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1. FF

'Elll

1.1 WL Y

BITE, 2 CIIREBRMA T 2R BEICONT, 5 F TULRIZBELAEE > TV
Do BRA IR R X =D I N TV DD, FRICZ DO TH R REICKT D
LA EW, ABUE, LS TV D KRG EOKE LT Y 2 REGEM A 5
DTNDHH, U 2 KEGEMITERE D &< BERGRADESHNTWD, £0D
e, K0S LD EWIIREZEFRFTE 588 & LT CIGS[Cu(In,Ga)Se,] 3 1EH &
TV 5

CIGS KBFEMIL, Zibiy U = KBS L 0 & 22.6% O ZsHsh s & mepk LY,
FEIAREEAS 1x10° em™ CIEFTH <, MEBAUKGEMOMELE LTHL TS, S
DIZZEMEDRE WO TFHEHE L ThE L TWD, £ 11 TrRTLHIC, KGE
D e KBNS T & DI OFERIN 2N RE v » 7ORE ST 14 eV
BV THOEI v Yooy REy v FIEHIR TR L1leV Th D, CIGS KEEE
i, In & GaDREZFAHTH LICE TRV R¥ vy v 7ORE S ZHEIT5H 2
LINTED, LIZB> T, KWWY FE Y v 72 £ CIGS K@i, LV &Emng
WNREERT D 2 ENYIFTE D,

LLK12 2R % &, FERD CIGS KIGEM A /ER L 72fr, £ 1.15 eV O/ R
¥ ¥ v 72 HiO CIGS KIGHEM TR ARZMB RN ER S L, TARLITRRD 14eV D
N R¥ ¥ v 7 %FFD CIGS KEGEM CIIEBNENE L > TWDHZ ENRm0D
BE RV S Y RE Y v 7% F50 CIGS KB TOEBBHRDIL TFIZ OV TEL L DO
NS SN TWAENREE ERIA s SN TRV,

L7z o T, K9t a2E LT, JAWNY R¥ v v 7% FD CIGS KRG HE L D2 #i%)
RBOBKTORKEZZEHTLHZ R TEL FBPRICENZ R THZ &ICE>TH
WEBhSR A R T H I ENTEDL LI D EHFHFLTND

ARMWFFE T REGEMA OGBS vTRe 72 v e e —7 7 —
A S (photo-assisted Kelvin probe force microscopy. LA T P-KFM)% CIGS K57
CHEA L, FRCRRESEE A - AT ER L TBEOEFE RS L P-KFM TEIHI S D
R A T ) O BIER 2 B E o FEM 2 VT SeEE RS v U T
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DEFEE 7T o R LD, 2054 L, CIGS KiGEM Tl = 2 WEH
L h PR L JKWSNY RE v v P A2 FD CIGS KIS EM TORhEIE T OJREFIZ DWW T
%}%:]/\‘\60

1.2 KBGEEH

1.2.1  KEGEM O & R

IR AR ARCK BRI, pn BEA AR T D R A A — RIT k&Y TDH &,
BT L EADNER S LD EEZR (photovoltaic effect) AR L T R4 E#HE
KICEHS HFFTH D, FERD pn 26 TRGEZ EZB L7256 ORI 21X
13 1T, EAKGERICARTT DL, ZOZFAX—DBHRNED NS R¥ v v
T EYDREWVRHIED =R F—hv 2 WX UATE 7185 5 81 2 s 5447 (2 hid &
o, 2OX DTk LB n BANZREE) LT, ME A I2A U7 EFLIE p 2440
[Z2> THENT 2, 20Xy V7 OBENERTHY, ZO X ITHAELIZERD
MAPINBEIRI AT Z T 5, BN KEEMOEAFETH 5,

AR pn $EA KA A — RONEST 34 7 ABIE(V) & F A Z— RIiZifih 5 Eifi()
ORI LD)D XL H 1T D,

I=1, (exp (%) — 1) (1.2)

lo 1 XX A A — FOMMEREZFRT, £7-20OFEEK pn #8512 BE+T5 L, B
KOBEDOIEG 1. B3N 5,

=1 (exp(&)-1) -1 (1.2)

B4 1.4 D X O IZKBEEMO -V R, SLERITET O XA A4 — N & i3 Jm
DEEFNIEIL D T2 IRNVED X A F— KD |-V FpEfigR 2y y #5111 EBE L
727771285,

