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+ 7 &4 %% % (Organic and Biological Coatings )

+ ¢ B a4 & (Medium/High Entropy Coatings for Functional Applications )

R A 4T~ e T A E (Advancing Coatings and Thin Films through

Characterization, Simulation, Modeling, and Data Science )
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TACT 2025 International
Thin Films Conference
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J'A Coatmgs-fo sustainable erergy W 1 15
B. Nanosrructured and nanocom posné coatlngs
C. Semiconductor, optoelec!rémc agd flexible device films
D. Tribological and"protectweicoatmgs
E. Organic and biological coatmgs
F. Medium/high entropy coatings for functional applications
G. Advancing coatings and thin films through characterization,

simulation, modeling, and data science
Special issues will be published in "Vacuum” and "Surface & Coatings Technology*“
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+ BAER
¢ PP. Plasma and Vapor Deposition Processes ( & 3]% 22 Rl AR )
+ AT
¢ MA. Protective and High Temperature Coatings (7 & % 8% & )
¢ MB. Functional Thin Films and Surfaces ( # st &5 ¥ £ 6 )
¢ MC. Tribology and Mechanics of Coatings and Surfaces ( % & £ 4 & A&
FapRLT)
¢ MD. Surface Engineering of Biomaterials, Medical Devices, and Regenerative
Materials ( 2 4= 443 _Pg;%asﬁ Ba 4 Hilad e 1 47)
+ RS EFE
¢ CM. Advanced Characterization, Modelling and Data Science for Coatings and
Thin Films (&5%5% & 2 LigF 47 ~ 2 S 15 )
+ ¥R
¢ IA. Surface Engineering — Applied Research and Industrial Applications ( %
AR B ATEALERY)
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Low-Cost Oxide Rising Star: The Potential of Cuprous Oxide (Cu20) in
Advanced Solar and Electronic Applications
Pﬁ J{ sk

Cheng-Ying Chen*

o d s EL g LTHHEPRE )

Department of Optoelectronics and Materials Technology, National Taiwan Ocean University

*E-mail : chen.chengying.cyc@gmail.com; cychen011 1@mail.ntou.edu.tw
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Abstract

Cuprous oxide (Cuz20) has emerged as a promising material in solar energy and electronics.

This inexpensive and abundant p-type semiconductor features a direct bandgap of about 2.0
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eV, enabling strong visible light absorption[1]. Recent advances in thin-film deposition and

device integration have unlocked CuxO’s potential in various cutting-edge applications. In
tandem solar cells, CuyO can serve as a high-bandgap top cell stacked on silicon to exceed
single-junction efficiency limits. Semi-transparent Cu>O solar modules offer power
generation while transmitting light, ideal for building-integrated photovoltaics and
automotive glazing. As a photocathode for photoelectrochemical (PEC) water splitting, Cu2O
can drive hydrogen evolution, though stability against photocorrosion remains a key
challenge. In electronics, Cu2O thin films enable p-channel thin-film transistors (TFTs),
paving the way for complementary oxide circuits in back-end integration. This article
reviews CuxO’s material properties and highlights recent progress, advantages, and future

challenges in these advanced solar and electronic applications.

Keywords: Cuprous oxide (Cu20); Tandem solar cell; Semitransparent solar module;

Photoelectrochemical hydrogen; p-type oxide TFT
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L (CwO) £-fav XArAT@ ey W o % A& 1920 & A& 73 A 7
Cu0 ek T e XA g AR 17 .2~ T L ELECE A uéﬁ[z Cu0 &=

2 ke A (cuprite) B B F EARA MY 1.9-2.1 eV[1] o dopt i ¢ i 4 R
Cuz0 v § »xB @ LK+ o £ P\?'Bé':l-?—p mhATHEEG . JZO%mﬁx BT AT
%[3,4] - 4p## (Si) (1.1 eV) -~ GaAs (1.4 eV) ‘:‘i/m—%%“' »CwO o 25 chdrfrf &
Ho BRER-EFE WFEAAHEGTS5,6]eKm > MACROFLTERET T FIHAF
pAETHIEfE B )iaa’l‘éﬁr-hﬂgrﬂ?m + i3 f’t—? M FZhwr kst TITHENEL
il “xéf%‘-ﬁ‘-‘} AL B A I R FEAT R AL Cu0 £ A7 P B L ’W}taﬁ,ﬂ%x%i it
PATE o RS RAEBIBRAET I AR BRES o A2 RA45 CwO ik gie
BAE ’a‘i‘e#&\“ﬂ# ﬂ‘ Hibr BATERT > w T F R 3(1) BB S Bt R4 R
FTHEEH Q) X AHRlEebEAmdy Lot 5 (3) kTt 8 (PEC) K
ARl hkEtE (4) 5 pAlF tFEET R ﬁ zf{“?ig AR o B s 0 AR
Fif CunO A R g AR o (e s REF Ew § o

e TR

Cu0 EIE'E& i’lil\f 1?“"7&-”’%@;?% J”f#”"‘ i 5o 'é/\qﬁ i# CuO & &+ ’Cu}%”*"ff'o}%’
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RBF AL DTG ALRIBAATI R P SR
FAEAEA ER w3 I B («&rlillb'“r'?) (8] H B &t M 5 2.02.1eV> ¥5g
Ak e (FRE A7 £ 22-25eV)[9] o iz— F ¥Rk G 3 600 nm
/ﬁ»—v\» v 8 CupO se B fr xR ¥ B km &L /ﬁ»wv\ b BiF g o CO 5 & ficp Al L oy o

ey rr?'* SRk opAET KRR SR F TG (Vo) afE R X A
fe B G R ET R[] RA SRR TG TR 'é*iﬁs?ll‘é"fﬂ‘ﬂ X e s
BAE[1] e F 2R > CuO FHH BB FF §~0.1-1cm¥ Vs> FRENAF L F 5% >
Brilak RSB A PRI -

EEE G CwO BWr C 52 2 ¢ 354 F 1 4p % (thermal oxidation ) ~
# 4% (sputtering )~ i* £ i it (chemical bath deposition, CBD )~ % 4& ( electrodeposition,
ED) ~ vf % #.f& (spray coating ) ~ "% =5 #/T# (pulsed laser deposition, PLD ) ~ i & &
tpit# (chemical vapor deposition, CVD ) £ =+ & it # (atomic layer deposition, ALD )
#9227 ALD "HEHFIERAZTRE? RPN L0 > THFIFTHUFTERZF ALD
(‘atmospheric-pressure spatial atomic layer deposition, AP-SALD ) *+<260°C %] & 20-80
nm A2 & Cu0- 7 F 88 5 3 E~90 cm?/V-s[l]o iz 3 S EWERZEP A (9 90%
SiEF 0 R 12nm) fo7 @i B (2.08-2.5 eV SEmaiE A ) [1]° Fl& CuO 4440
B o pR2Z T BB TH T AR UE LR KA GRS ELR
B L VT RALE > & F 44 Cu CuO fedp 4 & R R E S A [10,11] -

FHa 7 COHMPEF AN RKIAEE ~HEAFERER > TRIFPEEG
kT HHF T E 20%[3,4]c A HEG AR AR ERP SR E KL LR 5
A F[T7] o i e 1 AR F 4 30 Mk Hadesedp o Blde A 37 (Toshiba) 4% X & 864
Fr CwO EWrP chCuO fr & b Cu e > it Bgis 2 W E¥4p CuO[10,11] - 4
FEWNE TR 2B TRHAA CO F b S BATH Y @ HFF L T 20w
HwmE Rt R -

