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“RAFTPO=HR"BRAMSR 1= CIGS LEED
KGBXXIVT T AFIHADIRE

Investigation of “optoiontronic carrier dynamics” during water splitting using CIGS photoelectrode

RERKE BIUSET V2
HEE AET, Il BET?
1. Faculty of Science and Technology / 2. RIST, Tokyo Univ. of Science
°K. Ueda', M. Sugiyama'? E-mail: optoelec@rs.tus.ac.jp

[IXLHIZ] TI—2KFBERDTI=OD BB FIIIE . KEEILARTMLOKEBDZ KSR RIGZ
FETIBEFALERABELFEERIRDOSND, Cu(In,Ga)Se, (CIGS)[ZFO—/I\UR¥ryTEH
L. AR EE O A RIRFEHEE VI ENS KEBMIZ (T THENELBBMHELTHHFINT
LV\3[1]o —AT CIGS RFBREREEELIZABBTIE. RERMEFIZI>TAERMNBLT SH3R
EARBHY2]. BRFREICHITEKNEAND_ X LDFEMERAMNROOND , —fRICHEBIL. ##
DHIERIRIZ KD Fr) TR - RF)ITNEE D MBHBER(EILIMNOZIR) L A ATEOERFLRE
DUCEHER((FZIR)HNRABICELDZEICE>TKENERTIM., ChETIEE LS HFDEM
RIZKDRANSDHARNERTH oIz BNEKFERT /NARAEERDO=HICIE., Y- LZEHE”
NoXv)THEAFIVRERFATIROD . AAF POV (=RILIMNAZIR+AF=HR)D
BSFRBL. F-M M T EORINEELLS K 1 [TKSERICEONXER KSERE
HEDF)TEAFIORETT KN BRIGFHEIZIIABBBIORXLILIFOZIR(E 1-1)E. KB
BEAIDAA=IX(R 1-2)I2MA . BB KBBRREMFEDAAL - BFNANKIERIGIZHESS
BHAF IR (R 1-3)F VI TEAFTIVANEET %, KK TIE CIGS ZE in-situ BI5E
DRFEICKYKD B RICHEL BB KBRRADEDF Y TIAFIVREHBTHILET MY
FOZOREB AL D KSR RIE AN

—RLORBIZE T REET 4 G 3
- <1 .. - :
[EB S EZRUBRE - 28] DN EILIFO=HR 244 =HR

B s LLIT U @
Mo/SLG EIZ MBE EE#MAWT L : Yo . % @
|

B iELT- CIGS FEZNEMmILL Ql 7 s L o\

t=. ARETIE. CIGS KEED HAF C £

YEAZORBRIZE DK ERE Y :i-_ :E
FHAFTIHRBADFEELT, K © :

SERRIGEE in-situ BERH BT IL ;[Eﬂa»r:ryﬁoo]
SRyt REERAT, BARAS B e DR

th T CIGS HBIBD WM & H 8 .M A A= H X

LG5, KRERRIEAN=Z LI 1. RBEKERREES TS

DWVTHRET 5,

(%] AAEO—ERIL., JST At
RARBFREHHARTOS S L JPMISP2151 RRER KEREMREBE AT RV —H i
AR BLURR—RORTLEBIEAR I —DXZEEFZ (1=,

[&2%3x#k] [1] Our group, J. Phys. D: Appl. Phys. 57 (2024) 135103.

[2] S. lkeda, et al., ChemSusChem 4 (2011) 262.

HAAAZHRBAIZEBFYITEAFIVR

© 2024%F [CRAYEER 12-192 13.9



18p-B1-2

© 2024%F [SRYEES

SRk CVD ZEZEZALV=(In,Ga)S:; BIEDER

Deposition of (In,Ga),S; Thin Films via Mist-CVD Method
RIKI °M2)fik #F' 2K H|E' &# SA' WA B!
Dept. of Electrical and Electronic Engineering, Tokyo Tech

©lYohei Araki, 'Akihiro Funaki, 'Takahito Nishimura, 'Akira Yamada
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1. IRER

Cu(In,Ga)Se, (CIGS) KFG@EM#LIZIVNT, n Y
Ny 7 7 BIEENEADT-DICEETHDH.
LML, RNy 7 7EE LTHWONTE
72 CdS IE, N R¥x v 7Rz LIk
K3 28R RIEOEIL, REAMIE
Cd DFEHEVWSTERH S, ZNETI
Fox ORFFEETIE, CdS DM EE LT
IS ICHFH L, R&BHAE CVvD B2k b
In,S; D BLFE 24T > T X 7=[1]. LArL,
Y RX v v WAL TH D CIGS DFEA +
ITIEINT 72010, BRI R %
I ATRER Ny 7 7 @B L 72 . AlAl,
HxlEZI AN CVDIEZHWT, Zb Ol
A HIFE S 205 (In,Ga),Ss FEIE D ERLZ DU
TR LD THRET 5.

2. EBAE

(In,Ga),S; #E1%, I A b CVD i£%& VT
TIVH YT AR EICER U7, iR o
B L2ARWERREORAZR; 7w, RIEEE
REAR T TITo 2. FEHRIRIE, v=F v
CFA NN A YT L (In-DTC)
BLOVZFAITFAINNRNI VBT D
2 (Ga-DTC) %Jizk THF |ZIAfR S, 0.02
mol/L IZFH#& L7z & D% V=, IRk D Ga
B L OV In D LEF(GGI; Ga/(Gat+In))ik, 025
| FCE LS EZ. FEHNARITEEIIC LY
FbEn, ¥ U7 HA (N 1.0 L/min)
L0 450°CITMBN L 7= 4 T A Fob £ Tl
% Z L CTHEOHE LT 7.

3. EERHER

Fig.1 2, £ 5= XRD HIE RS % R
T WO GGI 28 0 1217 < In EERAE W
IR S 1E, 28.7° , 43.7° , 594° IZENFE
U B -InyS3 D(206)H, (309)H, (4012) 12 %t

IS AT E— 27 35 5, Wi O GGL 3
B4 5 &, B-InoS; DM R 572 < 72
ol FT, HFHEELE LTV RE Yy »
TEEMET 5L, GGI=0.5 TlE, EEBIW
MEEER X v v 7 INENEi23eV & 32eV
LRV, GaEIRINTHZ LIZL 5 TImS; D
20eVEBIN27eV EDBHTYA R v
L TWABZ ERfEND BN, b Dk
BRIV, IAFNCVDIEIZED TT AEME
(ZHERE L 7= 3BV C, Wik O GGI %
TS5 2 TR RX v v 7 OFHIED A]
BETHDI ENREINT.

WHIE, B 57-(n,Ga)S; D X v FEf
ERM R Z SO THRETHTET
»H5.

intensity (arb. units)

20 30 40 50 60 70
20 (deg.)

Fig.1 X-ray diffraction spectra of (In,Ga),S; thin
film deposited via mist-CVD.

HE
AWFFEE, MSCATEENF = L F — - PESE

Hffiia & B s A% (NEDO) DB % 52 1) T
Efi Sz, BEUREALICEEHT 5.

SEXH

[1] A. Funaki et. al., Phys. Status Solidi RRL, 2300383 (2023).
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Cu(In,Ga)Se: KEEEMIZE 7D n B—HE! Zn-Ge-0 DFRAFH

Development of integrated Zn-Ge-O n-layer for CIGSe solar cells
RIKI%¥Mke°(M2) WA #AAEAL 85K X L BN SA L WA B#!

Dept. of Electrical and Electronic Engineering, Tokyo Tech. !

