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The Atomic Energy Council (AEC) continues its efforts to promote the peaceful uses of atomic
technology. Based on the science and technology strategic roadmap proposed by the Ministry of Science
and Technology (MOST), the Institute of Nuclear Energy Research (INER) proposed a "Strategic
roadmap for the development of peaceful uses of atomic Energy Technologies™ in the "Research on the
International Trend of Atomic Energy Technology and Development Strategy for Taiwan™ in 2020. The
roadmap indicates technology strategic priorities for eight fields: The environment and water resources,
medical care, food and agriculture, quantum technology, space technology, semiconductor fabrication,
industrial applications, and neutron technology. This research focuses on two work items. The first work
item is "Research of Atomic Energy Technology Industry Trends and Technological Deployment.” We
conduct the development strategy for two themes: "Integrated Circuits for Space” and "Fabrication of
Radiation-resistant Battery” through patent analysis, market analysis, and expert/industry
interviews/symposiums. The following four steps were carried out respectively: (1) patent pool
establishment (2) patent management analysis (3) patent technology analysis (4) technology
development strategy research and development. The second work item is "Research on the
Development Trends and Technological Deployment of International Atomic Energy Research
Institutions.” We collect core scientific research infrastructure information of the International Atomic
Energy Research Organization or National Laboratory. It could improve the resource-based information
of the development strategy for atomic energy technology for civilian applications. The results of this
study could be used to refine the development strategy of atomic energy technology, to facilitate
multilateral cooperation in technology development among governments, enterprises, and researchers
institutes, and further, to contribute to the development of the Six Core Strategic Industries outlined by

President Tsai Ing-wen.
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(Oxide*) OR (ion*) OR (PID) OR (Potential ADJ Induced ADJ Degradation) OR (Metamorph*) OR
(rad* ADJ dose*)) nearl0 ((shield*) OR (sunshade) OR (coat) OR (buffle) OR (film*) OR
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(tolerant*) OR (protect) OR (Dop*) OR (Compound*) OR (Composite*) OR (Dop*) OR (Compound*)
OR (Composite*)))))) AND (PRYS>=(2000) AND PRYS<=(2021));
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R 20~35 MeV 2 e bt Bt 9 B Buond oo F R

Frde @y g viPLgpend 4 3 LS8R FH (single photon

emission computer tomography , SPECT) & * ¢h¢ ~igd &bt 546 # 4 1 5Co~°F -

2017 « 67Gg ~ 88Ge ~ 103p( ~ 11| ~ 108cq % %5 * AT PAE L T s FMEe LA

AR FOMEe AUREUL A AT E Y 0 1B Bonbti P R R B LR RS P

W E T L RS S

e £ F 3 35 MeV gk deid BAGLS AR ik e B pEs
. a

(ST

&-k
ETIS
it
/H}

LR gl T G

[
ik

#EFRF DI F A ~agEagd >
W endTA s s £ 2§54 BA T g gkt fE s it £ 5 50~100MeV
S F o A TRENPERRE > RAHFLLZMREFT X R RE DR

.,

3 RERAS ERAAAURARES oo blho A ER S 2R P NFI R

1245 IAEA shies > IAEA 195 B2 B B¢ > 23fc ¥ 3317 1,300 [ i Steid B

WEF AL Ao BB EAISELT KD R PET HFEF AR R VI

50~100MeV chdeig B k4 A RE L F P hl =k 4ok % IAEA i %icid B & %

,‘

3] 30~110MeV % ac & *gbeid B> |7 M FIR 4o 5-355d £ ¢ ki EcT 7 IBA -

ACSI £ TCC (The Cyclotron Corporation) 5 i & sk g7 o
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4535, - B 30~110MeVF * I % kot 4r it BRF - W 4

B ] ik MeV 518 g
ACSI TR-30 £ TR-30/15 30 7
CTI CS30 30 1
IBA CYCLONE 30 30 25
IBA CYCLONE 70 70 3
Lawrence Berkeley K-150 60 1
NIIEFA CC-18/9M 100 1
Scanditronix-Negative-lon | MC 32-Negative-lon 32 1
Scanditronix MC 50 50.5 1
Sumitomo 930 110 1
TCC CS-30 30 1
TCC CP-42 42 3
W.M. Brobeck AC60 60 1