W 1 CuO & 88 B+ = = ek dr B S HE(8]

B - i 2BMABARAEAE (Cuy0/Si Tandem)

PO RS AP B IATRTE A BS T AR EH FIRERE
FAE (e 2457 ) $H B G 2 TR veF e it (?,%E‘.:Lﬁs:‘,s-] 26-27%) °
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B IRE AR 5 R 30% e F enE B2 (12, 13]c CuOd 3 4.5 2eV 0 mﬂg
Wtk AFRFEEIFPSDTA (LleV) 2BE T ( vRtE@pt £ k3
FIREAE XTSI T LA ML TH[10]- 558 HELA 514 GaAs £ [ILV
Lepad s R ILVHES 28 5 (58 a4~ 50 iy 3 8t ) 140
B [11,12] o ST EVGA T HBABTANRT R P g B e HEHET
PAck Gard S5 T # 20 £ 01 ik #"\[12] AR T o CuOd ¥F Ad ed A
AME T O RARGFIRMA A F oS R BT S I BEIE[10-15]

Light
Short Long
wavelengths | wavelengths

Cu,O

top cell

Si

bottom cell

B 2 Cu:O/Si B 5+ B it & 47 & B[10] -

#EHT LB K AEP CiO FHEBTe =
Je~600nm TR E X F T A A THR TR HFRE 0 fFREEHAE AL L
(600-1100nm ) FEiEF § PR F ¢ B LFHE S FRIAET A FRBE 0 H
FEF o W27 CwO BT H TSP T (40 ITO A AZO) % i % thn
AF tHFET e ko AR p-CuOm-F M H R Fiza - L 5d £ TRET E# 8 4210,
14] o d 22 CupO B it n 3B 58 > H A TR e n 212 HHAF LRz - oo
BRALGREGERRETEEF BT ] F ERRB R LES €KL
B AN TRHRELE[16] - P AR FEER® CiO B R EITHF 7 fi ki
3%;5@%]:11 o
FER AT FLEET CnO/Si ¢ BT # 3 ¥ B8 558 Rpk 0 2021 # & >

W 2 CuO/Si B B = B v &7
2

‘iZE‘_'ﬁ P CROFEWNAHEs | afrtndd84%  sEmBEA&ad  FHR
ERg A it B 25% sk T4 b 0 TR IR 27.4%:nE B > ARE B N TR kbk
26.7%][ 1

0-15] 2022 # > Fif3c* ~ a6 Pl Hp & - CwO T2 %5 &4 1
9.5%[14] » K 45 41 » #4t 9.5% CupO = 2 82 25%% R4 2.8 > § 227 28.5%¢# ¥
F[14] 2023 # &k > K Fie- HH#Cu0 /| T# »F g 1 10.5% > £ 4| 2 br
[12,13,15] o & 3¢ & » B & 22 25.6%% T % 15 0 CuO/Si &6 Bred 7 if 30% =
L[15] 0 iB- 2 F WA teARARE T H B > 4 BITHEEG GaAs T % 129.1%.% &
[17]c £ £ & 08> CupO ML & 2@ 140 [V % > ¥ TP RIEEH > LRFIH
WEE T OIRF T FHE[10-15] -
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B i LEpPiBakE (2R )

“,/TT THAF2eVii e CuwO thg g kiFlds @ HF* L EP < B ficke - CuO
Fo e Akd B R (A RIRETR ) HFokfrif e hp-rEple] w7 @
AT FEOF TR o pfRkehA g EE AR E %R (building integrated

photovoltaics, BIPV) T = » i § § "X ¥ HF R, @ ¥ + » VR30I 7 ~ 8§
Aol I8 g REFITI LT HIFH LRSI TRE AT PRI 2L

B EFER L TRIAR [14,15] -

7

RN RS gl T OBIRA ki
+
B

I AHBRERAfRRUAEL T FEAFELBEROEE ALY > X F
( photoelectrochemical, PEC ) -k 4 f# 2 % il ¥ # * k5 4& (photoanode) % it -k{rk &
# (photoanode) B -k HEET tEIEH (4-® 3 #77m ) [18]

(a) e (b) e (c) e
— «— —_—
cB cB
| o
H*/H, e H*/H, cB HYH A
"" ==& e o - _4\_2 ] hy
1.23V 4 1'2!3\/ 1.23V |
; ;
o ___|__.__9,zr+_29>\ hy Y
0,/H,0 4 0,/H,0
- h* e VB
- ‘ ——
VB VB VB
Photoanode Counter Photocathode Counter Photoanode Photocathode
electrode electrode

W 3 kgTitHF (PEC) kA2 it ¥ 7 LB ~A%HH?* (a) £HiE -~ (b) £KEiE >
Zo(c) kRS KL GE B o & (0) P AT HEER] O NRATVET FIHK
L EA (18] -
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RAEF #3585 P EHbREIBAART BT Y o
CiOd “HF B REALTF BE R F ALFFT AL T BB EFT FELEEK
BiokBRE B (H +e — %H) (ar[i] 4455 ) [19] « sk b » CwpO i F B4
H A AMLS S Bk T ek fz-k S 42 > (solar-to-hydrogen efficiency, STH) ¥ i£
~18%[20] - iz 7 CupO = 5 & w514 chg & kT2 - o

0 © ) N
<80 2 s & .8
Q, 0O 2 & O o B S D 3 -2
= N > 3 = K T g o O = &
3F| O 0 [ .8 073 ¥ 0 3 d 3 9 3
S Sl §¢ 3 3TS = St 520
) To 3 2 = 2 O g,-)T-rs O-|--|-ﬂ' -1§
E4fz TH=333T3 = 3T=xz.3z o
EPER L [T mpuem © >3 ° 323 % 3 0 ® HM w
= L S ] T e D K P O D D O D B e D el comsiigiend 2 T
=] a 21z B Qe O e TR T R 0 &
(&} 0 g > ~ © “S o ©ir N T e A - > .
SSE| "2 e 2 e T LS o= St T I ¢
. - ~ e ¢ I - 1 =
% — | S
2.6 - €
> 0,/H,0 b5
— 2 (@]
2 . o
w -7 Cu-based metal oxides
3
-8
4

SR ALRF P LT EMOR Y TAR  RRET KA EF Bog 4B
BE[19] o

ARa o CupO Arkiz g 1 ek M7 & ! A% HBRIERT > CO 7 5 %
ARFE - EFTAMRE L CuO» FARERZ & Cul2]] H B F A CuO & &
g PRRTEFANTFT IR 0 REPFA g ﬁi:?,\,,. ¢ aE Cutenng it /%?')E' F
B[21,22] ¢ FI » A S RESHCuO KB AL ALY T ?— €1 iv#cs 48T B B
= SRR TR

