creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

BIPV A && 93 Cd-free HZF &
747 Flexible CIGS BlFAA ] E4 AT

2022 £ 8AH
ET PN £ SR
ERIBH

AN T



BIPV 3 €< 93 Cd-free B|H =&

717 Flexible CIGS ®j &7 A| 2]

o] WM S LBt BmYSE &
2022 % 8H

B RBER EERNBE

ERLEH

AN T



HEEe TEML: Bim<s RS

20225F 8H 26H

* ¥ IBFELE £ @& — H
= B IBEtL F & B H

hav
il

TEEtE O E A H



— i
— g g

DI

PN

~Hr
I

ﬂg%

oo

v

L1 QI TEHI T ceereerseesseess st et

12
12
14

AF - B ) R o R

241 CIGS ZIA] O] B corerereinieiieii it
2.4.2 Flexible CIGS

2.3 BIPV
2.4 CIGS

19
19
20
99

=0

o,

El

1

=l
ol

1

Mo

23

2] 9] FlexibleZ] Tk s

o g o

244 CIGS

s
=0
st
<

~o

25

X

29

CIGS Hj

4.2 SiO, barrier layer®] F7 o u}

4.1 Zn(O, S) v &of

CIGS H

=
R

W
p

A5 A

o
il
g

X



1 Zn(O,S) H]

e}
=

2 SiO, Hi 2] o

of

=
o



ad S
% 1 )T E L FIFL AT BT 2
a9 2 202058 20257k 9] A Al BIPV Al AAGE e 3
a9 3 FAA ) A EFEek BFAA ] a2 25 -7
a7 4 (a) AEBAFPolES] B AT} (b) LES Y
KA O] AR E] 3= MAPDI woreeereeeesssssesessssssssssssssssssssss s 11
a8 5 A G728 B U AR T R T e 15
j_am 6 0327131-%&0 Eﬂookx%x]A T e 17
28 7 CIGS ¥k gjekA = o] Fx =D ZF A 9f FA e 29
j_au 8 co evaporation PIOCESS  wrerererssessesssnmiss i s 26

29 9 A schematic representation of the basic principle of the

AL PIOCESS #+ereessesseseesessesessantisis sttt 27
19 10 Schematic process of thin film CIGS solar cell :eeeeeeeeees 28
2% 11 XRD result of Zn(0,S) films DY Fatio - wesrcereeenens 29
a9 12 va curve by ZH(O,S) TALIQ soevveesesnneessssneesiniriniii e 32
19 13 va curve by Si09 thiCKNESS wreeerserreerermnienininenien 35
I3 14 QE of the CIGS solar cells with thickness of SiO e 36



Characteristics study of flexible CIGS solar cell with

Cd-free buffer layer for BIPV application

Cheol-Hong Park

Department of Electrical Engineering
Graduate School of Industry
Pukyong National University

Abstract

Abstract -

Human activity 1s the cause of the high temperature
phenomenon, unstable climate change, and fine dust, which are
becoming global issues recently, and the seriousness of the
problem 1is increasing. Efforts are being made through agreements
with international organizations to solve problems worldwide. To
reduce CO,, the distribution and improvement of low energy
consumption and low carbon emission buildings must be made.
Overseas, policies and related laws for zero—energy buildings are
being enacted, and domestic ones are also being promoted.
Generating electricity using solar energy, which i1s a representative

renewable energy to be used in buildings, has proven to be one of

_iv_



the most promising solutions for buildings. BIPV (Building
Integrated Photovoltaic System), an exterior solar power
generation system, i1s a system that generates electricity by itself
and can be used in buildings by installing power generation
modules on the exterior walls of buildings, such as windows,
walls, and balconies.

The CdS buffer layer of CIGS solar cells for BIPV application
contains cadmium (Cd), a toxic substance, which has been an
obstacle to commercialization. For the flexibility and environmental
stability of the CIGS solar cell substrate for the BIPV studied in
this paper, a Zn(O,S) buffer layer was applied instead of the CdS
buffer layer. The ALD method was applied to form a thin film,
and the change 1in electrical characteristics was confirmed

according to the ratio of Zn(O,S).
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Thick, Materials Process
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Cleaning