° Yutaro Yamada!, Yota Suzuki!, Takahito Nishimura!, Akira Yamada!
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1ume

W, Cu(In,Ga)Se,(CIGSe) KIG&Ethd 7
A FANRVYFFyy HMehabricx vy T il
KXY, KEFEMNAET 5 n A
vy 7 rEBRkD LTS

FTATIIEIC BT, 1£€E'§¥ﬁ$[173 AR
77k E LT, ZnO & GeO, DEELYIIE
TH2% Zn-Ge-O EFH L., [Zn]/([Zn] +
[GeD % 0~8.1% % TA&fLE® 3 Lic k
D FETBUN T A3 4.06~4.42 eV o HiH < il
TELZEEHALPICLTE T, [1JL2L
KETEM N Iy 7 7L LT Zn- Ge-
O ZHWEEE. Zn-Ge-O/ZnO:B R D
BENEA 72y FBKRELARY, ES RN
/f TXE—r Zn-Ge-O/ZnO:B o &+

CXoTETOMNDBHEINS EE %

%ﬂ%o KIF3E Tl Zn-Ge-O/ZnO:B [H D
fREH A+ 7 & v F A CIGSe KIGE ith D 1 HE
I RITTHEL TR D TZ OFER %W
35,
2.7 %4 A fRHT
Zn0:B/Zn-Ge-O/CIGSef&fEtf&E # H 4 5
CIGSe K[GEMIC B W TSCAPSZ w7
NA RENT R FERML 2o T N4 AfENTICE
WT.ZnO:B/Zn-Ge-OFR H DEEH A 7+

FIcEH L. typel (CIGS/Zn-Ge-O(Gel
2.8%,50nm)/Zn0O:B),type2(CIGS/Zn-Ge-
0(Ge12.8%,25nm)/Zn-Ge-O(Ge6.1%,25n
m)/ZnO:B),type3(CIGS/Zn-Ge-O(Gel2.
8% —Ge0%,50nm)/ZnO:B) ® 3 I c iz L
72 typel TiZZn-Ge-O%HEH DNy 7 7
Jg& L., type2 Tl3GelgED®7 2% 2 g%
Ny 7 7, type3 TlIGelRE & Ef Y IC
AL X 7=y 7 7 JEEIRGE L 7=, KT
W D CIGSe W JE D GalEfE 1 24% TH
D, 2Dl EGelRSE 12.8%D7Zn-Ge-OlT Kt

LC0.23eVD 254 7 3SE{EL T %, [1]
3R LUEE

Figl i1c SCAPS #HHwCTHh L2z
o CIGSe KIG&EtD IV h—7%Rd, 7
N A ZRMTAE R 2> & Zn-Ge-O/ZnO:B Hif
DETFEEEIC X 0 typel DVERERME T T %
TEDBHL DT 572, THITH LT type2
BB\ i type3 OIREFEEZ R T 5 C
ik, BFFEEEOEIMER S L7,
M H ijili’ij HEFPEIC N 3 2 Zn-Ge-
O/ZnO:B RHDIEEW A 72 v b OE
ICOWTEBRER L &b ICHEmT 5.
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Figl. IV curves of a CIGSe solar cell
obtained from simulation results

I

AWFEiE NEDO o Bhfic X Y fThb iz, B
TREALICIEGHT 5,

SE B

[1] D. Egyna et al., Cryst. Res. Technol. 58,
2,2200145 (2023).
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NA Xix#E L% ALz Cu(In,Ga)Sex RN B DHEEERE

Structural design of CIGSe optical absorption layer by Bayesian Optimization
RIKIFk'°(M2) AIf8 &g, ek BA | &F BA 1 ILE 8!

Dept. of Electrical and Electronic Engineering, Tokyo Tech. !
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1Lzt ®»Iic
Cu(In,Ga)Sex(CIGSe) A 5 B8 #h 13 &1 4 3 75 v
KRG EmD—> & LTHEHINT WS,
L L e O BHRNRICEH G T 587 X —
2D% X, BLUKE T A — X BPHEAITHK
LT3 Z L b s o iR 2358 L
(o T3, KT [_A4 Xxidfk | %
TR W Z RT3 X — X2 DfH
HEbexRRBEL, ZOMRESTL 72D
TIRET 5,

2.5 E
ZnO:B/CdS/Z1HifE/CIGS fEfEfE % H 3 5
CIGSe KMl BT SCAPS % 7z
TN A AfENT R FERE L 72, KI5 M o i
fLicd7zb . CIGSe DEH & K HLIFEX
0.4 pum (LUK, thil) offifFTD Ga/(Gatln)
(GG D 7 GGlvack-mia, R & ZKIHI T D GGI
D 7% GGlmid-frons, B 2> & HIRIZ 2> 1) TDJE
Xt 1GS back, PR O RMENC T CTDOEX
t_CIGS frontst_ CIGS back & t ciGs fromt P & e
t_ci6s o, B £ OF CIGSe & O ETHLER Ly,
DOENTA—RICEH LT, BERICHTZY
Mo i & DEAIICIH T 2 RMaZEE L.
FOHFEEEE % 1.0 X 107cm/s, 1.0 X
10%cm/s, Ocm/s(72 L) & &b ¥ 3 Z L i
X0, BIRICHFET T2 5%
ATz,

3HERBLUEE

Figl 1T L,=1.9 u m, B H FHAS A ®EE 1.0 X
107cm/s, t_ciGs o =3.0 p m IZEE L 72 FE D
BN ED N 7 —~< v ThRT, AREL
BT I ZE B3R o3 < L O R AT I 28450
BHRE, HT—~<v TOMENIL ¢ cies fron
Ofi %, L GGlmig-trom PEZ KT, O
tcics fom DNZ W EE L FThbHERMEMO
FEJE 23N & WIRFIX GGlmid-frone DA I O {135
b b gy bRMEICHITFTO Ga FHK
TS 5 T & THIE 24.8%. @K
DRREJE 23K Z VIR IZH R & RANC 22 1T T
Gaffli 2 D72 < 375 T & ThhE# 25.0% % iE
KCTZBZLhBbroT,

1.0

0.5

00 " :\"'aﬂ S . “ef've °
TR AN
L5 4 e 3 ),
_ P 22 X ~
0.5 8% e 34
Sne 0N

GGl(front-mid)

0 1 2 3
t_CIGS_front[um]

Figl. Relationship between 2 parameters
and conversion efficiency
BHIZIR D 6 -¥T A — ZITht 3 2 25 H%)
KO E 2 TR T 5.
A
ARHE5E1E NEDO D Bkic X Y fTbh 7z, B
TRENICEHT 5,
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Surface electronic structure of Mo-back electrode in CIS-based solar cells
BIREXR, ERF? OKGE @gth!, B)Il BT k#H REL A8 ME?
Tk HER 2, KRR RE? FH X, BE B, FH BZF
Kagoshima Univ.!, AIST.2, M. Oba!, Y. Kamikawa?, T. Nagai?, S. Ishizuka?,
J. Nishinaga?, H. Tampo?, M. Aono!, T. Okuda?, N. Terada'?
E-mail: k7176881@kadai.jp

I C®IT  Cu(In,Ga)Se, (CIGS)KBFEHMIZIHWT, HHIND Mo HlEME mIZITHEM Y 7t A
(Z Mo-Se (bLEMIEN TR SN D, HI7N—TFEmEZER Y 7 M4 7280 @& SE 7 CIGS Elio
Mo FEAMRZE D Mo-Se & 7)Y MoSe: Hiftidh & #7022 T WA 2 F->Z & T, CIGS BEM D/
F% bR &85 Z &2 X % Back surface field (BSF)DHE 58 & fliHE 1 #7 B (VBM) DA} 2 48 F14 5 |
EHAFMEIC AN RO RBNHE S ND Z 2 WME LTz, ZTHETIZ, ZORERETHE
25 MoSex FHH D Mo KRR TH D Z L ZRRT 27T — B HOLNTNDLEHDD, S 5 HE0W%
FEEZ N, 4Bl FBRERLETFHREOMEEROWAM(Z BRE LT, Mo A3y # 4 Sefb L
TeREOIRAE & Se (LI DBIR AT~ B o Y%z & OB ME L7,

EB VT4 LHTASLG)EM EIZ Mo &2 ANy ZHEFE L, Se % 100 nm, MBE {EIZ L - T
FE7KAE L2 Se/Mo/SLG H1k A HFERUEL & L7z, e\ CTL mE2EH T 30 43 in-situ 7 =—/V %47
Z LT Mo RKifix Sefb L7z, —H#DFETIX Mo B 2 HARER L L 72412 Se (k& 1T o7, Se b
T OFRL, TEFREEPITENZE I in-situ XPS, UPS A2 kLD cutoff (2 X 0 Ffi L 7=,

AER E 1 ITERM Mo &M % Se {b L7723tk Mo : Se b, ¢ & Se {LIREDEIRZRT, Selt
FHNIWT S HAE L O B2 R EERR I & Hh_T Mo KIEMEK., THEICE WA FFOZ &, 7= Se fLid
FED BRI, KIBEGDNEERT DN H D Z 03D, 3212 CIGS FEHlLH D Mo B H D
FRK, ¢ LB v A EIREORERERT, Mo KB, ¢OEEENREK 1 LY b REVWBOD, 7
2 AREO EFIZEY Mo i Se ki & AT MICEIL L TWD Z Enbhd, ZORIRIE, Mo &
f@i@@@%b\d)@i‘%iﬁﬁf)ﬁﬁ Mo &' A /L4 R Table 1. Changes in Mo:Se compositional ra}tio and

work function of selenized surface of metallic Mo

BIFTAHMo RBBTHAZ LZHELTWA, MoO3FE2 3% sputtered film in conjunction with selenization

temperature.
ﬁaﬁ/‘j 72 E %%{EH%G: Se %ﬁ*ﬁ L/ N 4OOOC T@}E %??’3 7LC Selenization Mo:Se Work function
temperature [°C] ’ ¢ [eV]
LA, Se lFNBZICHBM ST, MoOs-s FEAFT H Z & 350 0.87 2,00 5.16
N . B e - - 450 0.80 : 2.00 5.20
PSR L, BEAE LIS Mo-Se (LA S MUl = w00 o8l 00 sas
& Z)S‘bz))o 7—:0 MoOs 6i n ilF!\ ]7/]) ]\f\"\’ > 707%/)%1/ \¢ MoSe; single crystal 1.00 : 2.00 4.38~4.42

- oy Table 2. Changes in Mo:Se compositional ratio
N NT
EROIEDERMERICF G LN S ERE RN and work function of surface of Mo-back electrode

%, ZOFEREIT Mo EBMOBEEILE L Z OEMNSA N in CIGSSe-based cell exposed by UHV lift off in
° conjunction with the highest temperature in

CIS/Mo RED[EE NN AFEIRZTREE L. ™A > h=x &  fabrication process.