THRH CwO kg T ok E B KgAK D - P A 2nhE 5 CuO
Fo5 be bR R Ao K [21]0F Lk £ A CwO A - A Fehn Al s § i 45(TiO2)
AR ETHEE LA R e BT A (As (P NiMo & £ % )[21] -
TiO; Wi Ay &3 1 Flid e & rf’i%'*‘ ﬁ’%’ir& ERBEACRO PRAEF -3¢ » ¥R
k4 T3 R BRI[2]] A E BT 0 5 ALZnO (AZO) 2 GaxOs % % firk 12
&5t 0 B R E TiO; 3 71 CuO Joréﬁz_ AL T E TP R L [21] 0 g0t 0 B F R
BRI TRFRTR Glch CoO BT &2 P36~ B p A& n A2 p 2T
Fo AR RT 2[22]c B 1 LK CpO ks fenlia § & g - k7
o B A A mA/om2E < B A mA/om? > R T TR A K st R P L
P [21,22] ¢
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Visible light (J,,,,,= 17 mA cm™?)
35}
30
S
e 25}
[&]
< 20} =
g /
g 15F n-TaN = 110
b o) - n-nGaN  p MAPpl.  N-GaA
- 3
10F 2 p-SiC = 410
5 // nFe0, 5 ﬂ-f K ngaNbO N p (AgCu)GaSe 15
/"/ - H:UFEO p CuBi 01 n- CdTe
e aTReE L 1 1 1 * 1 ! 1 1

3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1. 6 1.4 1.2
Band gap (eV) :

W 5 Bt TieiFkgd it 8 (PEC) kKA fERF » KT ¥ EREE T he FE L
TR RE CBRAEE 1O0sun; B4R A 1.23 Vrpg V@ EE T EB] 0 kL&A 0 Veue
e iE 2T R RI[23] 0 3 Vi i T & (reversible hydrogen electrode, RHE) €%
P EiFAY Y HE Y TR

T 4ot CupO K THREEHF * 5 L o § 7 B4 CuO A KA & 354673
RTRIRT HS5-TmA/em?ik Tk (A 0 Veug '/iT) * 48 TF 74248 10 -] PF[20,21] o
A RIZH G 15 mA/cmP ek fek TR F 2 P ERA TR (4@ 5 Arw ) e Ak CwO
KLt E i frd s LR (40 BiVOs ~ Fe:O; S W 5 #1777 ) 2% 2§ it 4 PEC ~ ¢ (4r
W37 ) F 4 h 2 RfEk ke Bk > CwO s B WiAEs
FREBORFESIFE . FRR R IR AR T EEYF o L2 A o
# CuO & Si T @8 PEC & (fhfEMERclakTim &2 CwO/Si #
Bk iRi PEC £ &m/E )+ Fﬁ%éi.ﬁ%sﬂﬁﬁ%@#ﬂ%m%%“ S & 4Ed ALD i
A CEBERORET R L L RFBI TR E T A RE 210%
STH ~ i &4 100h 1t e * it p R A7 P iho

B*re p3§ MFHFENT LM (BEOL ¥4£)

F L LEpFT ST BN BRI T ER ERT B

( thin-film transistors, TFTS) cBPwininiF ity (WwIGZO) A 2 hp A5
FRAREHE L cCO T3 X R pAleng it H L EMW > L FRpid f TFT cf P i%:E >
FHEEnAF P eL2F I AN BT V5L EH (complementary
metal-oxide-semiconductor, CMOS ) % #.[9,24-31] - 4 "LJJ % d [f] 1 £ W A2 (back end of
line, BEOL) ¢ » %4 A iE T /off p 3l TFT 5+ & ST i & > #4 igh =2 3D 2 3¢
FELR o CuO B & 17 fd 1 — BATF © ¥ K3 400°C 8 B T %l i+ 91 CupO TFT = &
[1,26,27] « CuzO TFT ¥ L % # & AR &= (bottom-gate ) » ¥ . 5 4% (& Si £45/Si0:
GHE) L O ANHRBREBEATE L NHF CwO T 5 RA > B AE R
BT AR[9] o d 3T CwO 5 pAl > TFT AR5 W WMEEE » T RIT F B #
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s 3 1
Q) LT P S IR Y- X

12[9] -
5 #p 3% 0 CuO TFT 84 F .5 107'-10° cm?/V-s> B B T im 1t ( Ion/loff) & 102103
B MOt R & @lﬁi’f n %) IGZO TFT [9]- £ & F1- = & £ CwO fif 3 § »e FE L~

ﬂ‘ﬁf.?—? R ¥ - 3 G R E A AR %-R fol el B rg%%'riﬁ *
O] S iii T HFFENRFEERH rr%‘rl’f’ﬂ,i}‘%l“ o b4 Bae & A & * T
JZWUE f* ALD & £ 12 nm 42 & Cu,0 " & 800°C } FT LS L% TFT 34 %12 0.86
m?/V-s > To/lon #% & B 1.6x1049] = & ¥ 800°C :2 % 7 i * * BEOL » it &7 7 #c 4 &
BEFERCuZH#HERAHT HMER B EDO]-F- 25 AT EEN G 1A KA
TR e blde f CwO & R/ B2 B 51~ 5 & NiOx (PR & » & 645 (F#)
BATALI BIR Y O 3K I9REF TR (R T [28] o 2t 0 e *w;,t R IAriER B
FUEMCRO Y ihAh e R kR LI MATI R E I BREH P RS FY
3 il [28] - 71'?1 B AE M Gaiet CuiO EF 0 & CuO > CuO ik
RiEAe? FrdlE 74 (Vo) a4 2 » & (Gal.56at%) &M Vot tjd 202% ' 1
7.5% ; ¥t TFT dp4%7" b % e @ X fpft ficts (subthreshold swing) 4 12.50 *% %
7.72 V/dec ~ Ton/lor 8 2.74x10%3 2 3 1.22x10%~ 42 -8 45 5 d  0.46 # 3 0.74 cm?/V's >
RET/BRd-806VEwHI-45V: ?ﬁ"lfmfﬁ,‘?l:’i’&gi&«z«lﬁdﬁ()]

LT R U g ’CUzOTFT}’}sb ‘)ﬁﬁw’?“’”*ﬁﬁ;‘°—¢b§x%‘r$%§ﬁéﬁ-ﬁ i
FRAF I AEIA M p A CoOTFT L7 e n 3 IGZO FRBE I/ F HET R
FEPI CO T2 HP T F A (F44[29]° & ﬂ%ﬁ-ﬁzé« > ’CuzOTFT”ﬁ ¥
BEYENCMOS 8k » 23 8 H-F%R & 3D T8 - 2 F W24 145 & BEOL
BR(<400°C) 2253422 LEEPRTHNRRERAKY R - RA » P
CuwO TFT fE#ER * 3 £ IE r’ri";v'lﬂo‘gﬁ} Fier - RPEFERE > FHEZRFIT R
r_s (Q'I“L '/Ji) ?ﬁ? B AR Sﬁﬁi i‘gm/’bﬁﬁ"ﬁ:ﬁ’f (41‘"¢m-?3/p i /wﬁ L\ UV &
"\') ME A ERF o pA COTFT 3 FEE R - Fac o5 > 2§ L FEWTR

TR IR AR Af‘i«FT CRBIEFEREEXE Y o

-

T RBa R

A-RABF L LIEN L4 (CO) = ERD :? B RS o hdit
r%sbf@’# ¢ ,Cuzomrssbrﬁ PSP R R LR ME S PEETEE o ¢ biT 30%
EEE gﬁ;@"&ﬁ‘ﬂﬁégﬁﬁaaﬁ B XER CwO e sk ]J‘btai% P NSRRI SR
B R Aty G o T EERUE 26 0 CwO 2chin d =8 3 j\rg,'_m
F o BRLRAFCFEERLN &L TR A LT 548 CwO 73
PATFTHHME T § PHFLEM TR nd] gl 2FREPEF 3D KL hT

s

BEAXR ' COHEMWEA v F* Do iRt PR gL HPEETFTE- HRD > &
[ERR I AT B??«&mp WIS B NP B F I AR TR o TP
i o 5

W GBIt 155 PRI o 245 32d 4p 5 - B FEH b B4 > CuO


https://tact.org.tw/

C R e |

RO T FATE D F et

& d

i

TE AP R EL O
CERER TRARECFATE B > FRRAAFET I AEFES KT

4 o

FREARPLEIBA TS  FES A2 AT

34

[1]

