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MR ORIED 734 AEECRIZ TR T3 ABEEDEERIE, LW IEFTERENRDR
g By s PE TSRS KD S b,

B XIIRLIITT & BHEE» SRV > THB BRI EL LT a o R 2hn
SEHEI NI RGEMD 731 ARHE, 74 AMEOFTHIEIC DV TERL, BPEFFL LTI
A APEREDIEEEHIE R DWW TR T,

FLIE FH
AREICBVTE, APIREHEDZ L TETUREER « HEERICOWTHR, ROTEHRX
DR EBIEEEL T,

B2E HERVUIVKEBBHOT /S X

AKX DELMIC BT 2 BEBEAAIRR L LT, fERRY Y a v RBFEMD 731 AR D» Tl
BcHAL, KEBHOKRBENLBEREZHAEICT 5, KBEBMOMEEFMH DWW T, AFALY
MV ERANRT PVIEE GHBERE) OEEMEETT,

() ¥ 3y P KBERBEMRSH

1982FED~NH A 2« H 3 v b (FEREEERSE) ©, 20 2 HREOEELO
IR DO S BT CRRE B I 2 ED A RE ZEEBIN,1983EDY 4 UV P LR N—=F e h 3y
MZBWT, EEBA7aY 27 s OHFERTREN, TOFBREOIWT, KBARE oY <
7 MZBAL Tid, AGEMOLEFTMEORIIEZHME LI KBER L « Y 2 —VOEB R
D AIEEREE{T-> T b, 1984FITh N/ KBEE £V ORE D JEEBRMIHE VT, BER
KEEMEY 2 — VORE D QIEERET-> T3,
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BEOAH 2 <7 b, AEAGOEF L |
it

AR <7 b i k3 KBEIBH IOZE AL

VLAY

o KEMATERYEIC X A0M A+ » ) T IBMENE
BLEDEE v ) THBMER U CRILY
VEDBIM (o34 7 2 HFIR) oird

qi6 &
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ERR
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B3E KFBHHERS Y BEROFM

KBBEMAENR SV 2 U ESEPTE T 2 1213, EROBEFEH LS - RESHEEDBG LT
By 0E 8D 5, ¥, BEPCHEETITHYOL DI, ZOERIEERRZIZ WL DI
ZoTwaH, —FEKEEOHED L DR ENIINESEHIRBOBE L RKILL TL 2, K&
Tid, 7, KBBMAZRS U 2 25O BRI 56K R O #5582 M O R Y 72 T
BT AV —Y a YETITO, BT, KBBHONXBESHNE CHELE 2 2R FPRER
Iz DWW TEBE OB L 2E5 M6 MBIC (monochromatic light beam induced current) 3 3
xR, BERMEHEYEOBE RIS » 2T 3,

FAE ENOHELRTFELME KBTS R4 « 7301 %

REEEMAENR Y Y 2 VEROFMEICEHE VT, o D/EOTELENKEE D 754 R
M, 7N AEICRIETREIC DV THAN, KEEMOEMELE 302 LEND 5, KETIE,
SUWEL - @3RS EE Y ) 2 Y RBBED 734 RBEOSTEEL T, BRREEELTED
D i HEEER O SR %2 1T O BRI O TREN 2 RETT 5, K, KEEMOH BT RE D
75 R RS IREDEEE, BREREECKET 2L, 2T, 20808 F v ) THHRE
DERIFRL Tw 2 2SI L, BRI L D8+ v ) 7HEBROBEIC DWW TRET 5,
BOE AHARI AL ASXKBEUHNOENL —KTRNRTA—2OBR—

B3R MRS Y 3 VRERORTRMED T A ARG 2 2B DT I THREL
TEIH, TN AMRESBHEEL, KBEOMENE 22 MY, BET3MHOKREELT
FREGRE S L QLB SHE L S, FERVSEEETHEESBEL 25T 5, £0blF, K
BEMOH BRI AF ARZ VK E ERFEL TEL, KBEMOHTHERED 2 O AST R~
T MWL TRESERENSE 20, FHEOREEARY MV EED, IOEEKBXOD LT
KEEMOFHE 2 4 S il 520,

KETIE, ZOFEREEEBERAEERRHILT 2 Cbl> T, FEOBRKEXTIZBIT 3L
BEMH SO DOV TR LI BREDNS, FERY Y a v kBB 7ELVT 7 A Y T
AKEGBEMOTHBEET N, 2L TEEORRRMGE (KRE/S7 A —F) BT 5 HARAKELOM
BERETVERFET S I L ICLY, ZOMBEOHEMD» S ZFEOALEMICB Y 2 KBEHE HOHE
AElEEEEICT 5, HVT, ZOERBIOBR? SRO 3 DOFHEEHS M T 5,

@ RENRTA—IEZ & B A AT PVOELE L TKRBEMEHDZEL,
@ RF7 A—FEALIK U TR E 2 KRB HESTRE S HIE SR (KESMH) ©

&P,
® KRBEBEHMEFAT ZHRKEY AT LADHTFHL
EOE LI77Lry2AXBEBHNIC S 3 KEGELHDOEENE X

KETEH, BE5EOHBHEKKEOVT, V7 7y VY AKBEMARIC & 2 HARIEOBITEEE
EDOWTHRKRL, ZOAFROBEMELRASHES TS, FLT, EEAEERE: L TOaY ey

1
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VAZEL DT> L AGEMORE D BIEOFEEMML, ZOFROEMNEE2ELET 2,
7oy BV 2 —EEIZBOLTHRLUININE L > /"> X £ > | (photon collection enhancement)
DEHR, V=732V -5 TFTIBTIREOME, FRERL TV 7 7L AKBEELOET
BIZDWTET %, B, IECERUVIISE L LTSI L KBEBHOEAHERIZ SV TR~
%,
BITE LI 7L 2KBEBOBERIEE

ERARTRBT V7 7V AKGEBIOBIKIER CATHES © 72 BEEE L 3 2 HAEER
DEWNERIERE &L OB %27V, BNREEOKIEEEEELT 2, Hic, WRR H£#icE I BA
BILE LA S » THREICE D BNREHEOHE 2T, REOHBESLTW, 20220
Mt EHEDE Y, Z LTSRS T 3,
BBE L7 7L 2AABBOSAOREERHHABE L~ 0E A
- ROESOFELOEHERY ) ACKBBIE T ELVT 7 Av ) 3 v REE R & D HIT, B
YV aAVvKEEMENRE L THIINEZLV T 7 VY AKBE RO BN BT 2,
BIE A

WX DE L DEITV, SHOME - BE2EN 2,

S 3R

1) F. C. Treble : Proc. 17th IEEE Photovoltaic Specialists’ Conf., Kissimmee, FL, May 1-4,
1984, IEEE, New York, 1984, p.482. IEC TC-82 Committee Document 82 (central Office) 4.

2) GEEERMRERS ™4 7 b v 2 b o= XDOEHEICETT 5 ARV, IERI60. p.510.
EREEFEMRAGS T 7 v 7 o= 7 AHATEBREE, 1EH160.5.16.

3 M ER¥EME $102512% (BERI574E) p.1123

4) L. N. Scudder and T. M. Klucher : “Terrestrial Photovoltaic Measurements” Workshop
Proceedings, March 19-21 (1975), Cleveland, Ohio, NASA TMX-71802.

5) NASA Publication : “Terrestrial Photovoltaic Measurments-II” November (1976), Baton
Rouge, Louisiana, NASA CP-2010.

6) NASA Publication : “Terrestrial Photovoltaic Measurement Procedures” (June 1977),
NASA TM 73702.

7) F. C. Treble : Proc. 1st Commission of the European Communities Conf. on Photovoltaic
Solar Energy, Luxemburg, September 27-30, 1977, Reidel, Dordrecht, 1978, pp. 732-744.

8) MHABRITES  “KB 2 VF—FH Y AT AFEPR-BFALSSEEY ¥ v 1 VEFEERE
HEDIRASRREE” (1981.3) p.267.

9) P&, 8K, R BEFEATRSHAIPIRRS $812, 8135 (HBRIS6HE), 58305 (REA



10)
11)

12)

13)

14)

15)

584F).

R. Matson, R. Bird and K. Emery : SERI Document, SERI / TR-612-964, Sept. 1981, p.8.
American Society for Testing and Materials : Calibration and Characterization of Non
~Concentrator Terrestrial Photovoltaic Reference Cells under Global Irradiation, ASTM
Stand, E1039-85.

