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1. FLIC
PIFD 5 EICESEZKRYD, T/ AV 2 b—3 g CHOWTHEREZIT D

c EHBITSIOD IR

c EAREZITHESNTNDDN?

c AR T LI ELNTE DN ?

cEOROTRIZANDDIIN?

LR TS D ?

INHEBRETHI-DIC, VI alb—a oA (28F), YIalb—a rDEMLIR
R (3#F), YIalb—rarfl (48), YIa2b—yarY 7k (58FE) ITHITTHH
T 5, HE T, BBV Iab—va ryEEfESEC, MEARERFEE VI —
a UREREEET D,

2. V= —Y3vnEf

2. 1 Y=ZaU—Y3VomEM

KGEMMOEEF (L) 1XFEFICHEMTHY , ¥4 —RThd, K 21173 TLE9
2, HZRFR T (B2, BRSO S Y 3 o KE) O5EI1X. 7% A~ Tt
BHENTWD L9972 KT RRUT 4 7RIV R, QE 23R 3T52 M TE5, L
U, RIEDENRRFER Y a v KEBE (RNy o=y g VESAT eSS E AT S
Ho) T, FHEREEES TRV, £, K 2.1 OAIRT X DI, KB TR
DEHMET D, T Culln,Ga)Sex(CIGS) KIGFEMDOBID X 912, KON KXy v
(Eg) BB )72 EOYPEMEMNR R | itt%ﬂ%f%écmsmegwﬁv—
T AT WD XD RGEICIE, BMICITEIRE TES, EREETITONLRWEEE T
%o T2 & 2%, #IHD CulnSe: @ﬁaaiﬁﬁﬁ%?ﬂ@?ﬁ [1Tix, TEs=bicix, B8 (b5
WMIAN Y 7 7 ) LRI OARERIZ A 7 - TR bRV EEINTH 5,

BEEAZIZ AR, ZIXHEBEROB T2 H LI C DM, EBRITIZA AL, 7 DORX X

\
b
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IEENEE LERIGICERTHY . W7 U 7 TIIRIENKRFT 5 2 E0nBHET
IRENTWABI2]l, 2OV o EEE TR 28EEZ RO L7201 v a2 b—2 3 Uid
HETH D,

ZRDFEEKGEM

ITOEHEE

RTHEE AW NEY ZnOBE
BREMERECAS/\yI7

Ec
Cu(In,Ga)Se,
. SRR E
pSi W oo mmm-------- Er
J =
= HSREMR =

2.1 flilsfb L7zibdh > U =2 > KEGEM & Z g o CIGS KE5E M ORI

2. 2 YRal—Yy3aUNnEABRCEICEIIDD
Vial—vaidb ETHEE THY RELUETIRRD L HIZRADB DD H DD,
FIZUTFOO~@DIZFHTE 5,

O TALRADREHNTED

Bz, fEdT Y 2 U RBEMOLAITIE, BARNARGE LT, il by (R
—R) ODEPIERLTA 7 XA L, = v X O — MEPL, BERT A ARHICE 25
WELERLZENTED, £, KEIEEST 7 AF ¥V o 72850y I a b —v
3 VERBIAATE LD EH Y T b ONFERES TE 5, RIS, BREAHIRSA T
Dty U 2 KEEEM T, 2SIV 7 ORIE & SR IR BRI 5 2 5 8% LD
ZEMTEDEB], T, ERIFYREICLSTEDRET A 724 AN BDLT D00 % T
FHEL, ZOREEE VI 2L —Ya VICHAADR I LIZE - T, BRIEREL T A A
FEOMBEEZAL Z b TE B4l 7, U F—R—VE U7l HaREE > %
SETMET D LIZE - T, BROMRA REEZ BB T 5 2 L3 TE 5,

Bz 1, CIGS %=X CdTel5lV#IEASE MM OB AITIL, AN RRGE LT, SEOBE,
XY VTEE, 947545, Egin, 75 AR5 2 B2 R N TE 5, FF
12, Cd 7V —HEZFEHILZWBAO Ny 7 7 BORE (Kfs 4= THRM) (215, CIGS
T BEg i Ol % D Z LN TE D,