(2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

Sekkat, A. et al., “Open-air Printing of Cu20 Thin Films with High Hole Mobility
for Semitransparent Solar Harvesters,” Commun. Mater., 2, 78 (2021)

Grondahl, L. O., “ Unidirectional Current Carrying Device,” US1640335A (1927).
https://worldwide.espacenet.com/patent/search/family/021694422 /publication/US16
40335A?q=pn%3DUS1640335A

Meyer, B. K. et al., “Chapter Six—the Physics of Copper Oxide (Cu20),” Semicond.
Semimetals, 88, 201-226 (2013)

Olsen, L. C., et al., “Experimental and Theoretical Studies of Cu20 Solar Cells,” Sol.
Cells, 7, 247-279 (1982)

RENSE, BB, “— i E MO E & 1fi Cu20 [ 5= 57 45 K FH gE =t
CN109309136B (2018) https://patents.google.com/patent/CN109309136B/zh

Chen, S. , et al., “A Review of Cu20 Solar Cell,” J. Renewable Sustainable Energy,
15, 062701 (2023)

Liu, Y. et al., “Solution-Processed High-Quality Cu2O Thin Films as Hole Transport
Layers for Cu20/Si Heterojunction Solar Cells,” Solar RRL, 3, 1800272 (2019)
Copper (1) Oxide — Cu20 Crystal Structure https://www.chemtube3d.com/ss-cu2o/

Bae, H. et al., “Ultrathin transparent Copper(I) Oxide Films Grown by Plasma-
enhanced Atomic Layer Deposition for Back-end-of-line p-Type Transistors,” Nano
Ex., 2, 020023 (2021)

Toshiba’s Transparent Cu20 Tandem Solar Top Cell Achieves 8.4% Efficiency -A
boost to development of no-plug charging EVs and transition to renewable energy-
22 December, 2021 Toshiba Corporation
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-
02.html#:~:text=the%20typical %20PCE%200f%20stand,silicon%20solar%20cells%
20was%2022



https://tact.org.tw/
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://worldwide.espacenet.com/patent/search/family/021694422/publication/US1640335A?q=pn%3DUS1640335A
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://patents.google.com/patent/CN109309136B/zh
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.chemtube3d.com/ss-cu2o/
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022
https://www.global.toshiba/ww/technology/corporate/rdc/rd/topics/21/2112-02.html#:~:text=the%20typical%20PCE%20of%20stand,silicon%20solar%20cells%20was%2022

s 11 T.4A. C 1.

BRECHFATE FATHALRIBNET IR Y i
[11] Shibasaki, S. et al., “Highly Transparent Cu20 Absorbing Layer for Thin Film

Solar Cells, Appl. Phys. Lett., 119, 242102 (2021)
[12] Wada, A., “Toward Carbon Neutrality: Development of high-efficiency Cu20O/Si

tandem solar cell,” in The 70th Japan Society of Applied Physics Spring Meeting
2023  Highlighted  Presentations  Press  Release, April 18, 2023
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf

[13] Yoshio, S. et al., “Thermal Stability of Cuprous Oxide Top Cells for High-Efficiency
Cu20/Si Tandem Solar Cells,” in 2024 IEEE 52nd Photovoltaic Specialist
Conference  (PVSC), Seattle, WA, USA, 2024, pp. 0149-0151,
doi:10.1109/PVSC57443.2024.10749024

[14] Toshiba Asia Pacific, Press Release: “Toshiba Boosts Transparent Cu20 Tandem
Solar Cell to a New High” (27 Sep 2022) https://asia.toshiba.com/press-

release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/

[15] High Efficiency Cu20 Tandem Solar Cell System that Contributes to Carbon

Neutrality https://www.global.toshiba/ww/sustainability/corporate/related-

information/case/e03.html#:~:text=With%20this%20transparent%20Cu ,Developme
nt%20Center%20and%20Toshiba%20Energy

[16] Yang, Y. et al., “Cu20/CuO Bilayered Composite as a High-Efficiency Photocathode
for Photoelectrochemical Hydrogen Evolution Reaction,” Sci. Rep., 6, 35158 (2016)

[17] Green, M. A. et al., “Solar cell efficiency tables (Version 64),” Prog Photovolt Res
Appl., 32, 425-441(2024)

[18] Hisatomi, T. et al., “Recent Advances in Semiconductors for Photocatalytic and
Photoelectrochemical Water Splitting,” Chem. Soc. Rev., 43, 7520-7535 (2014)

[19] Li, C. et al, “Earth-Abundant Cu-Based Metal Oxide Photocathodes for
Photoelectrochemical Water Splitting,” Energy Environ. Sci., 13, 3269-3306 (2020)

[20] Chen, S. et al., “Recent Progress and Perspectives on Sb2 Bagal, I. V. et al., “Cu20
as an Emerging Photocathode for Solar Water Splitting - A Status Review,” Int. J.
Hydrogen Energ., 44, 21351-21378 (2019)

[21] Jang, Y. J. et al., “Photoelectrochemical Water Splitting with p-Type Metal Oxide
Semiconductor Photocathode,” ChemSusChem., 12, 1835-1845, (2019)


https://tact.org.tw/
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://www.jsap.or.jp/docs/pressrelease/JSAP-2023spring-chumoku-14-en.pdf
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://asia.toshiba.com/press-release/english/toshiba-boosts-transparent-cu2o-tandem-solar-cell-to-a-new-high/
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy
https://www.global.toshiba/ww/sustainability/corporate/related-information/case/e03.html#:~:text=With%20this%20transparent%20Cu_,Development%20Center%20and%20Toshiba%20Energy

s 11 T.4A. C 1.

REFCFATE FRETHEARIBRAT IR Y i
[22] Lu, H. et al., “Advances in Cu20-based Photocathodes for Photoelectrochemical
Water Splitting,” Acta Phys. -Chim. Sin., 40, 2304035 (2024)

[23] Se3-based Photocathodes for Solar Hydrogen Production via Photoelectrochemical
Water Splitting, J. Energy Chem. 67, 508-523 (2022)

[24] Lee, J. H. et al., “Cu20 p-type Thin-Film Transistors with Enhanced Switching
Characteristics for CMOS Logic Circuit by Controlling Deposition Condition and
Annealing in the N2 Atmosphere,” ACS Appl. Electron. Mater., 5, 1123-1130 (2023)

[25] Han, S., "Cu20 Thin Films for P-type Metal Oxide Thin Film Transistors," Ph.D.
dissertation, University of Cambridge (2018)

[26] Kuo, C.Y. et al., “Development of High on/off Current Ratio in p-type Copper Oxide
Thin-film Transistors with a Back-end-of-line Compatible Process, J. Vac. Sci.
Technol. A, 42, 053412 (2024)

[27] Fortunato, E. et al., “Thin-film Transistors Based on p-type Cu20 Thin Films
Produced at Room Temperature,” Appl. Phys. Lett., 96, 192102 (2010)

[28] Chang, H. et al., “Back-Channel Defect Termination by Sulfur for p-Channel Cu20
Thin-Film Transistors,” ACS Appl. Mater. Interfaces, 12, 51581-51588 (2020)

[29] Jo,J., "Investigation of p-type Oxide Semiconductor Thin Film Transistors for
Complementary Metal Oxide Semiconductor Technologies," Ph.D. dissertation,
University of Michigan (2023)

[30] Bae, J. H. et al., “Gallium Doping Effects for Improving Switching Performance of
p-Type Copper(I) Oxide Thin-Film Transistors,” ACS Appl. Mater. Interfaces, 12,
38350-38356 (2020)

[31] Meyer, B. K. et al., “Binary Copper Oxide Semiconductors: From Materials towards
Devices,” Phys. Status Solidi B, 249, 1487-1509 (2012)


https://tact.org.tw/

BH A BT TA C T .