R. Shimokawa, F. Nagamine, Y. Miyake, K. Fujisawa and Y. Hamakawa : Jpn. J. Appl.
Phys. 26 (1987) 154.

H. Ossenbrink, R. Steenwinkel and K. Krebs : The result of the 1984-1985 round robin
calibration of reference solar cells for the Summit Working Group on Technology, Growth
and Enployment. Commission of the European Communites, Joint Research Centre Ispra
establishment, EUR 10613EN, April 1986.

T F AN F—REFRAEEE Y v v £ VEHERTCHAEN R RREE-AFSEAG L 2
NVE B IEEV, pl (BEFI6143 H)

THI, #K =127 bo=2 2’81, No.9, p.1009.



B RERRY ) 3 KBEMD 7 R

2.1 RMNE

Z 2 TIRAR X OTMICBEE T 2 EBEMAE - UTRERY Y o v KEBO 734 RO
WTHBICHEL TE <, SO VEROKEER, Fl2iE p-n EEAEE, MIS 2IKEGE
M, ZEEE (multi-junction) KEFEWMENSTEAT 228, RO LR LUEBWICLBHBICIEN TS p
nESKEEMOER -BEEFEL2TOKERET T, KBEMORENLZERFHECT 5,
¥ 7z, KIBEHOMEEETHIZ OV Tid, ABRRZ P E AT MVRE (BHBERNE) OFEE
HxERT,

2.2 KEEROD 2 IVEE

KB, RS L VESI CEF - B EERT % &S i LRSI 8ES 1 4 —
FTHo, Hick D EKESNLBEF « EFLNE, BEACI 2ASMERIC L > THBESh, FEED
—HICIED, MG BDOBHRIEE D MIREENIVREET 5 (514 — FOREENIR), 20
£z, BEENIHBS 1A - FONREEIMRC LI VER T ANVF —CEBINE, ZOLE
DR KBE MO BUEE L) OER (/) -BE (V) BRI TE2s05Y,

J=l—Ju (exp(qV/kT)— 1) (2.1
=R
]olzqnxz(%nL NID);,,,) (2.2)

L SHERBERERE, Jo WEPREC B 28 HFAENEREE CHL, Ny NiEPHIOT 27 27
SEE, nflio R —BET, n ZEEFL ) TEE, D, D 8XUVL, L 3, FAFLET,
ERLOHEER - D8F v V THBETH 5. HABERRAICT 570 Ju BTE220/0
X EahhER 50,

(2.1) K& 7TRTER2.10 & 5 2% 5, ERITCHERE, WRIEREOER - BEL
HWTHD, 2OL&E, MOE 1 FROWABHAEICIMY HE2BEN LR 5, 5, KBEEMICER
RORSEE, ZOAWA Y E—F Y ATHEESEE D, —EOBET—EDBRMIHE SN 5,
BFA Y —F Y AREuD L EOHNER, Tobb, BREEORSEEERER L LR,
B4V E—F U ABERKD L 2 DBF, ThbbBEME DR A ZEMBLE Voe LA TY
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%, EFEHA/NS VL LERERIIEERERICEL 2D, BEDLEICHEIT 2, BREE (2.
DRTJ=04&D

V(JCZ%T—IIlUsc/ﬁn+ 1) (2.3)

z%lnusc/ﬁn)

THEz2oh%,
HAES I

P=JV=/V—JuV (exp(gV/ET)~ 1] (2.4)

TRIN, 2L T, RARENREEEHSFET Rbb oP/oV =000 & EDEREE /n, &
FE Vo 25KEDY

Pmax:]m Vm
:FF’]sc' Voc (25)

ERIND, FF 3HBERT e REh, B - BESEO “5HLoa” 2EL, BENL KBS
DFETIE FF=0.82~0.83L 83, TANF LKL, ASEZILVF— Po L3007
/\“/]'X/\oi)(_& ]sc, Voc9 FF 1736

7= (FF+Jsc* Voc/Pin) X100 (%) (2.6)

TEZ50%,

Iliuminated

2.1 pnBESOAKBEBCRLE, BREROEY - BEgl
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KO KREE, B2, ZHEHVY 3V AKBEBOSHEIR 2.1) RO X 5 28B4
T, B2 20% MBI TR T L1, QBEACIPIBERELHBFERDOELET - HOEIEG
R, QBGOBERY —7 2R WIS R, OFZEHEE, KA, MAESCBI25 v V70
SIS L 20 Joo exp(@V/nkT) (n22), D3I DOBEXRE2EEL KRR TEESND,

J=J.—Jou exp (q(V+JR)/kT —1)—Jo, exp (q(V+JR)/nkT— 1)

_(V+JR,)

R (2.7

INODENINT A —F OEIR, SRR & BB TR L RE L TRIRREBIC 8102 J-V
BHEEL SEIRDOND, IN6D I DOEREF, wIhd (2.1) ROBEN L ABREOME
REZET SR AMIC@, #€-T, BMEROKGELZEET 258, HERBROMIMZ LY
TR B e DAZED 2 &, 2 L CHER Ju OETICL VBIKREE Vo DIARN S 2 &,
BETEICHEERILTHEY, T TR IODOBEROMRED LT 2L bERE I
HEWR 5T %,

R, J
e oy {2 |l I
® \ » Rey  V R

!

2.2 pn ESKEEHOSMER

2.3 ABAXRZT MV, A7 DVIGE L HITER

KEGEMDHNTEREE Je 1, AFARZ PV EKRBEBHORARY PAREC L > TRES R,
RATREIND,

he=[E@-RQ) (2.8)

E Q) BASPEDOSHBERE, R(A) IABEMOMEERE, VIASLOBRETH S, SNHE
RE EQ)3FEAABERO & 5 ICHRIATEA RN TV IO THNIT—BNICEE S
238, #i EAKBGRMOBAICIEE2.3 1R T & 5 ICHIER 2 ED % < RIS X 2 KB 0BG, BINH
HY, KBDOHE, RIADOREIZE > TRELSELT 2, -7, KEBHMOHIER L A AR
7 PVIREL TRESENML, ZOABARY M3 KBEMOMRELIMMT 2 £ SR LEE
REEE 5T B,



13

—7, KGBH#BZDAH ALY PIZED LS CEET 2 02RTHERE R TKBE
HEREICTE < BAFR T 2. 2 2T, p-nEAKGEMOSHERE 22,4 RS HH S —KTE TN TE
Z250, BEWMRRE»S d OEMICHD, BEOEZBNREEE L ® L X0 b+4/0sn
ERET %, BBt x CBTBAFEEOR, KH (x=0) KBTI NFEEE0,, RINFEHEaL
L,

250 T T T ] T l T I 1) l T I T l T I T I T I T T T [ T l 1 I T l
B
<
% 200 —
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O = Qo™ (2.9)
TEzoh, ZOXRFICLI>TERINIETF - EFLNOREFINERETFHILRLZ1 L T2 L
G(x) = Qoae™* (2.10)

TEZo0 5, ERINIDEEF v ) 7 3IEBUC & > TofllTlx exp(— (d—x) /L), pfITIX exp
(—(x—=ad) /L) OEIEGTESICEET 5, #->C, WEENZ2PHF vV 7id, nfllDIEL

thfd@oaexp(—ax) - exp(— dl:x ) dx (2.11)
p HIOETF
Nezfma)oaexr)(—ax)-exp(— xzd ) dx (2.12)

THEzoNs, 25LT, pnEGEMYIS ¥ v ) 7 ORI

Ne=—22 (exp(~d/L,) —exp(~ad)) + Poaexp(ced) (2.13)
@ —— (a +—1-
LiB, L Lo
HoT, WEAOKTEEG, ()12 & D ERSNEET - AT & 288 it
]L('l) :qNT
=q¢o{ a}» [expt—d/Lﬂ-—expt—ad)]+—5952&%ggl—}
L @47 (910

LD, BRADAS 7 + bV iZxT 2 KB HONEE I RE TR (UG, EFHE BT 5,
i, Fr UTWEHRLLTFD,) 1

J(1)

(1) = 20, (1)

=% (exp(—d/L,) —exp(—ad)) +- 22D

L (a +t7-
THEASNB, LD HEICE, RFOMERERLT G 2 BT -EFANOERE L L i##2
KB IDCER A ERIICHE TS 2% KEDAER, Thbb, KEREREREHE 2 10 3H
ERENR LTERREE ® LT 5 L, HEE L 2BAASC LTRERGESRL T
ZZENEE LV, B, BEAES d 13 03~04um THBDT, Y ) 3 v ABEROSE T

R 800nm Ll ED AFHICH L CTIRWTFhOBEED 11387, 20ER

(2.15)
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Qq(l)':.—al— (2.16)
@ -l—?

