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ABSTRACT: Two-step processes for preparing Cu(In,Ga)Se; absorber layers consist of precursor layer formation and subsequent
annealing in a Se-containing atmosphere. Among the various deposition methods for precursor layer, the nonvacuum (wet) processes
have been spotlighted as alternatives to vacuum-based methods due to their potential to realize low-cost, scalable PV devices. However,
due to its porous nature, the precursor layer deposited on Mo substrate by nonvacuum methods often suffers from thick MoSe, formation
during selenization under a high Se vapor pressure. On the contrary, selenization under a low Se pressure to avoid MoSe, formation
typically leads to low crystal quality of absorber films. Although TiN has been reported as a diffusion barrier against Se", the additional
sputtering to deposit TiN layer may induce the complexity of fabrication process and nullify the advantages of nonvacuum deposition
of absorber film. In this work, Mo oxide layers via thermal oxidation of Mo substrate have been explored as an alternative diffusion
barrier. The morphology and phase evolution was examined as a function of oxidation temperature. The resulting Mo/Mo oxides double
layers were employed as a back contact electrode for CulnSe; solar cells and were found to effectively suppress the formation of MoSe;
layer.
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Fig. 1. Cross sections and surface morphologies of oxidized
molybdenum at 250°C (a), 300°C (b), 350°C (c), 400°C
(d), 450°C (e), and 500°C (f)

Sp 2o mhE ek As2 A Y| 9fel 122 vehd A
oJth. Fig. 18] n]Alg-z20] 4] 815201 300°C7HA| = Ak} &2 2
H1 F7(foxice) Ol tﬂz‘zm SAAITE 350°CHE A 7F =l =7
5718l 500°C7HA] 7POP 7z % =9 3tk 2T HgE
Ak 2| B dlE Ol FHd=22A9] 75l Hish
7] 9fs] %E‘Jﬂtﬂﬁ/’tﬁ} e Eihzr o]5 uto] HAY
= S7J5to] Fig. 20f @7 eAfskgint. WA R -2 400°C7}HA]
= 719 Higt glo] Uit H450°CHE A7 | 24| S7117]
AJEFsto] 500°Coll s 71 2ol EdliAl= 715 EArh 4
S} 21 400°C7HA] = o) ateh el Hhlg So] EAl =
ot AR 04 /L) 2 Al A g2 e 22|
gl 2] |AR 2o 7F gI3Ith 450°C ool A AFehalR] Bf
o] WA 10" /] o|AF0 & Lheht ejofl x| o] T zlo.
2 227]0= AeIA| tFaa & = Sl o= Fig. 194 & A
U} 0] 450°C 2} 500°Cofl A= U 77 AT} =2 Bl &
o] F/J= 7] miZol ek Fig. 13} 20f Wrehd 418} 2-eof whE
Atebeke] /o |4, A 9 iAo Wl A5 53 H
350~400°C Aojof|A] AFStA[Z] o] F5 Fr20] Hiuo] Q1%

Aot 9 e 7AW WA UER o] EPL

HRja)k 7158 Z2He S A0 7 A T)of gukl o slolsh

<
E2ERxRT=a =3 va T

=
[e)Kez]
I UL
1.2 — T T T T T
! e 108
10| B e e .E_\i P = o
o [ t /(t ) N r’ /I 6 =2
2 08}k o oxme \i H 410" @
© “E g a
o} [ M %)
g 04} lé '!\‘? 1 &
O [ Q// 1 < g
£ 02F
= 1 toxide/ (tMo+ toxid ) - / & 410° E
00fd====m=n=- ?‘f—*—tn 1) o)
3 m]
02 N 1 N 1 N 1 i 1 i 1 10-2

0 100 200 300 400 500
Oxidation temperature / °C

Fig. 2. Thickness ratio of Mo/Mo oxide layer and sheet resistance
as a function of oxidation temperature

' oMo 0,(5-508)

4MoD,(32-671)
e moiaz-1120)

QT ol

'500°Ce

N ‘7 N 450°C |

a_400°C,

350°Cp
1 300°Cp
L
JL

250°C|

MoJ

30 40 50 60 70 80
26/°

Fig. 3. XRD pattern of oxidized molybdenum at 250, 300, 350,
400, 450, and 500°C

Intensity / a. u.