SRMIEE S EEAT E R

P

SRR LSS R Y
*E-mail : yichengchen@ntnu.edu.tw

B2

bt L AF 278 (Heusler) i* £ 4 CooMnGa £ & W7 H L &% p de i F it
THRHEREE G BRSBTS R E < B ¥ B B(AHE)S £ ¥ i #1
FHR(ANE) > pr gt 5B RRENHCE S B & 2 RN
A EXFRT FD L2 B AFREBEABAPER FIF 0 A2 I EEE
BRY¥HIp# @ ﬁs?liff"r']“} R 1R AV M ARG T a0 3P 45 2L A 278 (Heusler)
MNEFHAR R REFT I FATRNATTIERE S 6 hE A S o

A #r#s (v £ F (Heusler compound)# % » 1906 & d Fritz Heusler & 2 % 3 > ©# 2
A CupMnAl i 247 > g2 S BRI & FUBEE~ % > HIr: DB
e o BeE (S 0 B 03 B E X GRS R R0 ARTE SHEbEE > 20 28
TR AR IEIR G 0 Bt > Heusler Bipd w BAp3 ”“#@E.’rﬁr}» w2 Bk e L, A
=g e L2, ‘—é—ﬁi_ Hoidor' 50 XoYZ (S ] 1 #rer el BovXCEE Y, sieg 3 03d B
£~ 2°7Z P55 IMIA &2 VA 53t 5 )&;,fz‘;m}%:+;}% |3 A5l ehp e
BLER TR 5 T MBI b SR TR e A RS ER BT

H X,YZ Heusler compounds [He|
2.20
Be S C[N|O|F|Ne

0.98 1242.5513.04]13.44]13.98
Na| \[: A P|S|CIAr
0.93 SRR 2.19]2.58| 3.16
K |Ca e Co cole ) U Se|Br|Kr
0.82{1.00, 6 416 66 8 88 1.9 90 1.65 |81 2101 :12.55|2.96|3.00
Rb| Sr b Mofi[d Ru Rh Pd Ag Cd In 'Sh 'Sb RCIRERC
0.82]0.95 60 5] 1.90 0 8 0 9 69 8 96 1512.10]2.66] 2.60
Cs|Ba Ta Re|Os SW-\IHg| Tl | 2} :[]| Po| At|Rn
0.79{0.89 ] 1.50 R 1.90| 2.20 PRNPERPRN] 1 90| 1. 80[FETEREN] 2.00| 2.20
Fr|Ra
0.70/0.90

a d |3 Eu O D U O D

0 1.13] 1.20] 0 0 0

Ac|Th|Pa| U [Np|PulAm{Cm|Bk| Cf| Es[Fm|Md|No| Lr X,YZ

1.10]1.30] 1.50] 1.70] 1.30 1.28] 1.13| 1.28| 1.30] 1.30] 1.30| 1.30} 1.30] 1.30] 1.30|

Bl I PSEA 2P LA Rd B N7 b nphprd it &l


https://tact.org.tw/

SH A 311 TA C T .

G LR ki ks K AR R BRI e Sl X e SRR I e
EXERUAMB I LS A BER AT F G %wﬁw¢#m1$@wﬂ%d
% &2 372 2 (Density Functional Theory, DFT) EEIRR o Ra R % CFRLET
Begdp (dr L2188 Cly) &5 8l Fot > 2 F5 B HHEFRA L & AT
e LR G sxvs o L Galanakis % % ehm kst 845 1P § Co.MnGa £
Co:MnAl i st® 24 & B (disorder) R pr> X £ FP R L 54 AR 72 e
B &R L §RELRY pen s Y. Otani ¥ Aﬁ'ﬁé}?‘f-“%m’g% PR e
# CooMnGa Fo > HafrRg el R ¥ ERE RIS YR>3 L B2 7 A B2
4p (amorphous) 2. Co-MnGa & %= > i%lgﬁlﬂi"%ﬁﬁ  ARBTEL (L L enpe @ e L
??1?ﬁ%%ﬁmﬁ’%7i%ﬂﬂ§¢}?ﬁié*ﬁl»ﬂ€Ww¢m§»1Uz%ﬁgﬁmug
P aday - 7738 A CooMnGa/Al i 3¢ > 1. Galanakis % 4 £ 7 k32~
%277 Fwen$ 3 i % A& (Density of States, DOS) 2+ 5Pl 4 2 ek ™ >
CooMnGa/Al #& w5 RR L £ B R F K R b= AN B2 Cr 7 HE

e p ¥ I (minority gap) SO R 0 @& F ’} L ERTARY v R RER K
B 7K A RE L RAT U Bop s F e '\»55 ?%F}giﬁ%{ pLek s e A F v
RSB S 2% B H ARSI F (e - HEFTHL LR

WHSBIRr g TR FQ@J Wi~ 4Eid & Czochralski 2 % = 3% o
MEFEE G £ AT ﬁ%‘*f#mﬁf s F1 L L2 L EF 4 Co-Mn-Ni %2 Cu
ARRTEL L L AR AT A B %s SRR ST F 4 %W\le R
%“4’ el A KRR EE R BAE LN OB MB L LR Al R T LR

IR o TP T o o R ARATE S G S E AR - 5
iﬁﬂ%”“@’ﬁ%&ﬁbﬁﬁ%@ﬁ?ﬁﬂﬂ§wﬁﬁﬁiﬁﬂghw%’ﬁﬁﬁ
WAt R B 0 F U E e (XYZ) B EESONH O FIP B AR REE LR
FRERS A RAX G & PEE %m“ﬁﬁhﬁ’énWLh&,%wﬁﬁﬁ
(co-sputtering ) i {7 @ = 5 A i /é s pb 3 kg d £ B & (confocal) 3V iR4E
FHOREZRB2OERERXY rZ) LV BEAFEEH OIS S
ﬁﬂ%¢m£$”w£%§’@—ﬁﬁ4§¢9%{ﬁ&§mﬁ’w4,;&L§¢a
HiFF AL ARINFE O REFEAPFEIRBRATIN- BFF BRI R
FREZER Bl BRBETIHE -

AR ARBEI L S F (TS - ﬁéﬁl % @; {5 gz 442 (half-metallic ferromagnet,
HMF)  tf %53 224823 FA=314 > & 1983 # > Kubler % < 4% = & 12,

é—’f#mﬁ?%ﬁ'ﬁﬁlﬁi v &3 ¥ %?IE“ ERH HmETE Jfﬂ 415 & CooMnAl £ CoMnSn
5 fp % b iv ¥ (spin-upband) 0% + A % & (density of states, DOS) # p At PR

TEF 3@ p e T it d (spin-down band) 7 DOS P & ‘——F‘ F AT 24
FRABRN DS OT BEILT - A0 ERRR L H Tgﬁ%ng%&_

B RHRFEE G BE gL & )ftl, M %:‘r » AL TE R B 4)3 r? ] R T (high spin
polarization ) ~ B & 2 ;8 B ( Curietemperature » < *> 700K )> ¥ H L& % #&e2 ¥ L 1I-


https://tact.org.tw/

SH A 311 TA C T .