744 kiR ¢ https://nucleus.iaea.org/sites/accelerators/Pages/Cyclotron.aspx

(6) T R X HHMTKA
RF AR AL EA ¥ ke 2o BB X KR T ,]33, CH
LERHALE $ B E 5 F BRI AR IR o d NFTER N SE L BREE L
FAAH L ARLEAMAE- EI0E 0 $ 5 REEUEE AT ka4 W
hept o ARG o AR R R BA ERE S MR A TS

A. T+ B2 (Next-Generation Lithography » NGL)

T AR g T e % b B Pk (state of arts) § Gmit £ ek &k R 25 el
B0 bl EUV BcR: ~ X 58U ~ T+ A - RE3F Az 2 K BREME S -
195 I AT 2020 # F'E L M BT Bldp o 40T BlATm 0 A% B4E S gk(logic node) é’},
KAl #cRd 193nm iR ot se £ Bl (Quadruple Patterning - QP) =k 3 B B % ¢
A~ % o s g £ B (Double Patterning, DP) ~ = & ] i(Triple Patterning, TP) ~ 2 3} & &7 ~

o P B RCEITARE P R H R p R R 3 S R At

& ## i& (continuous improvement) -~ 2 #% /i £ # (qualification/pre-production) ~ B % ¢
(development underway) ~ & # 1 # &8 7 #£ % ¢ (research required) -
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Production Year 2018 2020 2022 2025 2028 2031 2034
Minimum Minimum lithographically

i . defined half pitch for MPU
i ductor Product node half pitch
emiconductor Product node ampr;c s DA " 15 12 10 N i N

Possible Option

ArF QP Possible
EUV SP Possible

EUV DP Possible

"Tnm" Logic Node 18 193nm QP V2
18nm DRAM { EUV P
{ 193nm QP
“5nm"” Logic Node 15 EUV
NIL
193nm QP
"3Inm" logic Node 12 { EUV DP
“2.1nm" Logic Node 10 NIL
14nm and 11nm DRAM 14 DSA

V777777

EUV DP
"1.5nm"” Logic Node and below 8 High NA EUV Narrow Options[ =
<10nm DRAM 84, 7.7 DSA plus EUV

Research Required
Development Underway
Qualification/Pre-Production
Continuous Improvement [/

Figure LITH-1 Line and Space Potential Solutions
¥ 44 kR ¢ IEEE Advancing Technology for Humanity, 2020 [19]
B5-3.1. T AR H AR AR A &

B. T AL EMMEKE A AR

AR EETE NP OGEES FLFORA DT A AT ARARR B A
AE2HEFEF 534 T3 AL 2 A REMPLERZE U 5 EUV fo X &
SRR R F R TR AU T (B AT ) 2000 E RS RLY
AR R P o Rh B MR REEE

EL
SRS N Y \ﬁ@ﬁﬁwﬁﬁ@ﬁ%w’ﬁ%é%ﬁﬁW%%%

VR R Tl o B AR A R AT R AR E N b AR A R s e T i
FEET gLy % £ B % (multiple patterning) ssk £ 8% 07538 F IR > Glde 2
B R R 5 22 3 (cut reduction) > @ 2 € R H 8 2 e A B ehPgE > Flpt o ok

=4
BB HRR T R TmEERE 2

(6) = z Pritds St TR 5 HORK 5
TERE g F
B A RRAEH S BTG Y A R TR TR R R R
Rz FH7AREE -
REms » 2 HHEREH T ZPETEL Gtk e 45 B >0k (Single Event
Effect, SEE) ~ 4 % 4% £ »</i(Total lonizing Doze, TID » r1 ™ f§ fLa % £ »c ) ~ 445
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-