, o Cell process Mo-ani Work function
]\ ﬁﬂ“ﬁ] Z E‘/ éinﬁ‘ 5z Lk %ﬂ_\‘uﬁ LTWg ° temperature [°C] o-anion ¢ [eV]
400 0.86~0.87 : 2.00 4.71
DAY s e 2 > S L e TGN N 41
RT3 L 3 — - BE S BT O B 56 B o o
(NEDO)D SZHRIZ & 0 Fefii S 4z, BAMRANLITIEHT 5, 600 069-0.70 : 2.00 515
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MAPbI:/Si AT AfEEZFIA LT
“BEOA FTyTa0N—T 3 U KEEM
Two-step photon up-conversion solar cells using a MAPbI3/Si heterostructure
HPEXRBRET CM)fEk&Eth, REFEF, HEHER E2E

Grad. Sch. of Eng. Kobe Univ., oShunya Tokunaga, Ryohei Onitsuka, Shigeo Asahi and Takashi Kita
E-mail: 235t24 1 t@stu.kobe-u.ac.jp

[1ZUDIZ] Fox 1THESARGEM O PR A E % Elnl 5 KPiEmh s L, mLﬁ%@ﬁﬂ
ZHELEZ 2B 7+ ho Ty Far"—2 g U KEEM (TPU-SC) AR L., EBICHIT -
ﬂ%@@T%émoHMSCiU%F#%/7#%%(W@ﬁ&TD—#%V7¥§W(MB)
AL LTMEEZ L TEBY, Tr—X vy v P8R TERINTETY U TR, A RE¥Y v 7
HRL Fr—Xy » PEEERONT v REICEEEICEEINLD, 612, KEBXICEENLIK
TRVFXF—T 4 FATLY T A R¥ v v 7 PERA~FIE SN D Z & T, N RT v 73—
Yar (TPU) DI 5, ZiLE TIZ AlGaAs & GaAs D~7T a4 %2 F|H L7- TPU-SC % {E#L
L. #RA72 TPU 2 FE3E L TE 7208, Fexld TPU BLRIIMBI RIS W E ZE2 T, F2
T, ARAFFETIZ WGS 1238 7 AT A b RiESD MAPbL;, NGS (2 n*-Si % W C TPU Biga &
FETHZ L EZHME L TEREZIT o7, TORR. O 72 KBS T TPU BG4 8Ll L
=D THET D,
[ER] HIEIZHV= TPU-SC XA B v a— REID

X0, n-Si FM EIZ MAPDI; & spiro-OMeTAD % fif =)

B L, BLZEARAETRIC & Y BEEMO Au KOV, HEE <

WD Ag RS 5 Z Ll L - TIER L7, n'-Si % é)
WMaquZMMm®ﬁm$%%%>2@%@KW o

A L7z, n'-Si FEAROEPURIZ, BTHEIC 2
%k%ifwéOW%LkTHWC@%L%I1 A RSy

TR, AT nt-Si CAERR & T IEALASBANARA 536V '

2V MAPbL J@~T v 72 R_"—T g 045, 5.5 eV| Up-conversion layer

FERTIX TPU @ 1 EEfEH I Y 375 900 nm D/

Fig.1 Structure of perovskite TPU-SC.
P%%E%@%E%6momwmﬁmﬁﬁb\2&% 8 P

(A% 95 1319 nm D N2 RNEEESE GEINARS: ' ' ' '
;t> O FESHHIRE & FERESH I ORTHE B A FE D 3 A e D O Poisubstae =0-10M 5 oo
/Sy RABIEESRE e fF i 2 IR CIE L7z, 20 LF oo0®’ ]
GEREE 2 R, 0.1 QmOBEFIERO n-Si AR A 6x10 [ _e° )

FIFI L7= TPU-SC TiE, BMFRSME DM EE RN £E SEqu-o‘
VW BIRERER E A A B L, ZAUEL 900nm S 3x107 3
FHEET at-Si FRRIC AR S EALS, AR % N3
AT LD T v T A AV s, BRARIL  86x107f  Poiswstae =20p0M g

raaafé
27

EEEZD, N 20 )mOIEEE LS B T 4x10']  jee eg0e®®
RTIE0.1 QmE R A NN E o7z, AU, 3x10'F e . .
20 pOm @ FEAR TiE@ W EF ISR R 5 BV IE ox10t o ]
?L@Tfﬂﬁﬁﬁ@f:&)\ ~7 v Sl E}Lﬁ‘“{“ﬁj\ﬁ:%*ﬁ Pinter = 6000 mW/Cm2
B, A NNEL ol EZD, EDXHIC K | | |
MAPbI; % 7= AAETE 123U T LB INIRANE D PR 10 101 102 103 104
(285 TPU Z3R3E LT, Intraband excitation power density (mW/cm?)

Fig.2 Intraband excitation power

[1] S. Asahi et al., Nat. Commun. 8, 14962 (2017) dependence of 4],
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Intraband Transitions Induced by Below-Bandgap Photoexcitation at CsPbBr3/GaAs

Heterointerface

Kobe Univ.', °Hambalee Mahamu', Shigeo Asahi', Takashi Kita'

E-mail: 203t268t@cloud.kobe-u.jp

Two-step photon upconversion (TPU) is a physical
phenomenon associated with the sequential
excitation of an electron. Firstly, the electron is
excited by a process called interband excitation
(band-to-band excitation). The excited electron,
then, absorbs a sub-bandgap photon and is excited
to a higher energy state. The latter process is called
intraband excitation. Two-step photon upconversion
solar cells (TPU-SCs) were realized using II-V
semiconductors, namely Aly3Gao7As and GaAs [1].
Since the semiconductors exhibit different energy
bandgaps, the band discontinuity at the
heterointerface (HI) allows carrier accumulation. In
this case, electrons can be generated by the
interband excitation in GaAs. The accumulated
electrons at the HI can absorb sub-bandgap photons
which allows the intraband excitation. The
accumulating electron density can be enhanced by
the incorporation of quantum structures which relax
the optical selection rule. In this work, we
investigate perovskite/II[-V semiconductor HI and
its influence on intraband excitation which can be
improved further for TPU-SC applications.

We fabricate a simple inverted solar cell structure of
Ag/ZnO/CsPbBr3/p-GaAs/Au-Zn/Au. The CsPbBr3
perovskite layer was grown by multi-step spin
coating. Considering the achieved structure,
CsPbBr3/GaAs HI exhibits band discontinuity with
energy difference at the conduction band and the
valence band (denoted by AEcs and AEye
respectively) of AEcg=0.77 ¢V and AEyg=0.11 eV.
The AEcp:AEye ratio of 7:1 shows a higher
theoretical energy conversion efficiency than
Alp3Gaop7As/GaAs HI for which the AEcg:AEvs is
approximately equal to 3:2 [2]. Therefore,
CsPbBr3/GaAs-based TPU-SCs can achieve higher
efficiency than III-V semiconductor-based TPU-
SCs.