<19 7> CIGS Bk BFAA ] Tz D 7 249 BF

7] 2 (Substrate)/ ™ A = (Back contact)/CIGS &5 % (Absorber)/

H 3 2 (Buffer)/ 9 =-9-F (Window)/ 18] =(Grid) dA=5¢ 2= 54
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2 2] 9] 2 A W (two-step method) 2.2 F2 FZ U}
HEF32 SR gHe CdS7F 7 de AREEHI i, A=
1-Zn0/ZnO:Al &2 i-ZnO/ITO Fx=Z 2¥HYW I 318745
2 (chemical vapor deposition)S ©]-&3to] A=
a8= AS52 e-beam IEFTAMor FAHH AN F2 ALEH

th.[14]

o
d
k)
X
)
(o]
il

2.4.4 CIGS 9t e ¥ A A ¢ Flexible 7] &

Flexible 7132 A wheh Aleke, 55, k29 A 7HA=2
= T U

AA, A Az FAd Zdols FA4E Feek A= obrt
Ak Al AmE eolx FAg 7|#e dRbd o s 100pmE v
gfom 600°C o] 39 ==5 AE F A= € A= AL 3
TRt shebA 8l oF7] FAC A3 ARel ey wdRtge] #of
=4, 22y Ao Fdt VRews v =(PD, 7R
ol E(PC), ZejdEdedzEdo|E(PET) S At o3 &
doll= 125um wI9He] FA, AR, vl 7 T 2 A S
kAol YUY 2y Aol vtk T ol 9l

mpAl o ® Al Ti, Mo ¥:93 22 55 &Ae] 3 7|ds 9
o 2EQlE s 2Ey 34 2 do] U o] 7|d2 FA7F 1251mo)

oS A4, A" "L, 900°C o) ==E Ad 4 e
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.
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3.1 CIGS Al =}

CIGS B FHdA A 7ol 54 7|dst= +d4d R <4,
3744 NS FrEr] fste] zEAH A ~

Steel:SS)S 7|#Ho =z A3} TE SS foilS 7|#Ho =2 CIGS

HEAAE A% A @ A TAH] HAY 5 v SS &
Ae A, 2§, 3 % A F5 LS 03 TR 9o
ol A A CIGS HLAAS H&e PaAth £F 7D
A E Be o F& Aah A BAA WY layerZ HAbH o
F2EL A% F70 A0 ok e EBEEe 32 WA

71 glstel weol 22 FAFolok drh
e 2UAA ssd, BeY g4 AT, B
A3k, S8 71#T Mo AF Abol

P Ao =3 Si0= A4

o, 7 =45 AAs7] s /U1 E
253 AlFste] FHlstdt. o] % SiO, layerd F7& 100,
200, 500 nm® DC-magnetron sputteringZ ©]&3}o] & A3}
Rom, Mo FHASTS TUg FHO=E 800 nme FARE F
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Substrate holder with

Park chamber b I.!ild-ini heater

material
crucible

chm,gggg

Sputtering chamber

CIGS 5359 4L 307 sAdessE 345 3 34
staom 19 8ol sAXETE TAES FAISAT3] A
HA @A A= 360 °CY 2XxoA Fwate] (In, Ga)Se; &
< AAANAG. F HA dAdA Cust Ses A FHsHA
550 °Co = wo|A Fato] Cu-rich A& At #hx =
Al AR GA A Cu 94E A9 E In, Ga, Ses 37 F¢

sto] Al A CIGSe = FAsk

_26_



Asourcesuppiy\Qa eﬂ
g aQ’

Chemisorption of A source and Purge

self-limiting mechanism
Ny ,f /7 p

B source supp? °! % q%,aﬁ

A source :
B source : "

Purge Chemlcal reactions between B source and
A source & self-limiting mechanism

<19 9> A schematic representation of the basic principle of the
ALD process

W3 =9 FAS ALD(Atomic layer Deposition) W21S Al&

st 19 99 ALD ¥4 & zheFs] vER AT

Zn(C2H5)2< Zn AT A= Ab&3te] DI water 3 H.SE W3

A= ko] 120 °Coll A S 2= At

ZnO<} ZnS<e vl &S 31, 611, 9:119 A= & v &= A2y

Q). ol F WAATGe] Z72 98 [ Zn0FS 50 nme =3



Q/01 el WAZ

< FHesS WS ITO #Hs A
3. 29 Ey 4= 0.1 paolAd 200 nm=z FAHJC. E
o2  evaporator®2 Al/Ni Z28l=5 3dAsleo] A =slsd o
CIGS Bl A9 A= A=

— —
Substrate Back-contact Mo Laser scribing-P1
cleaning ﬂ
. B w0
e e = — P ,
Mechanical scribing-P2 Buffer layer Absorber layer-
ﬂ CdS/ZnS+Zn0O