»z i (Displacement Damage ) ~ % & A x @22~ P F R E A B LRGSR E S

TR PPFRAERAE TR CRIRARF SR E A SRR
FUE Y G S ORI R L R e G ZRRBIR R R e T L R

AL AT
A HEiR ok o HRERRR A CE RIS RERR S T g B g teid B s

(PCHimer s irg st B9 T HEM A PHE P IR BHRNEYPET S Bk
(2520f);‘&t7}ﬁtﬁ& 2R

B. WM Ercibd b HARBH KA A H T VCom T F 4k BHH T Soif Bie (7 08|
Bk o HRE% 2P R A AH skl ¥ PCo kg7

C. MBI G relor o HEEHE A WY GaAs ~ B a4 [l § 2% 1 & 4 A ik

Y AT I I EA Al SN O - SN
E S eBBiER rchimls  2BE L 2 shy FLERE N PELET

FFF EA I R ERE T O ERGRRR A

£ 536 LS ARG MIREY 6 HIRER R BHL > Tik- HF RE Tl
x

AR HTR B RR R LT X WL BRBEA LR M gERER 0 T
PR RGRRR A PSR AR ST P B S R 2T R
G5B 2 AP b B RKR LY au’i?HT%%:
A B ZHMIURY G HERFRKAD e FFIFEERE D e F B bAck FRT

B. ~ 2 afg B a il FH* Bt BiEFF G HRESR > A LHE Ik =
s~ RAE R EE O D ARMK AT I

C. A& T My thl Rl Koo

TR RplE(I situ) 1 hdg P OPFARRIEATEE > BRI BT R kil kP TR 0 A 2 LH pendd s

fier ERR S N ERR 0 S AR SRl L Y R BT A X AR RITILE i eniE o

BEFRES T GV B RIK > (PR iy o
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41

4

SR B R 7 Fe- HRD ARG A TRINE MK R ok
b G ORCRREER A R R S A L HORLR R TR L s L

FERAEARY A PP o

3
&
X
w
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#5-3.6. BI'Z * ZPFHIE SR o HEGRRE A FE A

Beftid | BB HRR AR Ry RR%E LH KW LA TR ¥
% A -
o+ | EHFIERE | FRF LB R7F%E |NSRL o3 4eig Bd = B 2 & 3840 #7% | GCR kK »5 ¢
sl | RF s iEBk | (BNL) 7 NASA = Z g5+ | &> 4~ B E I LINAC(#*UF =+ )~TandemVan | ® 3 f4F @ 57+ 34 > £ 50 44 ;
o OFCHE | KA % % (NSRL) de Graaff (R &g+ & H+ ) M2 T+ L4 | @ & 50 MeV/u~2,500 MeV(f+ )&
Ek + ik (EBIS) (4 vhendl i g+ ) 1,500 MeV/u(*® Fe) ;
® LET i& : 0.015~91 MeV.cm*mg(& %
WG~ & B 0 LET &+ & 150
MeV.cm?/mg) ;
® 3+ dn 1 10~10'cm?st .
%2 ® LBL ( Lawrence | & &5 i dgtc i B ® LET & :0.01~98 MeV.cm*mg :
Berkeley Laboratory ) ® 3w & :1-55MeV
2 ® TAMU (Texas A&M | & &3 i 35 4cid B LET & : 0.01~93.4 MeV-cm ? /mg
University )
o s 2 A F (BESA) IR | £ 4+ e gse ik B(HIF) @ BTNk HERT
UC Louvain ® 7+ E :85MeV
® i ¥ :0.6~27.5MeV/u
o x 7 % (ESA) M I | dmd 3 s e i B(LIF) ® if :99-62MeV
UC Louvain ® LET & : 0.00839~0.0347 MeV -cm 2
/mg
® §n:2*10%cm?st
% > University of Jyvaskyla | K-130 & 35 7 & % > ic i F @ RxiIfEHIY nEEe LS

RADiation Effects

Facility(RADEF)

