKF 0 O X EWM RIFZERT. it
R, SRR RS SR SERT, RAGRENTZERT, Taarsest, Beaisesl, BREGR
WEFEFRE B TEA9eFR TP 2R L FAITE & 5 — DB BB 5 470 % Fefil A
TAZ—F L7720 FITFNARAVATF ATV —TFENALFTAFTL NV —Fy hT—
7 7N —=TIZBWTIE, 2018 4~ 2021 SEO W, AT HDBEMAEH -72b DD, 12T A
UN—OERRLIFEAMENT TN —H, TANVF TN AV AT AT N—T
. BRARFETRE AV F - v Y —REBO TV EINB I NV—TRE%E
WL THEBICBIDZREZELANT DMK TH 5 EMHmMBEZE X ¥ — b 3872, HFEF
T —~ e LTid [FETRTAVF -k BRI AV -2 27 41 23817, B
JEEHH . Z L H LT 0212, BMETH 5 Em A EFZERT - 00 87 5 BT 82 1 JE W 7y —
TEEZ B LU CEIHVEISE X072, LALARAS. 2019 SFICHFICE D @K - #
PRI RO I ETHICED, BB, 97 v MIEE L L TAALRREREHIRIIN
Ny F LT, HERTMONREEIT) 2otz T2, HILKFMTY, I E
I OEHEOWE 1. 2019 FELSLAROFEFBICEHE L THLS 2 &2, EINEEEIAT]
IANVF =5t v ¥ —RE2BETHICH72o THED Y ¥ ¥ —RITIIE L A ARERZIC
TN—TEZBHWTLII L LR ST,
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International
Joint Laboratory

Associate Director
Prof. Yiming Li (NCTU)
Prof. Seiji Samukawa (TU)

5G and mm- Bio-medical
Wave Smart

Radar System

Hydrogen

Sensor and
Network

Independent
Energy System

Prof. Yiming Li (NCTU)
Prof. Seiji Samukawa (TU)

Prof. Ming-Dou Ker (NCTU)
Prof. Tetsu Tanaka (TU)

Prof. Jong-Shinn Wu (NCTU)
Prof. Jun Ishimoto (TU)

Executive Committee Member Meeting

Director, Associate Director, 3 Group Leaders
Administrative officer : Ms. Kelly Tsai (NCTU)
: Mr. Tomoaki Asakura (TU)
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4. FEFIBIFER R DOBEE

1)%/ IWNAR s VAT AT N—F
6 [CBEDO R FERT 7 JuY—oa— Fv vy 7E2RT, 2020 SEHAEICBV TR
%a‘ﬁ%%ﬁﬁ%@?zw ABELTWDHDIETSMC TH Y, #ETIE3WIC Fin FETI2X D
7/6nm HAD T INA AN TG T D %o 2022 4F LRI 5/3nm, 2025 4F PAREIZ1E 3/2nm AT
DT NA ARG AZINSLZ L E > TWWb,

2018 SF DAL K - EN RMKFEREY a A Y I ART MY —FHEOLKEL, K7 IR
T XIS BEICHIE RS L Rl KA, TSRI o dLFIMFZE T, Wbk 1 ¥ — 2 Hiffr 2 v C
Sub-7nm Ge Fin FET # oo TEBL L Tz (High Performance Complementary
Ge Peaking FinFETs by Room Temperature Neutral Beam Oxidation for Sub-7 nm

Technology Node Applications., IEEE International Electron Devices Meeting, 33.5
(San Francisco, 2016/12/07) o & Z T\ R ALK - BV K@ RFEREY a4 » M I RT M) —
B2 F )TN RV AT A7 NV—TE L TIE, 5/3nm AL, 3/2nm 8% HIg L 725
e AR T N4 A DS HEE L L2,

F 9. 2018 4F 1 5/3nm AL TEI & %4 5 GAA #i & B X U Nanosheet 31 O B 3& 1 HL
DHLA T, ZORHE LT, 2018 4E IEEE IEDM T Nanosheet f#3& (Voltage Transfer
Characteristics Matching by Different Nanosheet Layer Numbers of Vertically Stacked
Junctionless CMOS Inverter for SoP/3D-ICs applications, IEEE 2018 International
Electron Device Meeting, 214 (San Francisco/USA, 2018/12/04) ¥ X O 2019 4E IEEE
IEDM Tl& GAA #3& (First Demonstration of CMOS Inverter and 6T-SRAM Based on
GAA CFETsStructure for 3D-IC Applications”, IEEE 2019 International Electron Device
Meeting, 11.7 (SanFrancisco/USA, 2019/12/10) % R -CHIO THEIL 72,

REREEMHTI./O0>—0O—RIVY

2025-2030
2020 2022 LApE -
BE) 3/2 nm LR
5/3 nm
22/5 nm 4 )
~32/28 nm N i P gé “v

3] /

KL 1 ' ' Nﬂ"

b“— b“— ' '
CFET

N & PE

GAA-FET
FinFET
TLF—= FET
FinFET Nanosheet Forksheet CFET
D 44
NMQS/ NMOS/ - T
PMOS PMOS | PMOS  NMO PM°S
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7. kT Y —2%Hw7 Sub-7nm Ge Fin FET

CNODWRITIED T, 2020 413 BB R B iin ) 2R S 2l 3¢ (H A — Bi¥E e
) Al Y AT AEIKICE T 55/ 2Ly ba= 2 A [ALF v FHMC ) 72 =
WRoC B RE £ hCFETs] (JST-MOST) IZHRIRS . ALK - F A& H K -
By a4 Y MR M) — ke LT EEBINRAZEIE X OV TSRI & #iET 5
ZET, ANLHEE (AD Fv 7o8EMEEE & 5 3/2nm #R O Z koo B AR - 2k
B 4 % & 1L 72 Heterogeneous complimentary field effect transistors (hCFETs) #
HRTHOTHIE L (H8)s Z dHKFIF IEEE 2020 IEDM (First Demonstration of
heterogenous Complementary FETs utilizing Low-Temperature (200C) Hetero-Layers
Bonding Technique (LT-HBT), IEEE 2020 International Electron Device Meeting, 155
(2020/12/04)) THEI N, HEHEZHEOZ, KFFEBRIE. 2nm AT O Si/Ge FA
FAAINVERT T b7+ — L ORERFEIL 725 DT, 2030 4F X TIZLHE L 2 % Si/Ge.
SiC. GaN Z o ¥Aditf #7854 A @D System on Chipfb & 72 % Al F v TBFEIIZLEAN]
RETT9 NTH—LEhb,

DEDOBREEZIIZ, 2021 E1Z a0 FMTHEHICH DL T, ERHEKFEE @ L T
TSMC. Innolux. Macronix & DEELFEFEZIREL TEH WIEEHOSMK), FHMY
WO T OEB SR A ¥ — X5 FEE L >TWS (BRI Innolux & 126 E.
TSMC. Macronix & 3a&amH) o

2) NAFAFA AN Y =%y VT—=T T N—TF

K7 NV—T7TiZ, RIITRT &) ICHRILKRF DA TH S MEMS/NEMS & > —Fehi
& EN R EKFE DR T D 5 PEAREMOBA I L BAMEKE VTN, F X274 S v
i 77 v M7+ — L OREZEI L, AN ARk ¢ &AL THEBH o =R eiE g
ANTHIE T TORMER T AN T —N—RZZ L LSIOREE HIEL TV,

LA S O HEAT I, T REATED X 9 2 BALISRR T 2 IREEIC X - TEHT
DEEHSHEMLTBY, BICRAEICBWCZOMENSEHE ThH L, T ML
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Microelectronics Flexible thermoelectric = Micro-super
& power management power generator capacitor

[by Prof. Po-Hung Chen] [by Prof. Ono]
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PEAE D BH T EMR TR 300 HAD WD ESOITW S I BEZS P < Mt 3528 Ve
TlE, BEFEELAE TS 2 56 2 FF o M N O ST 255875 BT &M, Bk L C
KHLFET. INHOEBITH L CRRIREN R EZNERES T LML SN TELT, —
JERIET 5 ERWVIERTHEZ L) BE, HRICIE 4500 T ADOKBHEEN VL EED
NTWETA, GHINLOEBICE ZRPBEZOEHEN - Z) WML TV LEZS
Nbo —J7. TNF TONTE T, ki ee BEZ MM 0 3R M <l #UE DA o f e
HILASE WFER CTHEFEL TV D Z L0 h o> TwWb, BFE, iPSHIA S #AIE 2 FA ¢
BIRBEICET A TN TWE T, LHEOGEHIZB VT, BT MM %
BAMLT 5 2 L TRDNHEOFHEZ XA AN THEOBENL L fTbhTwb, AHF
JETIE. 3B A LHEEF v 74265 525880 AR N THEOMEEZ1T-> T 5,
CONTHEZ, 3WcHEEATHEEF Y 7, MMEHRT LA ZHETL7LF Y TV —
TV, G - B RIEEE, BIAZBTAIANDLLLED, INHE—DDEY 2 —
WE L T—HRELIRERNICH DA T, 3 RoeHEE A TR T v 7%, 3 e bHE %
HWT, 74 MFAF = T UADRSREZZNETF v Ty VRO XS REREE
TEHLE, BXOHMERZ AR T2 LSIF v 72 HrmciEg L., &y 72 HE1 5
PV oy EMERE (Through Si Via; TSV) &&E~ A 70Ny 72X ) &F v 72 ER
R L72b D TH B, O 3WILHEALTHIET v 7ORERIZH 5 DIEZHET D
ATH Y. ERIIEE - ERE - AR R - SRR EBI R L b ER
MR OMHEIZ X 0 2020 4E F TS, SMEBOW B S ITHHIE L 72 BURRE o M8 s 55 i 2 S v
25 % W15 B RS T v I INBRRE A A S 5 1369 Wi & A3 5 koohEiE A TR T
7 (K10) OERIZEII L. 99.9% DM RKEER 2 ER L7z, $720 ATLHEES v 7%
DA THHEEFLT ST LITHEI L7,

