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Fabrication of delafossite-type CuAlO, doped ZnO (ACZO) transparent

conducting films with double-textured structures for thin-film solar cells
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Abstract

Delafossite-type CuAlO; doped ZnO transparent conducting films (ACZO films) were
fabricated through pulsed laser deposition using an ArF excimer laser (1 = 193 nm).
As a result, excellent electrical properties due to a carrier-depletion effect caused by the
addition of copper were obtained : low carrier density of 679 x 10" cm 3 and high Hall
mobility of 583 cm?/V -+ s. An average transmittance of 91.5% in the wavelength region
of the solar spectrum (400~2500nm) was obtained. For high conversion efficiency as solar
cells, double-textured structures with two types of concavo-convexlens were prepared
through laser processing. As a result, a high haze ratio of 67.1% due to light confinement
effect was obtained.
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Fig.1 : BERERX

Table.1 : CZO, ZnO& LV AZOD R ESH

ArF Excimer Laser

Laser (1 =193 nm)
Laser Energy 80 m]J
Repetition Frequency 5 Hz
CZ0O (CuO 3.0 wt.%)
Target ZnO
AZO ( Al,O3;30 wt.%)
Substrate Corning #7059

Substrate Temperature 250 C
Base Pressure ~ 107* Pa
Target to Substrate Distance 40 mm
Film Thickness 500 nm
Table.2 : ACZO, ITO, AZOb LU'GZODMKIEZ A

ArF Excimer Laser

Laser (1 =193 nm)
Laser Energy 80 m]
Repetition Frequency 5 Hz

ACZO (ZnO : CuAlO, 83 : 12)

ITO (SnO; 50 wt.%)

Target AZO ( ALOs 15 wt%)
GZ0O ( Ga»03 5.0 Wt.%>
Substrate Corning #7059

Substrate Temperature 250 C
Base Pressure ~ 107" Pa
Gas Flow rate 10 sccm
Gas Pressure 0.25 Pa
Target to Substrate Distance 40 mm
Film Thickness 500 nm
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M2 ER L 720 Fig 2 12V = —ITLED
W& A2 RS 727 F 2Ly =2 X DR
X#h & Y#ho 2 7)) v b G % Table 3 127K
To MO TS % Table4 127", L —
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Table.3 : B RO AT U v Mt

Xl 717
X 25 mm/sec
T e [ 0.01 sec
A% v VI 20 mm
Yl /717]
HE 3.0 mm/sec
T e ] 0.01 sec
AFx UIE 20 mm

Table.4 : EROMISEM

— k& 2 =193 nm
L ==zt F— 50 mJ
0 R U 10 Hz
)[R | 5 min

Table.5 : ACZOD &S

Laser ArF Excimer Laser
(A =193 nm)
Laser Energy 80 mJ
Repetition Frequency 5 Hz
Target ACZO (ZnO : CuAlO, 88 : 12)
Substrate laser-processed PET (340 um)
Substrate Temperature RT.
Base Pressure ~ 107" Pa
Gas Flow rate 10 sccm
Gas Pressure 0.25 Pa
Target to Substrate Distance 40 mm
Film Thickness 20 um
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Fig. 6 IZACZOLITO, AZOB &k U'GZOZEH:EEE D ha “h
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PRI, 7]"\—)1/%@%2“753/1 =390 cm?/V-s, ¥ ) 7THE Zntt OF M.TJHE. Zn*

ldn = 581 x 10 cm ™3, #|PLEIL p=275 x 107" Q - O In** 02~ In®* O
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ZnOWZRM L 7215 wt9% D ALO;D BEHLFEZFIZ L ) F ¥ ) 7AME S, Bmud X ) 7HEEL D,
ITO L [AARIZ SN S IVERIEPL R R L 7 o TR B 2 e Db h b, F7-GZOBHEEROE
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K DILEENZFA DAL, BELO R & ST A F AAUAKE) O i BE 73 | AR R o5
Xy ) TOEET L7200, A4 AAMIBELOZE L T LA EZIT RO T, Hunk—

