=2> StEAIZS5|X| 1@ 35, 2012 58 pp.142~150
http:

//dx doi.org/10.5757/JKVS 2012, 21.3 142
CIGSe; B9 A X -G Mo
sRAIY B - A7H 54 A7

A dx
45 Zols

Hol
i
of¥
i
Ho
o
%
oh
fo

®
A
N
Jo

A AH] 3LE) 790-834,
bza%tﬂ‘hz F5 g, ] 730-739
st e AAEE, 0] 730739,
deTet Aaelu skt Fu] 730-739

(20121 28 242 HFS 20121 5% 23U 4F, 2012 5 24 BHH)

CIGS Bh} e A 7]l Lvketelfe] ol Sek=nt M3 2] £ DC I EE AHER WO R Mo Bl A%
2} FEAZE Biste] whE Mo HPEe) Ee]A) A7) B4 BA5k AL, ARIst A2 2o whHE MoSe; 48
AFAE AFstden, Mo vk £l w2 AZO/i-Zn0/CdS/CIGS/Mo/SLG 29| A S Azste] 1 &
7 *5]_93\ %E_‘L%}Eﬂo] 49 m orroﬂ/ﬂ 1.8 mTorr= l—ﬁ\_?‘sl—_/r\i i]ulg}_w_ 11140‘47\]. A]_o]gq 5','10] 24—7 5_;11-
L A7) AT W2 Mo Bhafo] AT, FRR2ET} Aol 4] 200°CR F57HRE Mo ¥FaR X|WEt

o FEAE| o] 111;(131—0] DA yepdh, A™sk A7ko] Aoj-4E Mo HheF 22 £0]E31, MoSe; & A4
FAZF A= AL & 4 A%, AR Qe A3} =lHA A4 ko] £A7F £01E9.0H, MoSe; 22 M2 ¢
Z0] Mo 3} 4=%] WaFo. oF 2> 9lolth Mo ¥k =A7F 1.2 #m@}F 0.6 #m¢l AZO/i—Zn0O/CdS/CIGS/
Mo/SLG F2& o]Fo|%] CIGS B4} e E A2t Mo BHate] FA7F 1.2 vm¥d W B} 0.6 «m¥ uff CIGS Bhd}
A Q] gt H8-2 9. 46%F H| WA =8t EAJS UERgT CIGS BHf e oA sHE2=<1 Mo BHt B4 3-8
71 E FE Sk A 34 wet & I uHteE AL d 4 0%, 7] Sekzal HE]ek Mo B £
ZHE Na 83 9 MoSer3 F4 AT 24 CIGS vhd} gAY &4 7ol anE 7H 4= Aok

L
oL
u
o
o)
)
i
poy
tlo
o
- 9

FHO : utulelobdn), slAS, A, avelel 7, st 22 Zalxe 3]

I.ME ot [2,4]. o]l Hg] CIGS, CdTe % WA H2|E(a-
Si:H) 59| vtat gfopAx)= thH o] Lo|dkar, YALE

Bl A] okz AlAl AlelA F2sHAl =L 9l ] TSR 3| A7F Aol Thssith= Aol
< FAloH, A AAH R A TS s W A TS AR APsith
A5 AFstaL glon, FHeRe At A+ HHE 53], CIGS Hjuf gjgdAle Aoy HH=A| = A]
sigo 2 Agshl AET ok [1-3], FA] Bl T 1x10° em 9] ¥ FEPASE 7ML 9loH, Gagt Al
AR =7 24 A2 B gass 59 3% da e 65 i SE ARl et gk W
s FEEol LEEA, e 2 Ay 59 A EE 1eV~2.7 eVE FY2 He2 28T 5 9
of Itk L, BRI hAo] wid M3 spEal jF dA o ue QPYshy] fiEe] ARt B kE
Ne FAIA 2 A= 7H el mhe ¥R e AA7E dofl =EE 9= ol AEHAaE 719 Ho
of St o2 Qe AL @7 e B At 3 ERtelet WA gom, WEAE 9 A2 HAEA 9l [5,6].
2 gake] ofglgor Qlsf R7E 7HA] ARl FA CIGS i} HofdAls AN AAH R
oA A= o] AstEal ok, R e AARE = 20.3% £ EeS HIshal glon, HEgolAE 13%
= A &E& APy Aste] A ARl ZA7F ERuaL 9l &R ANEIL QT [7]. CIGS Hiup BjofdAle] +2e