F/o, TANF—N—RZF L LSIORAEZHIEL T, FZICKHEEO 7 L2 703k
BETORBEZED TV D, Do X 7O A2 L CRABHZFEZERT 2720, Hidiro
KIHiFE T Te REVEMEL 2 HER T 2 HE 2 BIF L7z, B, BWEMREZ I L 325720, Te
RAEMEANDOLHW R F ) Bk T K — € ¥ ZRIRICO W TEBRINICIERER E 1T 72,
FEBICTVF VTNV BRIANF—N—R2ZZMEL. TOEMEZMERLZ (K 11),

light light light
ﬂ Jl ﬂ Human retina
= : Photorecepto
2 - cel
: Photodetector T sssssssesssssssens
Silicon : :
: Horizontal cell ‘_"
= Bipolar cell #
Microbump Amacrine cell

| Adhesive layer
I

------------------

- : Vertical A & Ganglion cel
(3 Stimulus current generator : interconnection : J

Stimulus electrode

10. 3 KICHUE AN LT v 7
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Thermoelectric power generator (TEG) t%@é% 2
- 1509 Generated 22 o
Power generation unit z Power . ironment 2o &
5 1004 temperature g
g 18§
= 16 §
50
14
Sensor & CPU & - . A "
Wireless unit - h 0 200 400 600 800
o T et g .. B Time (min)
ESNER=E: (of bl o w o= N
=5 3 4 » p; el
EBE TR o 408 EHi/ T L AR ERHRIIZE D)
o
o
~ 27 | = r '\ ] i M\
. \
S oy )\ Ll AV A ] |
g ! \ \].\f\’\ \\
21 \
Ming-Jie Chung, Tetsuya Hirose, Takahito Ono, Po-Hung Chen, A 115x Conversion- 0 10 20 30
Ratio Thermoelectric Energy-Harvesting Battery Charger for the Internet of Things, )
IEEE Transactions on Circuits and Systems I: Regular Papers (2020) Time (Day)

B 11 AR O R WERFEE IoT £ ¥ ¥ A7 L DR%E

3) TANVKF—FNALAVAT AT V=T

ARFZE T HILKFEAEE L T AHKET AN F—MEEB L O 3L ¥ — i) & @Ry
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The Proposed Hydrogen Energy System

S=C/Hydride ycride Material Science
positive electrode Solid electrolyte .
< ;;Hydrogen o La N |5
g Type alloy
Lithium negative JZ o n : féﬁif
High-efficiency electrode Lithum %ﬂ:g?:x” 23 T P
solar cell ; . :
materials High capa::étgot\),s;tekry material High capacity (>10 times)
( /kg) hydrogen storage material
with low pressure (<2 atm)

. U Battery

e - Ha flux
S | henkmom)
2
High Efficiency Electrolyzer FC 'Th
ermo-
QuantumoDot PV 0 HO electric
(>30%) x H20Tank 7
Hydrogen Water flux Electrode catalyst Quantum
Evolution (>50%, <500°C) Dot PV and
material Water treatment Spin Seebeck
material Nano
flux
Fluid Science Gas atomization

| Total Energy Management System (EMS) | Energy optimal control
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Green Energy
Technology Demo Site
& R&D Zone for Smart

Green Energy

Industries

D» 7.44 hectares
X » 15 hectares

Proposal for
Academia Sinica
Southern Campus

Joint Research
Center for Green
Energy Technologies

Multifunction
Conference and
Exhibition Center
E » 7.30 hectares

A » 9.55 hectares
F » 7.77 hectares

B » 9.73 hectares

€ »5.33 hectares

M Smart Green Circulation

Y% Autonomous Vehicle Test Bed
Residential Park

and Operation Control Center

13. EVAR#ERFEMF v 78N A B9 % Shalun Smart Green Energy Science City
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Technical Workshop for
International Joint Research
between NCTU and Tohoku University

14:40-14:43 Remark by Senior Vice President Edward Yi Chang

14:43-14:46 Remark by Executive Vice-president Tadahiro HAYASAKA

14:46-14:50Introducing TU staff by Mr. Hiroshi OIKAWA, Chief, International Affairs Center
14:50-14:55Group Photo

15:00-15:20--- Speaker 1 — Prof. Dr. Tatsuoki KONO, IMR, Hydrogen Energy System

15:20-15:40--- Speaker 2 and NCTU Moderator - Prof. Dr. Jong-Shinn Wu (5R5={5) / Distinguished
Professor Dept. of Mechanical Engineering

15:40-16:00--- Speaker 3 and TU Moderator — Prof. Dr. Seiji SAMUKAWA, mm-Wave Smart Rader
and Hydrogen Energy System

16:00-16:20--- Speaker 4 — Prof. Dr. Yiming Li (Z£&PH) / Professor, Dep. of Electrical and Computer
Engineering

16:20-16:40--- Speaker 5 — Prof. Dr. Tetsu TANAKA(fl HHH), GSBME, Bio-Medical Sensor project
16:40-17:00--- Speaker 6 - Prof. Dr. Ming-Dou Ker (#IBHI&) / Professor, Dept. of Electronics
Engineering
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Tohoku University-National Chiao Tung University
5" Technical Workshop 2019

November 5, 2019
Katahira North Gate Hall, Tohoku University

Moderator: Seiji Samukawa (Tohoku University)
Yiming Li (NCTU)

By commemorating the establishment of the Joint Research Center between Tohoku
University and National Chiao Tung University, a joint technical workshop will be held

in Katahira North Gate Hall, Katahira Campus of Tohoku University, Sendai on
November 5,2019. Professor Takashi Matsuoka (Niche Tohoku University) and Prof.
Jenn-Hwan Tarng (ECE, NCTU) are invited as keynote speakers. 3 Group Leaders

from 3 joint projects such as mm -Wave Rader System, Hydrogen Energy System, and
Bio-medical Sensor Network from both universities will also have invited talks in this
joint workshop.

13:00-13:25 Joint Symposium Opening Ceremony
President Hideo Ohno (Tohoku University)
President Sin-Horng Chen (NCTU)
13:30-13:45 Joint W orkshop Opening R emarks
Vice-president for RD, Prof. Tadahiro Hayasaka (Tohoku University)
Vice-president for RD, Prof. Ta-Sung Lee (NCTU)
Prof. Shigeru Obayashi (Tohoku University, Japan)
Prof. Jenn-Hwan Tarng (NCTU, Taiwan)

(Technical Workshop)

1)13:45 From the Dawn, through the Present, to the Future of Nitride Semiconductors
Takashi Matsuoka (Tohoku University, Japan)

2)14:30 mm-Wave Phased Array for 5G & Radar Applications
Jenn-Hwan Tarng (NCTU, Taiwan)

15:15 Break (15 min)

3)15:30 Current and Future Hydrogen Energy Applications in Taiwan
Jong-Shinn Wu (NCTU, Taiwan)

4)15:50 Development of multi-phase hydrogen energy supply chain by Peer to Peer
method
Jun Ishimoto (Tohoku University, Japan)

5)16:10 2019 Joint Research Activities on Nano-Devices
Yiming Li (NCTU, Taiwan)

6)16:30 Atomic Layer Defect-free Etching for GaN-BASED HEMTs
Seiji Samukawa (Tohoku University, Japan)

7)16:50 SoC Technology for Biomedical Applications -- Neuromodulation Therapy
Ming-Dou Ker (NCTU, Taiwan)

8)17:10 Research Progress of Next-Generation Biomedical Sensor and Network Project
Tetsu Tanaka (Tohoku University, Japan)
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Agenda

Opening Addresses (14:00-14:30) Chair: Prof. Yiming Li (NCTU)
Professor Ta-Sung Lee (R&D Vice-president, NCTU, Taiwan)
Professor Kaoru Maruta (Director of IFS, Tohoku University, Japan)
Professor Jenn-Hwan Tarng (Dean of ECE, NCTU, Taiwan)

Technical Workshop

Keynote Session Chair: Prof. Seiji Samukawa (Tohoku Univ.)