N
o



88 B.S.Lee and D.K. Lee / Current Photovoltaic Research 3(3) 85-90 (2015)

O_u

Fig. 324k} 2 ool b &2 Bl vhel 28/ 24 %
SRS 24517] $lo 43 XRD Hel& Hepdt) 4heh 2=
300°C7HA = =] Hlwe] 2440l tha EHOVliE&

o AR A 23 AL TR A] 3k 350°Cofl A A&

2 AR} 22| B dlE(Mo0s) o] ZAAke] Ueht 7] /\13#’6]1, =
E7h o ate)l ER| Bl A/l S8 ok peaks
o] 31 A= AR & 4 Atk o= Fig. 13F 2004 A 2
Afstatel g4 9l FAA Matel AR5k o] F3) 350°C ©]
ol vk oAl 2] Rek(Fig. 1(c-1)7FMo05 2] A7 wj
wolehe A& B & 4= Qi 2.2 450°Co) A o|itet &2
HHH(MoO,) Bt T =, 88 =2 v]fof Hof 1
& ojvjd Ao HekEh

A

3.2 M3} E2|80IE/ClsSe 52| £Y

m

= &2 BHlE300, 350°Coll A AR Z] 2] BelE &
o)l Cu-In A7AE 2S5 el £917] 014 500°C, 305
Lol 922 & Eal| CISe BHa-S A A AT Fig. 4= Cu-In
A 9h(Fig. 4(a)) 2 A= SHE 732 wh(Fig. 4(b-d)) <] Az} T
Ho] mAltE LERd Zlolt) 350°C 9] 4l Ee| Bl
A&-RE CISe whe] T ARXI(Fig. 4(d))& H1, 300°Cofl A F/d
Ak Ee BeleS AR - H(Fig. 4(c))ofl Bl Ad=isH =
2] Bl E{(MoSe») 9] &/do] dA5HA| A=
olZX Ee|Hulwo AIBHE Fal B/E Atehae] Al 2
AR EFO = A 9] 7]5(Fig. 5)o] 2= itk
g, Cu-In A7H| ) WA 222 E3) AJE ClSe vt}
2 ARE A0 Foll BAFLO(Fig. 4(b-d)), FEH LA
o] A Wgl Fxo] vkt S 1A Q) T Ve A} 59
OlFF o FAH 0] S & 4= Uk o] two-step FH >
%l ClSe 7 ‘#EMIA APA o2 Ueht= vAl2 R,
oy AA| Z-& GA 2Tl A] o]t o] %
AT}, ol 2-0] EAl I Zjo]o
2 Kkinetic unmixing} [Cu]/[In] 2487} S5 AAA
Elf?i CISe®] EA4o] o] &3t o] 53 2 A& sl
AZH?. 134, Fig. 4(b-d) 2] ThH AFRS 2pA)3] A
Q}Eﬂ B -8 ARg-5to] Al 2% CISe Uo7 <=
= AHEEECISe 2ol B3] A the] 23k ClSe
It} o] B2 AL LTt Seb s
Hlr) Bt opu e}, Alst Ee] HelE 9ol A]
773 A Aske & ghelstalet o=
FA7F 7185 ClSed] Al Gt2 4]
Ao A A §li=Nao] gHito] Hafjx]

% glek

/\e ETO]E]-

[

EN R R

RO

ir

_&

il

_EL

A oo r

a
Mo ® ¢
o

LS
ol flo

ook
flilo

w2 o
»
%

ol S g
2
i

&
0
p—
wn
o

~
o
I
o\

(e}
i)
O

B
ja

£ oo
|z
fin}
o
N ol
@ orlr o p

=

o

=2

i

o oqg_ﬂi
i
=)

iszoﬁr*ozﬂg%ﬂloqof;
o

A

|o

fu

%

x

)

Fig. 4. Cross sections and surface morphologies of Cu-In precursor
film (a) and selenized ClISe films with Mo (b), oxidized
Mo at 300°C (c) and 350°C (d)
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Table 1. Photovoltaic parameters evaluated from j-V curves
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Mo - - - - -
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Mo_Oxi.
450°C 0.21 31.2 0.35 2.29 0.317
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