Al | LN
E— = RN
TCO Layer Mechanical scribing-P3

Module & Testing
<19 10> Schematic process of thin film CIGS solar cell
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4.1 Zn(O, S) ¥ & W& CIGS H A AR 2 EA

Zn0$t ZnSel vl &S 31, 61, 919 M2 & H & g
=2 EAS Fesly] 98 XRD A ES Aygstg e 143
S 29 119 YeEr A, ZnSeF ZnO 2 Zh7ZF 28.5°9F 34.5°
o B 1 Z(Bragg angle)oA #

(wurtzite structure)® W3k 35 HAT. HAfoldAd+=x
off Al HHHe e W JgUAR Q] Zns R ZnO9 $A4H
A W ¥aE BRIoer, FE ZnST ZnOXEY EX 9 =

e 2442 veugdh

S S et T I
——
n
S g, e
L
> b el
:5 h"‘"‘"m S e PP it ,______“3,_, 1____,_._.
S
E P oo | zns |
Wn L Zno
I ] ]
20 40 &0

28 (degree)
<Z2¥11> XRD result of Zn(O,S) films by ratio
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ZnOe°ll H]3] ZnSe] =2 ZAAEY ST S F 7HA=E A
BE g ATk

A HA = ZnSet ZnOg FAd A ¥bg ARl H2S¢ H20¢ 2
& oy A e Aololtk. Zn-S W Zn-O Ao &g oy A
(dissociation energy)+ 298 Kol A Z+z} 2248 % 250 kJ/mol
2 Uey o, ol& Zn-S AFe°] Zn-0 2 EY ¢ HA
AAEHE AS vEHY. =g S-H Aa3el &g duyA=
298Kl Al 35357 kJ/molelat, O-H A9 s&lg oluvA=
42991 kJ/mol=A] ofdstgt=9 &FAolA ZnOE Y ZnS”7t 9
44 G4 E & WET

T WA= Zn(0,9)% e ALD 3AA dovtes o= gk wb
solth. ALD 382 AgE 39 ¥ S 7Ivto = &1, ALD
4 F HS E= HO F9 €4 F SH E= OH =
(ligand)7} &2 =o] :®He ofdAd} Agste] ZnSH * E&
ZnOH = A% & FAAt. ZnSH = ZA3teo] &A1 o H.0&
TYstH Zn¥ 23 SH gt=&5 OH it==2 wsd
ATk wh ¥Eg-Q1 OHeOllAl SH=E S w3t% 7hs3sty, o 74
ZnOH = + H,S — ZnSH * + H,O0¢ HFg2 ¢ = A
o =2 Qs3] ZnSH * + H,O — ZnOH * + H.,SE Y 4
H, ALD¥W o= Zn(O,S) ¥4s S&HE o o2 g
o& Zn(0,S) vruto] ZnS7F -4 A # ).

—o
R
Hooox —10

=
oo
o

kAo A AE F kel Fill Factor® Z71A1 71 A 9
2

a4 go] HHsh wolok Frh. o] F 9
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vetd = e ABAY Sk Wesd F drF gt FX
ATsE NMAESE 33

29 129 Zn(O0,5)¢] Hl & W& J-V F4Ads BASH o,
A7 54 2 58S % 19 Yeudo. CIGS Bl A9
A My Fo HAsE fs] AFdAAAAM e} 2ol ZnOC ZnS
o Hl&S 3, 61, 911= FEste] AAES APATt. ol H
Zn(0,5)ol A S Hl&o] F7hstHAl JHH]be] 0562 VoIl A
0620 V& F7lE &0 5 g ot o] ¢ vk = Fill Factor
o] e 68050 %ol A 60694 %= ZFast= oz eyl
ol g A= CIGS F3 W3 FY AWM W= @ xA

=g dHeE AR AR AEdds G AlA

—

DA ZAow Holw e AH A3 e FUFE A Fill
Factor®] Ztzaol 71218 Aoz melth Ay o7 619 H&
oAA 9119 Hl&FH} 318 HEY FHH AR FholA
11.179%¢] Hd &&S e AT
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Current density{mA/cm?2)

on

=

U 07 i DS 8\ 07

Voltage(V)

<% 12> J-V curve by Zn(O,S) ratio

ratio 01 6:1 3:1

Voc (V) 0.562 0.586 0.620
Jsc (mA/cm’) 28.524 28.755 29.081
Fill Factor (%) 68.050 66.322 60.694
Imax (mA) 25.233 26.063 25.195
Vmax (V) 0.436 0.429 0.435
Eiffciency (%) 10.997 11.179 10.952