1) 14:30 (Keynote) Semiconductor Device Technology for Quantum Computers
Dr. Kazuhiko Endo (AIST/Tohoku University, Japan)

2) 15:00 (Keynote) Tunable Diameter and Interspace of Ge Quantum Dots for
Qubits and Readout Devices Using Highly -Controllable Spacers and
Selective Oxidation of SiGe
Professor Pei-Wen Li (NCTU, Taiwan)

General Session Chair: Prof. Seiji Samukawa and Prof. Yiming Li
3) 15:30 Nano-Devices Technologies Gr (1)
Professor Seiji Samukawa (Tohoku University/AIST, Japan)
4) 15:40 (Invited) High Resolution sub-10x m Micro-LED Technology
Dr. Xuelun Wang (AIST, Japan)
5) 16:00 Nano-Devices Technologies Gr (2)
Professor Yiming Li (NCTU, Taiwan)
6) 16:10 (Invited) Full Color Microled by Quantum Dots Technology
Professor Hao-Chung Kuo (NCTU, Taiwan)
7) 16:30  (Invited) Introduction of HYDROGENIUS Activities: Investigation of
Material Compatibility to High-Pressure Hydrogen-Gas Environment
Professor Osamu Takakuwa (Kyushu University, Japan)
8) 16:50 (Invited) Oxidative Steam Reforming of Ethanol for Hydrogen
Production over Metal Oxide/La>ZR>07 Catalysts
Professor Chi-Shen Lee (NCTU, Taiwan)
9) 17:10 Bio-Medical Sensor Network Gr (1)
Professor Tetsu Tanaka (Tohoku University, Japan)
10)17:20 (Invited) Nanoengineered Energy Harvesting System for Health Care
Devices
Professor Takahito Ono (Tohoku University, Japan)
11)17:40 Bio-Medical Sensor Network Gr (2)
Professor Ming-Dou Ker (NCTU, Taiwan)
12)17:50 (Invited) A Micromachined Multimodal Probe for Ischemia Muscle
Monitoring
Professor Yu-Ting Cheng (NCTU, Taiwan)
Closing Remarks

A Dy
¢ R KZE

TOHOKU TOHOKU UNIVERSITY

Tohoku University-National Chiao Tung University
The 6™ Joint Technical Workshop(online) 2020

14:00-18:10 (JST), October 29/2020

Bz 38 AW

National Chiao Tung University

in conjunction with
The 17" I nternational Conference on Flow Dynamics (I CF D2020)

Moderator: Professor Seiji Samukawa, Tohoku University/Al ST, Japan
Professor Yiming Li, NCTU, Taiwan

Online Address <Open from 13:30 (JST) on Oct. 29>
https: //meet.google.com/xgv_-ixvo-fgw

By commemorating the establishment of the Joint Research Center between Tohoku
University, Sendai, Japan and National Chiao Tung University (NCTU), Hsinchu,
Taiwan, a joint technical workshop will be held in conjunction with the 17 ™
International Conference on Flow Dynamics (ICFD2020) at Sendai, Japan , on
October 29, 2020. Dr. K azuhiko E ndo (AIST /T ohoku University) and Professor

Pei-Wen Li (NCTU) are invited as keynote speakers. 3 Group Leaders and Invited
Topics Speakers from 3 joint projects such as Nano-Devices, Hydrogen Energy

System, and Bio-Medical Sensor Network from both universities will also have talks
in this joint technical workshop.
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e 5 T ety TOHOKU UNIVERSITY RAT w8 5 2]

I RIRIEA & B ERKBER R &
Workshop on NEMA/MEMS Antenna

Speakers:

Atomic Layer Defect-free Etching
technology and Its application for
High Performance GaN HEMT

Dr. Seiji Samukawa
Professor, Tohoku Univ.
RF nanomechanical switch

' Microelectoromechanical systems,
" for RF applications [ »/

altage : ¥, [V]

Dr. Takahito Ono __._1
Professor, Tohoku Univ.

Transdu 2015, lizuka, Cno

Orgainzer: College of Electrical and Computer Engineering, National Chiao Tung Univeristy
Co-orgainzer: Institute of Communications Engineering, National Chiao Tung Univeristy
Department of Electrical and Computer Engineering, National Chiao Tung Univeristy

KEFELANF—T—22 37
(B REABHNI AN E - AT AT N —F)

BERBRFEOKZFEHIBIRILEF—RATLA
(ZB89 BB HFZEMOU D #EfE

7, 2018.8.7
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Technical Workshop of Biomedical Sensor and Network Project in
International Joint Research Laboratory
between NCTU and Tohoku Univ
Date: November 30 (Friday), 2018
Venue: WPI-AIMR Main Building (B01), Katahira campus, Tohoku Univ.
(www.tohoku.ac.jp/en/about/map_directions.html)
10:00-10:05 Opening remarks
10:05-10:15 Introduction of International Joint Research Laboratory
[Prof. Seiji SAMUKAWA]
10:15-10:35 Overview on the Research Projects in Biomedical Electronics
Translational Research Center (BETRC) of NCTU
[Prof. Morris (Ming-Dou) KER]
10:35-11:05 Integrated Biomedical Micro/Nano Devices with 3D -IC Technology
[Prof. Tetsu TANAKA]
11:05-11:35 AFEnabled Mobile Health -Care Applications
[Prof. Chen-Yi LEE]
11:3512:05 Micro/Nano Sensors for Health Care Applications
[Prof. Takahito ONO]
12:05-13:20 Lunch
13:20-14:20 Lab tour (T. Sato laboratory and M. Ohta laboratory)
14:30-15:00 Atmospheric Pressure Plasma Flow for Bio -medical Applications
[Prof. Takehiko SATO]
15:00-15:30 Power Management for Implantable Medical Devices
[Prof. Po-Hung CHEN]
15:30-15:45 Break
15:45-16:15 Model of Tissue with Mechanical Properties for Edu-Tech
[Prof. Makoto OHTA]
16:1516:45 A Fully Integrated Closed-Loop Neuromodulation SoC with Wireless
Power and Bi-Directional Data Telemetry for Real -Time Human Epileptic Seizure
Control
[Dr. Cheng-Hsiang CHENG]
16:45-17:00 Discussion of joint research project
17:00-17:05 Closing remarks
[Prof. Morris (Ming-Dou) KER]
17:05- Dinner
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2" Joint Workshop

on 5G and mm-Wave Smart Radar System

Jan. 21, 2019,
Fluctuation Free Facility, New Industry Creation Hatchery Center
Tohoku University

Moderator
Prof. Seiji Samukawa (/FS/AIMR, Tohoku University)
Prof. Yiming Li (ECE, UNCU)

Program
1) 10:00-10:05 Opening Remarks, Prof. S. Samukawa and Prof. Y. Li
2) 10:05-10:40 Prof. Tetsuya Suemitsu (CIES, Tohoku University)

“Advanced GaN HEMT for 5G and mm-Wave Mobile Communications”
3) 10:40-11:15 Prof. Jenn-Hwan Tarng (NCTU)

“Overview 2 Flagship Research Projects SDNET Smart Campus & Center

for mm Wave Smart Radar Systems and Technologies™
4) 11:15-11:50 Prof. Noriharu Suematsu (RIEC, Tohoku University)

“Direct Digital RF Transceiver for 5G & mm-wave Applications”

Lunch Break (100 min)

5) 13:30-14:00 Prof. Akinobu Teramoto (Niche, Tohoku University)

“High Quality Dielectric Film Formation on GaN Devices.”

6) 14:00-14:30 Prof. Yiming Li (NCTU)

“GaN HEMTs for future RF applications.”

7) 14:30-15:00 Prof. Seiji Samukawa (IFS/AIMR, Tohoku University)

“Atomic Layer Defect-free Etching Process for Advanced GaN HEMT”

8) 15:00-15:30 Prof. Zuo-Min Tsai (NCTU)

“Millimeter-wave CMOS phased array front end design and the
Discussion of MEMs device applying on Millimeter-wave phased array
radar systems”

9) 15:30-16:00 Prof. Takahito Ono (SE, Tohoku University)

“Microsensors and Micropower Devices for [oT Sensor Network™

10) 16:00-16:05 Closing Remarks, Prof. Jenn-Hwan Tarng (NCTU)
11) 16:05-17:30 Laboratory Tour in Niche.
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2nd Joint Workshop on Bio-medical Sensor Network between NCTU and
Tohoku Univ.
Date: August 23 (Friday), 2019

Venue: Aoba-ki kaik Aol Tohoku Univ.