F72 1V FETKRGEMDELE R NT A =23 LT+ 5, £ KGEMD
pACIRIE D E ) 2 BAMELE (Vo) . FAIRIEOERZ HEEER (Isc) THY ., £
NZ K14 BT 2 1V Rl S xdil, yii e D28 e LTERbND, £z,
Vm & ImiEES P) BNk ERD EEXOBIELEREZERT S, O LT, XBE
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AT AR+ & LT T 4 /L7 7 27 Z—(Fill Factor, LAF FR)3d 5, FF X, kD
EOCEFR L, IV IR A D R ROR G OwEEE =T,
FF = I, - Viu/Isc - Voc (1.3)
BRI, KIGEM CRbEER/NT A —X ThIEBFIT, AH LI-KGTx
NF=ITHTHELNLZFNF—DOFGE LT, ROLIRATELLND |

_ Pmax _ Im'Vm _ FF-Isc'Voc (1 4)

B Plight  Plight Plight
F - RGEMOFAR D=1, KHEL e 5 KIG A ERT DMENDH D, KGO
Ay Mok, BLEPNEIRT L 9 1T, AN DRI E TOIRWER & Ffo T
%o & L TKRBIED A7 hVIEHEIT, Air MassL1.5, fitHE 1000 W/m? 72 & OHLE
MWEDLNTWND, T T, AirMass 2F VY AM XX 1.6 (2R T XL 912, KEESEnh
LIRS ETHHERT HELDOETH Y . AMLE IXKGE N 42°1272 HIRFO 225D &
AEWT 5,

1.2.2 KEGERDS35E

KB FE M 0D BEARHY 7 Mg A B SR 1T, Al FEA & I I AR, & L CRISALE S 2otk
WRD 35D, ZOP TG BEERFMIL, SRIUETHY ., ZOHFEMIZL-T
Rk & IR O KBRS I D, T E THZE S KIGEMAMEHE, 3 >0t
RICKRF 2 2 e TE D, #LHRIE, BERE (Shii KOS v arX
BRI T, BIER b AR L7 B 0By b v | 28 2 iR, IR (a-Si.  CdTe,
CIGS)KFGEM T, Kix 7efff7ea il U TR a 2 0@ WA R 2 HIfF T & 21k T
b5, T2 3 AL, EHONAKD & 5 72RO EER L 1T5E ) A=K L%
W HB e EOFMERCHTIE S A b o, KEFEMOREREINCH D, 4BUE. K
B ML TS5 O KE 4y & 5D 5 OISR IES U 2 (i LU ) KEEm T
0%, FIACEWGERMECIE, EEMICHRI LI2FEM & L TR AERWIT,
CIGS Th 5, CIGS KFgEMIL, MEtOADM(In, Ga, Se)k pEd CIGS Jg & n
EEOMIZANy 7 7—EThs CdS BrEMELFH. MAORIKISEMEE 2o T
Do

KEGICFE BB ARG 72 T )L F—PEEIT R TERWE R O—213, £72/10H
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EAARDENEVWITERD D, 20X REEEMRT DI, K2 b EEn
TN REERT D ERMETH Y, e RFENEA TS, Kikic, X170
(LT FE TITHATE SN TV DBk % 22 KEGE M O LS R 2R,

1.2.3 CIGS K[ET

1.8@)IZ/~7 & 912, CIGS[Cu(In,Ga)Se s/ LA -8 iki%, FAMIZ Cu, In,
Ga 35 L OY Se THk Y 37D chalcopyrite #1& 2 Ff > T\ 5, #EIERIIZXK 1.8(b) T/Rd &L 9
I AER D E TN RX Yy vy 7OREIZFET L2 E083HkD, Znvad Hoy
KB EMOEBNROM LT 570D RE Y v T V=T ) o FRA[RET
b, FHEBEEBREEAEE S L OEOWRIREAE O (0>10°em™), 2
1.9 T/RL7Z K DIZ.Eg=1.0 eV FHI TORGAE > U =2 AT H~THRY 100 5 2L B DR & 72
HRIFFEE FE > T D, D728, CIGS R#AEHL, IS TH 03722t T
X570, HWIEKERHE L CHRETH D, o, BELEESBARIRT 24K
PLABRNZD, FHHICHE L TWD, L, EFEMOmEm= X MadH(n,  Ga,
Se) & FME(CAN LT SN DHRE Y E LT, £< OWFEREA TV S B2

