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K BITERE - =R VX —RIEOMRFE L LTHRESNTWE —J, ZOEKEZTITF TV 1 FDKIK
NEBEBIAFOERESTHDH, KGHEBNERBFAOREBEI A MEERTIHEDICE, BAREV FEy v
T DI H 5 iR D KB EME TR S § 7 AL HINC X 2B R ER AR THD, N ¥y v
239 1.15 eV TEAIRBE STV S Cu(ln,Ga)Se, (CIGS)R® Si #4R F A ALDONRINE EKETH &, vy
IVDFERIE DR RE ¥ » TFHK 175 eV D & X2 35 LA LD EWANRINE S NS EIRL A 0REI X M
BT E D LA I TV 5, Ag(In,Ga)Se, (AIGS)MEHIZ B 6 KIGEMIZ 1T 2 b v 7B A ORWIEIZH L7
N R¥x v 7K 1756V % Gal(In+Ga)f kb Z Ml 2 Z LIC KL V6D Z &b, by T BAOFE TIMEHE
e LTHREN TS, LLans, BUko AIGS KFEMOERNHRIT N v 7L E LTHWSIZIEER
K< EHBhRA EIEBIREE Vo) k ORI T (FRDOWENRMHETH D, £72. AIGS MBHIBFICH A HI2
Dip | BEAAEBYMME CTH DX ¥ U TRER OB BMANEM S LT\ ieho Tz, & 2 TARRICTHE, AIGS
OB HEFEAm I QN KIS TEML O BRI 2 TR H I & Lz,

WOIZ, I3, T A R OF v U TIREFETFIELZ B Lz, 2hE T oMERIZ, BEIEIKL,
ek DC A —/VHIEE CIXIEME R BEXMREORMEN R AIRETH 7o, Fio, WEITITERPHZIARTHD =
ERRDHNDN, EEOT AL RZHWHD Mo EREEMBRK L O FTHIEROEWRHTLE S Z & ARME
Thotz, 2T, Mo HEEEMEERD D OB & F125 LEHT & O AC R — VHIEEO ORI & 587 223 H i+
HEERE L, T3 AREEF O D231, T A FZMEOFHBIC R T CTlh Lz, ZOfEHE, CIGS DIEFL
PEREAR 10 cm S B Th 5 DIk L AIGS DIEFLIEEEIE 102 em 3 & L IEFITIES . 2 DIRWIEFLIEER RN T 7 &
T ARG &R R —PER G & ORFESRICER T2 Z 2B 5T Lz,

WIT® ¥ U 7 PR O FAMRE B A BRI T S AT 24T - 1256 3. AIGS KB ORFIRER D 1 > Th 5 E
T FE - T (I-V)RHE AR O 123 0 23 AIGS DRV ELIBEEICEIKN LTV D Z EZH LT L, 107 em® & &K
UWVIEFLIR B CIE AIGS &fEIk A 222k L TE 0 JEH M SA 7 AHINT T Mo S BARM AIGS D3 RSJER L,
FENB T+ NEAFT—REHFMOZ A A — FE LTHERT 5729 IV Frkdh#Ich R’ 0 2384 X8, Voo KDY
FF 2B S BTN D Z &R 00 oz, £72, AIGS OEWT 77X REOHIINE L < 1TV K —MEK o)
kv, EFLEEL 10° com P BETHNEE 5 2 & T IV ROl 2WET L Z ENTRETHY . Voo
WONT FF OKIEZ M LR Sd, BHE 13% B8 E6nd 2 L 2N Lz, £ 2 CELRER LEOD
AIGS ~® NaF IRINZ1TV, AIGS DIEFLIEE A 22 x 102 em 3205 1.3 x 108 emB £ THINE w5 2 L Igsh L.
Voc WO FF 23 KIEIZ 1A _E UEBN=R Y 7.1%0> 5 8.8% F Tk L7z,

I 1T, AIGS KEFE O 72 2 #haEhlRE R 2 I T 2729, 1E - $EE 2 EEREZ VT CdS (N
7 7 J@)AIGS R D3 R AT Lz, EORER., CASIAIGS OEE M Ak fI3f-04 eV THY ., ADR
HGE N FAEEIZ L Y CAS/IAIGS RAIZ THEAENRAE L, TN Vo K FO—EHRTHDZ LALLM LT,
Fio, TAAL AFHICL YV Ny 7 7 EBIAIGS FE OEEE R 721 Tl ANy 7 7 EhEREERE S oS
HHENHEGEL DHET2LERD D Sy 7 7 BAEVIEEE I E OREH AEFEE 3 +0.4 eV LU ETIENES 1R ]
AT AREOBETOWNERET DDIZFEFAREIRBLTCLEY) ZLEHLMNI LI, 22T, FRENLDOR
OB G R HIET S Z LN TEDH RNy 7 7B & LT CAS/ZnS(O,0H) A 7'V v KXy 7 7 BD
BAZRE L, ERICAA TV v Ry 77 BEEALEZANY Xy v 7% 1.75eV O AIGS KWz /EHR L
TofES, 9T% A by LNV OB MR E RS S Z L ITRE LT,

PLEEv, AIGSHEIOX ¥ U TIRER BB ZF ML, ZOMIE[EZEZHWTT AL AT E1TH 2 LT
AIGS KBEEMD 2 >OBNRBIRBER 2 A L, T ENOMRKERER NFOEMEIT S 2 & TEMBBROD
FEEHR L,
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Ag(In,Ga)Se; (AIGS) is one of the promising candidates for the top-cell absorber in the
tandem structure since its bandgap can be tuned by varying the Ga/(In+Ga) ratio. However,
the study of AIGS solar cells is far from complete, and the conversion efficiency of AIGS
solar cells is still lower than that required for the top cell. Therefore, the causes of the low
performance were investigated by experimental measurements and device simulations.

The roll-over shape that appears in the current density-voltage (J-V) curve is one of
causes of the low performance in AIGS solar cells. By combining AC Hall measurement and
the peel-off process, it was found that the AIGS layer showed a relatively low hole
concentration of 2.2 x 10% cm™. In that case, under an applied forward bias, theoretical
simulation revealed that the band bending near the back contact of the AIGS layer forms an
intrinsic semiconductor, leading to the formation of an inverted diode in series with the main
junction photodiode. Therefore, the roll-over shape is attributed to the low hole concentration
in the AIGS layer. To solve this issue, the addition of NaF by the postdeposition treatment of
the AIGS layer was performed. As a result, the hole concentration of the AIGS layer increased
by a factor of ten, significantly improving its conversion efficiency from 7.1 to 8.8%.

To further improve the conversion efficiency, it is necessary to reduce recombination at
the CdS (buffer layer)/AIGS interface by controlling the conduction band offset (CBO) at the
CdS/AIGS interface. By in situ photoemission spectroscopy and inverse photoemission
spectroscopy, the CBO at the CdS/AIGS interface was estimated to be about -0.4 eV,
suggesting the presence of interface recombination. Additionally, a theoretical simulation
revealed that control of the CBO at both the buffer layer/AIGS and buffer layer/ZnO
interfaces is necessary. Therefore, the introduction of a CdS/ZnS(O,0H) hybrid buffer layer is
proposed, which can lower both CBOs. As a result, a high efficiency of 9.7% was
successfully obtained in AIGS solar cells with a bandgap of approximately 1.75 eV.
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