* [ARL-H] iskim@ikw.ac. kr



CIGSe, HIREHUHXIE Mo oHF

of Fo BOINUGILAT, FELE, v5IF, YU T
WAD, WP S SaH0R YAAA e ofF
of SpATOR ASHE BAL $45 A71H LS
HE RS BE gt QRS Aol olat ue
o] ojub) GhEs 7|ghke] xbgo] Hofujof o
o}, Eg CIGS Hu ey Q) SHRATOR A4gE] 9]

0] 97 50 ot [s—n]. AL Mo D0] 714
YA AR G 9u, AT AR %ﬂ*%
A ARgEIL 9k, Mo BHE
el O@OE Z%s 04 185 }—Eﬂ OIL Aofeg

[
dp
rlo
fu)

n:
11
w,
3
i)
u
é

z2d 4 Qo [12,13]
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Figure 1. Discharge current and voltage character—
istics of DC magnetron sputtering.

Figure 2. SEM morpholo—
gies of the Mo
films deposited
at an Ar pres—
sure of (a) 1.3
mTorr and (b)
4.9 mTorr.
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Figure 4. X—ray diffraction spectra of the Mo films
grown at different working pressures (a) 1.3
mTorr and (b) 4.9 mTorr.

AR Aol 2474o] th: Aash
Ack. olofl Hsj 4.9 mTorrof| A ¥z
s Mo shute] Z5elA) Bel wnd B BAEAT A
B2 Alo] 02lo] ol Bto] 271 WHE AL %
Ak, AR Afolo] F=o] STkl wet
Akaeh 2ol 710} Mo SJAAlolol HEIA) 3
42 7154o] olAl, olzfh Akl AR 1714 A3

H AgH(defect)©] E7] wje] Mo BFake] XA 9]
Aedol oS wxA Hot [13].
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Figure 3. SEM cross sec—
tional images of
the Mo films de—
posited at an Ar
pressure of (a)
1.3 mTorr and (b)
4.9 mTorr.
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Figure 5. Resistance of Mo thin film deposited at dif—
ferent working pressure (a) 1.3 mTorr, (b) 3.0
mTorr, and (c) 4.9 mTorr,
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Figure 6. Electrical resistivity of Mo films as a function
of the thickness.
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(d) 40 min
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& Sto Al w2 Mo Hfeke] 5442 24 7S,
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(b) 20 min

Figure 7. SEM images of
MoSe: thin film
device cross—
sections after se—
lenizaition; (a) 5
min, (b) 20 min,
(c) 25 min, and
(d) 40 min,
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Figure 8. Thickness data of the MoSe; films for seleni—
zation time at (a) 5 min, (b) 20 min, (c) 25
min, and (d) 40 min,

20 17
:—I(mA)iP(mW) V, (V) = 0.464 ]
L I (mA) = 16.109 6
16 J_(mArem’) = 30.978
L IVmax(mW) = 4.242
- FF(%) = 56.81 15
> ne(%) =8.16 1 <
<12} 1.2
£ J4€
E : —
o Kk
E 8} ]
> L ] &
o | 32
af s
L 11
0 [ i 1 i 1 i 1 i 1 i 1 i : 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Voltage (V)

Figure 9. 1=V Characteristics for CIGS solar cells with
1.2 um thickness Mo film,

F3lsl= Aot [14], HIAF] 7% Mo BFate] FA 7t
°F 0.63 pumolA 1.24 ym7HA] 9F 2.1x107°Q-cmo|A]
2,4x10°Q-cm H] 1% %8 AFeE UERH,
Se/Mo/SLG 22| A|HE& A xsto] Ast A7kl w}
£ MoSe; 34 AR5 ERlat] sl z2H2t 55, 208, 25
B oul 4oR oz Mals AI7RS 2A-sH
Fig, 7 RIS} A7kl whe} /0% MoSes/Mo/SLG -
20 TS SEMCR 34 g A vehd 7401@
AR} A7t whet MoSex ] A oS & Kol
A=tll, At & A AQl HEke] FA7E EolE3loH,
A/3E MoSe; Z9] MY/ cFo] Mo I} =% 1Y

