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Abstract Chalcopyrite material CulnSe, (CIS) is known to be a very prominent absorber layer for high efficiency thin
film solar cells. Current interest in the photovoltaic industry is to identify and develop more suitable materials and
processes for the fabrication of efficient and cost-effective solar cells. Various processes have been being tried for making a
low cost CIS absorber layer, this study obtained the CIS nanoparticles using commercial powder of 6 mm pieces for low
cost CIS absorber layer by high frequency ball milling and cryogenic milling. And the CIS absorber layer was prepared by
paste coating using milled-CIS nanoparticles in glove box under inert atmosphere. The chalcopyrite CulnSe, thin films were
successfully made after selenization at the substrate temperature of 550°C in 30 min, CIS solar cell of Al/ZnO/CdS/CIS/Mo
structure prepared under various deposition process such as evaporation, sputtering and chemical vapor deposition
respectively. Finally, we achieved CIS nanoparticles solar cell of electric efficient 1.74 % of Voc 29 mV, Jsc 35 mA/cm® FF
17.2%. The CIS nanoparticles-based absorber layers were characterized by using EDS, XRD and HRSEM.
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A7}e] cryogenic milling BIA1EH & 0] 43 YA}k CulnSe, 35535 A=

=
AE e AAA I AR E38, o, 702-701
(20134 2¢¥ 54 H)

(2013 29 232 AAIAR)

(20134 39 159 AAEA)

oF  CulnSe,(CIS) chacopyrite 22 2 && ghet glgAXE 93t 5o E42 me & 4EA Uk
A& 7

oW

H

g Z&4 Ax THE AN
2 A7

o] ZE2 AR AR AN 71 BAAE e HFA A
A7ke] CIS Fas 3] T oz AxE A=, & =wolre CIS 3355S A/MEes AxE 96
38315 = 6 mm piecess AH&-sko] high frequency ball milling= cryogenic millings ©]-&3 CIS Y=9daE LAt 28
3, CIS #F532 284 #9719 glove box <tellAl millinge W=YAtE AHE-3ste] paste coatingd &2 A 331 Tt

(@)

Chalcopyrite CIS vt 7] 2% 55004 307+ Al gt & JFH o= A=A, Al/ZnO/CdS/CISMo %]
CIS Bl %71 A= evaporation, sputtering 2 chemical bath deposition(CBD) 5 thaFsh &2 W o= 7z}t Azt 225
O, UxYAE o] &3 CIS BYHA 714 HEBa &L 1.74%S dJoH, /M k(Voo)s 29 my, T4 72 (Ix)
E BmAlen’, 23 ZJAEFPL 172%ATth Y=9a CIS ZE52L energy dispersive spectroscopy(EDS), x-ray
diffraction(XRD) 22]3L high-resolution scanning electron microscopy(HRSEM) 522 &4 #4125 313

LM B A A0l oA MEAS A5 At WA Sl
Vg EE BEF ARLxIFe)E b B ok

SHhE WE=AIQl CulnGaSe(CIGSK= 1eV olde] 21 2h, x7] Fepdom v Pt vjxixe] F5+
Zog mje ool dutdow I9HE HhEAll

‘Corresponding athor CIS Al BlgiAE & vlolaE 9] uvtoz ey
L +02-00- 5634 L = =
Fax: +82-53-950-5645 AAE e, Hd &S HES) v, ol ©

Emall: bopark@knucke of FUNE DFPRS S gor], A5G e



Preparation of nanoparticles CulnSe, absorber layer by a non-vacuum process of low cost cryogenic milling 109

|

= BE, A2 e A9l ¢S BFA B &
A7F #ob 83 Ay 358 & 5 o] S
Fi Qdnk. ol gk CIS Al SR Az i
co-evaporation[1], sputtering[2], selenization[3] 52
A0 WS olgstal St ol =2 Wdke
&5 Q7] flEide At RFARE ARgsteof s
AT AxA] sErFEE stk He dis 7HAL
Rom, AMA B ejoFdA] Age] Het vl @t
setow 7 7|9e] A7te] BETS Ax WHoE o
Astaal B =S stal ok wEb s A
718HE flsliMe 71Ee] 21E WAo] obd HIZIE WA
o8 CIS #5535% Axdke 71 7ol 44
ojt}y. HZol A7t wIxlE WAe] AxE #al doctor
blade]4], screen printing[5], spray[6]H, sol-gelH[7, 8]
ol tefeiAl A=EL o, v CIS Al F5
= Axs] o8l Ui =714 AAE Elor "k
2 A2 Y=g At AZRE S8l F2olg Wl &+
FPORE CIS e YAE Alxsion, o|gA &4
H e YAt 895 spray W 5o MRS
olgsle] CIS F53 WS AxskTH9, 10]. Al
£ shHA BFT3 Ax ARE d@S8kaL, A7tst
g o}, FA el EitsiH, AR et
Wt 30l Bga17t 47 erke AEL
o}