We characterized the CsPbBrs3/GaAs-based TPU-
SCs by various measurements. The External
quantum efficiency spectrum measured under
single-color conditions, i.e., only the interband
excitation occurs, shows clear absorption band
edges of CsPbBr; and GaAs. The measurement of
gains in photocurrent and photovoltage (denoted by
AJsc and AVoc respectively) exhibit notable
features. We measured the photocurrent and
photovoltage under the 784-nm photoexcitation
with and without additional 1319-nm sub-bandgap
photoexcitation  (two-color and single-color
conditions respectively). The AJsc and AVoc can be
defined by the following:

AJSC = JSC, two-color — JSC, single-color
AVOC = VOC, two-color — VOC, single-color

The results show that AJsc increases with increasing
1319-nm excitation intensity. However, the increase
in AJsc can be due to thermal activation at the HI.
Here, AVoc is an important indicator to distinguish
the intraband excitation from the thermal activation.
Since thermal carrier population induces a reduction
in Voc, AVoc should be negative with increasing
temperature. In contrast, the intraband excitation
relates to the increase in electron density at the CB
of the WGS (in this case, CsPbBr3). Therefore, the
observed positive values and increasing features of
AVoc with 1319-nm sub-bandgap photon intensity
are strong evidence for the intraband excitation at
the HI.
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%1072
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100m
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w
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0
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(b)
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§ 230 2
E 100 _
>
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o
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Fig. 1 (a) AJsc and (b) AVoc maps visualized as functions of
interband and intraband excitations

100 230
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Gain characteristics of intraband infrared optical transition induced by Quantum Dots in Two-Step Photon

Up-Conversion Solar Cells
MPERT CMDILARE, AHKH, PHEE BESE
Grad. Sch. of Eng. Kobe Univ., “Sho Yamamoto, Daichi Nagai, Shigeo Asahi, and Takashi Kita
E-mail: 236t263t@stu.kobe-u.ac.jp

[izC®ic] HA 3R EROHGRALSE L L 2 KGEith e L, @SBk o KBz Hig
L7z2BBET7 4 b v Ty Fav =y a v K& (TPU-SC) ZRE L, EHICHT 72t & o T
%2[1], TPU-SCIZ7 A4 F¥ v v 7k L Fu—F v v FEERPEA L EEZ L TEY, Fuo—F
Yo THEERCERINZF XY YT, VA FXyy 7REKREFo—X vy 7REKRD~T o F I
EEEICERING, S5, KBLCEINIEZALF =T+ b vick ) ~T e REICERE I N
BBV FABRBICX D74 F ¥y y PPRERA~PRINE T, IFENLRT vy Favy =Y a v
BEL D, ¥z, ~TuoREICEFZ Ty 7avy"—Yav (TPU) #hEzmtEds-z0, 27 Fy
(QDs) ZEAL T3, AW TIE~T v i 5D QD BOHE# KB ICE 2 727 54 A % 8K

# L, TPU ~® QDs OFFEZH O IC L 72D THRE T 5,

D3] AWFseicH v 72 TPU-SC 3 Efk Y — 29 T T v
F LY —RICX > T p-GaAs(001) FR EicERIL 7=, K5
BlEZ X 1IR3, 2OKREGEBTIE, 74 FFry 7
FERIT AlgsGagsAs, 8 —F v v 7PERIC GaAs %
L7, £72. AlisGagsAs/ GaAs D~7 v FEICHFAT %
InAsQD I3, ~7 v {25 6nm, 10nm E{EZZ X /-
2D T NA REAERIL 7z, EEECIX TPU o 1 EFEH I
tHEF % 800nm NV FRE S L O, ~T e RHoOE
F AT % 1319 nm ORI E TN 4 R ICHBE L 2B D
FAICEEHE 2 IE L 72, ARAME Z BN U 72 BR o Bl i =
HM&E%Z AVoc & LT, AVoc D3 v b N SIEEEKAAE
ZM2I1CRT, T 2 TIHEMARAEIE 500 mW/cm? —iE &
L7z BICRT LS 6nm DT ANA T 10 nm DD D X
DRER AVoc ZBIHI L7z, TOMEELD, QD iI~7 v R
HDEFFICHRA L 7277205, Z DRIRBE AT LB 0h 5, T
. ~7 e FRANCER L ZEFORISEDORINEDE L | B
MAIKICE YTy Tav A=Y a v InN-ETFORDY W
LAPRDEIC L2 DD 2 HHD A 71 =X LD A[REVEZ &
2TV, HTIRZDANZXLITOWTh ks %,
[1] S. Asahi et al, Nat. Commun. 8, 14962 (2017).
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Figure 1: Structure of the TPU-SCs
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Figure 2: Interband excitation power
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FRENY FZE T3NS 14— FOERREEE (10)
Theoretical power density of thermoradiative diode with an intermediate band (II)
MEARRT © [RH #3h, EZ &

Kobe Univ., ©Y. Harada and T. Kita
E-mail: y.harada@eedept.kobe-u.ac.jp

(IZL®IC] BT HBIE. BRERTD2OORIMROBSR 2R L KBS L LTEHIATWS
D FR=NY RF vy FPRERTHBRIN BB XA 4 —F (TRD) TIEEH T pn #E5 2K
THZeHRRETH L, FrIEHEANY FEHTS TRD (IB-TRD) EHL. mEH-IB M IB-
fili%E P OB 2 FIH LR EEEZHO ML TER (1], AFETIE. IB 2N LEEBEOD
R (BETR) PREEEOMHGMBFICEZ 2B EHLPICT 2 EHNE Lz,

(Bt&HE] EHRAICB T % IB-TRD OFREELIX,

P TR VTR Lz, RN Y RELKES (8) E.=0.20 eV T
Wi [2] DA ¥ FARIC, 1B 20 LB CERES .0 Moo
FMzitile Uy A liE Fr i OB F—1EfLit ok : 50%‘
¥RTUI R MEIB BN LEBRICBY 2{L¥ET L0 40§
YR VORNC—HT 3 L RE L. /. HEBO ®o. 305
WRINE g; (i=ci, iv, or cV) 1INV F ¥ v v T 3L F — _ M' ig §_
PUET—EY L, T OR% A THBRE T Ol 0.0 o 3
IV 227 FADER D %R LT, 0.0 0.2 0.4ac?.6 0.8 1.0 g
O — ai(E) (b) Eci=0.15 eV £
ai(E)—{l—U[l—aj(E)]}m. 0 . 60%
[RrE8] X112, E, =04eV @ IB-TRD 05 ' e Z g'fé
B REEE OEEE-IB [ BETEMOT & 200
% (aq & ay) BIFMEERT, CCT. RFRET, = | 20 8
500 K. BHEIRE T, = 300K, ae =1 ¥ L7=0 K 1(a), ' 10 >
1(b), I(c) IxZFNZFh., E4 =0.20,0.15,0.12eV IZEB 0'00_0 02 0.4 06 08 1.0 0 é’
FBIERTH B, Eoy OHMIC B AT 2 M 1(a) i °
TlE, REBER ag ¥ g 0 LTHIRICELT 5, ,(€) Eq=0.12 eV €
—J7. IB-TRD T, IB 2/t L7=BRIC BT 2 Bk ' 60>
BAIFEEE LT, 1B 25 Ee 0SS HE L5 505
BIREEEERAL 55 (1], 1B (LY E, O 2 e
M oM S L FERBEIEE ag ¥ ay (SH LTIERTR 20 2
ZL, K1) WRTEIICaq # 1 KBV THRAE 10 El
REB, ZOMERIE. NV FF vy FTIRAF b 0.0 204 0608 10° é
U T IB-TRD OB D RFE(LBHETH D & % aci O

™ \
ML TV 2, Fig. 1. Output power density of the IB-TRD as func-

[B&Ex@k] [1] FH M, 55 71 HICHYEERES tions of a.; and a;y for E¢y = 0.4 eV at T = 300 K and
R e e A T. = 500 K. (a), (b), and (c) are the results for E; =
FATRETEHSS, 23a-121L-8 (2024). [2] A. Luque and A. 020, 0,15, and 0.12 eV, respectively.