LMY B Z ENTE, BEFHE WEMER) 3 S ULHEHE L. OKE XL > THESL S,
¥/, QARTHBLIC Ly PRELSBDZZLEST Ju bBAL, ZOREE, BENEE Vi
bRESL D, o TC, BIA L TEYEORAEY ) 2 v KBBHELHERT 284, 2FE1cn
TREGNE, BRAELRE S L TRENAOMBLZ/NELT22L, 2LT, BRENOIK
FrUTHEE L 2RETE2LThH2,

ABART MUPEL ANV~ E 7y MDBFE, HFH 0, 1) ik

_ E L A(um)

LS ey, BERHIDORER L), 2L THMEREE RA) I

L) =40:) QM) =15F Q) (A) (2.18)
_) 4 ~
R =Spe=—tQa)  (A/W) (2.19)

ERTIENTE S,

S R

1) S. M. Sze : Physics of Somiconductor Devices (John Wiley & Sons, 1969) p.643.

2) H.J. Hovel : Semiconductors and Semimetals, vol. 11 Solar cells {Academic Press, 1975) p.
15.

3) R. Matson, R. Bird and K. Emery : Terrestrial Solar Spectra, Solar Simulation, and Solar
Cell Efficiency Measurement, SERI/TR-612-964 (198) p.8.



FIE KEFEMAER S Y o VRO FHE

3.1 EZNE

KBBHEY 2 — VD3 A MERBESRD SN, TRTOHEETRICBLTABIENHL SN
2T, HLOHBESKBEMAER Y v Y2 OB ICETONT WS, BAEE T
BN ERELERAMNIE, T TIORN 2 L SR T 3BED Ak, OV a3 VBl H» o551 >
Ty b ERETIHELETEF a7 7V AF—%, QFEICY ) 3 VK ERLUAAERS Ty b
EELZF v AF 07, @V IVEE»SEW) RURICERERET 2V R UVBRERERE, 8
Hb, WTFNOBSERM Y, 72X MEBILEZZ» 2 HUTEBE L TEEBREVWLY —F 71—
DY) aArEERAL TCEETREEZEEL TW 22012, BIZIMY &R T22EORE% »h
Z T3, BT, ¥V 3 YEROBREMLALELFEEFIGTNDETEETE 2L
B0, BEDE %, HRATEEVUHOMAREL K> Tnd, Tk ki, SEOAET
G N> ) 2 CBEERORBERST, BRREZOWTIE, HELNE L,

AETH, EFLINTWS EFG VRV 2 v EREF v RAF 7Y 2 v SRR #E
LT, MR e RN ORBOEE L WER2HS 02T 5, 328 T, RFAKR VRGOSR
BFHEEST 2 v —y 2 VEVRERL T, 3.38iTK, MAKRUKRRBOXERMEES MBIC
FEONC L DS M LT, WARUKRKE L EEYEOBEIC DV TRETT %,

3.2 FEERRLSUR UM AL R b OO A i BRI

V) aVERORMEERET 3 FEEELH M, FTnSEuThY, ZOBROESF RS>
TEOYY) 3 ViEREEE, FHET 2o EThTE L, #IlicswT, CZ#k, FZERRO
Ak E LT, BEOFERL v F > TEM OB R s N, £, EEMY Y I U iBROHER
BEBOTHTaVv—y a3 VD, X NRS S 7ED SRS N, BFIZSH b B TR
ELTIRLEbhTwa, UL, KBBHADEI X b ) o YEBEEERIC X o TES Wz,
BRZOMORMELS S EATHLLDIERKOXB IR T 7EIC L > CFHET 2 Z LB L
<, Flz, BRI v F U7 BI3— I NIEEHE» SR INT O TH 20 ——KBEHMOILEF
B hE VEELS 2 2R/ S REAE THRICKEL, ZORBE, BEshixlT
bk, BEI3QEESLWEEORBEDOXB 2D vw, 22T, E&IX, HART
BEB OG> TR 2@ % b > T3 2 LeBBL T, #7aL — a v k v EFG
U R A D FHE & B A 7 s
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3.2.1 FHRE&ROTLEETIL—> 2 v EOMR

V) 3 VR B A RETOMBBREAAE LI L, L CREEC X 2HOBEE DL
REwZ e, AL TS 2 GO RMEEICHHRETF 2 RIT L 2 O/RERIMNEMSE CERE T 24
BT av—yvarReEnRTw 5, FOEEE, BE YV I ViE&LRE 2HEEHE (Cu
(NOs)2), Hilk#H (CuSOs), H2WiIFEBHOHBEE CTEE Y, MU T I ICL-ThkEN
B UL, Zhe OHEEREIENL, REGESAEHIZZ 20T, FIOIMEMREEORICE
HZIZ7—R) vy LRTRERRWRERbD, 22T, FHIWE, y> vl arfEg
DEGBREER DO, B3.1IRT 2V —VIHEF 2BV T, @BF% Y — A L7 2 KHIEE T
TV—va VEERRE LD 0 FRIE, B —vickiRoE&B#E, TEY — iy
TNEBGIE, Fr VTHAOT LT CEBL, WY — Y RARCHRET S0k T, §
DIBLZAITS b DT, BEIEEEMEX, @®E Ar FAWHE 0.5~0.7 I/min, %> 7 VR 950°C~1,
050°C, E&EHFWREISS°C~1,055°C (B> FVRE LD 5°CRE&E), HLHEFM1~3hrTh 2,
RiZ, AREDWZIEZCY TV EVERL, BB T2 &> THORIT TS, AN
I HIEEIZR12°C/sec TH %, FOTHLBDOREIC DL TRERBERNS Z LT 5,

PED LS LTHTa vy — b 3Ny v PR FRABEMBEIC & > TREL 2, RO
EXRRNy 7T T RIC L > TREANLG R, K3.21%, 72 v —hani {111}, {110}, {100}
HD CZ Y = NOFRNEWRERETH %, BLRZIZFEHVWOE NS —>Thb, 2D CZH#
DT AV —yary—2F, S MHuick > tBEs - D E—RKLTED, {111} 7=
NOBEIIE 112> Alanc gt (needle) kDb D3, Z LT 110> HHEIZ A7 +— K (sword) Ik
DbOBEIbo>Twd, IhH I, WPy (110} L7 b 2 EEM (EHHA10), HHEi<100)
BOTFav—yarhbfoTndbDeEZz N, - Tlivh {111} {110} {100} &
OEBOTFT I —v a8 -V ERLTEL,

= =3

lopwnl)  rew wew,
=1 T&=—]
Cu SAMPLE

-——

Ar

FM.

FILTER TRAP

3.1 2V~ g
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a12) {a1od

(a) {111}

~—— (100)

(b) {110}

(c) {100}
3.2 CZy)ar#ERofilTar—va grmErar —y
(a) {111} ™, needlefkD 7L — 3 > NEH L Zh
EWTE D,
() {110} M, SEEHET IV — S {110} H e EROTH LR,
() {100} M, FHEZHEL K w7 LBOfHT Iy —v 2 >4,

g N Y—
LEZHICHHEY) avDE
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BEREE R OHEOTMAEE EITH &, RO 3 DOEREPHEINILELD 5,

D BERRCHEOTFT IV —v a VENERSNS L5, FoRBOSETFHY U O s

WEHLTnwa 2k,

@ VrINERBRFHOHEBNELC WIS, SEHAY —ABELY Y IVBEOERRELL

TERWI L,

@ WHIEEXAREREIELS T5 2 L,

AR THOQDREZ. 5°CL LIz kT, @, @DEFZODVTHREEIMZIZ, 7, ¥ 7 ViR
FE850°C~1,100°C, BEHIFE12°C/sec DIAFT 2L — v 3 VEBEEITL, REMAETFILV—v a v B
Z2E3.3ITR L, ©3.3¢ i34 AVBEL 0000COT 2 v —3 a3 »&T, CZ-Sifgfid {111} &
DRI 7% /8 5 — > 2R L, 2LT, EFG U RV fE&IE, RSB % RERHRIES 5 25 AKMA
DNE R L DORIG LR T av— 3 Y BERLTWS, ¥ > 7 VREISICLUIT T, CZ-Si
BRBEEAEFTIV—bshnvd, HBVIEMS.3a, bIIRT LS iE, BEROGE 22
I5HONBBETHE, VAVEREASEERE> LEREST IV — b SN2 22T TRAND
INERRMEETav— kv, Zhid, ¥ 7VRENMEN 72O IO IREIREUR VAR )
MWL, +ohErERTE v Bbhd, K, Y 7VREHLI00CELEIE 5 &,
+o R T OWE, EEED 525, ABGHBEEIC LD 12°C/sec T, 1§ & A LOHHFETFIE
HCHEEH L, M3.3dicA3 L3 RETH-V) 2 >0&E2ERT %5, # LT, CZ-SIHNERE 7
av—raRT, VRVEROK X REEE> L RBEOAT I — b E3N5,M3.3d 1xEEOH
~YarDEEBEERY v YT LIRBORINERERTH 5,

