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Observation of in-plane distribution of dislocation glide planes in
lattice-mismatched InGaAs solar cells using reciprocal lattice mapping
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(English)

In this study, we used synchrotron radiation-based reciprocal lattice mapping measurements to
clarify the position where nonuniformity in the inclination of the step-graded buffer (SBG)
layers occurs in lattice-mismatched InGaAs solar cells. We divided the changes in the peak
position of the SGB layer into several groups based on changes in the inclination of the atomic
plane and examined the differences in the locations where nonuniformity in the inclination
occurs.

Seven patterns of lattice plane tilt were observed in the SGB layer. The pattern where the tilt
changed from the middle of the buffer layer tended toward poor characteristics. This region
was observed only in samples with a high In composition of 30%.

2. HRLEEW
WME, FBDEINSWII-VIRILEY KBERE LT, BEARKBE B (Inverted Metamorphic Multi

Junction solar cells: IMM MJ solar cells) TH 5. HEFAREER3IESINGaP/GaAs/InGaAs K5 E)
MEIEEINTWSE, EDKRFEEZLVLEELNNY KXy v 7 (EgDEAEDLEICLY . 3=
fteERBLTEY, AIFE~DEHCPEHE~DGCAbET N TS, LHL.

ZORERAE LT, BFRES LR 5GaAs/InGaAsDEICHEA SN T WS InGaPERHEM /Ny 7 7 —
(Step Graded Buffer Layers: SGB)BICH W T, BRITNYEDDHHI AT — 0> TWBAH e
INTWBI[L], TOEMITANYEDDHEAT— LI, BERD2TNYEE D DERUNTERICK 55




B, —DDOKEEBELILAISEEL TWIRETH 5, BRMHEREEICIE. ZOEUT Y EHDOR
H—0REZERAT 202D H S, InGaP-SGBE IZHEMNEL %%E%&Eﬁ‘bﬁ?ﬁiéﬂ’( Wa 728
EIRERICIE, INYVEORI—DRET I2UEZRRTIL08BNH S, BEDOHRICHWT, &AL
TANYEDAREG—HSCBEMRMIAN SIEFE > TWD T EATRERENT VDS,

3. %ﬁlﬁ@ (FUBN, EBRIGIE, BT THEORER)

AR TIE, B E L THERIGaAs(001) ER EICER I N FAEERINGaAs KIFE A b1
cmBICYIY HE N7 KBEE L Z ML 72, SGBED TN EOAG— 4% 0T 5 7=, XiRE
#r(X-ray diffraction: XRD)EB# AW T, LILERDOIXTOEFFT, PIKF~ /t/7(ReC|procaI
Space Mapping: RSM)AIEE #1T> 7, KBBHMEBDEBIELERD /-0, ER & InGaAsEDREIC|
INnGaPERHER /Ny 7 7B LA —N—2a—T 4 VIBIEAINTWD, ALHEEOFMIZLETO
XEICEEDTH B[], AFHRY v ML VABICBRFINEXEZ1L.4x 14 mm?E L1z, XROT
FILF—%15 keV, RHIFAE(20)IF34.00°THEE L7z, BB T —Y DxEB L VyARME % AR
THZEICL > TEHRHIN T HXIRBHUBEZZEE L. ANIXTEM TCOFEEFY Y 2 7AIE Z1T
o To. MBI TRITTXIRE R (Pilatus) 2 A L. 1LAERH Y. XEAFAE (w)E14°D 5
16°% T0.01°9 2 &L T £ T201MD ZRITXIREWT /X% — > £ B L 2. 1§ o N ZRITEHfr/ 4 —
v O EREERZ TV, 0048 F ROR B O =RITEE FRZ FRL L 7,

HANTXENAREGMNT RYVENERSL I EICLY  AREDERFAENER D ARIERT 52 &I
4%, RSMTIISGBE L 20 /BB DMERNTHETE 2, 2D/, SGBEDEROHERL ZHER Y
ZZEICENTRYVAIORE—DEIHOREL TWBEHIZFEMRE S I ENAIETH D, ZBIEH
FTDSGBE D E— /7 fIBZE LD b, RFEDEREEZERD 7 IL—T 20T EROTT—HFHE
THEFDEVEER LT,

4. ERERLEBR

RSM O RIER =K 1(a) I, ftEA EiRp KA., EEHA@EANFRAEZRL TWS, —FHEAE
. AVWHATHATHDIE—I N SGB B, ZDOTICH 2 DA InGaAs BICEEET 28— TH D,
SGB Bl In #ZZE X 5 Z &L THRFEHREZERDEN S InGaAs DEBEIZHRAISIEDIFTWE70H
EROE =712 WE EERAID SGB BOREZRL TWE, 22 Tld InGaAs B E — 7iﬁ
WLHLTE@ ERILTWB A, SGBEIEF—BAAMICMER L THLEATERICENLL TL 5,
SGB BEDZLIEFHBPAESRICL Y W 2hD/ = AR o, K 1b)ISRT 7 7L—TI2HhiE
“é“éztb\’éé?fco mnH, Mla)0ERIZIN—T1IcpfFEIN,

(a) (b)

0.710

0.705

N 0700 Ny T —fE

InGaAs/E

0.695

0.690

1347

0.685
-30 -25 -20 -15 -10 -5

X 1:(a)RSM o3REH. (b)