Marti, Phys. Rev. Lett. 78, 5014 (1997).
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DFHHO=ZERHER. —ERSREMALL
AEEHLE# 2 RRL—F— R EHKBEEBRRTF
Dual-Wavelength Laser Power Converters Compatible with Solar Cells
Using Triplet-Triplet Annihilation and Singlet Fission of Molecular Systems
EHPEH OMHE RE
Toyota Central R&D Labs., Inc. “Yasuhiko Takeda

E-mail: takeda@mosk.tytlabs.co.jp

ENROKGEMDOEBTLNFHLNELHD 1 D23 IBAWV KA T ML ThHD, ZIVETIZ, H—
B IR 30 (B, 288 LIS D H1ET) ZOMBEZ iR T 5720 DOk x a7 R RE | 5
PLSERES LT, ABFZETlE, 2NH0a 7 b5 s o T8O = EIHETEM (TTA) K O —EHIH /5 2
(SF) L —H— H @25 #a 5 1 (laser power converter, LPC) [Z#E H L7z, 2 i ROV —V —2E2h= T
JCEAEHAL | 22O KIGEME L THHERET 5. 2 IR kT (dual-wavelength, DW) LPC Z 259 5[1,2],

H— ROV —9— KO FTEIET S LPC LT ERY, EfTHOEKHEHE (EV) RRITHOR2—
VIR E DRBENME D JEIEHR T L —{R 1% (optical wireless power transmission, OWPT) [ZH W B 415
LPC |2, BHIEE OV —W—Y, B2 IXPASHZE M CIHEa A MO K 71D 808 nm LD S0, i
HHITIE 1470 nm 7 A& —7 LD JCOMKRHVEL0T, KEGEMMEFREOMBENRAELD, T,
OWPT [t CHOBENMAICH RSN E B A LETEHED, KEGEMEL TOMREL RO LD,

TTA-DW-LPC Ox/LF —HERL R EFEZ X (2~ 7, 1470 nm SEHUERAICTIE 2 725 1
DOF YV TIIEWEND, ZRVF —HURIBFE THS intersystem crossing (S;—Ti) 23, WiEFE A5
quantum ratchet (QR) &L CHERE T 5, —J57. SE-DW-LPC DA 1T, K 1(b)ITRENDH LT, 1 DD 808
nm JeF73 2 DOF U7 2T D, SF TR EZRDF5HD T, S| = /L F — (808 nm FH, 1.53
eV) M T) TH/LF— (1470 nm 824, 0.84 eV) D 2 % (1.68 eV) IZHENT K (72T SF BEUHED,

TTA-, SF-DW-LPC |Z# £ 808 nm Jt: (#508) « 1470 nm Y (771470) « e TN AM 1.5 G KEFHHE (1sotar) % FRST
L7c&ED radiative limit #5052 ORFOELX 2 12 THEET %, 3 FEO BRI oMo &
. ZIH 2 DD LPC OZE#%)=81E Single purpose 55 1 (&AL HLEEA LPC X O 2 #2456 K5 O
MBI P %, TTA-DW-LPC OfEI%, QR DOEWEICEY ., [FUL 2 5D 1470 nm Yo F% 1 DDF VT
T DR NN (IB) KB Z F:1Z L 7= IB-DW-LPC Ofii% [[A]5, SF-DW-LPC (W EA i T
L1z, RR1E0 150 808 nm Yo FDWRINIZEY 2 >DF U T MR T 5% E b 1-2E 5k (MEG) 275 H
35 MEG-DW-LPC J0b @ WVEBGN R LD, 1212 LZnbE2 BT 5720120%, #HE 1470 nm (ZXFG
FTOHETRNF =N S D, BT T B OB B LE TH D,

[1]Y. Takeda, IEEE J. Photovolt. 14, 442 (2024).

[2] Y. Takeda, submitted. B Ta70 B2 TTs0s M T]solar
85 50
Emitter S 80 Flim b
—0— S, —0— S e = 45
Sensitizer i75 “ ;;
Sy oo T < £70 :
\%T‘é T % o5 L 4 -/l 35
1470 nm l l 1470 nm p%irrll)%lge IB TTA MEG SF
SyO= 0= =O= =O— Sy=Orm === O , ,
Fig. 2 Comparison of 75508, 771470,
(a) TTA-DW-LPC (b) SF-DW-LPC and 7jsolar @among the DW-LPCs of
Fig.1 Energy diagrams and photo-excitation mechanisms different mechanisms. The laser
of the dual-wavelength laser power converters (DW-LPCs). intensities are 10 W/cm?,
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JIERE B InGaN K5 B DG FERR DRRES

Investigation of the optical loss of InGaN solar cells for optical wireless power transmission

FRIXKE!, FHEIXKE? 2EXES, o 1 EH
gk E—, B R L &F B Fib ek, B B, B BRB Y, BFp Bk,
MOBRTY |, AR 2, GO FEEC, BB BN G, TRET R4, ERRIT K4
=R EAN AN W, b F, NE SR
Chiba Inst!, Nagoya Inst?, Meijo University3, Ushio Inc.*
Junichi Suzuki !, Ryusei Takahashi !, Yuto Kaneko !, Reo Aoyama !, Masahiro Koga !, Shunsuke Shibui ,
Takahiro Noguchi !, Shunki Hayashi !, Takahiro Fujisawa 2, Shiori Ii 3, Ruka Watanabe 3, Toshihiko Fukamachi 4,
Koichi Naniwae,  Makoto Miyoshi 3, Tetsuya Takeuchi 3, Satoshi Kamiyama 3, Shiro Uchida !
E-mail:s20a3068nv@s.chibakoudai.jp
1. Introduction

KA E Z MR 7 A YL 2BE SR E LGEHEI N TE Y, P TcoltH I hTnw3, #Bhcid
WA DI DI T L 205 400nm LA T DX Z2 RN T E % InGaN KBEEMICER L 72, A% T3 InGaN K
B M D SR I M I COFETH 2 FEIICOWTHEL 72,

2. Experiment and Results

Fig.1, 2 IC InGaN K5 ith D 71 & EEiB e R O WX % 7R 3, Fig.3, 4 IC InGaN K5 ith o S & %
WEEOUERER A Z N LR T, 5 E DL CId G FEIEE(SIO2 72.7nm) % U L 72 InGaN K5 & ith 1 i & 393
nm, 395 nm, 397 nm,D L — ¥ E WE L Z OF@EZEE L 7z, E@EIIRE L ¥ F—u X%ZRE, InGaN HIX
f& g8 & FHRIC X Y SR 7z,

SlC!2 Lascr diode Beamsplitter Metal mask  InGaN solar cell
5
i 393 nm
Ni/Au p-GaN Ti/Pt/Au
MQW (InGaN/GaN) | P,
ﬂ Collimation lens /ND Hlter
n-GaN Ti/Al/Ni/Au

£ T2 Plano-convex lens

Spectrometer
u

Fig2. Experimental configuration

Sapphire substrate

Fig.1. InGaN solar cell structure
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Fig.3. Reflectance vs. laser wavelength Fig.4. Transmittance vs. laser power

Fig3 & b SiO AT IR & 2 3 8851558 © D SO FR DRI IS —E DRIR D% b 4172, Figd D InGaN WILE
DIFEBHNIAFHER DL 2 213 8K a0 Tee /o0 AR ICIKS FEBRIFIER L IC—EDHEER L 72,
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DBR @& = DA MR EA InGaP XIZEhDRERIE
Temperature characteristics of InGaP solar cells with DBR structure for optical
wireless power transmission
FEIRKZ!, EBUARFAREZAFREENRME . CM2) &IE SR, K F-,
NIF BEAY Y, RPE—2, NHEEE!
Chiba Institute of Technology !, National Institute of Information and Communications Technology 2,
°Ryusei Takahashi !, Junichi Suzuki !, Shunsuke Kawamura !, Kouichi Akahane 2, Shiro Uchida !
E-mail: s19a3063ct@s.chibakoudai.jp

L. HR

JEHERRAG R T H B IR A 1Ry e E OB BN R~
OF BN HIELE LTER SR TWD, iz,
InGaP KF5AEHLITIK o C oD il = 7% i rI B AR i oD
BEAZPIN LTI LD KFEHERIGE~ DI
MbBfFEh T %, Fxid, DBR ##iE 2 FF> InGaP
KBEMIZ 638nm D L —F—% 17.0W/em? b L7255
B 43.00 &0 D WA A LT E I [1], R
NORIERLAKPTIEHT 256, IELIZL-T
DBRJE DRI 7 FLTLE S = & A Fig.1 Experimental configuration
mEIND, AEBRTIT InGaP KEGEM ORI T 2 BB L 2 E L, WEERKICED
DBR J& D SR DA & i A Lz,
2. EBFE 40

ND filter
Off-axis parabolic mirror

Fiber laser

Plano-convex lens

Metal mask

InGaP solar cell

thermocouple AIN submount

Cu heat sink
Temperature regulator

Thermocouple monitor

X 1|2 FEBRME B X 2 7~ 7, DBR ##i& % £ InGaP K
B DR % 20°C ~60°C & T 10°CAIAR TE(L S BT
—~ J e I S
WE 638nm D7 7 A SAL—H% 100mW T L, [ & g9 |  "—=—s—=—
HIE LT, -
25 i —— w/DBR
3. BREBE i w/o DBR
X 2 12 InGaP KB OSIEEIZRIT D L DEAL 20 —,
B o . 0 20 40 60 80
- 5 ER=Eay 3 NZIS
Zod, X205 InGaP KEGEMOIEE N L TH Temperature (°C)
LAIEAL LN ENRyinodz, ZOZ G, RE Fig.2 I, of InGaP solar cells

at various temperatures

BACRH LB T THHEMTE &b %,
B IR

[11Y. Komuro et al, “A 43.0% efficient GalnP photonic power converter with a distributed Bragg reflector
under high-power 638nm laser irradiation of 17 Wem 2> Appl. Phys. Express 2021, 14, 052002.
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KT 7AN—HER 3 EER InGaAs KEEE D EERTFHE
Temperature dependency of 3-junction InGaAs solar cells for optical fiber power
transmission
B R, K F—, X B &4 BE BEE R Jse EZX
FF E—2 WNHE EH
Reo Aoyama', Junichi Suzuki!, Moeka Chiba!, Shunsuke Shibui', Kousuke Watanabe!, Ryota Warigaya',
Kouichi Akahane?, and Shiro Uchida!