(https://www.eng.tohoku.ac.jp/english/map/?menu=campus&area=c&build=03)

13:20-13:50 Photovoltaic-Powered Sub-retinal Prosthetic System: Design
and Animal Tests

Prof. Chung-Yu Wu, Institute of Electronics Eng., National Chiao Tung
University (NCTU)

13:50-14:20 Development of Integrated Biomedical Micro/Nano Devices
Prof. Tetsu Tanaka, Graduate School of Medical Eng., Tohoku University,

ble Neuro-Sti

14:20-14:50 I Design for Biomedical
Applications with CMOS Technology Break

Prof. Morris Ker, Institute of Electronics, NCTU,

15:00-15:30 Energy Harvesting Power Converter for Internet of Things
Prof. Po-Hung Chen, Institute of Electronics Engineering, NCTU,
15:30-16:00 Propagation mechanism and formation process of fine bubbles
by underwater plasma streamer

Prof. Takehiko Sato, Institute of Fluid Science, Tohoku University,
16:00-16:30 Micro sensors for body area network

Prof. Takahito Ono, Graduate School of Eng., Tohoku University,
16:30-16:35 Closing remarks Prof. Tetsu Tanaka

18:00- Dinner

Hana near Sendai station (f1 #7%5 lH)5)

https://r.gnavi.co.jp/t060002/map/

vember 28, 2019
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The 3™ Joint Workshop on Neutral-Beam
fabrication for More Moore and More than Moore

Venue: ED816, National Chiao Tung University (NCTU), Hsinchu 300, Taiwan
Time: 13:00-16:15, November 28, 2019

Organizers: College of Electrical and Computer Engineering, NCTU
Joint Research Center of NCTU and Tohoku University

Moderator: Professor Yiming Li, NCTU

Scientific Program of the Workshop

13:00 Registration

13:10 Opening Address by Vice President for R&D Professor Ta-Sung Lee, NCTU

Opening Remarks by Dean Professor Jenn-Hwan Tarng of ECE, NCTU

Professor Seiji Samukawa, | Principal of neutral beam generation and
Tohoku University atomic layer defect-free processes for
future sub-10 nm Devices.

Dr. Yao-Jen Lee, Taiwan | Research platforms for more Moore

14:00-14:30 Semiconductor Research | application in TSRI
Tnstitute
14:30-14:45 Coffee break
Dr. Niraj Man Shrestha, | Importance of defect-free recess process
14:45-15:15 National Chiao Tung | in GaN-based HEMT

University

Dr. Daisuke Ohori, Tohoku| 2D array of nano-pillar structure by
University fusion of bio-template and neutral beam
etching

15:15-15:45

E Mr. Takuya Ozaki, Tohoku

University

Neutral beam etching system
(in Japanese)

16:15 Closing
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2019 NCTU/TU Joint Workshop on
High-Voltage Technologies

Monday, 2019/12/16, ED-816, NCTU, Hsinchu, Taiwan

Moderator: Professor Yiming Li
2019/12/05 verd

wE BE H¥E W Hi

Professor Takashi Matsuoka Professor Seiji Samukawa

Visiting President Sin-Horng Chen
09:00-10:00 Visiting RD VP Ta-Sung Lee President Office
Visiting ECE Dean Jenn-Hwan Tarng
10:00-12:00 | Lab Tour at NFC and TSRI

12:00-14:00 Lunch Break
14:00-14:10 | Opening address, RD VP Professor Ta-Sung Lee
14:10-14:20 | Opening remarks, Dean of ECE College Professor Jenn-Hwan Tarng
14:20-15:20 | Professor Takashi Matsuoka: Potential of N-Polarity in | Plenary Talk
Applications for GaN-Based Devices
15:20-15:30 Coffee Break
16:30-16:00 | Professor Seiji Samukawa: Atomic Layer Defect-free Invited Talk
Etching for GaN-Based HEMTS
16:00-16:30 [ Q&A

16:30-16:40 | Closing

18:00-20:00 | Dinner Meeting

3) YVaA v by A (GEBEER)

FAL K - EVRERFEEY a4 v K7 MY —& LT, 2018 £ B X 1082019
ERTH O 2 124725 T, [Energy Materials and Devices| &\ g% Bk L T,
3 A RFB X WAL KO KRFBEAEIR§ 5 %2175 720

FE AR BMREDEEETA 8K T 7 ) a Y — L Wb REIEE LT 5 TRV F—ME
RGO L (RE RS - %, BB, SR - INEEZ. NIz,
EEIZPHY) EEY a4 Y IR M) =% b TIIO#HRAFEBTELLHALTW S,
E S AR MK FEDFELEPHLTH 57285 20 42 BTEAEOSMABH ). REMFTH 72,
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NCTU/Tohoku Univ. Joint Class 2018: Energy Materials and Devices - Schedule (Each Wed. EFG; from 13:20)

Date Lecturers Contents Remarks
1 9/12 | Prof. Yiming Li Introduction
9/19 | Prof. Seiji Samukawa | Nano-fabrication and QD devices (1/2)
9/21 Prof. Seiji Samukawa Nano-fabrication and QD devices (2/2) Fri. IJK; from 18:00
3 9726 The class on 9/26 (Wed.) will be moved to 9/21 (Fri.)
4 463 The class on 10/3 (Wed.) will be moved to 10/12 (Fri.)
5 | 466 Holiday - No Class
10/12 | Prof. Takahito Ono MEMS/ NEMS Sensor and Thermoelectric Devices (1/2) | Fri. IJK; from 18:00
6 10/17 | Prof. Tatsuoki Kono Second Battery and Hydrogen Storage Materials,
Hydrogen Energy system (1/2)
7 | 10/24 | Prof. Jong-Shinn Wu Hybrid/ Liquid Rocket Propulsion (1/2)
8 | 10/31 | Prof. Jong-Shinn Wu Hybrid/ Liquid Rocket Propulsion (2/2)
9 11/7 | Prof. Yiming Li Midterm Report
10 | 44 The class on 11/14 (Wed.) will be moved to 11/16 (Fri.)
11/16 | Prof. Takahito Ono MEMS/ NEMS Sensor and Thermoelectric Devices (2/2) | Fri. IJK; from 18:00
11 | 11/21 | Prof. Tatsuoki Kono Second Battery and Hydrogen Storage Materials,
Hydrogen Energy system (2/2)
12 | 11/28 | Prof. Jong-Shinn Wu Hydrogen Peroxide / Catalyst / Syngas
13 | 12/5 NCTU Sports Day - No Class
14 | 12/12 | Prof. Yiming Li Modeling and Simulation of QD Energy Devices (1/2)
15 | 12/19 | Prof. Yiming Li Modeling and Simulation of QD Energy Devices (2/2)
16 | 12/26 | Prof. Yiming Li Computational Nanoelectronics and Nanostructures
17 1/2 Prof. Yiming Li Final Report
18 1/9 Prof. Yiming Li Take home writing report Due on 2019/1/9
Energy Materials and Devices
Joint Class 2019 between NCTU/Tohoku Univ.
2019/01/02
Date Lecturers Contents Remarks
1| 2122 Prof. Yiming Li Introduction
2 31 Holiday - No Class
3 3/8 Prof. Seiji Samukawa Nano-Fabrication and QD Devices (1/2)
3/9 Prof. Seiji Samukawa Nano-Fabrication and QD Devices (2/2) 9:00~12:00 Sat.
4 S5 The class on 3/15 (Fri) will be moved to 3/9 (Sat.)
5 3/22 Prof. Yiming Li Modeling and Simulation of QD Energy Devices (1/2)
6 3/29 Prof. Yiming Li Modeling and Simulation of QD Energy Devices (2/2)
7 4/5 Holiday - No Class
8 4/12 Prof. Tatsuoki Kono Second Battery and Hydrogen Storage Materials,
Hydrogen Energy system (1/2)
4/13 Prof. Tatsuoki Kono Second Battery and Hydrogen Storage Materials, 9:00~12:00 Sat.
Hydrogen Energy system (2/2)
9 4/19 Prof. Takahito Ono MEMS/NEMS Sensor and Thermoelectric Devices (1/2)
4/20 Prof. Takahito Ono MEMS/NEMS Sensor and Thermoelectric Devices (2/2) 9:00~12:00 Sat.
10 | 426 The class on 4/26 (Fri) will be moved to 4/13 (Sat.)
11 | 53 The class on 5/3 (Fri) will be moved to 4/20 (Sat.)
12| 5/10 Midterm Report
13| 5/17 | Prof. Jong-Shinn Wu Hybrid / Liquid Rocket Propulsion (1/2)
14 | 5/24 | Prof. Jong-Shinn Wu Hybrid / Liquid Rocket Propulsion (2/2)
15 | 5/31 Prof. Jong-Shinn Wu Hydrogen Peroxide /Catalyst /Syngas
16 | 6/7 Holiday - No Class
17 6/14 Prof. Yiming Li Computational Nanoelectronics and Nanostructures
18 | 6/21 Final Report
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1.

10.

11.

12.

13.

14.

15.

16.

17.

Tai-Chen Kuo,Tzu-Lang Shih,Yin-Hsien Su,Wen-Hsi Lee, Michael Ira Current, and Seiji Samukawa,
Neutral beam and ICP etching of HKMG MOS capacitors: Observations and a plasma-induced
damage model, Journal of Applied Physics, Vol. 123 (2018) pp. 161517 (6pp).

. Daisuke Ohori, Takuya Fujii, Shuichi Noda, Wataru Mizubayashi, Kazuhiko Endo, En-Tzu Lee,

Yiming Li, Yao-Jen Lee, Takuya Ozaki, and Seiji Samukawa, Atomic layer germanium etching for
3D Fin-FET using chlorine neutral beam, Journal of Vacuum Science & Technology A,Vol.37(2019)
pp.021003(5pp).

. Yi-Chia Tsai, Blanka Magyari-Kope, Yiming Li, Seiji Samukawa, Yoshio Nishi,and Simon M. Sze,

Contact Engineering of Trilayer Black Phosphorus with Scandium and Gold, IEEE Journal of the
Electron Devices Society,Vol.7 (2019)pp322(7pp).