LB A5 P S 20 UEH B 2 O iR KB Th Y I 2L —1 a VU TE D,
@ YHEEET4 T AV I THETES

BlzIX, TENT 7 ALY 3 KBBERSMAE NS Y 3 O RBEMICWN T, BEIE - T
ATHA L (urt) BEEZTELGAEOETHFEREZVIal—varl, TNEET SNA A
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OFREREH LT, p t HERBLD LN TE D,
@ ETFNMRLOUHBEITI ZLTHERALORN MRy I ERDZLITES
@ XEBBEMOEEDEAIALSLD

3. YZaL—Y3vVOEBRSIRR
3. =2 3IVDEZT] B FRDED

B 3.1 (TR T K ITHERT A 2 (KIGEM) OWSHHIZ, #FA (node) Z4rHd
T2, MFRETNAZADEEHW (DED 1K) OHRIZHIVIRST- b D% 1 RILT S
A A IaL—REWNWSH, TEALTZ7 AV ar Mk ) 2 CdTe. CIGS K&
e EOMBRBEER CIE, RICBEELRORIF X U TR 72H 1 RIETHITH
LD (DY )T OIHMEREI /e R ThhHd, mNGFROF v ) 7 Oz
WA B 2 DB 72N, 1272 L, bR O BEELZBET 572D 2/ Ty I 2 b—
varLieflbd s,

\
\/I

C
\\//

—_
\

ZnO:,?I (0.2um) CdS(0.05um) CIGS(2um)
/

3.1 vl —ZHTOKTEDEIOAL A— (CIGS KEEMOLE

RENRVI2b—2arOWIUILLTTH D, [MENOHERINDNEREL, KIZ
A (RS FMOMELERDD) #RET D, o CIEEHEE (B, ¥ U 7 HE%)
MRELSELRLTVOT, 2O T RARET S, ZOKTRI LI, EOYEE
ZENDIRD, MHEEOF L LT, FER, & - ELOAEE, B - ELOBHE,
BYHMS, Eg. BF « ERLOTA 7 XA 5, HWIURE OtOER) . v U 7THRE,
RUGFEE DT RNV X =547 ETh D, TOMICHERSEME LT, £ - i oW
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OEELERECTE 5,) ARIELIHOWERED 7 + N EEICE - T, K)o HiEgE D>
B}x v U7 2 NRREIC KIS S TAERESE S, 0%, BEIE, 714 7%14 5, K
BEREEOMMEENO X v U 7 HE AR T 2, KEEMOMERELFHE T 51X, IV Rtk
i<, V=0 0 L EDOEFMEAFHER L, IEREEZ N L7258 0ERMEAFHL, IVY
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N7V FRA, EiERE SRR TH D, INHIE~v 7 AT 2 VRN SENN D, R
TV HRRIEIT AL ANOEN M ZTLRT 2D TH Y, BB A L EfL
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_E)’z“ﬁézhfb\é LR TINS5 PCID TlIfihv U arox v ) 7EE EBEIEL Y
I EETNDH, OB O T R 2 L —F TIEEOEE, HRTHILEND D,
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X, EWIUE D Eg 22 26Dy I ab—ya v a2 T 554, thowEs EglcV v
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VIal—HXIbEABREOH/BEEERTE VGRS D, & xIE, ~TahE
AT, Bl EERIEO R RHARX 3.2 DX 5 BHRICH 256525 2D, FEEOT A
AT, B (W) OEEFOEEOMRIE HMR) O o EFLA Sk KM%
NMLTHBEALY D, 1272 L, Bl IEEZ BN TWRWRY X, & — ELOFRAIL,
[ COREBEEND D, V2l —arTRIOFEMBELZEETERY, 20
At K 3.2 0AMICRT L) RRBOEEZEATLHZ LT, ZORMEEEEET L Z
EMWTE D,

- FURIVES

p L nRIOHES TITEFIL N X AFEHBENEZY 55, 205 b Lilo S s
G OYE ERIBRIZERRIZE Z BN TWRWR Y IFFHR CTX oW diz, ERE & RERIZK
HOEAEEANTDHZ LT, BT 5,