1Chiba Institute of Technology, *National Institute of Information and Communications Technology

E-mail: s20A3002HY @s.chibakoudai.jp

(F =

BUE, 7 7 A N—#E A EFE T & LT InGaAs KF5ET

<w> 0 <3)>
z))/ﬁ% ﬁﬂéﬂf‘/‘é E(EZET—E‘V 'ﬁ'%x%j‘ékﬁafﬁ '
ik, N RF¥ v v TR X =R T OB AR E DMK < = O e
— nfﬂhcelll
RRBM, H UME CE AT 2 ECHMEE RN S ¥ 5 -
ZLHEETH D[] AWFFETILOtdE THEHM STV 5 1550 i -
nm &2 W7 5 HEEE InGaAs KBFEM(1))E 3 #2456 InGaAs B —
REEHT) & AFIL L, BRI 1 T BRI & L TR T — ‘
pInP (substrate) pInP (substrate)
D A E 2 B L 72, i
(EBHER)
1550nm O L —F ¥ & BRE UEFDEES 25CHH 5 Fig.1. Schematic diagram of 1J and 3J InGaAs cell
80CE TS T, KIGEMEFOIELIR L
AR EMOEAEE E LD REX 2177, 25
are @ 250 mW 9
R 25°CC 250 mW FREHIC 30 TReRZHAIR 23.4% 2 [ y . ¥
X s . z
P BRA, REE LT B BRI L, < we e, 0 ¥
=10 | . 15 &
Eio, 1 OBBHHE L BRLT 51N TETF L, <l - ”}. 1o 2
FOAG R Lo 13 1T 1IN L7228 31 Tl L7z, 0 .3J10""
0 20 40 60 80 100
D L DI L 7= DIXRE EFIC L AR Ry » 7 Temperature (°C)

DIXFIZE Db DIZLEZBND, 3] DEAEIT, EIR T
1550 nm SEIRES IS 72 L TRAT HERMDEA LT
WEDS, IR EFICEVEIRI A~y FRELTZAIC
GBI AME T LABEMER Lz EHEE S LD,

Fig.2. Isc and #pv vs. the temperature of cell

ZE ik ¢ [1]. Wang, A, et al Applied Physics Letters, 2022, 119(24).
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InGaAs BAEEBHRBILARITI-NE—ViLFEAEAEEOFR
Fabrication of patterned dielectric back contacts for InGaAs thermophotovoltaic cells
BEXREL', ERHL REXRI® oM)FE & 2, X8 BE&?

ER #2 7 8% FKELES BFL \K BF', X0 Bz’

Saitama Univ. !, AIST 2, Graduate School of Engineering, Tohoku Univ.3, °(M2)M. Date!, R. Oshima?,

Y. Shoji2, H. Sai?, M. Shimizu®, T. Sugaya?, S. Yagi!, H. Yaguchi!

E-mail: m.date.240@ms.saitama-u.ac.jp

[#Fged 5] BUEEBFIRE(TPVIEL, 1000-2000°CICIEAS =V —~ /L= 2 v X )b D EE
FHE 2 AW TRGEMPV)E L THRET HHINTTH 5, IngssGaaAs (X TPV &L L7-FE &
L TIERICHIE SN TEB Y [1]. Fx T2 TeAREORELR]PERES RT3 21T > T &
77o TPV ZHINRIL, BIA~DAFIREN DY —< /LT I F ~OFEIRE 2 5\ 7= FERH 7298
Xt 2BV OREBEENTERIND, BRLIEIFLITIT, TN R v TDOT7 4 b
EBEOEAERIUC LA REEMLZ T —~ LTI v ¥ ~E L. AR T 2 - b NEE
TH 5, X 1 ITEHTRZ 1400 K O BAKHES & LT PV ©IL D Eg (2K 5 TPV £ #4815 % Shockley-
Queisser [RAMNLRDIZEDOTH Y, BEH RN ET 5 Z & RN M L35 Z &2
LN TH D, £ THEL EHEELFEBLT 5701 InGaAs E/VEEIZ/SZ — AL LT SiO; 5
% T2 S A S (PDBC) [4]2 25 L. TPV 2NEMEEAT 5 @i & CRll L 7=,

[357] MBE k% T 2 A »F P00 Eiz, SCHR[2] & RS D InGaAs WifgA U 7~
TFaEEME L AR Lz, £, WALV ECTF N VT T T 0 W TEY— A LT
350 nm JED SiO, AL L, Ti/Au ZHERid+ % 2 & TPDBC 21/ERL L7=, D%, Si XM I
TARFVEHNTESE L, by F 71280 InP B ERE L, S 5ICFmEITIE, Ti/AuB
pum)H & 72 B EMRE TR LT, VERL L 72w W38 @ L v 5l L 7=,

[FE R &2 52] X 2 TSN 4pum & 12um Th DA DI ROFE R TH 5, PDBC
WIRWGE A EHER L E L TORLTW D, SO MFEIT 35 pm IZEE L7z, 1700 nm 225 2300
nm F CONYHATFRITER 4 pm T 95.4%, EAE 12 pm T 79.7%, HEHEE/LIL 85.9% Th > 7,
EAE 4 pm CTHEHFRE D ISR R b @ 7223, EHER 12 um TIPSO RETREAEL L LY
BRSNS Tp otz B3 ITENRED B O T FAG BT L (Jsol Tkt L CHi#RE - (FF) %
Ty hLTEbDTH D, HAEEI/ITK 1 A/em? T FF i KIE & 720 . 23X 1400K & TD TPV
B EICRIEN 2N E 2R LTV D, xF LT, EAR 4 um <0 12 um O S8l TlX FF 2359 0.1 A/cm?
TlKE & 72 572, ZHUT PDBC (2 L 0 EAHREAIN L7 2 & Z27/2 L TR D [ TPV i T,
PDBC D EAHHL DO T 72 DRI N EEEE L 72 5, [1]Z. Omair et al., Proc. Natl. Acad. Sci. U.S.A. 116, 15356 (2019).
[2] R. Oshima et al., J. Cryst. Growth 593, 126769 (2022). [3] (L, fih, 271 [BUSHYPEF LB FEF b= T,
24p-P06-2, (2024). [4] M. K. Arulanandam et al., Sol. Energy Mater. Sol. Cells. 238, 111545 (2022).
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Fig. 1: TPV efficiency as a function Fig. 2: Reflectance spectra for Fig. 3: FF as a function of Jsc
of Ey of the PV cell with different  InGaAs cells with different back  for InGaAs cells with different
reflectance (rg). contact structures. back contact structures.
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B2 HRBRHRBRIEA InGaP KIFEMICETHEFRFBERR L LOFE
Study on Radiation Degradation of Electron-Induced Current in an InGaP Solar Cell
Type Gamma-ray Dosimeter

SETK, FEEE? B OSSR R, DA RERES
Sanjo City Univ.!, JAXAZ, RIKEN?
°Mitsuru Imaizmi', Tetsuya Nakamura?, Yasuki Okuno?