48



= 100
- 1% g S
E . o
g 2 g B9
c E c £
R admﬂg b
e
£ 4 & § §°
[ 5] 8 gl
& P = -5 il
1074 —pP 5 4107, -
ép?lu 19 1° £ E 0 "500 1000
OF & G Wavelength (nm)
Fig.6 : ACZO, ITO, AZO, GZONER Fig.7 : ACZO, ITO, AZO, GZOMHEiyHt
ke
WEBENEZRL-OTIE W EEZONL, KRIC WEFRR D I 2 7R 97 ITELE
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REABEIHLAZERNE LT, Fv ) 7EEIEHVITORAZOB X OGZOE Tl Rk EM T
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WCEEEMTT I A HBHKIMER SN0 T, EHEPMELZLDEEZSND,
Fig 8 IZACZOMEDFE-SEM, AFMIZ X % Wil - LETEREDBIE G R &2 /R d o FESEMIE L D,
ROFEER 7 Z v 7 OFEAIZR SN h o720 BIHSEME X ) ZnODAERAE 2SR L Tw
IR HDHERR T E 720 F72, AFMIBIEIC L ) EERROFIM S 2B L2 L 25, KT
MEIZL] nmOEDE SN, TV I UERIIC & B EMIEREANDE ﬁ"ﬁ“ﬁ“‘é N7zns, fEke L
TIFRROZ VB SR ERMTH S Z L00Hh ) FEEEEELOPEZ I WERHI R L
TWb I ENRERTE /2
kmvﬁﬁ~m1&bkg%g<LTW%LtVTw%?x%vw%%Komf,if
Fig9® (a) 2L =¥ —ILATOPETHENGER OFE-SEM% & AFM& (b) (2L —H =L
% OPETHEME R OFESEM% & AFM& % € N Z1URT . PETEMIC L —H — & B L %
iz WSS L2 128D, ARMEORBTHLHIZLDHMEIZL T, ELHNTHo
ZPETEMROFRMAS 1 umfBEOKREX 2y FliEZFo 72 FHERKO MM IZEfL L TwbE 2 &
WFESEM& SRR T 2 2 &N TE /2o KM S I THIORa =095nm T d 5 DIk}
LT, MIL#ARa=163nme KE S ZLLTWA 2 DR TE 72, KIZL—F—MILL7%
PETHAR LI /E# L 72 ACZOZEHEE K OFE-SEM% % FiglOlZ /" 3o L —H—NTL L7-PET
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ACZ0 surface

T

ACZ0 section

CLERRY TS TR R PP R

substrate

1.0 ttm

(a) FE-SEM
Fig.8 : ACZOBENXRMEEERER

(a) MNTAT (b) T
Fig.9 : L —Y—ITA#%NDFE-SEM&AFM

(a) BE (b) &K@
Fig.10: 4 7IVT 9 X F v+ —DFE-SEM
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FERIZ L B RELRIEROM G EEEZEL L P
THMES 5 2 LIc ko OB Ll 2 by @ L — T, i AA
polis HREOMmBoORE R <e0l | T REREE
TWBZLHHRTE, ¥TNFsATFv— 8 oo 7 il
Bk L 70TV B S EAHRATE 720 ZOF E““ /
TIWNT 7 AF v —REEOFEEEE L CHE E

. - . W zﬂ L H. R s = (Vi — Ta}iTa
NG A — 5 —Td Db ~A XK EFiglllc -
. e m
TR oM 550 nm T D ILHE BT h65.7 %, ;'ﬁ 200 1000 S
T B BRT,H216 %OEERLTEY, ~ Wavelength (nm)
A AR EBT 5 E67]1 OHEHESLZ L Fig.11 : 4 FILF 9 ZF v —DRFRVIFM

TE, REGMHALADREFLTDZ

EDWERTE T, ZDL XOBLMEEIIFR—VEEIED 1 =291cm?>/V's, F 1) TEEIX
n=13x 10 cm®, EIEILp=164 x 107° Q - cm, ¥— MEPUIRs=66Q/[1DfE% 155
ZENTET,

4. £LH

IR EMHOEHEERE LT, KBEEARZ PVEBTEHWEERELZEL, HOKEO
KHIZT 7 AF v — 2 b AbE72Zn0REHEER A PLDIL L M ICE R L2 L —F —
L CER A 4T 5 72,

FFF ) 7T OIGIRYEOMERER TR L Z2CZOETIEF v ) 7%En =525 x 10"
cm COEDSE SN, AZOB LUV ¥ F—=T7OZnOMEIZ LR THERVETH 5 Z 0500, §
ARALHESRIC N =T 9252812k Ty ) THIHITE L Z LAMERTE 72,

KIS, FMAR =782 b EFW TR L 72ACZOBEWBEEE & iEH DITO, AZOB X UGZO
BN OB LAMIE LOUFIREO I 2 AT o 72458, F v ) THHIEIRZ 6T 57V 3

B8 (CuAlO.) % ZnOIZiRIN L 7zACZOBEHEER TIL, 1TO, AZOB L U'GZOZEMHEE
X b —HikwV v ) 7HEn = 679 x 10Y cn POEAIESN, F¥ U TORICL B A
T AEAFIBEL O T I ZnOARIC B W THERAY R — VEBBIEE 1 =583 cm?/V sl
RIEHZENTET,

T TIRACZOBIHEE BB W TEZ L KB A RS FVEEE (400 nm~2500
nm) 2B\ TILE% & BAf % FHE #0344 57z, FE-SEM, AFM TR - 200 % 8% L
72l A, HEER T Ty 7 OFAED G CPHBREPMG LN TV DL Z EDBnh ol

F/oL =W —INTL%H L 7ZPETHEMK L1, ArF (K193 nm) =¥ >~ L —F—% i
PLD#:1Z £ 0 i THAEZnO : CuAlO, (88 :12), MBE 2 umdDACZOEHEER % (E# L 72
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R, AR TIE550 nm T OILELEEZET, = 65.7 %, TEEZEBEFET, = 216 %L 2> TH
D, ~NA X671 BOEFEO NI LADRIREF L T 5 Z Ldbhoi,

BRI TIIEIIE p = 164x107° Q-cm, ¥ — MEPIRs = 66 Q/[1, F— VEEEIE 4
=291 cm¥/ Vs, F¥V) T7THEn =13x10° cm *OEDEH N7z,
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