. Niraj Man Shrestha, Yiming Li, Tetsuya Suemitsu, and Seiji Samukawa, Electrical Characteristic

of AlGaN/GaN High-Electron-Mobility Transistors With Recess Gate Structure, IEEE Transactions
on Electron Devices, Volume: 66 , Issue: 4 , (2019)pp.1694(5pp).

. Takuya Fujii, Daisuke Ohori, Shuichi Noda, Yosuke Tanimoto, Daisuke Sato, Hideyuki Kurihara,

Wataru Mizubayashi, Kazuhiko Endo, Yiming Li, Yao-Jen Lee, Takuya Ozaki, and Seiji Samukawa,
Atomic layer defect-free etching for germanium using HBr neutral beam, Journal of Vacuum
Science and Technology A, Vol. 37, No. 5, (2019)pp. 051001(7pp).

. Niraj Man Shrestha, Prerna Chauhan, Yuen Yee Wong, Yiming Li, Seiji Samukawa, Edward Yi

Chang, Low resistive InGaN film grown by metalorganic chemical vapor deposition, Vacuum,
Volume 171, (2020)pp.108974(6pp).

. Hua-Hsuan Chen, Susumu Toko, Daisuke Ohori, Takuya Ozaki, Mitsuya Utsuno, Tomohiro Kubota,

Toshihisa Nozawa and Seiji Samukawa, Growing low-temperature, high-quality silicon-dioxide
films by neutral-beam enhanced atomic-layer deposition, Journal of Physics D, Appl. Phys. Vol.53
(2021) pp.015204 (8pp).

. Tao Xu, Heqing Li, Jing Song, Guilian Wang, Seiji Samukawa, Xijiang Chang, Jingxia Yang,

Enhanced Corrosion Resistance of Silicone-Modified Epoxy Coatings by Surface-Wave Plasma
Treatment, Int. J. Electrochem. Sci., vol.14(2019)pp.5051(12pp).

. D. Ohori, S. Takeuchi, M. Sota, T. Ishida, Y. Li, J.-H.Tarng, K. Endo and S. Samukawa, Highly

Water-Repellent Nanostructure on Quartz Surface based on Cassie-Baxter Model with Filling
Factor, IEEE Open Journal of Nanotechnology,vol.1(2020)pp.1(5pp).

Daisuke Ohori, Takahiro Sawada, Kenta Sugawara, Masaya Okada, Ken Nakata, Kazutaka Inoue,
Daisuke Sato, Hideyuki Kurihara and Seiji Samukawa, Atomic-layer etching of GaN by using an
HBr neutral beam, Journal of Vacuum Science & Technology,A 38, 032603(2020)pp.032603(6pp).
Tomoki Harada, Tsubasa Aki, Daisuke Ohori, Seiji Samukawa, Tetsuo Ikari and Atsuhiko
Fukuyama, Decreasing of the thermal conductivity of Si nanopillar/SiGe composite films
investigated by using a piezoelectric photothermal spectroscopy, Japanese Journal of Applied
Physics,Vol.59, (2020) SKKAO8(5pp).

Firman Mangasa Simanjuntak, Takeo Ohno, Sridhar Chandrasekaran, Tseung-Yuen Tseng and
Seiji Samukawa, Neutral oxygen irradiation enhanced forming-less ZnO-based transparent analog
memristor devices for neuromorphic computing applications, Nanotechnology, Vol.31(2020)pp.
26LT01 (8pp).

M. Lee, Y. Li, M. Chuang, D. Ohori and S. Samukawa, Numerical Simulation of Thermal
Conductivity of SINW-SiGe0.3 Composite for Thermoelectric Applications, IEEE Transactions on
Electron Devices, vol. 67, No.5, (2020) pp. 2088(5pp).

Narasimhulu Thoti, Yiming Li, Sekhar Reddy Kola, and Seiji Samukawa, Optimal Inter-Gate
Separation and Overlapped Source of Multi-Channel Line Tunnel FETs, IEEE Open Journal of
Nanotechnology, vol.1(2020)pp.38(8pp).

Min-Hui Chuang, Daisuke Ohori, Yiming LiKuan-Ru Chou,and S. Samukawa, "Fabrication and
simulation of neutral-beam-etched silicon nanopillars" Vacuume,vol.181(2020)109577(5pp).

Niraj Man Shrestha, Yiming Li, Chao-Hsuan Chen, Indraneel Sanyal, Enn-Hawn Tarng, Jen-Inn
Chyi, and S. Samukawa, "Design and Simulation of High Performance Lattice Matched
Double Barrier Normally Off AlInGaN/GaN HEMTSs" IEEE Journal of the Electron Devices
Society,vol.8(2020), pp873(5pp).

Min-Hui Chuang, Yiming Li and Seiji Samukawa, On the energy band of neutral-beam etched Si/
Si0.7Ge0.3 nanopillars, Japanese Journal of Applied Physics, 60, (2021)pp.SBBI03 (9pp).
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18.

19.

20.

D. Ohori, T. Fujii, S. Noda, W. Mizubayashi, K. Endo, Y. J. Lee, H. H-Tarng, Y. Li and S. Samukawa,
High Electron Mobility Germanium FinFET fabricated by Atomic Layer Defect-free and
Roughness-free Etching, IEEE Open Journal of Nanotechnology, vol.2 (2021)pp.26 (5pp).

Sou Takeuchi, Daisuke Ohori, Masahiro Sota, Teruhisa Ishida, Yiming Li, Jenn-Hwan Tarng,
Kazuhiko Endo, and S. Samukawa, Surface wettability of silicon nanopillar array structures
fabricated by biotemplate ultimate top-down processes , Journal of Vacuum Science & Technology,
A 39(2021)pp. 023202 9pp).

AN-CHEN LIU, KONTHOUJAM JAMES SINGH, YU-MING HUANG, TANVEER AHMED,
FANG-JYUN LIOU, YU-HAU LIOU, CHAO-CHENG TING, CHIEN-CHUNG LIN, YIMING LI,
SEIJTI SAMUKAWA, AND HAO-CHUNG KUO, Increase in the Efficiency of III-Nitride Micro-
LEDs: Atomic-layer deposition and etching, IEEE NANOTECHNOLOGY MAGAZINE, JUNE (2021),
pp.02-18 (17pp).
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Hisashi Kino, Takafumi Fukushima and Tetsu Tanaka, Investigation of TSV Liner Interface with
Multiwell Structured TSV to Suppress Noise Propagation in Mixed-Signal 3D-IC, IEEE Journal of
the Electron Devices Society, 7 (2019)pp. 1225. F Y JEi%M4

Sungho Lee, Rui Liang, Yuki Miwa, Hisashi Kino, Takafumi Fukushima and Tetsu Tanaka,
Multichip thinning technology with temporary bonding for multichip-to-wafer 3D integration,
Japanese Journal of Applied Physics, 59 (2019)pp. SBBA04-1.

Miao Xiong, Zhiming Chen, Yingtao Ding, Hisashi Kino, Takafumi Fukushima, and Tetsu Tanaka,
Development of Eccentric Spin Coating of Polymer Liner for Low-Temperature TSV Technology
With Ultra-Fine Diameter, IEEE TRANSACTIONS DEVICE LETTERS, 40 (2019)pp.95.

Hideto Hashiguchi, Takafumi Fukushima, Mariappan Murugesan, Hisashi Kino, Tetsu Tanaka,
and Mitsumasa Koyanagi, High-Thermoresistant Temporary Bonding Technology for Multichip-
to-Wafer 3-D Integration With Via-Last TSVs, IEEE TRANSACTIONS ON COMPONENTS,
PACKAGING AND MANUFACTURING TECHNOLOGY, 9 (2019)pp.181.

Takanobu Yagi, Fujimaro Ishida, Masaaki Shojima, Hitomi Anzai, Souichiro Fujimura, Takanori
Sano, Shun Shinozaki, Yuuma Yamanaka, Yuuto Yamamoto, Yoshihiro Okamoto, Makoto Ohta,
Masanori Nakamura, on behalf of the CFD-BIO study group, Systematic review of hemodynamic
discriminators for ruptured intracranial aneurysms, Journal of Biorheology, 33(2019)pp.53.

Nguyen Van Toan, Truong Thi Kim Tuoi, Takahito Ono, Thermoelectric generators for heat
harvesting: From material synthesis to device fabrication, Energy Conversion and Management,
255 (2020)pp.113442.

Truong Thi Kim Tuoi, Nguyen Van Toan, Takahito Ono, Theoretical and experimental
investigation of a thermoelectric generator (TEG) integrated with a phase change material (PCM)
for harvesting energy from ambient temperature changes, Energy Reports, 6(2020)pp.2020.
Ming-Jie Chung, Tetsuya Hirose, Takahito Ono, Po-Hung Chen, A 115x Conversion-Ratio
Thermoelectric Energy-Harvesting Battery Charger for the Internet of Things, IEEE Transactions
on Circuits and Systems I: Regular Papers, 67 (2020)pp.4110.

YIJIE LI, Nguyen Van Toan, Zhuqing Wang, KHAIRUL FADZLI SAMAT, Takahito Ono,
Thermoelectrical properties of silicon substrates with nanopores synthesized by metal-assisted
chemical etching, Nanotechnology, 31 (2020)pp.455705.