TN—725 EIREIICEARICER L THEY XT v TREEDT Y Fﬁi#‘iﬁaa’ﬂttgé 513 SGB
EOMEAEA O BEHICXT v 7ERROTNYBEOERARENTWE A, 2 1T&EFRL OEENEND,
—H T, ZI—T7 36 IIREMICEABICER LTEHE Y., InGaP 5%&#%%@%@%&@65%@60
6 |3 SGB B OWHAEA L BHIC InGaP BRABKFER DT N @mOERMNBENTWLE A, 3 ILEF
NOFENRENDG,

TI—=T 4 IFERDIFEAERONE L, DFE Y, InGaP BABIEF & X T v T REDOZEN B
LTWBaEERZOLNS,

TN—=T1TF, FTEARICERL AL, EARICERLTWS, 2%V, #IHIERTv 7L
RoEYmEmDRY H5R<. SGBEBDOMAEICHWEFHEL S InGaP éé’*ﬁ’_’%?tl@%i%b\éﬁ-x AN
WL T —=TTH D, BIRIICIE. 1 IZ R T v TEREOER D InGaP BABEFERDOIERH
IR IND, 7T1EZ5IC InGaP BABHEFICL 2ERIZEMICE(L L TWL 5,

D E%EE 2T, SEEITE L7 InGaAs KBBEMBOEA D SGB B DIERIZL%E 7L — Tl L1,
7272 L. WSODWDRERTIERREBN»ODE =N DIZHBEL TWelzd, ThEhz o —7
SFLTHAZRLTWLWS,

(a) (b)

RS
X 3 InGaAs Kf5E D SGB B DR FEER /XX — > DEANDH, (a)in=20%. (b)In=30%, ER®D
HFIEN 2 DER/Z—>ICH/ELTWD

In #8158 20% DFAEHIK L CAEAN L — 72 LIERO—B1% K 2(a)IRT, ZL—7 3, 4, 6/4
RBEOHEEBAZNZNUMICTEEL TL D, INDIEVTNEZILHERI T, InGaP DFEEA/NX L,
fiblAITE L 72 In 8K 20% DEAHI B W T H, BERRICERNABZ(AZ W h AR oz,

R In $8A% 30% DEREHI I L TEIRZ L — 70 L#ERA% X 2(b) IR T, EERIE7)L— 75,
TRIOEZIZ IV —T1H %L ZOERICTN—=T 2T HRond, JIL—T5 FEFICRT v
ERTERT 2EETHE—FH., FI—T 12T IZEFHSEMAKRE L AZEHTH Y. BRNA
AL DFEE D SRR TN E T ZT = a v &S BoHNRONT, TNk, BREAZHIS
W20%DIZE & B > TW o, MITAE L7z In#8K 30%DEAEHCEWTH, 77— 7 5 OEB OB
IZIE, =727 DEEHIFEL TWBHENEZ L BRoni,

DEDTV—=TDTonme, BREMLEREZTo7, £, JUL—717 D& 5%, ERIE
BICENRT 25D VERHIBRFEN RWMBERICH 7=, /2. HINT Y )L — 7 OEEN D74 <
F—In/-EELSrAEVEFE, BREELNRWMERICH -7,

UEDHERL Y, RYEY—0REMSE L TIE, JL—74~6 DL 57 SGBEMHICHKEL., ZD
FEHEAICE(NT 2HE. =723 DL5 IHEAOZEALIZNI WA, FED ORI —DEN D5
BTN —=7 1T D&S ICEOERANTEICK > CEOERICELT 2580 FEET DI EHNRE




SN, FIC LT HEET 25EICRENBVMERD H 5,
5. SROME

SEOAIFEICELY . SGB BORFEERE L TT 2DORZ2—vA2BH L=, B, Ny 77BD
h&A SERZ TR/ — v OBESICEENBENVERARH I N, 5. A—HEIREICKE L
7ZICH Db o THAI & IERMERNZL T 2 RATEINREETH D,

6. >ECI

(1) “Inhomogeneous in-plane distribution of preferential glide planes of B dislocations in a metamorphic
InGaAs solar cell”, A. Ogura, H. Suzuki, et al., Appl. Phys. Express., 14, 011001 (2021).

(2) “Relationships between the distribution of dislocation glide planes and electrical properties of
lattice-mismatched InGaAs solar cells”, J. Okubo, H. Suzuki, et al., PVSEC-33, TuP-32-52. (2022, 11
A)

(3) “Correlation between the Distributions of the Preferential Glide Plane and the Electrical
characteristics in InGaAs Single-Junction Solar Cells”, A. Ogura, H. Suzuki, M. Imaizumi,
DRIP-XIX, TuP-21 (2022, 9 B #%)

(4) “Correlation between open-circuit voltages and preferential glide planes of misfit dislocations of
metamorphic InGaAs single junction solar cells grown on GaAs”, A. Ogura, H. Suzuki, M. Imaizumi,
J. Cryst. Growth, 533, 125432 (2020).

7. FOCEER - BF Ok AR 5 2 E TORERMRE)
L (2025 EMDICAYEF R CTABERXRFETHY . wXEBRERF TH )
8. ¥F—U—F (1 : REROERFIEZHET 2 HEL 2~ 3)
SO K&, Wik~ v B 7 5L
9. WIERFAARIZONT
®© X (EHM) BROBE (RG] 20264 3 A)