®
BFEA | __EEEA
EC

Ov==mm=- EAZA S
BOBTARLTET E
HOBBAREELTI G A
VL, REARAEERT e e
E1gb 1. VochiaAiCitid, TS =
* CORMABBARBET =3

Ey O 1RTHEEEELSS

3.2 FUmKS & 2T 5 51k

4. CIGS ABEhny=aU—Y 3Vl

mahE e CIGS KiGEMDOERE (b2 WIANy 7B EMESEELH5H) 1I2iL, CdS 2
Anbn T g, BREAGRIROBLEND Cd 2Ry 7y (Cd 7V —"y77)
DBHFE STV DD WETZIZ CAS Ny 7 7 & 7z CIGS KEGEM ) & b sz Th 5,
CdS NENTWOLRNITEHE S 508, ZOEER S OIZ CIGS & OfxE A &

(Conduction band offset: CBO) M#HEA L TWDH W) Z ENEFHd, AKEiITHE, 2%
FO T N—TPTo72 CBO IZKIT 5% KIGEM N7 2 — & DEAGIZOWTHEMT 5 (2],
41123 2 b—y 3 P TORGEREEDET VK EZRT, CIGS £HIZIX Cu K
J& (Ordered Vacancy Compound: OVC) #&[E L T\ 5, BEOEERH CIGS OFi L
DHEWEAEZ CBO BIE, WOHEZAELTND, FALIZIIARFHETAD L-HEE
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DO—E xR T, K4.212 CBO BEKBEM T A —XI25 2 5¥8% 773, CBO # 0.0~
+0.4eV (DE V| B & CIGS ORI TRIEHN T T v FHDWIEASAL 7R TETND)
DEXIT, BORMEOND Z EARENT, B TIEA S Z IR E T ICxT 5
NYTELTEHL LHICBEZ DD, 7HE LT 0.4eV LLF THIUIZKRE 2T I 57202
EWRENTND, Z0XH, BHETIETDLLDIZSWHEICHLY I a2 b— g UIE&T
DWWz B,

—— n =5x108, P =1x108 (s)
—a— 1n =5x109, tp =1x109 (g)
e 5x10’10, P =1x10-10 (s)
—— Tn= 5x10'11. p :1)<10'11 (s)

40 T T
Y s L & 35 Wﬁ—n—?—b—ﬂ—ﬂ—ﬂ\?
* AT BN EoL - | |
:E 20 | I i
£ 15 l |
X\, . g 10 I é;\n
window (varied) = 8 , i ,
DT B T l T
os | DD i
Sosf : 1
80| | ]
=02} ' -
01} l
0.0 - :
08
07}t
06| l \ 1
w 05 | 8
i l; R
! e
SEE 4L 0.0 L s !
Ev R baZEfL Zjaanas -
215} I .
w10 F | 1
41 vIal—varoEFLE[E Wogt Zflo | C?S !
L. | M
0 L&
-1.0 -0.5 0.0 0.5 1.0
Conduction Band Offset (eV)
4.2 ARG R b AR
F 41 PHERT A —H[2]
p-CIGS n-0OvVC n-Window layer
Dielectric constant (C/V m) 13.5 % &g 13.5 % &g 7.9 x &g
Effective mass of electron 0.09 » m, 0.09 = my, 032 xm,
Effective mass of hole 0.73 xmy 0.73 = my 027 = my
Maohbility of electron (cm,V s) 40 40 180
Maohbility of hole (cm,V s) 10 10 20
Electron affinity (eV) 435 — 0421x — 0244xr 437 — 0.415x — 0.240x*>  Variable
Bandgap (eV) 1.011 + 0.421x + 0.244x% 1.193 + 0415y + 0.240x2 3.2
Life time of electron (s) 1x10°% Ix10°% sx10°#®
Life time of hole (s) 5% 10°% 5x107® %1077
Light absorption coefficient (m™') 6.9 % 10"7 x {(hc/A)-E,)'? 6.9 10'% % ((he/A}E,)'"? O
Carrier density (cm ™) 1x10'® 1x 106 1x10'F

"Here, &, is electric constant, my, is effective mass of a stand still electron, x is Ga/(In + Ga) ratio in CIGS,
h is planck’s constant, ¢ is velocity of light, 4 is wavelength and E, is a band gap.