RERFRL > RFAFEFT 5 Au
4

4y
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Beftid | BB HRR AR R » % %3 4 K% HE L& 3
% A -
® 3 it ¥ :9.3MeV/n~10 MeV/n~16.3
MeV/n % 22 MeV/n
PABWEF B*AELT | TIARA:d KIIOAVF @ ¥g4ci# £-3MV ¢ | @ F3fhag: ¢ PR eHF 254
Bif4eig B 3MV H 254 B2 400KV 3+ 1 -+
R A ® 3 :keV I|F 4 MeV
B TR | T8 s 2 B R % % | LINAC ~ Tandem Van de Graaff SPE (= B H 3 F i) j 5K
Hk 3 232 | (BNL) =7 NASA + 7 45 & ® 50~150 MeV e + %
KA % %% (NSRL)
% B University of California | = ¥ g4 i & ® i+ E :68MeV
at Davis(UCD) Crocker ® i 30uA
Nuclear Lab.
% & Indiana University B+ g dei B(IUCF) ® 3w & :30~200 MeV
® s @ 10°~10%em?s?
w4 Paul  Scherrer | PIF B+ 1% *g4vig & ® G+ & :74-100~150~200-~230 -
Institute(PSI) 238 MeV ;
® dr®%A :2nA(E>200 MeV) ~ 5nA
(100 MeV<E<200 MeV)~10nA (E<100
MeV) ;
® i F :10%~2*10%cm?2s?
% i > University of Jyvaskyla | & ic & =+ & (high energy proton beams) ® & :55MeV
RADiation Effects ® &/r:310% %+ /em?/s
Facility(RADEF)
% > University of Jyvaskyla | #i¢ 5 =+ & (low energy proton beams) ® ¥ !04~8MeV
RADiation Effects ® &;: 10°~1077% % /cm?/s(@1
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Wi | ORERRA | RISH A RE g £% 3k
mef | t#

Facility(RADEF) MeV) ; >108 = /cm 2 /s(>2 MeV)
4R H 3 »x | g ' ESCIES (European | CASE (Californium-252 Assessment for Single | ®  1~2jz 2 2 Cf-252 & ;
i sh 2k # Space Components | Event Effects) ® LET 3 43 MeV/(mg/cm?)
Information Exchange

System) =g Radiation
Hardness  Assurance and
Component Analysis Section
(TEC-QEC) & i¥ Internal
Radiation  Test  Facilities

(IRTF)
FRAF 2P TR % 22Ct
% (BREL)
i B ONERA/DESP CIRIL 5 #4 % 22Cf & Am a7 R
ibrm StE | 2 B Martin Marietta | - ® £ :1064pm 2 0.532pm
F > i sk % | Labs(MML) ® i fiF: 20ps
i# % ® JPL - ® & :l10um
® % fir: 2.5ps
O FHALANETH HFE BRI
1~500pJ
# & Matra BAe Dynamic = | "% ¢ 5 & H 3 22 R #F % ¢ % SEREEL
7’ (Single Event Radiation Effects in Electronics
Laser)(# %)
TR R A P | - ® L& :1.06um
7 ¢ ~ (European Aeronautic ® ki 620ps
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Beftid | BB HRR AR R » % %3 4 K% HE L& 3
% A -
Defence and Space Company ® %ibrd AF4E F 1 2kHz
Corporate Research Center,
EADS-CRC)(: ®)
/# B Bordeaux =~ 5 {1l | - ® & :0.6~1.08um:;
4 B(IMS) R % % ® % iwE 1 100fs~100ps ;
® Lird 4F4F 5 ¢ 80MHz
#& = 4| Perugia B 73z 2 | - ® £ :913+-10nm;
2 3 B (INFN) ® iF : 15ns
® ke A4F4F 5 1 10kHz
% > University of Jyvaskyla | VARIAN CLINAC 2100 cd & 583 + 4rig & | @ "%ibrd + & (7 "5 2 5 "% ffr X 3441
RADiation Effects )
Facility(RADEF) ® i E(XHH)
® ¥ 03| 6MeV snud K k=
& X & 1 MeV
® < 07315 MeV s § k3 - &
~ R HE 2MeV
® LE(TF):6-9-12-16 ¢ 20 MeV
® HE I
® X A : 100~600 rad/min
® 7 5 :100~1,000 rad/min
® X IS5usc xH5ms
PR RZE Y gk B S ot SR AR ® LET i : 0.1-200MeV.cm2/mg
® hitrd 4F4E 5 1 1kHz
& A 8 | °Co m#E | 2 B NASA GSFC(Goddard | v ik ® #F & : 3 krads/min ~ 0.01 Rads/min
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Boftsd | B E AR R » % %3 4 KW LS
A o
T | P o HE#E | Space  Flight  Center) b
o R | PR A Goddard Institute for Space
B 2% Studies
% Mk 2y TP | ESTEC Co-60 Facility ® 2016#5" £x7%§2,000Ci *Covy
( European Space Research i
and  Technology Centre,
ESTEC)
PABwEI R AT AT v CO0 ey B4R 4G BB K %6 ® & ¥ % @ 0.2Gyh~10kGy/h
feip BRI E | 2 B NASA GSFC(Goddard | 2 MeV Van de Graaff 3y #7 7 4eig (2| @ THEZTF ~FF
»cfis s o W% | Space  Flight  Center) & | MeV Damage Study Accelerator) ® & :100keV~1.7 MeV ;
RN B Goddard Institute for Space ® {ii@A :IpAlem® I 10uA/cm?
Studies
i+ B ONERA L35 R FNEFAFT I B
PABWEFRY T AT Cockcroft-Walton %] & &+ & PB&+3% & 0.5 MV~2.0 MV
EHE | EERRRE | P APERRAREFREY | T g B 10~50 MeV
G| T F R E | TR REEFAY R
P | B | P AP RRA RS FAEY R B 0.5-5 MeV
FF & BRI R
ek # ® NASA AEDC (Arnold | & & k5 &5 BB fest K & FHERTIE BRI RIGE - FE S
Big R Engineering  Development Ao~ MR~ TR
e s B Center)
B FRRE o7 CRETC (Combined Radiation Effects Test | fie$ 10~50 MeV & =+ ~ 30~60 keV & + -