E-mail: imaizumi.mitsuru@sanjo-u.ac.jp

1. #%
InGaP KB eE il XM AR BRIE I, T2 38 E KIGEMDO My 7 V7 /L L THOWOIL TV S.
Fxld, y AR TET L3 TN EFICLOHEEREE 5L THWAZET, InGaP KF5EMA v
BRHEGC T DZLAERLCOA. FIREL T, & B LRI O B (R 1A 7= HR B R 47 fit
BRNICBITD vy BB EREFL Q0D LinL, ZOE FIXEREHE T DR REEEEL,
FHREIRIIBMET T, o THILRITG U BRME OB ENLELRHEEZSND. — T,
ORI ERE ERR R NI R T 58, HEREE B EOT-D ORI AEEIT R AREL2D. £
T, ZOWRRETHE—HE FIRE THOMFIRREFE N — FEIE (DIV) FFMEIC LY, InGaP KF5FEMLHE 7Dk
EHEE DR T, FTEAREEICIDE HRBIEER (EIC) BXLO DIV #itkoZ bz

)

© 2024%F [SRYEES

LRI LTz,
2. £ B

AEHIAN—2JFE | um O InGaP KF5EM (X :
1 emX 1 cm) ThD. ZOKRBEAHITKIL, QST FillF 4 |
BHCT 1 MeV 5 79 (EFABE 29107 Alem) Z0F S NS
REE TS L. SREHRE =R TThD. B 21 4 - -
PR RIC BIC OZOBREEAT, ZodiE7 s, | t
AL A(DL0X10%, @ 20<10%, @30<10% @ frommimumion & mavassar
5.0x10'5 e7/cm?) BIEERE IR 2 (DT DIV fihaZ & 2 |
OYREL. DIV JIE + BRI EMONEIZO~® , |

0 1000 2000 3000 4000 5000

3] 5 min, D238 90 min, Hf&E 7 /LT AL 1.0x1016
e /cm? THD.

3. & R

1(a)iZ 1 MeV & 1-#REESH o> EIC OREHZEL
Zord. ARRRST R (7L 2 <3.0x1015 e /cm?)
\ZC DIV JIEDT=H D WG il (F RHI, ZDRE
MR35 £9°) 12 EIC oREIENESNZ. Lo
TZOHUERNIIBLEBIE O E B E FTND
LEZHND. X 1(b)iE EIC OIRAFER (WIHIE CTHk
k) #7 o AT ay N Lizb DO THD. FitEIE S
AT DL, LA B X AR ) O i R
bR T BMRX(MFIRT) TT4yT 47 TED
(B Zenbmote. —J7, BiffLiz DIV FtEo4
A —RKEF n, W5 EFIETAE 11213 EIC %51k
DM BRI R BN o7, BRI I DR
i EREPERZOFEREE 25D, DIV & EIC
OFEBMLIZIZ, EIC ORHERH:OHE I L OREHR
FE I T Co BIC BUSH M Z AW LT,

ANFFEIE, IR T 9850 & A 4R LTI Bk il -
MMBERRFEIE | O—HELTEmELT.

12-208
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(a) Induced current as a function of
irradiation duration
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Fig. 1. Degradation tendency of 1 MeV
electron induced current (EIC) of the InGaP
solar cell device. Figs. 1 (a) and (b) exhibit the
change of EIC as a function of irradiation
duration and the remaining factor of EIC as a
function of fluence, respectively.
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HIRBESIC X D REERES OREFL

Reducing bonding resistance between dissimilar semiconductor materials using room
temperature wafer bonding method
TEIRERE !, FRBETIME? OB, FihR!, EHEX!, TEHFA,
RREREN Y, RREN), FobbeNE !, R, HRPE—2 AHEEH!

Chiba Institute of Technology. !, National Institute of Information and Communications Technology.2,
OShuntaro Fujii !, Reo Aoyama !, Yuta Nishidate !, Moeka Chiba !, Shuto Fujiwara ', Keigo Saito !,
Ryuga Kikuchi !, Kosuke Watanabe !, Kouichi Akahane %, Shiro Uchida !

E-mail: s20A3102xz@s.chibakoudai.jp

(o] T, W B & ORI DB 2 A G bW - 245 KGR FIREESIEIC L - T
TER S EV O E AR A RE SN TR Y, BEEROBESZ X 0 & BEWURE ORE 2 0F 8§
S TR IR RERET N A ADNH 2 FZE S LTV 5 [1,2],

ARFEBRCIE, BFEEEAERE AT, EALIChT - BEETH D, A R mikbiE
pc<102 Qem? A KT H Z L HRY & LTz,

AuZn
[FEBR G 1E] AFEBRCIE, 7mm x 7 mm OFERERE AT, & p-InP
Jﬁi%t 2(Fast Atom Beam : FAB)RI OFEIINEEZ/XT A —X L LT
BEBREIT o=, HACITA— I v 7 BBAAE 272 p-InP b Lo PrInGads
p-InGaAs(1~2x10" cm?), n-GaAs(2~4x10'8 cm?) DI % Wl L. #25 +
KR AT 7, 112 p-InGaAs // n-GaAs OFEABEEX = ~7, n-GaAs
R kO
[ 21 JV Bl R, p-InGaAs // n-GaAs O J-V 51— Fig.1. Bonding structure of p-InGaAs // n-GaAs
TIEA— I v 7 IRVl b e 572, X275, FAB 30
OEMEBEE 15KV 05 1L.0kV ~eEBfb SR T § )
ARTHEHAEEL T 0D T 705, FABOFIME & 4 |
EAETSE5 2T, REOVHIERGE LRERE £
BTSN HEE LTV B, R
::‘ -20 — 1L.0OkY
[BEE]) AR 15, ISPS AR IP2K04202)D & 30 —

k&= 7=t 0TI, -5 -1 -G-SVO“H(;“ (v)"-s 1 1.5

Fig.2. J-V characteristics of p-InGaAs // n-GaAs

(25 3R]
[1] F. Dimroth ef al., IEEE journal of photovoltaics, vol. 6, No. 1, January 2016
[2] P. Dai ef al., Applied Physics Express 9, 016501 (2016)
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Electrical properties of wafer-bonded interfaces applicable for multijunction p-on-n solar cells
IE=NUN YRy M, OE B, B KR, ThE mEEC, L Efm
H.Sodabanlu'!, D. Ma?, K. Watanabe', Y. Nakano?, M. Sugiyama"2
VK S #3#F RCAST, The Univ. of Tokyo, 23 KBTI School of Engineering, The Univ. of Tokyo
E-mail: sodabanlu@hotaka.t.u-tokyo.acjp

1 Introduction

At the last spring meeting, we reported the successful
fabrication of multi-junction solar cells (MJSCs) with
a p-on-n configuration using a direct wafer bonding
technique [1]. Subcells grown separately on InP and
GaAs wafers were bonded together utilizing a heavily
doped n-GaAs//n-InGaAs/p-InGaAs structure, where
the notation // indicates the bonding interface. This
structure resulted in a voltage loss of approximately
0.1 V under 1-sun operation. To enhance the
performance of wafer-bonded p-on-n MIJSCs, we
investigated the electrical characteristics of bonded
between various material

interfaces applicable

combinations in this work.

2 Experimental details, results and discussion

We investigated eight bonding combinations,
including n-GaAs//p-InP, n-InGaP//p-InP, n-GaAs//p-
InGaAs, n-InGaP//p-InGaAs, n-GaAs//n-InGaAs/p-
InGaAs, n-InGaP//n-InGaAs/p-InGaAs, n-InGaP/p-
AlGaAs//p-InGaAs, and n-InGaP/p-AlGaAs/p-
InAlGaP//p-InGaAs. The surface activated bonding
technique was employed with optimized parameters: 1
minute of surface activation followed by 5 minutes of
bonding under a pressure of 15 kN. Rapid thermal
annealing (RTA) was used to anneal the bonded
samples. Subsequently, GaAs wafers were selectively
removed, and metal electrodes were deposited on both
sides, with a front pattern of 0.04 cm? arrays, which
were later electrically isolated using high mesa etching.
Figure 1 depicts the sample structure having the n-

GaAs//p-InGaAs interface.

Initially, it was observed that two combinations
involving p-InP exhibited weak bonding strength,
allowing the bonded samples to be easily separated
with minimal force. Consequently, this hindered the
GaAs wafer removal process. Among the remaining
six combinations, rectified I-V characteristics were
observed, each with distinct turn-on voltages
corresponding to the choice of materials. Post-
annealing at 450-550°C for 5 minutes proved effective
in enhancing the ohmic properties of the bonded
interfaces. However, annealing at 600°C resulted in
the formation of cracks and line defects along the [011]
direction in thin films deposited on the GaAs side,
leading to degraded I-V characteristics. The I-V results
from the n-GaAs//p-InGaAs sample are illustrated in
Fig. 2, with additional findings to be presented during
the upcoming meeting, including their potential
applications in practical MJSCs.

3 Summary

We explored several bonding combinations suitable
for p-on-n MJSCs. Post-annealing was essential to
enhance the I-V characteristics of the bonded
interfaces, although it could also introduce line defects
that degrade electrical performance.

[1] H. Sodabanlu et al, 71% JSAP Meeting, 23a-12L-1.