18



5. YFaUb—yavVok

5. 1 YTaUb-—Y3VVII D&

UTOLD 7Y 7 RRFFHERE NS Y V=2 SN TND,

PC1D: The University of New South Wales (4 —A k< VU 7) (Paul Basore)

SCAPS: University of Gent (~X/L'%¥—) (Burgelman, Niemegeers, Degrave)

AMPS: Pennsylvania State University (7 2 U 77) (Stephen Fonash)

ASA: University of Delft (47 > %) (Miro Zeman)

ADEPT: Purdue University (7 A U %) (Jeff Gray)

SC-SIMUL: University of Oldenburg ( K-f ) (Rudi Bruggemann, Max Rosch)
AFORS-HET: HMI-Berlin ( K7 *) (Froitzheum et al.)

ASPIN: University of Ljubljana (A 7 -<=7") (Marko Topic)

NSSP: & LIRS KT+ LK (H. Takakura and T. Minemoto)

FrlZ, % 5.112 PC1D, AMPS, SCAPS OFia £ L2,

filmh SiRKBEMIZIT, K72 PCID 2MEW-797 0y, PCID Tl O S PG IE RO E
RTIVAF v VT HBRICAND ZENTED, E72, fidh Y ar oWl (EHE
LRBBEORGRE) bATINTEY, MHRICERRTELH0T, MELFRERICLSRTE
Lo Y a2 RmKREGEM FRCX T AR 3 AZ v s E) Tk, AMPS AL <A
WHivh, APMS TIHFHE T 2BHENZVORFETH D, 3AZ v IRARAT v I &
BHE, YIalb—a VT MIAMPS DS TR0 72 D,

CIGS & KBEMIZIE, BN Z LM SCAPS NE < HWHTWA, i Tid/ Ny R
YT T —=T 4 YT BEEICANGND L O IZRoTWnD, RE—EESCAE— K
FELEECE 5, Fo, HREFEOHELET T, 2=V —A v ¥ —T7 =2 — XL EHN
CH#ESN TV D, AR TR PCID & SCAPS OffiH2 &+ 5, oV
ZhHHHAAMENTNDDOT, FEMIESEH HP FTHATWEEE 20,

#5.1 HFET I 2 L—FDH#E

PC1D SCAPS AMPS
B 5 7 30
NYRFovITU—FT1 VT NO YES NO
RUVRBEERT (JNILD) NO 3 50
RUVRBBEN (FRED)D NO YES NO
RV RBEERIDTHE NO YES YES
fDRITE - C-V, C-f —
STERE © O A
dA-9-JULYkrU—C © © ©)
*X2I2U. WEICKDEED UMD D
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5. 2 PC1D

ANFJHik - http//www.pv.unsw.edu.au/links/products/pcld.asp 2°H AFTX 5,

kg : 7 U — (LAl 100 SARRETZ 72, 2 OMOFHOFEMIC SV TiE HP 25 M)
L7 KB : fidms V) 2 KGR, 7EAL7 7 22U a r0fiim s U a2 ik,
Eg WO KM E AT &2 BREICAND 2 LINTE RNV, BEID L2V, CdTe MR
BHMOGRIER—E L T DT L —F 4 T2 ANRNTRW R HITME 2 5, CIGS TldfE#k
PR Y RN DTEERD LRV,

HRAFE: EFEF T7HVEDORT A=ty FERAWTHEZMG0 5 2 &2 BEIOT
%, PC1D ClIfda> U a vV RGEMDT 7 4V M i3d %,

B4 5.1 12 PC1D O/N\T A —ZREMAZ/RT, LD 2MADT A 2 (74X 2T
HE 9748 227V v LizOHIZ, PVeell.prm ZiE.5, (72720, 7 7 4V s OREMIL,
HLETHIDOVI 2 b= MER- YWESNTZFRHICEZ N TS L DROT, B O
BT D HFN L ,) M FE =7 pvcellprm = PCID for Windows

9 _ File Device Excitation Compute Graph View Options Help
1000m N 43,%@7‘7 X?"\” &) D N D|@|ﬂ| ﬁlél ﬁzl 1 lF R‘I-l:'ls_sls_x EI & ﬁilx’&l lg_lgggl 7 kql
=5 300um. n*- ‘H:\ AN File: D:\Program Files\PC1D5\Pvcell.prm

H%g 3 H p *%JE This is a PC1D test problem. It is a 100-cm2 silicon solar cell with

20X ¥ T %E 1% 106cm 3 parameters typical of low-cost commercial products. incliding series
resistance and shunt conductance. It has a shallow diffused emitter

A 5 AN — R {L DT that has been pyramidally textured. The front reflectance is 10% across
the solar spectrum. The file scans the one-sun I-V curve of the cell.