U=FTIYAX] 21(3), 2012

2]
N
)]
Jm
0x
re
-

20 -7
——I(mA) —— P(mW) ]
e
16 ]

95
<2l iz
§,12 r 4%
5 1,8
E 8 1° 2
S V_(V)=0.484 1 3
(@) I (mA) = 17.205 ] 20-

J_(mAlem®) = 33.086 E
41 IVmax(mW) = 4.919 ]
FF(%) = 59.04 J1
ne(%) = 9.46 '
0 A 1 A 1 A 1 A 1 A 1 A : 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6
Voltage (V)

Figure 10. 1=V Characteristics for CIGS solar cells with
0.6 um thickness Mo film,

Fig, 82 A#ls} A7to] w2 MoSe»2] 4473
ahape] FAA W3} ke vEbd Aol
AISE AlIZE () 5 mino A= A ] MoSe; 50| F4=
] 99k (b) 20 min A1 A F 0,57 um T2 MoSes
o] AL 0. () 25 min AT} AJoj= OF MoSe0] OF
1.1 ym7} A H 123l (d) 40 min 31} A] MoSe:
k1.6 ym -rwﬂf—n' q1 HH O] Mo 20] MoSe, 0.5 HI3}e]
A=, ol Atz & o) AUS} Alto] dojE 4
Mo BH} 32 Fo|53L, MoSe; 5 A FA7H AAl=
oF 4= 9JQit} MoSe; TA-L CIGS/Mo 7He] @ ul¥=
5 EABH sto] WEag JfHe] JFE Fu
MoSe; 0] /4> 3t Nao] EALHe A7} QL LA
7] ool AEg MoSe; 3-2] F7A1= CIGS H¥Fat B4
A9] Wgkas JhAe] 7o 4= QlS Ao AlrEch
Mo HFate] E/o] w2 CIGS =t ek =] o] &0
OlAE Rke A7l S48l Mo o] A4S 2174 0.6
pmof 1.2 ym& FAE 78S ARESH] AZO/i-7Zn0/
CdS/CIGS/Mo/SLG %2 o|Fojx & 7)9] CIGS =k
Bl AlBe AR, o ¥ AHE 2 2713l
Aﬂ CIGS ehut gloFA 2| S A %5190
£ ALgalo] T 0,64 enollA] ARRK(Voo), TR
(150, BHUAGE) © BE A2E 27 L LA,
Fig, 9% Mo Ho] £A17}F oF 1.2 ym= 52+ AJAHH

A€ Mo

=

o

o] 9
o]
Z

al

tlo

ox

KX
= s

™ solar simulator

147



CIGS vha} gleFd | 9] 1-V

CIGS Mt e Ao 7HAU(Vee) & 0,464 VOlaL,
PR (1) 16,109 mAR i@ﬂsﬁg ojef w2 A
2H%(J.)= 30,978 mA/ecm 9} ZAQJRKFF):= 56.81%
2 Vel 183 CIGS vkt glopdx|e] wig 8o

8.16%2] S40] ekt

E_
=

H}
[¢}

Fig, 10 Mo B}ate] A7} oF 0.6 ym= 52k A2
CIGS dha} BjFHA| ] -V EAS UrEPﬂj Zoltt,

CIGS Bt e FHA] U (Vo) 0.484 VOIaL,
7 (L) = 17,205 mAR SHEQlom, o) W& &

2% (J,) = 33,084 mA/cm S} TAQIAHFF)E= 59.04%
2 ettt 723 CIGS Bhdt g e] WEk a8

0.46%% Wi 45 EAo] Uepir,

o] A= BEAE Mo ¥fwre] FA7F 1.2 ymdd wf E
t} 0.6 xm¥ w CIGS BHat gfoFdz| o] EAJo] B 9-4=5}