1.3 E/M T 0 — 7SR (SPM)

1.3.1 SPM D

SPM Ti, & L10PNZIRY & 9 1ok Ne gt (F e —7) ZREREISIS T T,
Rt 72 B EO B 2T 5, ZORFIBRYHEN —ELRD L5 7 4 —F
Ny 735, e - BRI OB E L U COXEKHIE H0) FRE RSO0 1E
IR ERRR TR ONRB D, W IATERIZE > T, ERENEAEOHIE Y AT ARHE
BB 0 . ET 0D & X5 M AE T AT ANTIKFT 5,

1.3.2 SPM D45%E K QR %

SPM (21381527 D EEH-FEHEM BERIZ Lo T D00 HIC I D, b
VRIVER BT S N VEMSE (scanning tunneling microscopy) 2. B[ )
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229 % 7R BEMMSE (atomic force microscopy. UL N AFMP®) | REK) & 12
?5@%ﬁ@%ﬁ0mwﬂﬂﬂme%ww)m\%ﬁ@@%ﬁ%ﬁgﬁé@@ﬁ@
%8 (frictional force microscopy or lateral force microscopy) &5 A BERT D7 E
v a—7 7 3 — AEMEE (Kelvin probe force microscopy, LLF KFM) 72 ER3d 5,

133 v rru—7 73— RS (KFM)

KFM 1%, 1991 4FiZ Nonnenmacher FC232 % L7814, 0T, KFM o J5UEE % BA L2 7
9%, KFM 13X AFM 2 EAR & LT, BREF & BURR I o @) < §rES | H A FIH LT
MEIREORT vy VERET D Z R HRD, 22 TORERT V¥ MTT7 =
WIS H LB 2 LY L THERIZELS 20N =X VF—Th o,
ZORIITREDORT o V&R D Z LT, RiEiOEMLNIE SN/ EM, 7 =
VR LR EOMERDB 0D, K L1 THEF LBt O =X — N REER L
LTW5%, £ LTK 1.11). (d)7e E1EV o 7N g 7 A L g 1 ORI 2 & 7~
L7 97 Thn, Bt oftHEz cnthe, & ¢, TES, ¥ 111(a)IZ7F
T RIS ERB DN T 2L 7 2 LI LANAR—FKT 5 L) ICEMOBENE
Z o THEH LB O M TIX AYDEN ENFAT D, Z ZITRANA T AEHE Vac &

T B & EREEEFB O RN < FES I TR D L 122D,

_ 2
Fgs =3 = [F2 4 VAC] +2- 2 Vac(Vpe — Ad)sin2af,t — - - Yic cosant,t (L5)

Voc Z il L CTVpe = AdIT72 D & T2 L X 1.11(b)D X 5 I HEEH & BB 0 B 22 (T
MEICIZR2 > TR 1 DOFED H SR 0I1275, ZD X 512 VDC Z il L CREfENT
EERETE D,

¢ 1.12 1%, —ixAY72 KFM OBEERR A 7R3, 70 F L8 —I2iE, JEREL f, T OB
IR IR G- 2 5N TR Y | ZORENI TR ZME T S 72O S5, FIFFIZ
PRET & B OMICFRES | 123 ET D 72012 W NS R fo, 28N 7 A EE
Vac & DC /A 7 A&, Voc ZHIINT 5, #REHT f1. £, D 2 SOOI D)) %5217 |
R TR DEEICDH 2 DOFEEHMNEEL TnD, o T, 220y 7 A
T 7T BEBEROE ST 2R LT B A ORESIIRRE RS oD
B z S B OHE, B L O BIIRT Vv v MR Z 1G5 725D Vpe DFEIC
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TN D, BT vy /UG TROLEMEBAEDIAMIT, 74— K3y
7 il IR, DR I 1172 % K9 IZHIE S T2 Voe bR BN D,

1.4 AFmCDORER

Aim LD HIRITIRD X 172D,
1. FFim
2. BRI AT T —T T b — AFEMEE (P-KFM)
3. CIGS KFGE Al OIS & HAR
4. & FV 72 Cu(ln,Ga)Se, Al w0 YL 5 7 E A
5. ZF %A Tz Cu(In,Ga)Se, A5 it oD RE ] - 22tk w5 7 ) E
6. CIGS KFFEM O NG 7 m B ADET L
7. fitinm & 4R DR