Mu-Chien Wu, Satoshi Uehara, Jong-Shinn Wu, YunChen Xiao, Tomoki Nakajima and Takehiko
Sato, Dissolution enhancement of reactive chemical species by plasma-activated microbubbles jet
in water, Journal of Physics D: Applied Physics, Vol. 53, No. 48 (2020)pp.485201.

Mingzi Zhang, Simon Tupin, Hitomi Anzai, Yutaro Kohata, Masaaki Shojima, Kosuke Suzuki,
Yoshihiro Okamoto, Katsuhiro Tanaka, Takanobu Yagi, Soichiro Fujimura, Makoto Ohta, on behalf
of the CFD-BIO study group, Implementation of computer simulation to assess flow- diversion
treatment outcomes: systematic review and meta- analysis, Journal of Neuro Interventional
Surgery, (2020)pp.016724.

Takafumi Fukushima, Yuki Susumago, Zhengyang Qian, Chidai Shima, Bang Du, Noriyuki
Takahashi,Shuta Nagata, Tomo Odashima, Hisashi Kino, Tetsu Tanaka, Significant Die-Shift
Reduction and uLED Integration Based on Die-First Fan-Out Wafer-Level Packaging for
Flexible Hybrid Electronics, IEEE TRANSACTIONS ON COMPONENTS, PACKAGING AND
MANUFACTURING TECHNOLOGY, 10 (2020)pp.1419.
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33.

Eitaro Koya and Masahiko Nakagawa and Shinya Kitagawa and Jun Ishimoto and Yoshikatsu
Nakano and Naoya Ochiai, Atomization in High-Pressure Die Casting - Step 2 Simulation of
Atomized Flow of Molten Aluminum by LES-VOF Method, SAE Technical Paper, (2018)pp. 10.4271.
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34.

35.

36.

37.

Przemystaw Smakulski, Jun Ishimoto, and Stawomir Pietrowicz, Numerical research of
solidification dynamics with anisotropy and thermal fluctuations, International Journal of
Numerical Methods for Heat & Fluid Flow, 30 (2020)pp.3005.

Naoya Ochiai and Jun Ishimoto, Numerical analysis of the effect of bubble distribution on multiple-
bubble behavior, Ultrasonics Sonochemistry, 61 (2020)pp.104818.

Eitaro Koya, Masahiko Nakagawa, Shinya Kitagawa, Jun Ishimoto, Yoshikatsu Nakano, Naoya
Ochiai, CFD Analysis of Mechanisms Underlying the Porosity-reducing Effect of Atomized Flows
in High-pressure Die Cast Products, MATEC Web Conf., 326 (2020)pp.06006.

Yusuke Naito, Romain Montini, Hirochika Tanigawa, Jun Ishimoto., Masami Nakano and Katsuya
Hirata, Experiment and Numerical Analysis of a Rotating Hollow Cylinder in Free Flight,
Advances in Hydroinformatics, (2020)pp.923.
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1.

10.

11.

12.

13.

14.

(P fFik) Seiji Samukawa, Neutral Beam Technology for Damage-free Etching Process, Digest
of 2018 International Conference on Compound Semiconductor Manufacturing Technology, (Austin,
2018/05/07).

(4AfFaf) Seiji Samukawa, Low-Temperature atomic layer defect-free etching, modification
and deposition process, Collaborative Conference on Materials Research (CCMR) 2018, (Incheon,
2018/06/25).

(P fFikE) Seiji Samukawa, Atomic Layer Defect-free Top-down Processes for Future Nano-
devices, The 7th International Conference on Microelectronics and Plasma Technology(ICMAP),
(Incheon, 2018/07/27).

(A1) Seiji Samukawa, Atomic Layer Defect-free Top-down Process for Future Nano-
devices, 14th TEEE International Conference on Solid-State and IntegratedCircuit Technology, S05-
3 (Qingdao/China, 2018/11/01).

(#A i) T. Okada, G. Kalita, M. Tanemura, I. Yamashita, M. Meyyappan, and Seiji Samukawa,
Electricity generation by water flow on nitrogen-doped graphene, 15th International Conference
of Flow Dynamics, (Sendai, 2018/11/07).

. ({BfEaE) Seiji Samukawa, Atomic Layer Defect-free Etching and Deposition Processes for

future sub-10-nm devices, 71st Annual Gaseous Electronics Conference, TF2.00003 (Portland/USA,
2018/11/09).

. (P Seiji Samukawa, Atomic Layer Defect-free Top-down Process for Future Nano-devices,

2nd Asia-Pacific Conference on Plasma Physics, International Workshop on Plasma and Bio-nano
Devices, 2 (Kanazawa, 2018/11/14).

. P.J. Sung, C. Y. Chang, L. Y. Chen, K. H. Kao, C. J. Su, T. H. Liao, C. C. Fang, C. J. Wang, T. C. Hong,

C.Y.Jao, H. S. Hsu, S. X. Luo, Y. S. Wang, H. F. Huang, J. H. Li, Y. C. Huang, F. K. Hsueh, C. T. Wu, Y.
M. Huang, F. ]J. Fou, G. L. Luo, Y. C. Huang, Y. L. Shen, W. C. Y. Ma, K. P. Huang, K. L. Lin, S.
Samukawa, Y. Li, G. W. Huang, Y. J. Lee, J. Y. Li, W. F. Wu, J. M. Shieh, T. S. Chao, W. K. Yeh, Y. H.
Wang, Voltage Transfer Characteristics Matching by Different Nanosheet Layer Numbers of
Vertically Stacked Junctionless CMOS Inverter for SoP/3D-ICs applications, IEEE 2018
International Electron Device Meeting, 21.4 (San Francisco/USA, 2018/12/04).

(4B f i) Seiji Samukawa, Atomic layer defect-free etching and deposition processes for future
sub-10-nm devices., 7th International Conference on Advanced Plasma Technologies (ICAPT-7)
(Hue,Vietnam,2019/2/27).

(P fFiE) Seiji Samukawa, “Creating Green Nanostructure and Nanomaterials for Advanced
Nano-energy devices”, IEEE Distinguished Lecturer in IEEE EDS Tainan Chapter (Tainan,
2019/05/10).

(A fak) Seiji Samukawa, “High Efficiency Nano-energy Devices Fabricated by Atomic Layer
Processes”, 4th International Conference on nano-energy and Nano-system (Beijing ,2019/06/16).
(#AfFaknE) Seiji Samukawa, “Creating Green Nanostructures and Nanomaterials for Advanced
Energy Nanodevices”,46th European Physical Society Conference on Plasma Physics, 13.302
(Milan,2019/7/10).

(JAfFaT) Seiji Samukawa, “Atomic Layer Defect-free Etching Processes for future sub-10-nm
devices”, Satellite Workshop of XXXIV ICPIG and ICRP-10 (New trends of plasma processes for
thin films and related materials), (Sapporo, 2019/7/20).

T. Fujii, Daisuke Ohori, S. Noda, Y. Tanimoto, D. Sato, H. Kurihara, W. Mizubayashi, K. Endo, Y.
LiY.-]. Lee, T. Ozaki,S. Samukawa, “Atomic Layer Etching for Germanium using Halogen Neutral
Beam=Comparison between Br and Cl Chemistry=", AVS 19th International Conference(ALD/
ALE2019), ALE2-TuM12, (Bellevue, USA, 2019/7/23).
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Hua-Hsuan Chen, D. Ohori, T. Ozaki, M. Utsuno, T. Kubota, T. Nozawa, S. Samukawa, “Low
Temperature High Quality Silicon Dioxide by Neutral Beam Enhanced Atomic Layer Deposition”,
AVS 19th International Conference(ALD/ALE2019), AF-TuAl, (Bellevue, USA, 2019/7/23).
(FLilli#) Seiji Samukawa, “Creating Green Nanostructures and Nanomaterials for Advanced
Energy Nanodevices”, IEEE International Microwave, Electron Devices & Solid-State Circuit
Symposium (IMESS) 2019, (Penang, 2019/10/9).

(FAfrikiE) Seiji Samukawa, “Creating Green Nanostructures and Nanomaterials for Advanced
Energy Nanodevices”, IEEE Distinguished Lecturer Program (Universiti Malaysia Perlis,
2019/10/10).

(A fFiE) Seiji Samukawa, “Atomic Layer Defect-free Etching for Future sub-10nm Nano-
devices”, 2019 International Electron, Devices and Materials Symposium (IEDMS 2019), B3-1 (New
Taipei City, 2019/10/25).