<3 1> Zn(O,S) v & & 714

J{m
oX,
s
ol
o
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4.2 SiO, barrier layere] F7 o] W& CIGS H &

AR 7" B4

CIGS B FAdA A Zlde] SAdol 7Ilsh= #d4 2 4,
434 kA stuet7] flske] SS foile 7lHe R CIGS

]
HFaAE Aol 1 54 ekl

o
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He EAIAE] e olgt e EEES A4S WAV 4
stel SiO2 ®igleol & F A4 sEA

SiO; ®lEle] S 100, 200, 500 nme] FA = WA A Az}
CIGS ®ldx A2 J-V curve ¥ #7184 54 1d 137 %
20 e AT
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MR, FAS, dFAFAE 2 2ol S HolA = &
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H
RN AY T HEFEAAY dew ddd
o
=

&

&

9 437 % 4204 0

500nm F7Ae] "iglel F& 7 CIGS B EAAANA gE
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E} Wt} (Li et al., 2019a; Lundberg et al., 2005 ).
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O

o] H A= FA T AEE AT sFE T oA
1

ZF2ax A AAZe] F7FeH(Chiu et al, 2017). o] H

A7t BesE AW AAY £E0F webAm Fe 94 Cu 2
Axsr Agste] Ao FEe AT FAS] ALY F=
w3 Sk A Wl A4 AAe 9t 2 A 3
57

7l 8 M A A SF S FsH A A A
A3tE WA s (Bl'osch et al, 2013; Stolwijk et al., 2010),
dste] d¥eog Qs P AAA AdF F=7F o= 7}
E3stEo] d Ay 4k #H HAF= BY XY AA A2H
L8 IV AYS A TaAZT. B A YA
A BAAEESE FAAT L FAATE FEATE Ao 71

3+ T}H(Choi et al.,, 2011).

35—_
30_: s —————
S5
(=] i
2 1
;:;\20—:
A = 0 nm
3154 = 100 nm
t ] = 200 nm
g = 500 nm
3 10
5
O__ T T T T T T T T T T T T T T T T T T T T T T T T T T
d 0.1 0.7 0.3 0.4 05 0.8 0.7

Voltage(v)

<19 13> J-V curve by SiO; thickness
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<FE 2> SIOp HiEo] T FAC wE M)A 54 % EE
Thickness (nm) 0 100 200 500
Voc (V) 0.575 0.637 0.639 0.643
Jsc (mA/em®) 26.579 30.707 31.147 32.028
Fill Factor (%) 65.498 70.782 71.539 71.588
Eiffciency (%) 10.026 13.848 14.246 14.743

EQE(%)

Wavelength(nm)

<1¥ 14> QE of the CIGS solar cells with thickness of SiO
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MSZE &2 &

CIGS WFAAeNA F2 AgHE Cd s 22 HA7]
sske] Zn(0,8) MM EE A gl ALD WAow wug

=
FAsRd e Zn(0,5)¢ Ml &l wet A7 54 WstE &
Adstdvr. 1 A3 S F7bel wel A ARS S e AS
st oyt FXAF7E Zahstes AS G o, daA
ore T3 #eol 619 HlEodAM HE =2 B&S UEHS
th. o] #AoA XRD FHZAF}oA HoF= vEep o] AE
Ao Frtel t&3t7] f18 i-ZnO S5 ISt FAF
o #as Hastste] Al #kskd

el w3 Fe Cd Aol wste] Zn(0,5)e] 7
Hade] 2345 YElAAT 7]E Cd dH] 282 ol H
g2 A% F7HH0] A7 24dH.
s, e FRrIF CIGS HIHAE A=sr] 9l
Z|#o 2 SSE A&t om, SSe A8 o2 WA= 55U
2o g WA 98 Si0, wElel & FA ST vl
gol Fo FA7E S/l wet e A o] dEbdE, A

b, FAAF 5 OREe A7A axvt 2Ee BAG &
AT webd LERS SS AR swew CIGS U b
FAAE Azt dANE olidsits Fue FAE =
74N A oF T

2e Sio,Ee] EuE od Azte] ~dEPY Ans B
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Qzat7] WEe YR 71 Aol mel axE EA4AZ
T Atk A3 Aol A 500nm SiO, Wl el Fe] A& H CIGS
Bl Aol A 14.743 %] 7HE e EES 4& 5 AT

A% 71 SLGSH vlmste]l Na 59 %ol o8] WAt
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