Chamber)

200~400nm % ¢ 4
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Wi | ORERRA | RISH A RE g £% 3k
mef | t#

NASA & % f & i ¢ « | CEE (Combined Environmental Effects)3 = | CEETC3 ¥ fr pF e L {8 it @ 3 ~ iy
b RN

(MSFC) %> 4~ % E CEETC1-CEETC2-CEETC3 | &g F ~ 7% ¢ ~ 225 32 7%
B s 3 o 3 ¢ o | SORASI (Solar Radiation Simulator) X sa ~ 7+ (5~20 keV) & E 7 & b am
ESTEC (+* J15¥) (110~200nm)

# B+ %7 < (DLR)* % | KOBE (Komplexe Bestrahungs Einrichtung > | @ 3% = kR4 W 1 B 7 % *h e

S4B R AT Complex Irradiation Facility, CIF) E kR KMy o A (FL K

B E L % kL #F 40
nm~2150 nm

° *i;ﬁﬁ,j—\?difr?:rﬁg%[flzl
keV~ 100 keV

FA KR A AR
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(z) &

AEE A BLERED (DRI A FHALART I HF LT 22 AEQRE RS
ﬂbﬁipﬁknf#j?f@? ABF 2 BT WY o AR EAEFEEFTL EH o
(1) R+ fAHA LB 2 Bt T 22 A ¥
Ard e A BHERALE DRGNS FEL T A F TR 2 TR T
e, 2 Prg B > TOREARLE BB L P F ARG TR RERN RS A
ﬁ?i@?ﬁ%&§%°%&i“’Eﬁﬂﬂ%ﬂAﬁwpfﬁ%%%’?@ypzﬁgggd
FIEEGE G A BN AT I R R e prenfpl ST RMAERE S e o
Ti*‘uﬂﬂ?i STREF S BAK T X2 TR 2 TipstL T 1 REHFR
T EE A K oo
1. s A2A%2
B gEva AT 22 TR ) PR Y > A TR S AREFFTRK

EX
R Rl SRR T R & 5 CTDL X R et A A H 2 Rl A g

WZﬁg@iﬁﬁﬁﬁiﬁﬁ’%ﬁ*%§ﬁ~ﬁ§\ﬁk\h Lo sy TAL
&ﬁ?ﬂ&%x TRz 34 STB3 T a2 Bl EY TR ZBE TCLE KRS RD
Ea

AT b 1 kbl %k 5 TDL X AR 4o AL A H 0 2 i A kg (2 TR2
d S BLEME A EE Ao P ANEE IR A k2 LEREA G £E | s A
Furor ThY AN ARF C L EA 2 ThE FAER SRR PR TAL BB
ZHRBFTEM2ZEH | AR F 0 Thl BT RN CBIEF LS T2 IHNEBF P LE
B2 TS HAEH TR FF B3 T a2 R EY Wi R2ZpE 2 TClL&
FHRIERD o heR 4 HAT PlAR T 0wt Thl BT RS CBER LS | 2 (b # N
WEPeRM, TBEF TR ETIEL RN EAAMAE I EARE TR 2 Y R -