M.-H. Chuang , Y. Li, M.-Y. Lee, D. Ohori, and Seiji Samukawa, Invited Impact of Elastic Properties
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Project Proposal between Japan and Taiwan

Platform of 3/2-nm-generation Heterogeneous-material-
integration and Development of Ultra-high-performance 3D
Device
(Dream System-on-Chip: D-So(C)

Prof. Seiji Samukawa

Tohoku University

1. Overview of proposal

With the aim of making Japan a “semiconductor nation” again, the proposed project
aims to develop and commercialize Japan’'s original basic manufacturing technology that
plays a fundamental role in the development and commercialization of semiconductor
devices. The goals of the proposal are threefold: (1) producing and commercializing
manufacturing equipment for manufacturing cutting-edge devices; (2) creating an
international platform for manufacturing equipment for developing cutting-edge devices
through international collaboration between Japan and Taiwan; and (3) developing
3/2-nm-generation ultra-efficient heterogeneous-material integrated 3D devices, namely,
“system on chips” (SoCs). Ranging from the development of equipment to the final
development of cutting-edge devices and cutting-edge SoCs, this research project is
unprecedentedly ambitious in terms of enabling integrated research and development
and practical application of original manufacturing technology. This project—established
by a consortium composed of manufacturing equipment companies possessing Japan's
original basic fabrication technology for semiconductor manufacturing—has three main
aims to achieve by 2030 while greatly strengthening each basic technology: (1) Japanese
semiconductor manufacturing equipment companies to take the lead in the world in the
semiconductor manufacturing equipment industry; (2) Taiwanese device manufacturing
companies of 3/2-nm-generation heterogeneous-material-integration semiconductor
devices to lead the world in the development and practical application of integrated 3D
devices; and (3) contribute to the achievement of carbon neutrality by realizing energy-
saving power semiconductors, post-5G high-frequency devices, and ultra-low power
consumption CMOS devices (such as Nanosheet, Forksheet and 3D Complementary FET
(CFETY)) (Fig. 1: Development roadmap).

2. Background

The semiconductor industry in Japan, which was the world’s number one
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Fig. 1. Roadmap of Nanodevice Fundamental Technology Consortium.

semiconductor nation in the 1980s, lost momentum from 1990 onwards and has now
almost completely collapsed. One of the major causes of this collapse is the fact that the
industry came to rely solely on external outsourcing of semiconductor-manufacturing
technology and its equipment.

As a result, Japan's original manufacturing technologies accumulated up to that point
were not followed up on, and Japan lagged behind in the development of advanced
semiconductor devices. State-of-the-art manufacturing technology is now indispensable
not only for state-of-the-art memory and logic circuits but also for power semiconductors
and high-frequency devices for post-5G communication. And in 2030, a completely new
and innovative manufacturing technology will be introduced into the mass-production
line. However, despite the fact that the Japanese semiconductor equipment industry
has proposed several breakthrough manufacturing technologies that will be necessary
in the next generation, it has not been able to accelerate the development of these
technologies into practical equipment as well as develop its own proprietary technologies
and actual cutting-edge devices. In this project, focusing on basic fabrication technology
for manufacturing advanced semiconductor devices, we will develop equipment, build a
platform for manufacturing equipment, and demonstrate and mass produce devices with

that equipment.

3. Details

In this project, as a consortium, we will consolidate and strengthen our own basic
fabrication technologies that are indispensable for practical development of 3/2-nm-
generation heterogeneous-material-integrated 3D devices. Those technologies include

(I) nano-template technology, (2) ultra-low-damage atomic layer etching, deposition,
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and surface-modification technologies, (3) low-temperature, shallow and high dose
doping technology, and (4) low-temperature wafer-chip bonding technology. The
goal of the consortium is to strengthen these manufacturing technologies and to
develop the equipment for the device-mass-production. In addition to development of
individual manufacturing equipment, we will introduce these fabrication equipment to
international leading-edge platforms in Japan (TIA, mainly AIST) and Taiwan (TSRI)
and form a network for collaborating with these platforms. In this way, we will create
an original platform for integrating fundamental technologies that can be applied in
development of advanced devices. Using this platform enables (i) joint research between
these manufacturing equipment companies and leading-edge device companies, (ii)
demonstration experiments concerning development of leading-edge devices targeted for
introduction in 2030, and (iii) clarification of guidelines for mass producing devices in that
development process through joint development with device manufacturing companies.

Although it has targeted specific devices, the Japanese semiconductor industry has
accumulated its own compound-semiconductor manufacturing technology and still leads
the world to some extent. Focusing on (1) ultra-high-efficiency power semiconductor
devices using SiC- or GaN-based materials, (2) ultra-energy-saving post-5G high-frequency
devices using GaN-based materials, and (3) advanced CMOS devices using Si or Ge, it
has created a device (called “system-on-chip”) that integrates dissimilar materials such as
silicon, germanium, and compound materials (Power/Post-5G devices: Fig. 2, Advanced
CMOS devices: Fig.3).

We expect to collaborate with Taiwan Semiconductor Manufacturing Company, Ltd
(TSMC) on the development of these devices. In this joint research, we will develop
a SoC that integrates the most-advanced GaN HEMT and a Si/Ge Fin FET, which is

Challenge to develop ultra-high efficiency 3D device (SoC)

The world's first "normally off GaN HEMT/Ultra-low power consumption Si (Ge) Fin MOSFET
3D hybrid device (ultra-high efficiency power semiconductor, post 5G ultra-high frequency device)"

16% reduction in electricity ou el

GaN HEMT

Low-power Si CMOS

E-mode GaN HEMT

)“ Si (1) sub.
Sous s

irce.

(Goal)
1. System-on-chip by ultra-low damage atomic layer process, low temperature shallow bonding technology, and 3D low
temperature bonding technology.

2. High efficiency and high power GaN HEMT without heat generation (ultra high withstand voltage> 3.3kV, power loss <1/10,
energy saving effect 9%) using a low power consumption MOSFET driver.

3. Low power consumption post 5G high freq y device (freq y> 100GHz, power efficiency> 20%, power density>
6W /mm).

Fig. 2. Challenge develop ultra-high efficiency 3D GaN HEMT/SI (Ge) Fin FET hybrid devices
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Future State-of-the-art Semiconductor Technology
Cutting-Edge Semiconductor Technology Roadmap

(Basic Tech I ) Heterogeneous Material-Integrated Devices

202445%
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N2 PE

. KL "} "/N;/

gﬁ -
FinFET GAA-FET Future Issues

TLF—E FET =Development of Mass-production equipments
= Establishment of Advanced Platform

{@Defect-free Etching/Deposition/Modification (Neutral Beam) +
Original

@Low Temperature Bonding (Plasma Hydrophilic Bonding) (Basic Tech.II) Elimination of Heat Generation

Technology . . .
@Low Temperature Shallow Junction Doping (Laser Doping) Original chhnology@Bio—templatc technology

Fig. 3. Challenge develop advanced CMOS Devices
(Nanosheet, Forksheet and 3D Complementary FET (CFET))

targeted for launch in 2030, by extending the basic manufacturing technology developed
in this project to TSMC’s existing technology. This is a fundamental technology that
can be applied to memory, logic devices, and micro-LEDs, and its ripple effect will be
significant. As for these advanced devices, we expect to collaborate with Taiwanese
device companies (Memory: Macronix, Micro-LED: Innolux) in developing the Taiwan
platform.

The unique feature of this project is that it aims to not only develop devices with
device manufacturing company but also develop a platform for the first step (the first
half of the next five years) toward mass-producing cutting-edge devices (power devices,
post-5G high-frequency devices and advanced CMOS devices) that are necessary
for green innovation in 2030. The first step is to build a platform by developing and
combining the basic manufacturing technologies required for that generation of devices.
In the second step (i.e., the latter half of the five-year period), the manufacturing
equipment and target devices will be practically applied in parallel in the form of joint
research with actual device manufacturing companies. This two-step research and
development will not merely end with device development; in other words, it will be
an effective project for developing actual mass-production equipment and processes
that integrate silicon and compound technologies and for enabling mass production of

targeted devices.

4. Member companies (manufacturing-equipment manufacturers)
(Companies participating in the consortium)
1) Nagase & Co., Ltd. and Litho Tech Japan Co., Ltd.
Nagase & Co., Ltd. and Litho Tech Japan Co., Ltd. have licensed the proprietary “bio-

template technology” proposed by Professor Samukawa of Tohoku University, and are
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promoting its practical application, as a technology to overcome the limitations of cutting-
edge lithography technologies such as EB and EUV. Since biological “supramolecules”
(proteins) are synthesized on the basis of genetic information, variations in their
structure and size are less than 0.1 nm, so they are termed “nano-sized” standard
products. Biotemplate technology is a revolutionary means of highly precise and
controlled placement of proteins by modifying the surface of these nano-sized proteins
with peptides—which can be selectively adsorbed on semiconductor substrates—by
applying biotechnology. The current technology uses ferritin, an iron oxide-containing
protein, to arrange the nanostructure in a regular pattern on a semiconductor substrate.
It then removes the protein from the surface by heat treatment and uses the remaining
iron oxide as a mask to transfer the nanostructure onto the semiconductor substrate
by neutral-beam etching. Having strengths in biotechnology, Nagase has been able to
synthesize high-purity iron oxide-containing ferritin and modify the surface to control
the arrangement of the nanostructure. In the meantime, Litho Tech Japan has devised a
uniform coating technology for ferritin. The company also possess imprinting technology,
which it will continue to integrate with the coating technology to achieve more precise

placement of ferritin.