HH, A0S SEEOT A = To solve for the spectral response, select scan-qe.exc for the

Excitation file.
Y (ABESTVD XS 724R)
DEVICE Device Schematic

o/ /7‘@‘6 k‘ %1‘%_‘@—%)0 Device area: 100 cm?
Front surface texture depth: 3 pm o

% Hix. ®Em T o RESULTS No surface charge

. . Exterior Front Reflectance: 10%

DEZ 5 L:/.ljiﬂ'\‘ é j’b 5 ° =72 L N No Exterior Rear Reflectance
Internal optical reflectance enabled

Jsc TixZe < wfEZ 2T 72 Isc Front surface optically rough
Emitter contact enabled

Z))ﬁ%ﬁ-\‘éj’bé Z kjjJ%’Uiiﬁ Base contact: 0.015 Q

Internal conductor: 0.3 S

%ﬁﬁiﬁﬁéhé:k‘ FF REGION 1

S e — - - Thickness: 300 um
ﬁ)iﬂ_\‘ é ﬂf‘ﬁb\ — k e /JI*%L‘?_ Material from si.mat

N N - S . Catrier mobilities from internal model
HDULBEND D, NG ERD Dielectric constant: 11.9

NEEA N A Band gap: 1.124 eV
v % = asz‘ %Jéﬁ‘ﬁ‘ﬁ—é 0 g Intrinsic conc. at 300 K: 1x10% em-3

Z)g% Z EZP % 4 ﬂE E DT A Refractive index from siinr

Absorption coeff. from si300.abs

a0 S % ENTL Free carrier absorption enabled
(7 Z 70N 4 f@ENT P-type background doping: 1.513x10'¢ cm-?

5 Fas 1 - 1st front diff.: N-type, 2.87x10%? cm? peak
5J:9 OC,B)%y Y /7#‘5& No 2nd front diffusion

v ij—7V?3/\‘/ R 7 & OfE No rear diffusion
Bulk recombination: 1, = 1, = 7.208 us

%Z))%ﬁ—\‘ Y AN R gf‘;'ﬁﬂ cjgﬁ{ﬁ'c Front-surface recom.: S model, S, = S, = 1x10° cm/s
Rear-surface recom.: S model, S, =S, = 1x10° cm/s

EEHT D, EXCITATION

Excitation from one-sun.exc
Excitation mode: Transient, 16 timesteps

X 5.1 PC1D D/3F A — % % E i
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5. 3 SCAPS

ANTFI5iE - BIFE O Marc Burgelman i I E A— L TCTY 7 "R LWEEIEZ D, E A
—LTORY LY DB E, ANFFENMLIND, sEflllE, LT FLRIZT 7B A,
http://trappist.elis.ugent.be/ELISgroups/solar/projects/scaps.html

fli : 7 U — (BRFHTHFLZELFEOY 72X MR HLOT, #FAMILHP 22 H,)
WL KBEEM : CdTe, CIGS, 7E/L7 7 ARMEE T U =7 & OIS &,
HRAFE: EFEF T7HVEDORT A=y FERAWTHEZG05 2 L2 B80T
%, SCAPS TlEfls Y =, CdTe, CIGS 7 7 4V hAHEIN TS, (72721,
T 74N hOBREMIT, HLETHIOV I 2 L—FMER - ESNEFHICE 2 Oh
TWDHDROT, ALHERT DL L), 22T CIGS OflzHWTHAT 5, X
5.2 |\ZRHA SRR EMm I 2 /~r 3, SCAPS #Vih Eif7- & X2 Z oW nRRIND, R
VWset program” R &7 Y v 735, K5.3I1ZRT XKD REHEAERIND D T load”