SABIEELETHUR AR

VX ERME R TR OBARLIEE B TRET féﬁf—’ B*t ERE (GMR) %% ~
5 %aEs (MTJs) > M2 TS FRp 3 » T X EMABET &AL - 12 CooMnGa
EG e T o T ﬁkﬁ}%%ﬁ*ﬁ%ﬁ’ o 4 BT AL Fm3m( % % %% 225)°Co,MnGa
EF e BApI TG w23 (feo) K ANEFE®F B Co R+ ~Mn h+ &
Ga 3 » 25 XpYZ é—f? »#2¢ > Co R+ ibdg Wyckoff =% 8c (1/4,1/4,1/4) >
Mn 2 Ga R+ & %23 42(0,0,0) &2 4b (1/2,1/2,1/2) =% > AmigE k> B3 3¢
et *fﬁ_mﬁ“éi}?ﬂlrf* CEeHpFIEE AR ¥ ERE R (AHE) @ Zfﬁw#?‘lﬂ’“ s LB
Beihinsihp st 22 B 4 Weyl & nodal lines “rf frcn#§ £ 2 & (Berry
curvature) ° 3 £3t4ri® ¥ CooMnGa &8f 32w+ B R chdp g 5 7 Z@;’*’ ZEhl =
~ % > Markouetal % s & 7 - 47 ® rr%‘rrﬂf}p £ CooMnGa &% ¥ E ~ #5524

TEAMARYE REIALHELTART F{ER IRERAITELG AR
Boeh 121 BAE(H 2a-b) BB Bt B ¢ RGE R AT S f e d
(tetragonal distortion) » @ 5 % p|AR1T> 12 18 = = a“a o bET B> 0 BA S 80nm
EE IR B 1138 S/em ehE F BE G % (anomalous Hall conductivity, AHC )
(Bl 2c)2 13% nE~ R ¥ ER & (anomalous Hall angle, AHA ) (B] 2d) > s &% 2 % -
BREFEF RS> L %EFE AHE A £R>MHE & £ 59 F %4 (intrinsic mechanism)
R o YEEEE R B 0 RIETS (s1de-jump scattering ) % “F {48 4] e P 3R JbrEE
F A LET CooMnGa B B RALT 07 k3 e T+ S TamRE 2 '?ifﬁs?ﬁf*f
M 5 F e 7 nodal line &2 Weylf‘%%ﬁ T N FEA TR RET LR OE
AR S oo

s

Intensity (arb. unit)

/nm
60 nm Co,MnGa
Un
A20nm _/ \| / \

30 40 50 60 70
20 (deg)

(1}
Q.

1.2 ' ~---DFT ()
—— 80 nm

—=&— 60 nm
40 nm
—— 20 nm

a,, (10° S/cm)
o

o ’
o0
'
'
i
/
/ ;
)
'
2 X s
'
'
L '
all %
[
o0 (=

—o— 80 nm \

—&— 60 nm

40 nm

0.6 ——20 nm_ . _

0 100 200 300 0 100 200 300
T (K) T (K)

Hall angle (%)
: S

Bl2a. * FA&AE (20-80nm) CooMnGa & "4 XRD X542 % » N B 2 (113 }i‘,‘ﬁa-
YebtE 5 WP H G R F} b. CooMnGa #F"2 &6 3 3 HFH TEN T F Bilcs
(HRSTEM ) & ,g,\ FEERT > EE (SAED)H ¢ Fd 7w ﬂ(CoZMnGa Hrital)


https://tact.org.tw/

SH A 311 TA C T .

#1047 F(MgO 4548E) () # &R CooMnGa & Wehg B iz 2R £7 (&
FERMLY-PREFSEIRYEINFETLE y PEEEER)A P RER
CooMnGa et 8 T enB ¥ Bf & o D

BT BHEE B F BRI > CooMnGa 7t R AR F h R i At
#»c & (Anomalous Nernst Effect, ANE) - Reichlovaetal ] %* & & p 22 418 £ 3+ (on-
chip thermometry ) #FE 2 “E A ¥ A > Bl 3a @ ¥ F 3 EF # (Hallbar) $ 58 %5
RIS DG PR T HE CoMnGa Hi# > % % RIS 5434 % CoMnGa
SARBTAFE  BEETa PS4 fRERE VI TN LE ST o i B ¥
ETEHTR (Vae) - s T BT ER4-B 3b i2a & &P CoMnGa & ¥
ANE % %c( 3c-e)» 82 %% #44. CoFeB @71 (B 30 % k7 EAR 5 50
nm = CooMnGa #F* A %8 (300K) TEHRN F:E 2 uV/K e ANE & > &% 38

L 3d BiE & EY ( ¥ 1pV/K B ) ARa o F EA% T 10nm B i
%ﬁﬁa@ﬁ wARApIT H ANE MEF T ) 2587 CooMnGa ® ¢ ANE £ 7 7}53:@
ST R 0 T A E‘*f % W 45t (skew scattering) ~ RIBt8412 B Berry o
FERFLEREY > T CoMnGa JEHende fog it 55 & 9 700 kA/m 16“'?
B4 g ¢ ANE 2 (2 pV/K) » &E—'r MH A B rep AT AR (spin-caloritronic devices )
¢oagnged o pth s B3k ANE ¥ Z&?Ebﬁiéﬁ’fr@ﬁ&g}i%\ﬁ VSRR, e R s B
SR - BELEZ P ARHRDIIT T [PM L EBMTHEL T BT D

‘;ﬁd% o
| E%

50.0 K 0.4 1
100.0 K o
200.0K 0.2{ X X¥5
290.0 K

Ry, nm Co,MnGa
= Eig P
My 3 .
\P‘k&.‘_\‘u -0.2
= % -0.4
50 nm Co;MnGa
0

Brassblock MgO (100)  pjastic block

d

25 0 2
e HoH (T)

50.0 K

100.0K
200.0K |7
290.0K

Y

P e

-0.4{ CoFes

Bl3a ~Erlad b mEXEan LB (LT 08 H) Ve R L2
B d R:c.50nm & CooMnGa &#--~d.10nm & CoMnGa & %> 11 %2 e %
%4 $% & CoFeB [®


https://tact.org.tw/

SH A 311 TA C T .