Wi, GHEE DR EZFANT, AEEOHZ I I E20EHLART 5 HE012°C/
sec) IAhIC, 2 0DFELRRAT, 1 2B F v IAEKPCETT 22 8L 38865H, 201
J U INFRNTO - L D Hl, BIEOEER, Y 7 VEELI0CCOBETH o iFar—h
L, M3.3cDE %57 av—yav@E{E5IENTESL, LhL, Vo 7B ERIChN
REDELR S W CRMEHEGORER 2D, BERAORY v Y VI BRBLBEE R REE D D,
BEOZE T, WEEERN2.5°C/sec LEBTH 57012, %< OMETFIIEA L, K3.40
L CRHEO—HZI-v ) av D& dboTav—yvarRend,

3.2.2 AFaAL—LariE L BEREREY Y O EROFEM

CZ vV avyanTHILERT 2L —y a VEMiEZHRALT, %L 0BREREEESATHLS
EFG VR > vV a viEofHE 21T o7, RS Y RS, 18 2.5cm, E& 300~500xm
T7 3« AR v v >BilE>8ugEa v 7 (HF-HNO-CH;COOH %= v 7¥) —HF 4L
EXEENIzbDEAY — MRAKE U, ERRMIGTHRARIT, BERALR O L BB XKE» S
Ko Tk, Kr/AaE (low-angle) ORIFEHE-TWS), ZLTENTHZ™Y, oD XM
DWBREEC FIETHRIERENZ 22 12LT, 27 EFG vV a v RO {ERBO 7 2
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1004
C.Z. {1 RIBBON

®3.4 CZ-Si g e EFG ) R o7 a v — 3 3 > %,
WHRE150°C/min, > 7 LIREE1000°C

V—y g YMRIZOWTIRR B,
(1) HLHIRL 5

SiC DEAPER AR OBREDOENY 4T 2 THRAK AR LEFICTav— 3, [E3.
53, CNOMABKZT IV —> a3 BT, REREEE L 5> TWBKRFITIZIZH L DRy MO HHDS
R L T 210 RO ZRIOE L, {1201 WE AR Z & b RE O HiERO BRI 72 L —
YarnNg—=rERLTwEY, BRIOEHS L, {110} 0ERN LY —2 2z T, BLEET
CERRLTOD EEOLNDHFD 7 Z 7 K (clouds) %< FHET 5, BHix, E3.6iICHONS L
W2, WA LICRE»SHEmMICE TEL TWAEGE LTIV —Y a v BHONE, DS ES
ATEEI Ny 3y M FEIKBERIXY — 7 DK E REME2RT,
(2) Ky (high-angle) Hift

ERRO KA (high-angle) Kt (BROBGLE £ Bbhd) OF IV —v 5288 — > 13H
3IDESWEH D 2DDEIE S IHFRORH AT = BRON, T2 D08 - HHMD
TR FEAET S22 EER LTV, 202001 FR Y — Oz, ETh o4 B LETHA
WKESTWIDONEHEENS, CORMBOT IV — 3 VG5BT 27012, FHEEMEDO YL
Mbx oy FRY—> L XERT 7 TBEZC L 5SRO S (pole map) #X3.81C7R 4, I D
FREECODAEEZZTHAMTHS 2 ELMEEE» Sbh b, £ L THRAMD® S, ZORRIE
TR AD» S A2 L (212) WICHD, FEREKBHS5AZE (212) HICHIz>THDB I L2
Bo B L7274 %, COMKRMKELEE 101 AAICE> T2, U EDZ £ 6 ZOERKMEIE(101)
abrrill (zone axis) O {221} WHETH 2 L Bbh b, #E, ZOKRMAERFICIE, K3.7C45
N2 L1101 HAEICES>TWBEIA4 YA DFTar—y 3 vigasin <, loosely-packed
A10> ARCHEZFEFE NS ZREERH 2120 TH 5,
(3) EfEkiF (linear boundaries)

BB RG22 & OERBOEGE % B (linear boundaries) LIEATW %, ZiLld,
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A (b) & (c) 8 T aou  (d) B

®3.5 () FHAKROHET 0 — 3 R EREEA, BORR (pole map), (), (), @) :
SEND R DA R

—_—
304

3.6  AHARSE O L HT Iy =2 a3 R

X3.7 KfE (high-angle) RADOH7T a1 —3 3 R,
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(b)

3.8 A (high-angle) ki D) v b Loy F{§ L FEER A, BO S (pole map),
(L) D v b vy F{&

EFG v ) a U RO & L BEm 2 RE <. B2/EE (lowangle) TN T 2D %4 545 199,
CO/NAETRY T L2EBMNAOTav—yayGEZFOI NV MLy FEHEEZRI. NIRRT, KRG
IAEARRL ADEMRKIS  a, £ L THEEARL B OEMRRII D IR BICFITE > T b, BRI IZIZ
EAEEGEF> Tunnloll, R T av—yarydHngw, £72, RXTHEIHICH
SNA/NAEORFE, KAERALERIC Q100 AROALCTIV—Ya>y7( Ba6N5,
L, L OELEHS CERRT (F3.10) PEMICEN T 2EHFRAR (K3.11) (X0 7
JL—bhER, BHEEEL TV L EEBbRBERORTZ A > 2> Tw3,
(4) EH
RELREEPONTICH, B2 DEADBAD, XEMKRTZ 7 TRE LR > THEALEHHH
Hb, M3.121F, COLEIREADTaVv— a3 METH 5, {120} ICHTWE S RIO SRS % K
WU 7o ORIy — BB LI T — L2V &, ZRIEMZTESROFav—yaon
110> ARENCES T b,
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X3.9 HEERAO@FT L —v 3 L&,
b)Y by TR

—_—
1004

(3.10 FEAZMH- RERAOHRT v —> 3 2K,



X3.11

(a) — 1004,

(b)

BN T 2 EBR RO T 31— 3 VK,
(b)Y bz oy F{R

et
30

(3.12 FEFOHFHTav—3 3 4,

25
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3.2.3 SAFaL—va kot 2 FRMERE E ATBISHOEE

VAR FEEDY ay b F L CEBERT 2 L5 CHEESBEERSE) 28YEL, Th
WKV —H s E—AZRE, AFx3y o7 T32010557T, BRICESENTWLIEERIEONLE
Fith e T, V- — L1k He-Ne v — (I 56,328R) —SBEHME S A7 Az k- TE
BN, E—LBEBK20um THB, Yayv bFEELE, nBY RSP Y 3 U ESOBESICIE X
%MMA@$0MO%%§¢5:aE;OT,XPMUﬁyyUzyF%@F~zu HNOs i 234
BEBLTRILE WI5A) Ta— h Lefic, ESHI0A07 L =54 (Al) 23568 LT o
Lto%ﬁ@j—iv7'3?77F@77V—97';V7WXV#KiOTW%ﬂKO

Yay b FHeVOXRERAEDE, nFY> 7L EDE (Au) % I-NH,I % (1 0.3g, NH,I
12g, H.O 10ml, C,H;OH 15ml) T¥ ) a>KEZBET I LR <MDK E, PHY Y FL FD 7
iz (AD) i3, 7yB (HF) Bl LD BE L RERCIRO RN T, iFar—v 2 VA
Y TNE Ul Bilg, BEEE, 7 av—Y a3 v BT, =P E—LhZFp itk
THANTONERMY & OMEE &7,

2 DOMAIRLEER 7 0y 23 1R Lz, BEMBEEER, - E—LAF =y
TG LT ) R REEREO IV MV FRTH 5, 3. 13@QDEBXYTD £ I 51, L —F-
E—AEZHERT 27200 —h—(IEBETH b, 7, K3.130)D 71y s SHFEICE > T2
DY > TN ORI SBEEBEROH LIz TH S, 7uy b EORANIEEREN & K
DIEER LTS, V—FRAF v = 7L ANBHREECBOTHEELELAALERLTH
HRENUG” “Ls” “L” “ST Wk o TRE NI RO T a v — 3 288 — > Q#BEIEIL, FhFn
3.5, 3.10, 3.11, 3. 12 RENTWV 5, ZHHDKRMEIX, KREREBES > T CHRECEHT 2
L—bhENTW5E, i, BbrAaZREZVWEA “H” & “L” 0k GRaNEREOT L —
YarRiZELZMI3.T, K3.9T, ThoDORKEIESBL2EDLT, WHELTFILv—YarvhhsnT
Wi, LLED & 512, KRELEEHH- LRI L HRBIRES OB & OB A5 1Tz,