2. 2z A ¥z Tidgetrz T4 flAe ) HaEiy

BT T e b THig st T WAR )RR Y  BAA  RSi £ AR T TR
FAEFOPGTL R S O FART G~ RA C AN RIR ) XEMERER CA SR B e 1
ARG Rl RO R ) LA R R LRF AR TN SRS SHRTA TR
PR S B3eA s AW A~ 2 BRE S T EREMOT R 0 a3 R L BRRY > #u L
.mﬂﬂﬂﬁﬁ'%&a%%w?%ﬁ&ﬁﬁﬁﬂﬁ%mﬁa,zwg? &

Yo R A EF R R R R A R k3RS (FZ BRI G

fmendy it o B4
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O R ) FIR ST Y S 0 R B R U A IS § o T R L HRE MR 1R
BB T B AT 2 B IR ¢ F A R ek KA R IEY T A RS

FEMARTF o MEE A AT PR T O BT G RK - AR G IIRLT R
Poro o A ER AT HR O NER BT o ARK R T PR AL P RN
AL ATER™ 3 EFHT 2 T oo LA S 5T 005 Rat §APMAE P EFEE TRR

(2) F% R+ i F7 5 B ABH 2 B B AT

L #7523 TEMARPARI BT HEARR S i~ 2RI T 285 48

TIELARRL RS A ASF R ES RSBk EF 2 AP £
2. FeRrE et BFERF R EANA Y % PR RE RS AT (AEA) - (LY
20w 90 > ERMAT A AHEY A EoE A EEE A SEGLE B 5
© 3% ML iEGDP 4% I 5%; F T p AP FARESA A
WM E A LR (0 R AHRAE R B HAE LT B F
DARRPFE T AR AH S AF X RAF R T et RFE

3. ThAAREARELIT I AHAP A ER w10 BARY REREL
FERSEFAE R LRI R R R B TR (MRS R R

( European Atomic Community » & #- : Euratom) % 5 £ 7 7 ¢ .= (Joint Research Center,
RCM’fiﬁﬁ:ﬁﬂWP%ﬁéag’?ﬁéi T EAETR S N HEE
B > RREFTRLER DI
4. p AR i PABHE T2 50 AR g T
I. SRFFBRET SE S rre BR AT ()P AP LR AFE SR
S SRE T 12 3 (QRTHRRAE PR HTIIR > Gde P 311 P
feenfr® ~ P ud BB R %*%fg%% SRR EE
ii. EAMAHFT LR IPPFECFRPFERAIPT CPEREEE
iii. EREDPFE = RARF S iﬁﬂﬁﬁﬁ 373 PR eh3L e B (technology
roadmap) ~ ¥ EHF EE A E R I EE
iv. ﬁﬁﬁ%ﬁ%%ﬁi??iﬂﬁ §orcdp Rl S ek P AR
V. FERFEEFEAART e Saw CERNAPHA L - R'EEPIRE 4P
MR (ITER #3% ~ BAAR) %
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vi. pELER i) Fo s S #E;‘i:sg;;.‘: P ORPFBEOR & p FE i
] 2,

REFD%~12% B & F TS T F F I F et 4 L o
Vii. FEP ARG RPFEREES N 2L R R AL Y 0 ERATE
AL B R IE P S AR R G R B (2 )
FPRH 4L 30~70 MeV e 4ot B 1 e IABA chitdt Fp A 5o AR L0 gk 7 i
B R FE O ARFLRLAF T R A PADR TS AR -
PRI Rt R T S R N g
SR RE BHMCHENT LG ok b R o SHREB 2 £%0 AloT ~ 2
RIS IRE G4 TR N ek
BT REUVHGHRER T bR SR L B 0T g g B
AREFZYE RO 2 FPEHBEREN L TFRRAFEIT AR 4R Y
BoeRpo P FHMFET R A LRI X FRESAMPM TR 4 2 2 HEHERE

R B ﬁ%*%‘ﬁ%%%\%i$$a*i¢s%%éﬁgwﬁﬁi’
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