FE K AR ESEE (0T) 2v N 7R %E g R B5i s roan B J
MAFEFFLEIFTERET S ZHPF T 93k3 > CooMnGa T4 - fafda B Rl 5 #
THEEOL ERBEE I EH AL AR RBEI M B RRTTER YT G

A Sk R Z%’k};mffi PR RBERAARTARE AL TR 2 LR
F R 'f“*ff’ﬁﬁ Bk v A B ¥ M e 2 & 2 4F (muscovite) & & CooMnGa ¥ 2 E 5
U1 Fm 5 4n 2 CooMnGa 7 0 3w 3 B4 £ 22 A b (Blda) 2 2 23 5
H Eamﬂp ¥ e foraE (9 3.93 uB/fu.) (Bl4b)2 E B ¥ 2R HT F (680 Q!
cm') (] 4c) > o S ARBTES (L A‘%.‘rx’ﬂ@ﬁiéiﬁ%ﬁi@ A% fe i SR R 0 fR T

~ & R BT (B 4d-e)> 5 d e R W fruﬂ&ﬁ % 34T O BES 9 L 4.05
uB/fu. ah—t:irfféi iR mﬁz#ﬁ; WP R A L AZAAET UET M AT

RlzFY 0 BROET AR amﬁﬁﬁ‘%ﬁﬁ Pl ;;f:“’f MR AR TR (R 4D 22 AF LA
S 8 R RER AR DTG BT 5

a b (=
800 g e —_ - s00 1
ok - g
P B e .,r"‘ o _/ 600 ,
S 400 w00F = ¥
é 200 200 /
g 200 -
= I < 200
T 400 ] =
& i 400 P
I8 so
= s -l—-—-----""/‘."éﬁ - ‘ 600 o
=600 400 -200 0 200 400 600 800
Magnetic field (O¢) ~40000 =20000 o 20000 40000
Magnetic Field (Oe)
d e f
0.020
12 10 0018
! — 08 0.016 E
— = F 0014 c
— S 06 £ o012 longitudinal o
— £ 5 2
CoL 8 04 _) ﬂ 010 ) _’:
. g 2
2 02 § o003 z
z z 2 0,006 A
2 o0 & 0.004 x|
02 0.002 -
. 0.000
w0 790 800 w10 630 640 650 660 670 20000 -10000 0 10000 20000
Photon energy (eV) Photon energy (eV) Magnetic field (Oe)

7 #% CoMnGa B 5 f #1f a. 7 #CoMnGa/Z* 7 L Hb. # FEA TH £
e *FREATHREETF d Co o XAS-XMCD = fc % 3# e Mn
XAS-XMCD ek f, T3 fefi 12 63 b §d LT (&2 h $ 0\ 25 0§y
DI RS AL R ALY L S0

GAMLH L TR L BB R AR T R EERNF
BV¥ERFER T %E%‘mﬂ"#ﬁ%% 0 ATAX B 5 3d WA & B e L] B
M EZE R EE T ERTHEAEY e * B4 0 Ra o MBS R
fed it B3 BB RL rr?fry BRI BEE REERARILOE AL T

fe
7 %42 CoMnGa E'z s A BB h+3 B F%72 $EFd Hy b 2d
(Berry curvature)i $0E < £ 4 B 2B (AHE)E £ ¥ i 2745 (ANE) » 2 igudt g5
BEERDE DN FEA AT - HR R ERE T B L AR


https://tact.org.tw/

SH A 311 TA C T .

BEHPEf ERT R e N BT RE LA REFRAH ¥ o ,;gg 51 7 3l g
ZAAFXHEE T CoMnGa Fgfh LA T 5o kG g afoRes f ¥
Focf X ar R TAPFRIOBTHEN B0 AMB S5 0T BN

R HHTEE RS

\

P
W

(ﬁ

340

[1] T. Graf, C. Felser, S. S. Parkin, Progress in solid state chemistry 2011, 39, 1.

[2] K. Ozdogan, E. Sasioglu, B. Aktas, I. Galanakis, Physical Review B—Condensed Matter
and Materials Physics 2006, 74, 172412.

[3] Z.Zhu, T. Higo, S. Nakatsuji, Y. Otani, AIP Advances 2020, 10.

[4] J. Kiibler, A. William, C. Sommers, Physical Review B 1983, 28, 1745.

[5] A. Markou, D. Kriegner, J. Gayles, L. Zhang, Y.-C. Chen, B. Ernst, Y.-H. Lai, W.
Schnelle, Y.-H. Chu, Y. Sun, Physical Review B 2019, 100, 054422.

[6] H. Reichlova, R. Schlitz, S. Beckert, P. Swekis, A. Markou, Y.-C. Chen, D. Kriegner, S.
Fabretti, G. Hyeon Park, A. Niemann, Applied Physics Letters 2018, 113.

[7] Y.-C.Chen, M. Yen, Y.-H. Lai, A. Markou, L. Zhang, Y.-Y. Chin, H.-J. Lin, C.-T. Chen,
C. Felser, Y.-H. Chu, ACS Applied Materials & Interfaces 2019, 11, 35162.


https://tact.org.tw/

ICMCTF 2025 %4 (24 % IT.A. C .T.
—

LSRN ENCEY- ST SR ST P

e & AETCE E IR € 2k (International Conference on Metallurgical Coatings and
Thin Films, ICMCTF)&_d % & 4c " + 5 ;% 4,85 4~ & (University of California, Los
Angels, UCLA) FBunsha &% — 4 -~ w EFA= iz 5 ¢ F RS F & 5 8 5 2F-
Phms>#+d 2RLE-FBIA %*ﬁ»ﬁfmﬁ]"%‘ €3k & FE N EOAR R B
EL R - 0 AEREFERE ZH ¢ (American Vacuum Society, AVS)iL i £
& 1 4% %2 (Advanced Surface Engineering Division, ASED)#t1 7% 3 & & B9 X §
MARR EOE AR R € o

%515 ﬁﬁ] ERYE € 3k (ICMCTF 2025) *t2024#5% 11p 216P &
Z W4V F e 7 #Town & Country Resort# 7 o ICMCTFE_& % ~ 485 ~ &2 L g &
BB ATRREER g A EPF RO B F LRl R
feF 2 jn o ICMCTF 2025 ¢ 3% 3 2 A 55 BApM i ~ fiefop® 5 p 4 -
< gu TAZE AT LAY 0 R F10 A K LT e AR B R
e d o Rk REFAUKA NS SHBRETO 1Y SRRRRE N L8R
SR e R R PRRIE B 2R S BT SN A el RE X 5
HYFE

i
!

L
s

i F,*? S AP S/1088 B 453k En CI245T8 30 v IS 3-8 - Y £ WPF R 5/10
B D2 RS AR IRTE L R 21?%‘,5‘%&*' W AT TR
ICMCTF ¢ 3% sz 4gig (7 5 0 5/117 £t 4 ¢ #y# 8.Town & Country resortsg 3
el iﬁ T B R PR L S/12% #p - T £2:00~2:20 0 € 3k 4 7E 2 3E 5 TS1-
2-MoA Coatings for Batteries and Hydrogen Applications II » 5 iE5p 74523t € >
EN A W ERPFRES/16P F R I128104 $ 3k FHCI2345TE v S8 > @ 305/17p
F X



https://tact.org.tw/

ICMCTF 2025 %4c s 7 4 % IT-A- C :To
e

gki1AY 1y -%P TAEE 4P M 15 TSI MoA Coatings for Batteries and
Hydrogen Applications » 5 £ { ¥ A~ gk~ M 148> ~ 4L 4§31 & 2205
M A1 RIE P o ¢ R P HPlenary Lectured X g ** % FPrinceton University
eriKelsey Hatzell#c#2 % % » 2 4% = Past, Present and Future of All Solid State Batteries-
Challenges and Opportunities ° ;Fz? 1 $ALT # 08 B ALY B L8 7 %38 o
i s 3 THEOMER 22 RAETFIRER Fod T EFEY AL
i 0 AR 18 Kelsey Hatzellir & ¥t 2 Hi § CH 3T 2 F 2 #3 L » 3
LLZOH # Mg e & T3 o fRIg & -