ZOHET AV — b E Nl R L HBERES OB, 3. 130D%KMH “L O EHEALTT
AL —3 3 MREDIEERLUIE3. 1400 LSBT 22N TE L, BabFo THECT 2
V— b INTERRFREARBROBA L X1 Lo ensd, Lal, AR T — b &
N, SNVPLIy FILE->TRUDTHREENZ/NSRELLOED S WEBRR “L” 1k, %E
TRFHEICEVLRE RSB Ty, IS ORI, RIGOICEREHECRIZT RN EL I G
LTwasZE®RL, Z2LTEN, ZOFEHFET7T V-T2 F 2LV —3 a vENKEE M
BOFIICHE L 72 FHRTH L I ERBRLT WS, YLz y F v 2D 5 R kR HE I,
RAICBTIRELPRHETERZVEVLIREZ SO L, KBERBTCHELY L0380 LS
BINSHBEORMETHREL, FEHEFE->T-RMBEORBDIF IR RE% b D,
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LASER BEAM INDUCED 1 . N3
- \-63pgp  (M-1ype Si)
20pd
—— 409.6:

response

0 L H 3
\ \ distance

LASER BEAM INDUCED g

P-1
\=6328 A
20p¢
— 409,64
(p-type Si)

response

LIL Lg Le
distance

(b)

®3.13 Y av FFEELDOL —H « ZF o> = FRHE & SERIGOHM
(@n# EFG VR viffdht v, () PAEFG )R Vit v
L E8A b a WESRS (linear boundary), H : A (high-angle) k75,
L : % ko -k A (linear boundary), L @ ZMIcRZ Y 3 2B (linear
boundary)
S [ EH, G THERRR
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F
\i —1laser beam scanning

(b)

X3.14 [M3.13bDOKHEH “L @ (@7 3L —a >,
B b IL Ty FHROHE

3.3 FEAKL R O S R B O SERERI TR IS £ 2 R

ey ) 3 ERIL, SRR SRR NOR S Lo TREO U S, s DfiED
mmﬂkdmﬂx%éﬁ)tk%%ﬁ%ﬁ@ﬁﬁ%&é:tuk%@”ﬁﬁ%bﬁfn%”mmo:
D L2 B FE L I SR e O BRGNS E 25 FE L« LT, EBIC (electron beam induced
current) $£2172® LBIC (laser beam induced current) %%, MBIC (monochromatic light beam
induced current) E'3O3pMEH SN TWS A, EBIC OS5I INEEBLICE > TEFOL Y
RS %5 &, LBIC 3:D5E XY 2 OREES £ & DR 800nm~1,000nm O L — #7535
shnnZ k, MBICEOBERM/NeE—apBonTuhnw L, FOMEEICED, Ih
ETOE 2, HffY ) 3 Y KEBROMBAEREOIME L2 21> TED, kR
DEEMLFHBEFE L 138> Tngh oz, fuill, Seager® 37 ) 7> A4y« v —H—%{fiH]
L7z LBIC #kic k- T, ZHifY ) a VN AO HF v ) 7RG EREOFE 2 A TwD
H, E—AFED 5~Tume, WEMS00nm LN TH 2701, FELKRMESL o T3 EEMED
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HLBER/EREDIFFEICKE 2 (s 210°cm/sec) BELMADAFHET 218> T3, &1k
EEOEW Xe 5 72HHLT, E—A% 1~2umé, #E 350~1,150nm @fﬁiﬁlz‘@%ﬁﬁ@ﬁb
MBIC#E%BR L, ChEHHT2 IR L> TRELLZEEDF v X b ¥ U a2 & RKED N
BHMEEZH I LY,

AHEITIX, 7, &EHEsE MBIC & O R & 44 %@ L, BT, ERRMEE FED WG
RFUCB T 2 A F v > =7 MBIC i & Zook® DEFHHBEENEL —BT B I L 25T, &K
W2, ARICES K2 HD R WERR RO KEERHIRECRIZTHREE 2 2581013, FEN
K28 * v )V THBEEOMEEFEAT AL NI &, 2LT, BEPRMEEHES MAOBESIIHT
@ effective influence width 2§18 33 Z L ic k> TRR LM TE 2 2 &, FEHOMICT 2,
7 LTRIBIC, BAMRE MBICEB2HAL T, ¥+ X b ¥ 2 VRO SEOESKIEONEL
HEEHS»IZT 2,

3.3.1 E5#EEE MBIC it BAR
3.3.1.1 #BrR®E

EorfERE MBIC HEIXH3. 1510 & 5 RHER» SV ->Tnd, Xe 7 &% FEELTE
7B A=Al THALENSRE -2 B ETEV R UBTHERT 2, 22 TEEDOKX
ZEEOEYR— NI D ARy MROFHIHEDBZ SN, PHRE—LBFDE, FavErrh,
VA eBLTHEMES AT ACANS I, YV v X 2B L TEIMN ARy biciksns,
DL L THUNSBIZENTARE -2 5B RT L CHENR 2N T2 52X F v v
=>7L, %@ﬁkﬁténé&ﬁhﬁ%707/7 Uy 7 A4Y7 7L AR L TR
ERERSMERET 2,

KB, EHFCT—EOBEL BB, 2 L GERIME (800~1,000nm) 23\ JER % b DEHE
Eo Xe 5v7 (#3.16) ORMEFIALT, v —7 1 ¥ 75% & D EE 350~1,150nm EiE
AIEOHEN 218, BEMBESY AT A L > TN E— A% 1~2umé OB E—L%2EB2HDT
Hb, E—hFiE, YL AO[EREETE L 02um /RS THIENTREELREBL 5T
WBHH, AF ¥ =7 MBICEE & U TOIEREIR, KIRE, S/N, HRIBEHR%2%£2 3 & 1~2um
BRELZ->TWE, AF v 2y S R2SOVAEET0Ilum X5 v RN ThH2, Fav Py 7R
WH 68Hz Z{EFAL -,
3.3.1.2 f4gesIcH

mMERE MBIC 2B OMBESMEEES, Xe b —DBENY — 2R AL TN, E—A%
lumé L4ume @ 600nm HHE— L 2K o —DBEBPLrEEBICETIZ2 LS5 XAFy =y
L, BohlBRE5M (H3.17) » S0BRERIE L 72, AIEEVHEE “17 »5 “0”
KEDLBIZEY >INV EDOE—LARy MEKELWEBEEL A NEHSTH 2123754, —
LAARy MED dume, lumé L/NE LB L, B Y - OYMESPRIESSENER T,



Xe monoch- “ A T A microscope
lamp romater{ | \/ 1 V
inhole
P chopper
IR\
| —l ! sce:n
} ref.cell sample ! System
Light Beam VO A
lock-in
amp.
Z b
GB. eage
plane pl%ne [ — ]
Sample Cell X-Y recoder
X3.15 EsrfEEE MBIC #£E
- 1: 764 nm
2: 825 nm
15 : m
Pl :
P BB+ 5 simm 6
o 7: 939 am
$ i 10
:§_ S80T 10} 93 mm i
O 1 : 101 am 4
| pime
bt 180 11705
g i
— 300 1
'g H
“
< 200 1 13
12 ¥
= leeq
[ &8
o+
(] [} 1 N Il } 1 1
o T + T + T ¥ T ¥ U
L% 400 608 808 1088 1200

Wavelength [nm]

[3.16 EEE Xe 7 FOSNHREBES /4
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10
Beam Spot  (600nm)
:@'\ 1T ume
©
o
5 b
Q
o
o
el
oo
active area electrode
O N 1 2 1 1 i 1 | ' 1 3 1 1 N 2

Distance (um)