F9. 1 ETIIREER L EER Y o — MBI OV TR TS, £ 2ET
(T, EEM T 0 — 7 BEMEO T T LA PHRE L THEIOFERICH N L R 7 e
I —7 7 4 — AP (P-KFM)IZ B L THEST L. P-KFM % fV 7= CIGS K
TONKES ORI HFE DR ~%, 3 FTIiL CIGS KIGEHFE OE & FA R %
AT, 4L 5ETILIO XD 2WESEZE HWT CIGS KIGEHLZ T 2 /AT
PRI 28 L COEE S v V 7 HHEA 7 o B A LR ONE &R 25454
5, D LT 6 ET CIGS KEGFEMONHRE T mEADET /MR LTIHL, 7
AR SL DR & A% DORBEIZ DN TR 5,
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(a)Chalcopyrite structure (b)Cu-(In,Ga)-(S,Se), [I-IlI-VI,] Bandgap

31 CuGa$,
0.535 nm
i 2.43 eV
>
K2
> L CuGaSe,
> 2 0.561 nm
g 1.68 eV
oY B
$> CulnS,
'g 0.552 nm
® 1+ 1.5eV
m CulnSe,
0.579 nm
1 1.04 eV
0 1 | 1 | 1 |
0.52 0.54 0.56 0.58

Lattice constant (nm)

X 1.8 (a)CIS KM OHE Lk & (0)CIGS R KBEMD /N RE Y v F D a5
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Optical-absorption coefficient

102 3
z CuGaSe, E

1 P AT NI I S T N T R MR N
e : 1.5 2.0 2.5
Photon energy (eV)

1.9 Hkx 7o KB FEMAT RO SERIN AR 2K
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Scanning Feedback for
constant tip-sample
» distance (z~nm)

Magnetic
Dipols

Electric
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1.10 SPM O —xiy e BB TS & BUBHRIC @) < £+ 7 i &4
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o
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%_ 0 \ >t 9=
VRV L.,
n \V4 v
KS) FES FES
g, 1 : f, component ) f, component=0
[} 8 N\ H
£5
gu
w > t > f
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2. WA LY Tu—T 7 b — RS

2.1 Hg3E

Fex R LIRS v e s 7 e —7 7 ¢ — A EE(P-KFM) i3, 3Bk~
HHRHHO L —VRIRGEZHEHT 5L &b, W F LA REHO L—F %
L LW E = PR E Rl T LN L TR E & FEE T
X2 T % 2 L TIEMEZRIGEE N OWEZM > T\ 5, 2D P-KFM %EE 2 VT,
KGEMABORIART ¥y VBRI ONEE N2 Exmae THET S Z &2
T&E 5, o, BEOLE A - A7 LM UIZEROLEHE R & P-KFM TELHHl = 5
A2 ) DR AT~ 5 Z LN TE %,

ZDETIE P-KFM OIEARER E P-KFM % W72 KEGEM O S E ) o flE=e
CIGS KEgeE ke B i s e B O MIE BRI 6 L TR~ D,

2.2 EEEK
2.2.1  FEAAERR

¥ 2.1ZP-KFMDI#RL % 7~k 9, Fx OP-KFMIZE I OAFM  (SP14000,  Hitachi
High-Tech Science Corp., Japan) ZEARICHER S TWD, KR o F L — I =
VP A e > F L 3—(PRC400, Hitachi High-Tech Science Corp.. Japan)
ZANTEY GERDIETZHREITE S TH o F L AA—DFEIEE Y T HMENR
IRVNDT, IEMELGEE D ORENTRETH D,

FloCmEPUALA R T LS — O IHRE 1 $513K938 - 45 kHZz ThH D, v
FUN—OFEG TN T D RISZFHET DD, facld B o F L X—D 5 — LR/
P LD ERETRIE LTe, £ A 7 ABEOIRIEITZL Vep & L7z, AFMD
EE— NIZX v B 7E— RTIERBLERT Yy VBEOWEEITo T2, T v 2N
—PNEZEEE 3107 Pa, IREIXRIR CHIEETTo 7, TH U7 74 7 L—F Ok
& L CHRES32 nmOfk s L—4 (Verdi V-10, CoherentInc.) #fEH L7z, L —¥%k
X, T 7 ANRNBIOEH L X 2R LT ARMERE O T OFUEkE i 4 R
THEITLTND,
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222 v YHAAE CBRED T L N—