ﬂxfkg;—qr,&f&\z\ Qg;;ﬂﬁ g J}-Qr?;‘;?iaﬁjﬁ: WL HAP T R%E
AP R ITREAT RS ZEEYA 2B DBFR B SRR R A
[ s wwgaﬁ%ﬁﬁﬁﬁ’%%ﬁﬁﬁg%iﬁﬁﬁﬁ&ﬁ% mE g

ICMCTF 2025 4

Sist ll\t!rnatnnnal Conference on Metallurgical Coatings & Thin Films
May 11-15, 2025 1 San Diego, CA 1 #ICHCTF2025



https://tact.org.tw/

ICMCTF 2025 %4 (24 % II-'_.A. C .T.
—

D EFAT (RS A S P51 AR R L)

ERA A TN P 12 MY EFIBERF EEHR
B f4v D e £ 4R E R % € ik (International Conference on Metallurgical
Coatings and Thin Films, ICMCTF) o ¢* ¢ 3% 5 # W E 7 & ¢ (American Vacuum
Society, AVS)ék i€ & 6 1 4% % (Advanced Surface Engineering Division, ASED)#7 L
R0 5 R m BHNE PR AR o [ R E &R TR s E RFESINE R 0 B
Wi e R ELERL S o %’ﬁf’ e /i{’ﬁi"s—?fiii]‘% gR i LEfIEFE
ARG A AT AE0EPY S 0 p D PSR AICMCTFE e sd = ik
P -2y o S AICMCTF: @ » %7 - - & » 32025857 11p 216P &% W4
W EF 7 F Town & Country Resort# {7 o T~ w & 4N H ¢ R it 3 85 £
s EERMFECHE

£ #ICMCTF 2025 ¢ :2m~ % 2 28 :397F » 2 ¢ 388k & /a3% 4 » 3095
ATEREL D RP o B F AR RET - A2 - T AR ABETE LS AR
B » B E B o R R A B 54584 0 H P ok p S gEF A
B N AL (IR A BREISY% > T A RE RO A > 5 ICMCTF
2025- + S W& € X ey - < Wil BATIR R R FIRARH U F
BL EEHRIT REHYFANE B E A BRI T30% 0 0 RS E L B
R T AFa R SkE A Tump R E A4 E BT RORE T M 0 - 5 F R
R RS FH e B 3F S E&]wg"'z”] FELERBPN By T g 4
ke F -G EREEN R REFTEL AR AT E LA AR P g
RPN TEFE B EE -



https://tact.org.tw/

DRSS PEREFL TAE F TR FE TR BT T

AERGRLIML AR - R A4 0 ICMCTF § 3R 7 £ 3 fhhd o
SR o S EG B blds v 4R R R T R A 4T O 0 F Y R AL
AT RHR R B SR B BOTHEIA - £ & RN R
Linkoping University :71Johanna Rosen 3 4% 4 = » ;& 42 1 /# ¢ ¥ K Manchester
Metropolitan University :Peter Kelly##2# = o B 3~ € 4 % % 38 /7 ;4 Plenary
Lectured # | Princeton University=iiKelsey Hatzell #t#23F 2 B 3% B iy 44l v 45 4154
PR > MR Ao FHENDAPTRIT ¢ TFTENT T HEEERAEH 0 K
@8 ﬁw*g\lﬁ&aawﬁﬂm@ﬁ»ﬁoﬁfﬁﬁﬁﬁ%%ﬁ%fﬁ%

el ey R A Eiiﬁpﬁﬁ%’y?i%ﬁﬁ%%@ﬁﬁﬁﬁ&i%&
k?ﬁ‘?vg‘_;]_gﬁigﬂ £ A= %m,u,f?,),%z;fg’,'_o5‘4%,@;9@?,#7} rrn%\

% ®WOerlikon Metco = # Kevin Kaufmannt 2 4 5 3% 2 @ chit s fic g 5 4 47 ¢ 9
EBSDH#F » -4t % & - fE4p 1T 2 4 fe ‘%f?— FUERBEFREEYZ K
HAFFe AT SR DA c B HRY AR TR I REF e 27 B4
5.1t o BB lEav iy o MR BIER o RARS ST E G e



https://tact.org.tw/

W

ICMCTF LM

I TvoC :To

=~ ¢ % = % 9%t Bunshah Awardsg % v £ ~ 5 # %

Fo AP RIRA DTSR R c FRFACRE > CEEFX I HM4E
it W EARN AT RELESTEFLS Rl B
ICMCTF& & ig » 13 Lk ¢ —jf—:'?—"ﬁ ER s E Y MTREIFLHERL K
gt AR A R A o IR U g SR T Ao 3 PR e0dp B GRAE 0
ﬁﬁzéiiﬁrﬁzé T BARRBE 2 o

1 2% fx eludvik Martinu$k

W= ~ 23 5ICMCTF4r & 5Lig > 12 Sk d

%J’f &5 87 el 2 " Rt R J;;Aharon
Inspektor, Ivan Petrov, Michael Stiiber, Lars Hultman, JochenM Schneider, & £ % % >

IR AFLAPEFRE > BE FAAPAELBEA TR ERE

S ERE AFE e RRade BT 0 B3 ZICMCTF 2026-2028 # e #2457 3¢

¢ Protective and High-temperature Coatings MA3: Hard and Nanostructured Coatings—+
RAZIL R 2. — o DA E xR BN LG PR B2 T £

g AERI X BERFBICMCTF 2026 #FREL A gL B P EEZRH VT
RV



https://tact.org.tw/

ML R gl EAR wmBEIte (R faed f WPy i)
TAGEFTA) AFR(F2FEAFHPFFIRT I) ~REI (R x#
AEMPPEZ I ) B HC RAFEFIEE O FRTTRE2FES
318 PE o)

7%
& M 45 Bl FA B i & (TACT, Taiwan Association for Coatings and Thin Films

Technology)
EFR IZHBRERBEHE AL ELAZREHHREARTRILEA ‘

HER  RAGHE AL ELARKREHHRATRIEAR
4k 300092%7 4% 7 AP B B AR N #2085

$8ak - www.tact.org.tw/

&3 © (02)2771-2171#1412

N {45 * tact.secretary@gmail.com




	投影片 1
	投影片 2: 理事長的話
	投影片 3: 最新消息
	投影片 4
	投影片 5: 活動報導
	投影片 6: 活動報導
	投影片 7: 鍍膜技術分享I
	投影片 8: 鍍膜技術分享I
	投影片 9: 鍍膜技術分享I
	投影片 10: 鍍膜技術分享I
	投影片 11: 鍍膜技術分享I
	投影片 12: 鍍膜技術分享I
	投影片 13: 鍍膜技術分享I
	投影片 14: 鍍膜技術分享I
	投影片 15: 鍍膜技術分享I
	投影片 16: 鍍膜技術分享I
	投影片 17: 鍍膜技術分享I
	投影片 18: 鍍膜技術分享II
	投影片 19: 鍍膜技術分享II
	投影片 20: 鍍膜技術分享II
	投影片 21: 鍍膜技術分享II
	投影片 22: 鍍膜技術分享II
	投影片 23: 鍍膜技術分享II
	投影片 24: ICMCTF 2025 參加心得分享I
	投影片 25: ICMCTF 2025 參加心得分享I
	投影片 26: ICMCTF 2025 參加心得分享II
	投影片 27: ICMCTF 2025 參加心得分享II
	投影片 28: ICMCTF參加心得分享II
	投影片 29