2) SPP Technologies

As a joint venture between Sumitomo Precision Products and SPT of the UK, it
dominates the market for deep-plasma-etching technology (deep RIE technology)
for MEMS and possesses advanced technology for controlling generation of high-
frequency plasma for 12-inch substrates. The pulse-modulated-plasma and neutral-beam
technologies proposed by Professor Samukawa at Tohoku University have been licensed
to SPP Technologies, which is working on their practical application. First proposed by
Prof. Samukawa, a pulse-modulated plasma with pulses in the order of microseconds is
unlike an ordinary plasma; that is, instead of consisting of electrons and positive ions, it
consists of positive and negative ions. From the pulse-modulated plasma, negative ions
are accelerated through a carbon aperture to produce a highly efficient neutral beam
with controlled energy. It has already been shown that when this method is applied to
the etching, deposition, and surface-modification processes used in the semiconductor-
device manufacturing process, defects at the atomic-layer level can be reduced to less
than 1/100th of the conventional level; accordingly, it is considered an indispensable
process for manufacturing nano-sized semiconductor devices. While developing a large-
diameter neutral particle-beam source, this joint venture will develop it to handle

etching, deposition, and surface-modification processes for all materials.
3) Gigaphoton Co., Ltd.

In 2001, Gigaphoton became the first company in the world to commercialize a mass-

produced ArF excimer laser capable of oscillating at a high frequency of 4 kHz. Since
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then, it has been supplying the market with a succession of the latest ArF excimer
lasers that are compatible with high-performance lithography equipment; in that way, it
has been contributing to the development of lithography technology for supporting the
ultra-fine integrated circuits of the gigabit generation. Moreover, KrF excimer lasers
have been highly evaluated in terms of their abundant product lineup, high performance,
high quality, and economic efficiency, and they continue to support the technological
competitiveness of the world" s lithography-equipment manufacturers. To expand
this business, Gigaphoton signed an organization-based collaboration agreement with
Kyushu University in 2011 and established a joint research unit, called the Department
of Gigaphoton Next GLP, at Kyushu University to develop advanced laser-processing
technology. In particular, as a low-temperature shallow-junction technology, laser doping
is an advanced process that is essential for manufacturing advanced nanodevices. This
process has been applied to not only silicon and germanium but also SiC and GaN, and its
effectiveness has been demonstrated. From now onwards, it is planned to demonstrate
the effectiveness of laser-doping technology in regard to device-manufacturing processes

as the trend towards larger apertures continues.

4) Bondtech Co., Ltd.

Under the guidance of Professor Tadatomo Suga of the University of Tokyo, who is a
leading expert in “room-temperature bonding using surface activation,” which is a key
process in 3D stacking of semiconductors, Bondtech has been focusing on developing
technology that enables bonding under low vacuum and atmospheric pressure, which
will enable the transition to mass production. As for the mass-production process, room
temperature was not necessarily set as a condition; that is, a combination of heating
(to about 1501C) and pressurization was used to achieve bonding in air. And different
surface activation methods are used according to the bonding material used. Moreover,
by applying the conventional method using an atomic beam, the degree of vacuum is
reduced from an ultrahigh vacuum by a unique process; as a result, bonding of dissimilar
materials such as compound semiconductors is possible. What's more, gold and copper
can be bonded using argon etching via a low-vacuum plasma, while silicon and glass
can be bonded in air by using plasma hydrophilization. By combining conventional
anode bonding (via electrostatic force) with plasma surface activation, “voidless” low-
temperature bonding has been achieved. From now onwards, aiming for higher precision
bonding as well as larger-diameter substrates, Bondtech will collaborate with SPP
Technologies in developing the neutral beam proposed by Professor Samukawa of

Tohoku University as a method for surface treatment.
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National Chiao Tung University/Tohoku University
Joint Research Center
2018-2021 Achievement Report

Prof. Yiming Li

Associate Director, Joint Research Center between NCTU and Tohoku University

1. Achievements

The Joint Research Center, of which Tohoku University is a partner, played a central
role in developing heterogeneous complimentary field effect transistors (hCFETS)
and their platforms through collaboration with the National Institute of Advanced
Industrial Science and Technology (AIST) and Taiwan Semiconductor Research Institute
(TSRI). hCFETSs are 3D heterogeneous function integrated devices and serve as the
technological foundation for millimeter-wave radar systems and artificial intelligence
(AI) chips in the 5G era and beyond. This effort is a part of the “Infrastructure
Development for Promoting International S&T Cooperation (Japan-Taiwan Research
Exchange): Nanoelectronics and System Integration for AI” project carried out with
support from the Japan Science and Technology Agency (JST) and Taiwan’s Ministry of
Science and Technology (MOST). The program seeks to develop device manufacturing
process platforms essential for hybridizing heterogeneous materials/devices to produce
system-on-chips (SOCs). These materials and devices are a prerequisite for sub-5-nm
devices. The Joint Research Center has succeeded in developing a 2-nm generation Si/
Ge heterogeneous channel integration platform, a groundbreaking achievement. This
accomplishment was selected for presentation at the 2020 IEEE International Electron
Device Meeting (IEDM2020), the most prestigious international conference in the
semiconductor device field.

In addition, the Joint Research Center conducted basic research to break down
barriers in transistor scaling. Improving transistor performance through scaling alone
becomes difficult when the gate length reaches sub-50 nm. Performance improvements
have been achieved by using technology boosters such as (1) adding strain to
the transistor to improve carrier mobility, (2) replacing the gate dielectric with a
high-k material, and (3) using fin-type field effect transistors. However, performance
improvements using these technology boosters have already reached their limits,
and new technology boosters are needed. For the fourth technology booster, we have
proposed a transistor channel structure with a composite structure of periodic and
defect-free semiconductor nanopillars embedded with matrix materials. This Tohoku

University-original proposal suppresses phonon scattering of carriers depending on the
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materials, nanopillar size, and spacing, and makes possible dramatic improvements in
carrier mobility and a transistor channel layer with low heat generation. This proposal
has been selected as a Grant-in-Aid for Scientific Research - Basic Research (S). It will be
deployed for transistor development in collaboration with AIST, the University of Tokyo,
University of Miyazaki, TSRI and National Chiao Tung University.

2. Significance

Taiwan is now the No. 1 leader in the global semiconductor industry, having pulled
ahead of the United States and South Korea. In short, the country’s electronics industry
is at the forefront of advanced technological trends. Central to this dominance is the
significant role played by Hsinchu Science Park’s platform (a partnership of National
Chiao Tung University and TSRI). Joining this advanced platform with Tohoku
University and AIST’s advanced materials production technologies has resulted in the
world’s first hybrid process for heterogeneous materials and devices, a revolutionary
achievement. This achievement is extremely significant in giving the partnership of
NCTU and Tohoku University/AIST the ability to lead the world in developing essential
ultra-advanced devices in the Al era and beyond.
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Biomedical Sensor and Network Project
in Joint Research Center between NCTU and Tohoku Univ.
2018-2021 Achievement Report

Prof. Min-Dou Ker
Group Leader, Joint Research Center between NCTU and Tohoku Univ.

We have developed a high-conversion-ratio (HCR), high-voltage-tolerant (HVT) energy
harvesting battery charger using 0.18-um standard CMOS for Internet of Things (IoT),
as shown in Fig. 1. To reduce conversion ratio (CR) of inductive power converter and
optimize overall power efficiency, the proposed charger cascades a boost converter
and reconfigurable charge pump. Different from the high-voltage device, the standard
CMOS process has lower parasitic capacitance and on-resistance; therefore, it can reduce
switching and conduction loss. The proposed converter is able to manage limited power
from a thermoelectric generator (TEG). We realized a zero-current detector (ZCD)
using an analog comparator with digital offset compensator to control off-time (TOFF)
quickly and accurately. The self-idle constant on-time (SI-COT) and idle mode both
control the mechanism, helping to further reduce static power dissipation. As a result,
the proposed converter can achieve peak efficiency of up to 76% at a 92 X conversion
ratio with output power ranging from 10 uW to 1.9 mW. The available input voltage
ranges are 40 to 400 mV, and the dual output voltage ranges are 1 to 1.6 V and 2 to 4.6
V for VBOOST and VOUT, respectively. Fig. 2 compares the performance with state-of-
the-art energy-harvesting DC-DC converters. The proposed converter provides a 4.6-V
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Fig. 1. The system architecture of the battery-charging system
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Fig. 2. Performance comparison with other state of the arts.

high output voltage using 1.8V standard CMOS device without any voltage stress issue.
The standard CMOS process has lower on-resistance and parasitic capacitance, thus
the proposed converter obtains 67.8% efficiency at 115 X conversion ratio. Comparing to
state-of the-art, the proposed DC-DC converter achieves the highest conversion ratio of
115 X with high efficiency. The proposed topology is suitable for thermoelectric energy-

harvesting battery charger for the Internet of Things. The relevant results have been

published in IEEE Transaction on Circuits and Systems I (TCAS-I) 2020.

Publications

1. M.-]J. Chung, T. Hirose, T. Ono, and P.-H. Chen, “A 115 X Conversion-Ratio Thermoelectric
Energy-Harvesting Battery Charger for the Internet of Things”, IEEE Transactions on Circuits

and Systems I (TCAS-]), pp. 4110-4121, Aug. 2020.
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