X2.212 783 X D7 o F L R—D b A B, BT HFARHNS
N5, FOREFEZIL—FE2H o F LA—DOFIIY T, FORFEE 44587

N AT HTRT Do A TF L AN—DORE LB OMOHEBEAEHTH o F LX3—i3
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Piezoresistive

Lens Piezoresistive Cantilever

Sensor
Si

Metal Line
Oxide AC

Pt Coated Tip

Feedback

Sample .
Voo # <«—|V,, controller

SPI14000/SPA300HV, Hitachi High-Tech Science Corp., Japan Potential

21 AR e T a—T 7 ¢ — ABMBE O

Laser 4-part-devided
Diode Photo Diode

A%

Deflection
Signal

Cantilever 1+2\

3+4

Tip

22 —RE7E AFM O L —H B W27 ¢ — KXy 7 ik

26




Oxide Metal Line

| A - %‘ / —
D e
Si ubstrate
p-Si

Piezoresistive Sensor

Reference Piioresistance (R)
C— 7
Pt Coated Tip F—Jl: o v
/ cC
6 v i

Piezoresistive Sensor (R+4R) 7
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Quadrature
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A Range of
/Lock—in Amp.
CPD: V.
(‘/ == |n phase
TN Electrostatic
force
(C) X QuadArature Compensation of
“, displacement
., current signal

« _ Artificial
/signal
- |n phase

2.4
{;{: [31]

(b)

Quadrature

A'o.,"'CPD: Ve

£

/Displacel[r ent Combined
current B signal A+B
01 )
6. %
- In ph
5 - )rn phase
Electrostdtic
force & Line 2
Line 1
(d) Quadrature
.VDC+AVDC
VDC
AB AD T
\ AVye
)
» In phase
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(a) Topography and potential images of Sample A

(a-1)Topography image (a-2)Potential image

(]
(]

[[] Measurement region

0 0.5 1 1.5 2 25 0 0.5 1 1.5 2 2.5
[pm] [pm]
0.00 [nm] 508.14 878.37 [mv] 1148.78

(b) Topography and potential images of measurement region

(b-1)Topography image (b-2)Potential image
8 8
0 0.5 1 15 0 0.5 1 15
L] Cr]
B B
0.00 [rm) 323.66 1108.16 () 1328.91

29 RE A o@F@BIG EEXHTAT ¥ LD, £ (0)ER L7 ER D
KRG & RERT 2 v VOS5 H
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(a) Potential images with various illumination condition

(a-1) Dark condition a-2) CW
E-._ T é‘-ﬁ

= g
£ &
0 0.5 1 15 ° Ga 1 1.5
' [um] ' [pn]
B N
(a-3)100Hz (a-4) 10kHz
s I
0 0.5 1 1.5 0 0.5 1 1.5
[pm] [ ]
N N
1108.16 [mv] 1328.91 1137.08 [rm] 1356.11
(a-5) 100kHz (a-6) 1IMHz
- S
0 0.5 1 15 0 0.5 1 1.5
[pm] [pm]
[ [
1257.97 [mv] 1463.53 1259.54 [rm] 1483.56

(b) Temporally-averaged photovoltage as a function of the modulation

frequency of the incident light measured on sample A
1'Ol 2 o anlall] * L ) ¥ L L N | % L R

Power of incident light : ImW |

o
©

o
[e)

o
o

Temporally-averaged
photovoltage Vaye/ Veont
o
\I

o
o

Modulation frequency f (Hz)

2.10 FUBFA D(a)Bk % 7R bEDGIRREIC KX D RIEAR T > v ¥ L D434 & (b) bk e AR
A JE RS X B IR SR T DO BEAR

34



3. CIGS KB akl otEd & AR

3.1 CIGS KB FiAREE & /Rl 51k
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BRACE TN 5 2 E SR TE b, 7o, KR EBshRIL, 3k A Tk
b, £7o. M32@ICHEREIOFEE L RT, FKPORWLMA TR RIS NIZEL
WZCHIE Sz 1=V BEDX 3.2(b-1)-(b-4) TH Y . Z D 1—V Ktz cic L <,
3.1(b) D> KBFEHAE S I ST 5,
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(a) Structure of CIGS solar cell samples

« 100nm :r. f. sputtering
Zn0O « 100nm :r. f. sputtering

CdS & 8onm :CBD
2um : Three stage
CIGS ‘- co-evaporation process
Mo ¢ 08um :rf. sputtering