7 Uebeh, o] RS ko) Mo Bhabe] M7 A EAelH T
A7} 0.6 pm} 1.2 ym¥ wf v]#]3Jo] ZFo]7} u]A|E}%7]
uj ol Mo ref AR|9] 1] EAHTH MoSes0|L} Na
shabe] giggol ol AujHel How FEdr Uukao
2 Mo uhuto] B} AR5 MoSe, B4 Al Zolahs
Mo o] F7FIE2 YA H= MoSe, Y2 Wold 1 77
7FFA HeEN 2u) Helol ofgdE Rl Ao B
ORI oo R B u B AFHoA Mo vlate] ATEA
o] Mo BMaHe] A7} 1.2 pm¥ ] 2T} 0.6 ym¥ w Mo
upato] M HQ SHEATY EAo] & o JjAE Ao}

FEE B3 Mo Wok30] T 224 Acfely) ]
el s Nao) o}5s4el7} Holl7] el Nac

shato] TPEaA T o] AL 7
A7)2] 4ol AmkE 744
Mo Bfate] £717} 1,2 ymd E} 0.6 pm¢ w 2t
Na SAHAS] GG Fi AOR 2 4 9, ol 4nt
et 7jmke] Szt A2z <) 8H etk o 3219 A

e 7F 29823 T2k £33 Z71E o] Na B4t 214
%ol kg v)7 ACEH THER Na SRS Aol A0

2 FEsoltltt

Zo] Ao olg) Hok
otk olAo® 2 1

V. # B
CIGS Hret ejopaA] 7|Tman)el 2rtery 2l EEof

148

H]—U]—_Q_ Xﬂ }_5}9&1’%_
oo Fel4, %

Oﬂ EE]—.__ MOSez *é
vhal Lo W2 AZ0/i-Zn0/CdS/CIGS/Mo/SLG F2&
o] AR E ARdt 1 B w718t}

| Hads

4714
¢

o H
Je 24 9

O

E11, MoSe; =
Az Qs AAst =HA A4
A7} 2015021, MoSey, 29| HjUSAL ¢ =

W w AFE 2 & 4 Atk Mo
ko]l A7 1.2 um, 0.6 xmQl AZO/i—ZnO/CdS/
CIGS/Mo/SLG F2& o]F0]2l CIGS v ejoFd =S A
zafo] 1 I3} -;— o) Mo 5kake] F7} 1.2 g
Y o ®c} 0.6 pm¥ GS vhat gloFA x| o] gt g8

2 9.46%% H]|uF O*L 42 Ut o]AL g7
7o) Sekzol el Qg AR Yaol °*~Hmi
A Mo BHaFo] A3 o] 7§A, MoSe; % Na 24t
= Mo H2e] FA= Alojgre =M CIG
=4 7 858 7k 4 9
ol A BHR A9 Mo

of Aw 4 wet =

o]
45
S}

EX
=
s

[1] H. -W. Schock and F. Pfister, Proceedings of the 16th

European Photovoltaic Solar Energy Conference,

(James & James, Science Publishers, Glasgow, 2000),

pp-270-274.

[2] A. L. Fahrenbruch and R. H. Bube, Fundamentals
of Solar Cells (Academic Press, Orlando, 1983).

[3] M. L. Archer and R. Hill. Clean Energy from
Photovoltaics (Imperial College Press, 2001).

[4] D. L. Staebler, R. S. Crandall, and R. Williams,

Journal of the Korean Vacuum Society 21(3), 2012



Appl. Phys. Lett. 39, 733-735 (1981).

[5] S. -H. Wei, S. B. Zhang, and A. Zunger, Appl.
Phys. Lett. 72, 3199 (1998).

[6] T. Dullweber, G. Hanna, M. A. Contreras, R.
Noufi, and H. W. Schock, Thin Solid Films 478,
361 (2000).

[7] M. A. Green, K. Emery, Y. Hishikawa, and W.
Warta, Prog. Photovolt. Res. Appl. 1984 (2011).

[8] S. G. Kim, J. C. Lee, K. H. Yun, K. H. Kang,
L. J. Park, J. W. Song, and S. O. Han, Spring
Conference Korea Sol. Energy Soc. 181 (2001).