A part of the results of this study is based on a project,
JPNP20015, commissioned by NEDO.
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Fig. 2 I-V characteristics of n-GaAs//p-InGaAs sample without and with post annealing

-0.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5 0.0 0.5 1.0 1.5

Voltage (V) Voltage (V) Voltage (V)

12-211

SEE5EIEAYBEEMFRMBESR BRETRE (2024 REAVEEN2RIFRFV/FI1Y)

13.9



18p-B1-18 HESOISAMIELAKELHMAS BETHE (2024 KHAVLEN2RIBEAYT1Y)

ERTEEDWEIC & 5 InGaP/GaAs/In,Ga;-«As//In,Ga;-,As
4 EEXBEROERRL
Efficiency enhancement of InGaP/GaAs/InyGaixAs//InyGa;yAs four-junction solar cells
by improving current mismatch
RAIL' EXEWBEZ CM)RE BL ' ED @KE2L YF—NVIL NyHPRy LY
hE &' WL EMY

The Univ. of Tokyo !, RCAST 2, “Takashi Shimasaki', Kentaroh Watanabe?, Hassanet Sodabanlu?,

Yoshiaki Nakano', Masakazu Sugiyama'~
E-mail: shimasaki@enesys.rcast.u-tokyo.ac.jp

P M-V REHA RIS K 2 KEGE O @=L 2 BIED 2R 13 665 5 DN
TT47.6%THDH[1], L LEDNEREERL TV D 4 B EOZHEA KB B Cld b 723
R¥ v v TOMBEDEEGD 72017 InGaAsP 72 £ D 4 JLIRMEBMLETH Y | LEMIZ @B
TR AT 9 2 ENEEL W, ABFFETIZIEEIE T T 37.9%% F2H1 L 72 InGaP/GaAs/InyGaixAs
BiZ 3 #2 KEFEMIMMI2] & BEE DK EWAT m S 210 InyGa,As KEFEM ORI
EMEEAIC LV . 4 TR %5 £ 720 InGaP/GaAs/IngGai (As//IngGayyAs 4 #2855 KI5 B M(SAB4T)
DEAFEIZHY AHA T,

ANAER L 729 > 7V (SAB4)-0) TIXEIREEFFED 1.5V BL EOfEIIC W TRE R O
MRS, BERMEN- T2, 2T IMM3T & IngGaiyAs DERVESET, 2RO ERNBHO
INEV 4 JEH D IngGaryAs IZHIRSNTND 7O THD EEZX LD, T4 /8 HD IngGayyAs
TRAET HEREZIELTI2DIZROY 7T 15
IMM3] D L & 4JEHIZ 7 v bAT miiiE %
F5O InyGaiyAs DEAZITVY 7L OFRIEIZHR
D REATE(SABAI-B), & DRGSR, RERTENEILD
Wb ERELSMADZ LTl Liz, EBHIT,

=
o

~ \

\

Current (mA/cmz)
vl

o —SAB4J-a

SAB4J-B? 3 J& H D InGaiAs DAY RE Y v 7 °| —SAB4J-3

Z1.0eV 5 1.05eVICEXD Z & THEIEAZ SABA)~ : -

H48 L 72 (SAB4)-y), £ OfEHR, EIREAST D B ’ \}oltage (\i ’ 4

SAB4) Z{EMI4 A = LicgkIh L=, UL, B  Fig. 1: Current-Voltage Characteristics under AM1.5G

JEEIT SAB4J-aX° SABAI-BIZ LT3 % Table 1: Photovoltaic performances of each SAB4J

ZENEMLE, RIS Ry v TERER Jso Voo FF  Efficiency
| SO [ maemy) (V) (%) (%)

7= IMM3] DAZTNT A v 78y 7 70 [ sABAJ-a | 92 316 518 150

WS TNRNT SICEET S 2225075, | SAB4JB | 104 320 700 234

SAB4J«y | 105 3.01 77.3 244

[1] H. Helmers et al., Physics, Simulation, and Photonic Engineering of Photovoltaic Devices XIII, vol.
12881, pp. 6-15, SPIE, 2024.
[2] T. Takamoto et al., Proc. 40th IEEE photovoltaic Specialists Conference (PVSC), pp.0001-0005, 2014.
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KEBRICE T LEBRRBORILERFIEOHENA
Dependence of diode’s ideality factor on incident light intensity in solar cells
BB, RAXL? %R WX B2 @R ¥ H/E2 B EfNL2
RCAST !, The Univ. of Tokyo %, °Meita Asami', Kentaroh Watanabe!, Yoshiaki Nakano?,
Masakazu Sugiyamal-2
E-mail: meita-asami@g.ecc.u-tokyo.ac.jp

Optoelectronic Reciprocity theorem 1%, K5 EE#L D B FUEIE & AMERFE DR ORGSR &2 & Ak L7z E
HTH D[], ZOFE T, EIA YO LR (superposition rule) 23k W 3D Z L ZRi#EE LTV 5D,
BERADOEOEAI LI, REGEMO X A 4 — PR, R T TORRRETHR—TH 5, &
WOERITH D, UL, REOKBEMTIZ, T OERNTHE ITIZMY L7220 2 &R0,
AMFFED BEYIL, JERRST FICIRIT 5 REGEMD X A 4 — FEHESARREE L kX TE D L 9 IT£1k
THMEHR, TOMHEHRT L L THD,

Jihie L — Y — iR 2 8L S & CE PR E RO ER-ELE J-V) FEZHE L, 0k,
J-V RO E 06 & A A — FOBR e HH Lc (Fig. 1), ZA 4 — FOPEREIL, SeshE
EINT 20O THIIM U7z, AR & &0 T X O FEMICHRNT L, J8£ TIT AR DR
HIFHEIZOWTHFR T2, £o, AETIE, =7 brbIxy kA (EL) &7+ hL3
Fv A (PL) DFEHXOBENIOWTHIFEHZRAA L, EL TIFEMRICE > THF v U T HEAS
A, PL TIDERIEIC L > THR v U 78 EA SN S, EL & PL & TIEIRBEMAO F ¥ U 75545
B2 | Z DiEV) Optoelectronic Reciprocity theorem °4 A A— ROBARE A XU H & L7 K
By ORI B A 5.2 5, Fig. 2 \C EL & PL OMIERE B 279, PL¥GIT EL B LV bk
WiER L 2o T, 723, PL JIEIXBAHCIRAE TIT 7223, 20 EL & PL & OHERDEEI N E D A
IIRMEFICH D, EL & PL OFERZ ED LD ICHEETIUERWOMNIEEL BB TIER . ARET
(3 PL FED A T ABEEFME SR L. IR TR0 2 KEGEM O 2 1 4 — FFEE 26T
(2. EL & PL OHEITIEICOWTEERT 5,

10 T T A I
2.9 2 —PL@10SUN
- 27 F roeeeeeee dark I; % EL@]LanJSUN ]
L s —PL@1SUN
S 25 | --e--irradiated by laser / qg' 10? EL%]-“-UN A
g 23 / ® inj 3
Lo 1 [} ]
> 21 ! 2
T o
§ 1.9 /.’ g o
1.7 g g e @ ..g 10 E E
15 S
0.1 1 10 €
SUN; concentration s | |
10 — R
) . . o 850 900 950 1000 1050
Fig. 1: 0 & & A A — N OESEREL & OBIR. Wavelength (nm)
B SRR ISR IR AE IRr oD BRARLR AL Fig. 2: EL & PL & DL,

[1] U. Rau, Phys. Rev. B 76, 085303 (2007).
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GON #ERRLIC [ 11 1= Ge DERAMT v F LU &7 =— LB DKRE
Anisotropic etching and annealing for germanium-on-nothing structure
BEXF! ERBZ OCM)E X§', XE Ba’ Eq B2 58 KF°2

K BT, %O B2
Saitama Univ. 1, AIST?, °(M2) Wenbo Fan', Ryuji Oshima?, Yasushi Shoji?, Takeyoshi Sugaya?,
Shuhei Yagi?, Hiroyuki Yaguchi®

E-mail: han.b.214@ms.saitama-u.ac.jp

(#7235 5] Germanium-on-nothing (GON) #4fiZ X 2 FAR AL, -V EXBEMRD 2 A
N RIEIZIK T 522 N TELT7 7 r—F & LTHEHSNTWD[L, 2, GON B =& A,
Ge R DET AT NHDORFVET v F 2 7 L0732 T =— VT X D Ge JRF DR EILHR THERK
i, ENHICKVERE GeEE T HDORA REZEKT 5, RIEEXKTIX, Ge DEFMHET v F
DTy F o TERES & GON MR D BILR 2 Mt L7z,
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Fig. 1 Cross-sectional SEM images of Ge samples with hole patterns with depths of (a) 4.0 um and
(b) 9.1 um. (c) and (d) show cross-sectional SEM images of samples in (a) and (b) after
annealing at 800°C under hydrogen ambient.
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