®3.17 K Y —DBME Y — RO SIEHS A,
— S — 24 (A=600nm) 7B REEDOTHER

dume DHEITIXL 55D 6um, lume OEEITIL 25D 2um #ET 3, Ln3ERE %572,
ULipl, HEEREE L TIRE—LAXARY MEERILAETHZ LS 2 ERNTE B,

o fERE MBIC B ORI, RELLEFMONXBINE 2 EET 2 2 08T, 20 F, E—
LAHDBEREEZ D LI > TERSHADEOHZ ZENTELIETHD, T2, HE—
LAB2AF Y27 3520 EoT, BB 18ITRT & 5 CHATEBO R IERSA LM A 5
ZEDTE, BELDAX v Y2V PR TR LY, BERT LS % 3L A3 5 LT
2l Ele, VBI v VTHEREL 335 XA — 5 L3 2B 5 BEONHBREE TV RFEALTKD S
NIDEF v V7HRERER P VAR ZAOBR, 2E3.19CRELTEVRD, O/ 7ES
N5 &5 1L,000nm~1,100nm OFREDIHE-A BRI EITLYD, AF v oy lBER2ZD
EEDRFE ) THHECHIELTWE I EIIR S,

2O MBICEBEDMEE — A2 BECEEL, HHE—ADQEELIEREZ S 2 L2 X - TN
oD NBRERE 2B Z Lo %E 2, %72, SPV 53939 (surface photovoltage method) 1=
£oTC, ZORMOVEF+ ) THERELBLIENTE 2, [3.20, ©3.2113, @&D> Y o>
KHE OIS, OREGFHIEE (AR) 2— b S07-564, (c) ethylene vinyl acetate (EVA) %13 X A
THRES I ATEY a2 —VEEIENZHS, O 3EFRER—FH LS DBEESY ) 2 v kBE
MO ZENTNDOWMSFOSFHBEREL SPV #IED 70y s TH 2, Ko, HEEHRD< v
FYT7DENTVEEY 2 — VBSOS NRBESRS BRI T TH S0, RES I ABNEOR
DIZD BB E 5> T b, REEIE Xe 7> 7 ORESH BRI L TR/ E— A ZH
MEZBTWERTHEH, ZOL S SHEREFA LGS, RELSHBERE, SPV JiEss



1.0 porsrrararern

go5
g
g
i y
0 A | .
0 200 a0 gp 600 800 1000

(m)
distance #

®3.18  Eisrf#RE MBIC R % x> = > 72 X 2 BRI IA4EDH,
B#RIE Zook HEERIE, MARIE 4~Sem OQFREMIWYY — 2 ERBL T3,

T T T T T 50
signal \_32
/ﬁ

.'\

Current Density (mA-cm?2)

\\

// ML5 s_tondord/")f&/
_:. -—&1- ]

Q-0 ]

\\

Response (mA/mW)

\

500

0 40 80 120 140 200
Diffusion Length (pm)

3.19 ¥V 3 rREERBEBHOIVEF v U THEHE LSEBEROKR P L ARV R,



o
o)

(A/W)
o
BE

O
N
T

Spectral Response

10001200

500800
Wavelength (nm)

(3.20 3FEEORMAME% b DHREEY Y 2 v KB O S HRBE R,
@#BD> Y 7 KE, ORI — b iR\,
(C) k= t‘) Z —}v%iﬁo)iﬁo

10

200

500 0 10 200 300 400
}71 (1m)
B43.21 STEHEORAEME R b DLV Y 2 KEEO SPV Fay b, Dx vV THE
L 85um, ()BRD ) 2 >R\, 0) RKEBHIFIE D — b S KH, (©FY 2 — Vi§
EOFRME,

L
-200
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AHETH B L BRL TS, i, KRR 750~1,015nm 2 B v Tix, @Dy ) a2, AR
a—bravYay, EY2-AMEEOY) oy, OXRERMNBESEECHEVEKELL L,
WTNOBEDFTHFIKBWTSH SPV HIELSRA—DPE X » VT HEREERD L 2N TE S 2
EETRLTWS, SPV HIE»SAHF v ) 7THMEERZB2HBEI, ROEET N E T BRINGRE

(BBEI)DETH B0, Z O TIE Rajkanan®® DfE 2 #H L1z, SR E—20HEREQ),
BIRE (@) BRNBBEFES (1/a) 2R3.UCRLTBL,

3.3.2 MBIC i%i= & » SR OFME
BAFE L /- E e MBICEE 2 AL T, F ¥ A b ¥V 2 >V KBERORER RIS O 34 & 17
W, BEENAOAEDE L OBERZHO 0T 5, MBICEEICER L v A MU aVKBE
Hix, B 450pum O PH 2Q-cm ORI, BHO Y VIEE SO A TABEIZER L b0
T, BHEhEIE AML5, 100mW/cm? FT#II12%D b DTH 5, REL 2 ERRMEE b ik
REELLTE, Ay Fa3hi: CZvY) arRBBEMOH EER L, &7z, P8F vV 7
B (L) 13, BEE 750nm~1,050nm 0 X * v > =~ MBIC Al R o SPV 53 (surface
photovoltage method) & X Dk 7z,
3.3.2.1 RMEREEHH15 MBIC B2 OIEHRMAT |
HE—A L FERAREPEICEAHEECE > T340 MBIC fihid, ®Arskven
%o ZOAR, WHRFEAEME S D IWTOVEF v V) THETEROEN» 5 Zook®™ iz L Y H &
HanzRTh 2,

2S5(1+A4) o sinh2ze(xcoshaiL
1 I —q e\
(x) /1 (00) = 1 - Xfo oIS Tt (i
(3.1)
A
I =7

A=al, S=sL/D Ta, L, s, D%, ZhZhBNHE, P8+ v ) 7HEE, BakRicsd
ZEGEEHE, EREEEREL TwE, ZOHERRISNHE—LOKREIE2ZEEL THLRWLRATH
208, E—-AZEEERLULCEBROEFEHALLBETY, K3.2205 86 (1 =830nm, L=50/tm,
s=2X10%m/s) IZRENB L D2, E—AED 2umé DOBE, HERFE»S 4um LI FEEN 720G
BRBOWTRRAUHERER S,

DEF v ) THEE L=50um O a3 KGEMOFRELECEIT S MBIC 5505 &#%
(3.23, ®3.24ic7" L7z, K3.231%, REO* vV 7EHESHEE s=2x10cm/s T, HHE—LD
BREAZZE 27 &0 MBIC 55, X3.24i13, S E—AKE 830nm T, REO* vV 7THEES
HE s 2SR L ED MBIC§5Th %, HEH 800nm 282 2300 »SFEICBIT 5 F &
V7V ERESONENEEE L #82 2EHICETRY, ZLTC, F+ ) 7HESHE s » 5x10°8
cm/s 22 200 o REOMBESFER TEL VAR KEL B> TWEDBb» 3,



#®3. 1

AHE—LDOREHR (1) &) 3 VESROBIRE (o), BERS (),

A (nm) a(pm™) 1/a (pm)
350 8.71X10 .0115
375 5.49 .0182
400 8.74X1 .1140
425 5.27 .1900
450 3.07 .3260
475 1.82 .5500
500 1.27 .7890
525 1.04 L9570
550 8.71X107! 1.1500
575 7.26 1.3800
600 6.05 1.6500
625 5.03 1.9900
650 4.18 2.3900
675 3.46 2.8900
700 2.85 3.5100
725 2.34 4.2800
750 1.90 5.2500
764 1.69 5.9100
780 1.47 6.7900
800 1.23 8.1200
825 9.75X1072 10.3000
852 7.45 13.4000
883 5.33 18.8000
895 4.64 21.5000
904 4,17 24.0000
917 3.54 28.3000
929 3.02 33.1000
945 2.41 41.5000
948 2.31 43.3000
962 1.86 53.8000
980 1.37 72.9000
993 1.08 92.9000

1000 9.36%x10732 107.0000
1005 8.42 119.0000
1011 7.38 135.0000
1015 6.74 148.0000
1020 5.98 167.0000
1025 5.28 189.0000
1030 4.64 216.0000
1035 4.05 247.0000
1040 3.51 285.0000
1045 3.01 332.0000
1051 2.49 400.0000
1084 7.49%107* 1330.0000
1109 5.89 1700.0000

35



1.0 T ~r T T T T T T

Calculation {Zook theory)
L= 50;m}‘
5=2x10
A=830nm

photocurrent
[@)
(@)]

O~ 30 25 60 75 90 105 120 135 150

distance (pm)

[3.22 VC—iZ2ERL-EERELEZST 5 MBICES0HER (L=50gm, s=2Xx10*
cm/sec A =830nm)

b
2
10 %
= 5
S 6
g 1 Calculation (Zook theory)
2} L =50um
= 82 s =2x10°
05 9%

10

105

0

0 5 30 45 60 75 90 105 120 135 150
Boundary distance (pum)