[91 A. Bollero, M. Andres, C. Garcia, J. Abajo, and
M. T. Gutierrez, Phys. Status Solidi A 206, 540
(2009).

UFNZYYRAX] 21(3), 2012

j&

[10] J. H. Scofield, A. Duda, D. Albin, B. L. Ballard,
and P. K. Predecki, Thin Solid Films 260, 26 (1995).

[11] K. Orgassa, H. W. Schock, and J. H. Werner, Thin
Solid Films 431/432, 387 (2003).

[12] L. Assmann, J. C. Berne’de, A. Drici, C. Amory,
E. Halgand, and M. Morsli, Applied Surface
Science 246, 159 (2005).

[13] S. M. Kong, Y. Xiao, E. H. Kim, and C. W. Chung,
Korean Chem. Eng. Res. 49, 195 (2011).

[14] L. Repins, S. Glynn, J. Duenow, T. J. Coutts, W.
K. Metzger, and A. Miguel, Thin Film Solar
Technology. Edited by Delahoy, Alan E.; Eldada,
Louay A., Proceedings of the SPIE, 7409, 74090
(2009).

149



< Research Paper>>» Journal of the Korean Vacuum Society Vol.21 No.3, May 2012, pp.142~150
http://dx doi.org/10.5757/JKVS 2012.21.3.142

A Study of Mo Back Electrode for CIGSe; Thin Film Solar Cell

Seung-Hoon Choi®, Joong Jin Park?, Jeong Oh Yun®, Young Ho Hong®, and In Soo Kim®

“YUSYSTECH. Co., Ltd. Pohang 790-834
bDepartment of Aviation Information & Communication Engineering, Kyungwoon University, Gumi 730-739
“Department of Avionics, Kyungwoon University, Gumi 730-739
dDepartment of Material and Energy Engineering, Kyungwoon University, Gumi 730-739

(Received February 24, 2012, Revised May 23, 2012, Accepted May 24, 2012)

In this Study, Mo back electrode were deposited as the functions of various working pressure,
deposition time and plasma per-treatment on sodalime glass (SLG) for application to CIGS
thin film solar cell using by DC sputtering method, and were analyzed Mo change to MoSe,
layer through selenization processes. And finally Mo back electrode characteristics were
evaluated as application to CIGS device after AI/AZO/ZnO/CdS/CIGS/Mo/SLG fabrication.

Mo films fabricated as a function of the working pressure from 1.3 to 4.9mTorr are that
physical thickness changed to increase from 1.24 to 1.27 um and electrical characteristics
of sheet resistance changed to increase from 0.195 to 0.242 Q/sq as according to the higher
working pressure. We could find out that Mo film have more dense in lower working pressure
because positive Ar ions have higher energy in lower pressure when ions impact to Mo
target, and have dominated (100) columnar structure without working pressure.

Also Mo films fabricated as a function of the deposition time are that physical thickness
changed to increase from 0.15 to 1.24 pm and electrical characteristics of sheet resistance
changed to decrease from 2.75 to 0.195 Q/sq as according to the increasing of deposition
time. This is reasonable because more thick metal film have better electrical characteristics.

We investigated Mo change to MoSe; layer through selenization processes after Se/Mo/SLG
fabrication as a function of the selenization time from 5 to 40 minutes. MoSe; thickness
were changed to increase as according to the increasing of selenization time. We could find
out that we have to control MoSe; thickness to get ohmic contact characteristics as controlling
of proper selenization time.

And we fabricated and evaluated CIGS thin film solar cell device as AI/AZO/ZnO/CdS/
CIGS/Mo/SLG structures depend on Mo thickness 1.2 pym and 0.6 pm. The efficiency of
CIGS device with 0.6 pm Mo thickness is batter as 9.46% because Na ion of SLG can
move to CIGS layer more faster through thin Mo layer.

The adhesion characteristics of Mo back electrode on SLG were improved better as plasma
pre-treatment on SL.G substrate before Mo deposition. And we could expect better efficiency
of CIGS thin film solar cell as controlling of Mo thickness and MoSe, thickness depend
on Na effect and selenization time.

Keywords : Mo film, DC magnetron sputtering, CIGS, MoSe,, Thin film solar cell, Mo
back electrode
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