7 Sk 1008 K Pl =~
Torking point Saries resistanca Shnt resistence—— —
Sl T re— ]
b i

Taperstare X B .u ..: pintel r

— =0 a0 Raber o e g . . L S P P demen I

e == R = st | ¥ Py s o

[—— 210 . | =

= — 1

11hmination: Dark Light Gix From internal SCAPS calculation Read from file = | wiw |

Light source for internal G(x) caleulation. 3 J |
sonctrm [l amirgtedside from .|Ilﬁ n‘i’llt it B i po _iw | o=
Seleet i |
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D B TIPSO OFE 2 DI TH 5.
WEE THe A LR~ 5 ERFNORER & F72 V) Abstract
X2 Introduction T MFZEL72] &9 IZiX
a) We studied the properties of graphene.

b) We have studied the properties of graphene.
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¢) I can’t go skiing because I broke/ have broken my leg.

AR —ATT 72WE I MR ERIZET L2 (51358
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(272 20T, WERTIRBATE TR L 2D, £

d) To maintain quality, BHT was/ has been added to the food.
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e) We studied the properties of graphene for five years.

f) We have studied the properties of graphene for five years.

SHEHEEWVO WA ST D &, e) DIRED, WEOH HEE
TS e T, CAUTBER T LTCnET, L
W OIMREDISEE L T D DIk L, HOBIESS TI4, 5 4/l
MHEETT oL THoTERLLETIATYT, WM E
BL, HFENZE 2 TR LTWD &b, BIEE ket
Thd &b, MGTOERIRNPATRETHD. DFD, Bl
TESE TIEd < ETITADOREROIRNAARZZ TWAHTET T,
ZOHE, BWERRRE T LTS LIFRLZ2NDOTH
5. BEHOBISL ayDiaETE L, 777 = IFEIE DB
HIBEIZESBYVTEREL TS E VWD Z &2 5 L, )
DBHESE TR D, A ETOD 5 LWV I REMNRND
THEATE COEBNEL ITRFETE VD, ThETEND
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—IEDRY]Y ODONTIFGERERD E D 72D D T &
72T, “and we found...” & FE SRS e &, &
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g) Researchers have developed a smartphone application that
can provide special educational and social support to children.
BISCOEEHRTEREDT 7V O K D IR OBFE 3 D 1K
SINTWNDZ LTSN, B ETERERATTOITS
D [ZHNETORR) (THET, BT TIIRARR &1
b7 (TEEERE &) b 92k L2 &7
U472 & Bell invented the telephone. & B2 5)
h) These tunneling effects have been reported/ determined in
previous studies. (O(O2005, AA2008, X X2009)
&, WED RO R ST TIIERR I CBiE
FETIEMMEDI D DX, WEIZRE /MR - T3
£V NEEOBREFH BRI DE’ 5 2
CICZEALTEE ) LEEEEAN, BUR~DRET )
AMMEZ R & FOTEREZWET 5720 T, Hit< JeAThE
ZEOF L OB, B Do - HPkF L L TEER
LD, BHESCBERET, XRS5 SIHED =2 — A%
i) A capsule thought to contain the first samples grabbed from
the surface of an asteroid has returned to Earth.
FF, VT RADPHERIFE L7 &V D iREOHDRE A
HEEHTRERILE U CBERE T TR A,
The Japanese Hayabusa container hit the top of the atmosphere

just after 1350 GMT, producing a bright fireball over southern
Australia. &, 1305 S ORKE R AL THe< .
Methods %> Results 7 & DFEERFNECRE R DSWEL /2 DI,
b IREND Z D, BTk b ool EDEE
S T-EWE- ST, BUE & OBHEMEZFF 2 D LED 720
MHTHD. 5Eh LIZRASRHRIZIT Y T i Bz,
ZIVE TORER % Introduction <° Conclusion "CE VTR A TR
i LR A DIIIHIETE TIAM 5 OS24 5.
IIF EE (®FELE YR)
FBIRDOKRELARFIEE T, EIZ, WEME
B - TSRO - FRRICHES.
RE NN L TIRERS 22900 L)
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