Mo ME T HOL

AC)
X
o

Ball millinge & HE5 f8 22 wyoe=
g AREELL o, T
e @ vk S 24 ik SEA|YE ball milling
o WAog = F7]¢ YAE AXIAE Ax
AlZko] e AAIZEsE He wdo] Tt olof], # A
ToAME Uie Z719] 4 380l EZash vzl
9] high frequency ball milling2} cryogenic milling
HE ol&aldd, F&Ee #7H] s E AR &
e AXE A% i wE, olEe Wiy
A2 o]-&ste] HIKIFHAe] 71 CIS A A=
of Z 5485 73t

2. aEdd

2.1. CulnSe, U= 97} A=

HA, AHR-EE CulnSe, 6 mm pieces(CERAC Co.)=
Wedx2 Azs7] 931 high frequency ball milling
9} cryogenic milling WWHo = A2kl ¢4, 154
WO =2 high frequency bal millingS $l3 &XE3
¢l CulnSe, 6 mm pieces 4.968 g Z~E|¢lg| 2 njo]Y
o ¥ % =7|7F 8mmet 12 mm ZH|GlE A AE B

< 1:19]&=E Y3 ARl o, Beref Ho] &3¢
50ml 2=E|Ql# 2 Hlo|e] 3y 7597} HA| opHE
o2 Atk F24 millings S8 AR-E obAllES FH
o] HlwA 7HAsta, AFe| AkstE WAeh7] 98l AR
oM, CulnSe, A= WS 3HA] & &vjo/|=
slth. 19H4 high frequency ball milling A7 0~8%]
7oz sald, A4 miling A7:¢ BAT 5 AN
B, A%, WA OIS YA B Az
a7k 800nm ojate] W YAE usly] % 7ks

High frequency bal milinggl CIS Y& Wie Alo]z2
AzZsl7] el AR EA E9r]ox] 28HAE  cryogenic
millingS A3kATh 18414 AZE CIS YA= AA)
Ao B9710IM F23] Ws] 918 pre-coolings:

102 Fotslal 3% E9t cryogenic millingg 33la, o
Al 3% &< millingel &S coolingsl= WHO=E 10

2

HHEE 0w cryogenic milling 7S 10 CPY
second® 2 3le] Ht 800 nm ©]3ke] CIS v JAE
AzsAT} Fig. 12 CIS Y=gz AZE 918 high
frequency ball millings} cryogenic milling 3H]<] 712k
ol

(a) Acetone (75% of Stainless vial volume)

Shaking of high frequency miller (SPEX)
@ After6 hours high frequency milled power

8 mm stainless ball (16 #)

12 mm stainless ball (3 #)

(b)

Magnetic Field

)

Sample Container

@ Sta‘i‘nvlessrs‘{erel ‘n;IiIIing Bar

Liquid Nitrogen
High frequency ball milled CulnSe, particles

Fig. 1. Equipment schematic diagrams for preparation of CIS

nanoparticles solar cell: (a); high frequency ball milling and (b);
cryogenic milling.
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Fig. 2. Experimental procedure for CIS nanoparticles solar
cells by high frequency ball milling and cryogenic milling.
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Fig. 3. Image of (a), CulnSe, 6 mm pieces starting materias and (b), EDS results of CulnSe, particles after cryogenic milling used
for preparation of CIS solar cells.
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Fig. 4. XRD patterns of (a), CulnSe, 6 mm pieces darting
materids and (b), after cryogenic milling CulnSe, particles used
for preparation of CIS solar cells.
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Fig. 5. XRD patterns for CIS absorber layer of the various
selenization temperatures. (a); 500°C (b); 550°C and (c); 575°C.
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Fig. 7. Cross-section SEM images for CIS absorber layer of
the various selenization temperatures: (a); 500°C (b); 550°C and
(0); 575°C.
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