3.23 %&ﬁﬁi&{%bz B 5 {HEHRFAD MBIC 5 0BT EH] (L=50pm, s=2X10*cm/
sec)
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o

> w»n
()
[}

Calculation (Zook theory)
L =50pm
A =830 nm

o photocurrent
S

100

0 5 30 45 60 75 90 105 120 135 150
Boundary distance (pm)

0

M3.24 HEXEFHESER S OFSFELHEC BT 5 MBIC 55 08EHEHEH] (L=50um,
A =830nm)

3.3.2.2 FEXRMEFELHVEEFEOFEM

Ay Fanl CZ v ) 3y REBMORELEO MM R A% v > =7 MBIC 7—5 %
B3.251277 9. FRERR 4 RICDOWT, R &% BN B IR T 3 HE TR LS e
HABRETREN T 3, FjZ, Ko — A LSRN EAE ICEET I > T 3ES (F
3.1588) © 3.1 X oR® S BHFHEMETH 5, K3.2510R T, EHE L L=50pm,
s=2x10%cm/s DFEDEHEH L — 71, KFGEE 4~5um 2RO TR —BL T2, 203
LD 1 DDERDERT —F L 2D00OFKRMD T A—% L, s #GLHEBHEI—T LD T 4 »
747 (fitting) 6 L & s DER2RD B EHNTES, MO 3 OOWREOERFT—» L8R
SIEEO—BUL, COFRICLY L & s OEIFETELIEL2EII TS, RAL LS iEE
B, ZHR/ARPKRELEZD, F+r APV ) AV RKBEEMOWEDBESCESNTVWS,
D& D nRER EHERHERSE & O—BL, 3.1) ABERRME b % Wik FSEED MBIC
FT—BRFRLTVWBEIEERLTW S,

RIZ, T50~1,050nm DR * v > =22 MBIC F—% 5, SPV e X 0 8* v V) 7HEE
ERD IS OHEI.26TH D, Mi» o ERERODRISTEIEOERS = 2 TRATHS 2 & 5ih
253, EjiE, 3.1 X oROEEEAL T SPV Iz k D RO EF v V) 7HHE ST
T 3. 251 B T HEAME L HERHHES R W ERT I LS YMRTFHINL I L Tidh 2,
DB F v ) THBMEOBHE S B —BL TS, 3.2713, (3.1 s & 3 WM EME £ MM L7
SPV 7oy P 2RULTW 5, AR PS Sum OIEICBIT S 70y b DSHIERIG S B2
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X3.25

€
o
3
2
5]
L
o
Bos
g
Zo a 750nm
r o 830
| 900
s+ 1000
0 1 1 L 1 | 1 1 1 1
100 ) 50 0
Distance (um) edgeT

CZ vV a v KBBHOWELHEICB T2 A% v =2 MBIC (A=750, 830, 900,
1000nm) {545, FARIIHEREHIE,

50

25

Diffusion Length (um)

100 50 0

i
Distance (um) edge

®3.26 CZ >V a v AKBBEMORELHEICS T 5 EHVEF v ) 7K.
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51 5 10

SPV Method
L 50 um 2
s 2x10°
cmsec .

'C} (arbitrary unit)

a’ (um)

(3.27 HE@HEEHE» S KD SPV Fo vy b
(L=50gm, s=2x10*cm/sec)

BoTHD, Ml ROoASEML ERBEICRIETSIREEZ 2813, "V 2OV EF v
)V HEEOR D I ZORRIZL 208F v ) 7T ORGAAREEE L2 E L VEF v ) T
EoEs ERTAEIVWIEE2RLTWES,
3.3.2.3 EXRM A - ESKREOFHE

X3.28 i, #HEZ* v 2 kv ) 2 v KBBEMOBHNAOER L, ZOHE 900nm D453 E —
Lo AF PV TBTH B, HEBEBICOW TIIEBEREIENE Z LT 58, BEk G & G,
pefl Gz & Gs, £ LU THIER Go & G IBEBARICH D, Zh o OEFEIZES.280)D X F v
7B b G LD CBERCEENEETH S, X, Bk G, Gsid {110} EICE
WIERE A b B, A Goid {100} BT, SR G, Go, Gs LN Gy ORNCFET 2 FH
HPRZ AT ITERmICEEICE > T b, M3.280REN 5 L 512, ZOARRAKRITBELRNIHE
WTH D, FEER G & Gy G & Goy, Gy & Gy OFEEBERE Guuy Goo, Gay RUFERK Go @
IR B B E (830, 900, 1,000nm) DX F v =22 MBIC ¥—% #[3.2912 "%, Wit
DF =5 bR BT 2 HIERETHEME SN Tw 2, BRI (3.1) KXo B I N /-Ham
FHEMET, SHMREITRTEUT Li=120um, 28* v ) 7TEBEEREE Gu, Gu, Gse ORFR
BV Gy OERECBWTELZ s =5 X10% 2 X10% 4 X10°, 2 X10*cm/s TH %, B3.29)DH
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fubl Go BREDOHEICIE, BET —5 LHmEES SEE L VB ICR O —HETLTV3, &
AUS DV TIIRTE CRRIC k72, [3.29(a), (b), ()DFEFEHIFR Gy Gas, Gas OBE IXEE@H S
MEDZENT VS, FERNOHEICBVWTRW—RE2RT I oF 21T, ZOHEME L &M
DFEE, FERFUEECBIT2EPRRICLZbDEEZ SN D,

B3, 301 HEERLTY Guay Gooy Gaa SEFEICB I 208 F v ) 7HBMED S 2T L1z, Fi Lneas
i, H3.290AF v =227 MBICHIEfER & &2 SPV #Ep oKk -8+ v V) THEET, W
#R Liear 13, BEERATEER b L ICSPVELSRD T2 > T WS EFETEE C B 1 5 D8+
YU THBETH 5, FEEHANDOF v ) 7 Fi % tux FEEE Lou), BFSTEORSSET RS IR

G2

Gs3

A=900nm

distance | ,umA)
(b)

X3.28 F+ A bV arKEGEHOMKLEROQFRREE,
(b)AF v > =>2 MBIC (1=900nm) 3 XITk,



(au.)

Normalized Photocurrent

10

58

et m,. 1

Hebrrbrilp "‘MWL\‘

Grain 4

(b)

Grain 1 Grain 4
0 1 L I GB. (GIAI) 1 0 1 ). e(b
400 200 0 200 400 400 200 0
Distance  (um)
(a)
1O
830nm

E
8

(01302
£ 10f-remrn,
o
‘5 900nm
Q
0
-::6 05
. TOPreytigg -
E 1000 nm
w©
£
o)
Z 05}

Grain 2 Grain 4
O [ 1 iGB(G24) 1
400 200 0 200 400
Distance (um)
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|
I R — - o

10~ ”"““"'V'T‘TW\;&\ ,,./7“’*”"

830nm

(au)

05 I

\‘\\ /
900nm 4

Normaiized Photocurrent

Grain 3 Grain 4

' G.B.(G34l)

400 200 0 200 400
Distance (um)

(c)

[13.29 () BB G 1a & B G 4 DI, (b) TEEERIAR G 24, (MR G a4, DFEZ BT 5
A ¥y v=>7 MBIC (A=830, 900, 1000nm) (&

BT 2% ) 7HE tme WEEE Liny), BBHFROBHSEECERT 2% v ) 7HR%E » (I
MR L) T2LE, BRSNIF v ) 7HF Tneas LB Lneas) & (3.1 % b LicFHES
Niz¥ v ) 7HEM tiaear FEHE Liear) WGIBENCIRORTEST Z ENTE 3,

L _ 1 1, 1 (3.2)
Tmeas Thulk Ts Timp

1 1 .1 (3.3)
Tideal Thuik Ts

PEEER L3 —f yDr ¥ RT 2 e TE, Loy 13 120um TH 2 DT, B3.300 Lmeas & Ligear D
FT— 06 Linp & L B RDDLZEBTE S, ZORRNEI.30127 5 7{LEN TV B4 Limp I3,
AERLT D O BN 5 1B > TIZIZERRHNICHEA L, BEEBEEL THwE I L2 RLTWwE, X, &
SRR & RFUE BB OB AT L2EOTE ICKRE T 2 R Lines bAKICETES N, M3.30I0R S
ntns,

BRI, ZORBRROBIANEEE 35 L WL effective influence width % #5818 L | T# 2.
LERSHEBTEDL ZLERT, PEF v ) THHESBRIACB T 2BERBEHE sick>TX
Boan 2588 (Ls<L,) % effective influence width W,, &R FUEEOEROTELEICE -



200

pm)