SLG
P
Cu

(b) Solar cell performances of samples

Sample Ga/ Cw/ B, - Lo EF. Eff
No. (In+Ga) (IntGa) [eV] [V] [mA/cm?] [%]
A 0.23 0.93 1.13  0.606 35.0 693 14.7

B 0.32 0.90 1.16 0.613 30.0 625 1135

€ 0.38 0.86 1.22  0.652 26.7 684 119

D 0.50 0.95 1.28 0.680 227 58.8 9.09

3.1 CIGS Kp5EMatE o (@) & (b) KB e RrE:
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(a) Photography of samples

(a-1) Sample A g

(a-3) Sample C

(b) I-V measurements

(b-1) Sample A
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-30 F

40+
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(b-3) Sample C

3 F
20 F

10 F

Current Density (mA/cm?)

-0.3 -0.1

-10 F

=20 F

30 F

40 b

0.1 03

0.9

3.2

Voltage (V)

Current Density (mA/cm?)

(a-2) Sample B

(a-4) Sample D

[[] Measurement region

Current Density (mA/cm?)

REHA—D)D(a) 5 H & (bR RIS RF D 1-V
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(b-2) Sample B
36
20+
10
5 »(:4 3 -|)‘.I 0.1 ﬂ; 0:5 \ 0?7 ll‘.‘)
20
=30
| \\
Voltage (V)
(b-4) Sample D
30
20 |
-5 -0.3 -0.1 0.1 0.3 0.5 0.9
-10
=20
-30
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Voltage (V)




(a) Topography images of samples
(a-1) Sample A (a-2) Sample B

0
g
I
o
o
0 2 4 6 8 10 0 2 4 6 8 10
[prn] [um]
B I
0.00 [nm] 628.30 0.00 [ren] 750,85
(a-3) Sample C (a-4) Sample D

0 2 4 6 3 10 0 2 4 6 8 10
[pm] [prn]
N N
0.00 [nm] 703.75 0.00 [nm] 504.99
X 3.3 HEHA—D)DOEEIKE
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4.  HHOEE T2 Cu(ln,Ga)Se, KB oD Y HE 7 FEA

41 [ZL®HIZ

ARETIE, EHOEHRS O P-KFM 128\ T, BESEOTRE R L O RIS 2ot
BWHOWAAEE RS Z LICk T, CIGS KFEMNTORS ¥ U Tk 7 1t 2
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TR AR TIEAR T v VST D | AR T, R AU TR T
A IRENT ENSNHEIE 2 p Rz RN TR T v LSS I
S TWND, F7ilEF A ITHAT Gaflak 2 @ ikl B, C. D Tl Bex flidbhi &
BRORT Y VDERD LV /NS Lo TWD Z EBR 5,

4.3 StHLEETT & O REHIRE K
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BE. ASERHEINT 213 SN LTI 5 2 LR35, T, —
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L IR EARAFPE DS TR E > TN D Z & & IRED 1 mW LLETIZARA T2 T\ D
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441 FIHEYE T TONEE S OFHM
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REA R BIRAZHIINT D 2 & ICk > THATE 2, —JF, =T — B3 03K
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(a) Topography and potential images of Sample A

(a-1)Topography image (a-2)Potential image
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(b) Topography and potential images of Sample B
(b-1)Topography image (b-2)Potential image
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(a) Topography and potential images of Sample C
(a-1)Topography image (a-2)Potential image
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(b) Topography and potential images of Sample D

(b-1)Topography image (b-2)Potential image
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(a) Topography image of Sample A
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(b) Photovoltage as a function of power of incident light
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# 5.1

Position Photovoltage Ratio of fast
(mV) process, r

a 421 0.22

b 435 0.23

c 421 0.27

d 417 0.27

e 420 0.27

f 419 0.31

g 417 0.29

h 407 0.24
GB avg. 423.5 0.25
Gl avg. 415.75 0.28

G X DB L MR G T e ZADEIG, 1
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(a) Topography image of Sample A
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample A
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(a) Topography image of Sample B
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample B
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(a) Topography image of Sample C
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample C
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(a) Topography image of Sample D
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample D
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Contribution ratio r of
the fast recombination process
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(a) Topography image of Sample A
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample A
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(a) Topography image of Sample B
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample B
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(a) Topography image of Sample C
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample C
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(a) Topography image of Sample D
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(b) Temporally-averaged photovoltage as a function of the modulation
frequency of the incident light measured on sample D
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