—

Diffusion Length (

Grain 4
G.B.(Ga)
o H L 1 i L 1 1
400 200 0 200 400
Distance (pm)
{a)
200,
Lp=120 um

Diffusion Length {pm)
8

Gl

B(Gya)

200 0
Distance (pm)
{b)

200

400
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200
E
SR
&
3100
kS
= Grain 3 Grain 4

| 6B (G4
0 1 I | 1 ! )] ) |
400 200 0 200 400
Distance (pm)

{c)

[3.30 (SRR G, OFESRTG 2, COFEERIFGae, OIEBEBIT 2V HF » ) 7k
6=

THEIN B4, (LmpsLy,) % effective influence width Winp, %L T2 OFEIC & - CXER
SNBHE (Limps=Le) TR2OBEBENAOROKSEHE Werr L BET 2 &, HBHRR Gu,
Gots Gas @ Way Winmp, Werr iZR3.205 51252, FHEBD, FEEAR Gu, G © W iTAE
¢ 85um, 78um THHH, KEEMIF Gae D We i s SIS O 2DIZ 48um D/NS WHEE 25T
%, fRenAFUAEEDOREEDATEMICE T Winp ZFESEMA G © Gy HIOEF TRIEF K X
BELEoTWEY, ChERVWTIHIFLAERULEDDH 110pm 2R L, BHRRCL2ED
MRBIFIF—RERATHE B bd, UEOWMEBORE2BE Lz effective  influence
width Wesr 13, FESRAR Gasy, Gaoy LT G OIHERKERERZTL, BEEFOBLENEMLE
DEERLTWVS,
3.3.2.4 BROFRL2MEIZL 3EHLHF v ) THEE

FEERD AT & 2 ENDEF v V THHER (Linp) 13 2 DOBEREEA TS, 1 D13, HE—
LBHMEBICB T 2HHEOATEER L 23 v V) TEREBEROEHIEF v U 7HEE (Lmp)
T, 512, ZOFHEOREROARZEHEIL 25+ ) TROUALSRIZL 2% v ) 7HEHENE
HOEHMVEF v ) THEETH 5, HROARTEEOMM2M2 ETCRFESEERER L %5
T30, ZO2DO0EXRESHT LI LRRBETH 2, 22T, M3.3LITFRT L 5 REORHA
BREAHEE s 2R OBRELEELT, BR —7EHE, COBRI—TERF L=V
MBIC 7a v b & DEEUC & VBN Lompe (ZOBRETIE Lo OFIRESATWNS) 2KD
3R b, ZOEBFCB W TR, REOERE D & BRNAOFRANCHLHLF vV 7k
STERENZ VD EFREINTVE I LIZR B, 5T, BAES DK E%HE 1,000nm ¥
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#3.2 HREARGu, G, Ga® effective influence width
Grain Gl, 2, 3-side (um) G4-side (um)
Boundary | L,(um) s(cm/sec) Wo(um) | Womp, Wimp  Worr | Wonp  Wip  Wer
G 120 5%10* 85 80 110 144 120 150 163
Gz 120 2x10* 78 75 105 135 95 115 145
Ga, 120 4x10° 48 75 100 120 85 110 130
surface, 1000nm MBI log
I ‘v‘”\l W
L
L
I : “Zook's
| calculation
: virtual surface
recombination velocity
kst 10m
|
|
s realls rface
}:or'nblnatlon velocity
|
L
o
: l\\ :
GB. Virtual B
R3.31  EDEF » U THEERE L 2K 53808,

E—ALAFrr=r7 MBIC 7av bz

BHTBZEWCE ST Loy (ZDERETIE Loy OFE

ZEATVYS) BRD, K0T, Louw (=120um) OFREZEDERGT, ED Lin KD 72,
FEERRLTR Gra DB D Lomp BRZ.I2TTRENT WS, £77, ZDE LTRSS ik R
Gues Gaoy Goo EFEDREFDO RN & 2 FDEF v U 7HAEE Lome S KECHI 2R (Lomp <
Louw) T#H % effective influence width WO, OfEIZFR3.2CREN TV 3,

ZOEBEFEOHEEIZ DV TIE, EHO 1,000nm MBIC Yoy s OfRb D i Zook DEHIHES
oy beHWTHRSZ, ZOFR, ELWE(L=120um) XD D U/NSBEEZR UL,
SRR SHEBUR L D1/20h BN BRI B W TIREERNIL%UT TH - 72,



46

200

Diffusion Length {zm)
8

1 . 1 6B (‘GM) ] . L
400 200 0 200 400
Distance (pm)

B3.32 BRAFRGOEFECBT 2EHVEF v ) TIHEEE Lin

3.3.3 BERZRSMNARUBRARE : ABHEOBE

ZNE TESMERE MBIC BT X 2SR R R O RO EIC D0 TR T & 7203, ARIET
1, TOHEEFEELTF» A MY Y 3> (SILSO, NEDO-Cast) ABREMOSFERR KR K
DOHBHRMERHO TS, AEOF ¥ XA MY ) avKBHEZ, FIELEL 702X TEAE
Ko &ic s DT, BEHRNNI2BD DD E2ECH G, IheDY > PV AKBEMORA %
B3 5 L5 eahe—24 (BEFE 2umé, FKEIOnm) 2AF =7 L, ZOLEZHFLIN
ZHNBEBRSA» SRR ERBONEIEE TR L 72, B O ARLE XBR~A 70772
U SREL, ESEEIZOWTIE, EIC Secco T v F v I -WEEMSBEBIEC X o TN,

Fy A MYV ariEiix, ZONEEE [@3.33) 20005 L3511, BEERESVY ROEH
CHIENSELCTWSE I EIRRELT, W 200BMAaORE, 12, VWREBELTWS
BT, PIEAORERERFICBT 2N SRS ORBERPFEET L 2L Thbd, ZOfFRIEOTH»
T, EROKBEMAEREER I I 78305, 221, F¥ A MY oniZiZ, EHAD
SEEL Y 2 U THTARNCE 5K & RfGdah, BE> S 27 RICHE L T X RSN,
ZLTZOMENGHL THARCER L T E RN, O3BEEOBRNLPEEATHEIET
Hb, IOFBRPBEDIZRZDOMNDE EIBTIE, RFPENTERT L, 72, THPIORITOHHE
FIBwEEZOND, UL, FIEOM»HEREMER &, 05 ORENPESMADONE
BB ZEEERAONEL, Fr A MY ) a VRO~ akBEr S NWBEE2INET 2 Z
IR TH D,
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M3.33 FxAb¥Vargray hOMHEEE,

E->T, ¥+ Ay arLiEEEER AT 256, XEREEOED & SRS Kb % 8122
THIEETB®, T2, WSOLDEMNAZTL b, £7, KEEHORE L ZWLESE LT,
OTHRAKIR, @RBTET 5/ & fbdiik, OIRMDESRM, Kz subgrain boundary 2L L T s
% EFT, @GR>S LIz Tl /NaBEORR, E03b 5, HiC, FFEORWHS L LTI
TR, BRI HAIT, BRI NEETH 2, FEOR WARBEIC 5 » Tidkdh
RSO 7 ) OEG R FUC > THED, RAOF v A by ) 2 UGG E2BET 5 L CORERR
RSKERBEERLTHBbDEEZ OGNS, LT, IEHR, ZhoORENRRRE ORI %
BT,

(1) ASHIFUR 5

TR ERICE DT (seeding) % L 2 WHEITIE, ¥+ A by Y 3 UERIZBBELDOTRILICHE 5
TAHANCERE L, KRESORFIZZONEARREL 2, 2L C, EX 400um OF v A b7 =
NTHEA Ty b (X3.33) OfEAFRO—EEE A2 2 Lick D, FFFTERNZ, 250
Wo < DbAMLZEIRDORIGLE %5, AVOFESESTAL, HAMOREBEDNTEZE»S, o
DRLFONERE 2 T T 5 2 ti.ﬁf,/%®t1%,j?A%@ﬁﬁt@ﬂbtﬁﬁ@%@
B ENBRETH D, BAONEEMIC SV T, KROEFFESRE s & RFETDOEET
TEMNEELBEER L TV I LT CIRE TR, 22 Tl, RERBSEE s 283I1F
[ CFREE (s =5X10%cm/s) DR 3FBORHAKT, +2bb, O3 7 LROKSR, OB
@%b ORI, Z L COMERL RR, OWEEE & MBIC f#144X3.34, X3.35, [3.36127R L,
FORMEHD LT D, WHIZOW TN LI KRIEE A D 2DIC Secco =y F 7 ENTn5,
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