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ABSTRACT

Study of ZnS Buffer layer on CIGS Solar cell
by RF Magnetron Sputtering System

Bo-Ra Koo
Advisor : Prof. Dong—Chan Shin Ph. D.
Department of Advanced Materials Engineering

Graduate School of Chosun University

Sputter—-deposited ZnS thin film were investigated as potential replacements for
CBD-deposited CdS buffer layers in the application of CIGS solar cells. ZnS buffer
layer were fabricated RF magnetron sputtering system on eagle 2000 glass
substrate. The distance between substrate and target was kept at 98.7 mm, and the
base pressure was less than 2.0 X 10°° Torr. All the ZnS thin film were
deposited at room temperature, with 50 sccm Ar gas flow. The RF powers were
varied between 30, 50, 75, and 100 W, while deposition time was varied between b,
10, 20, and 40 min. The deposition rates were gradually increased, according to
experimental conditions. The crystal structure of the thin film is found to be zinc
blende (cubic) structure which of lattice constant, a = 38A. Compared to CdS
lattice structure, ZnS showed better lattice match with CIGS layer. The average
transmittances were over 78.7 %. When the thickness of the film increased, the
transmittance showed a red shift. The band gap values of thin film calculated
through the transmittances have higher Eg value compared to 3.6 eV band gap of
bulk ZnS materials. The band gap value approaches to that of bulk value according
to the thickness increase. ZnS thin film has higher Eg value compared to the CdS
buffer layer. Considering these characteristics of ZnS buffer layer, the ZnS buffer
layer 1s promising candidate to replace the current CdS buffer layer for the

application of CIGS solar cells.
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A 27 o]EH WA

A 2138 HFZAHA (Solar Cell)

2.1.1. BlF 94 A (Solar Energy)
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Fig. 2-1. Schematic of AM 1.5 reference spectral conditions.

7)ol ofgk Ble] A7) AT Yl 7] eFolAM e Bdd 2HERS AMO =1
olgt gtk AMO = Ef 2 5800 K SA HAeL AR 2 EQ S 7hxlth. AMO 2
AEF FH= ded48 B 5 v @AV B 9oy g A7) sidEt. AMI
2~ EYS o]l Axdd FH A As W] HFFHS vErAT 2ea
AM 15 =9ERE "ol Axde] F2 < A4 4827 7]&olx Aol A&

o] 83.2 mW/cm?o]th, Bl AAE MET wols gz
A9 FAFPF dxFgo| 71 -3 AM 1.5 G (Air mass 15 globa)S 7Hg wo)

Abgate) o o Bl Al71E 100 mW/em?o] B,

-
-



Energy distribution [kW /m?2 um]

23

2.0

1.5

1.0

0.5

Black body radiation 6000 K

AMO radiation

AM1.5 radiation

i 1 | | | 1

02 04 06 08 10 12 14 16 18 20
Wavelength [um]

Fig. 2-2. Spectrum distribution of solar energy[19].
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of goh whebA A 2-5% 2 2-68 2 2-20) IS B A e Ao AAbole]

= [e)
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nkT R

sh
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Fig. 2-5. I-V curve of a solar cell under dark and lighted conditions.
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Fig. 2-6. Current density versus voltage characteristics of a solar cell.
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(6) Y22 & (Quantum efficiency, QE)
4 o Yx|7F A2 Wt HE2 Fodn, a8 R 4 28

o
D)
fols
o
rlo
>{I

_ Nmber of OutputElectron

Nmber of Input Photon < 100 (2-14)
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Fig. 2-7. Quantum efficiency (sold lines) at 0 V and -1 V and optical losses for a
Cu(InGa)Se,/CdS solar cell in which the Cu(InGa)Se, has Eg
= 1.12 eVI[21].
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il

Table 2-1°¢= Fig. 2-79 ¥AF Z&olA 2 FEE &8 Adte] A= 2450

Foln 9l

Table 2-1. Current loss, AJ, for E > 1.12 eV due to the optical and collection
losses illustrated in Fig. 2-7 for a typical Cu(InGa)Se,/CdS solar cell

[21].

Region in _ . A]
Fig, 2-7 Optical loss mechanism (A /em?]
(1) Shading from grid with 4% area coverage 1.7
(2) Reflection from Cu(InGa)Se,/CdS/ZnO 3.8
(3) Absorption in ZnO 1.8
(4) Absorption in CdS 0.8
5) Incomplete generation in Cu(InGa)Se, 19
(6) Incomplete collection in  Cu(InGa)Se, 0.4
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Fig. 2-8. Classification of solar cells according to absorber materials[22].
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sh3tE WF=AlE CIG)S(Culn(Ga)Se,)9t CdTe AlEd} M-V GaAs Algo] &3}
of 7} &atsitt Alw 7HE FE3tel AEd 2= CdTe Bl Ao}, g+, &5
Astel] AEd ¢ e AR P FEE B e A2 CIGSe|th 1y o
Ade] AL 240 wH8/8 44 (InGa, Te)d 34 ZACHZ 8 485

Aol Har Utk CIGS= obA = A e whek f4H8 T2 Ao FA7F 4
23 vt A GaAsAES F9 v nHFES o] &3 2uESE
vk AR B ds fsie A AR obEe E
3 s H

Aol et A= of&d Ly Eofok gt

Thin Film PhotoVoltaics |

Amorphous Polycrystalline In-Organic

Silicon

| Rigid | | Rigid | | Flexible |

| Glass I | Metal Foil | | Plastic I | Glassl | Metal Foil | | Plastic I | Glass | | Glassl | Metal Foil |

| Monolithic | | Discrete | | Monolithic | | Monolithic | | Discrete | | Monolithic | | Discrete | | Monolithic | | Discrete | [ Discrete |

Fig. 2-9. Technology classification of thin film solar cells.
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i g A s FAETGE 1g&Ad s e A7 vheAd wldel A3
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gomm HEFEAA A S dEsta vk gk o [dE] AlFE e whe A A Bk
Z7]<o]l mZfEl CIGSw 483k7F oA il v Fig. 2-102 CIGS¢F CdTe =Hef
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A

Back contact Scribing (P1) CIS/CIGS T &F CdTe =

Mo T & = kaser » co—evaporation | = VID (F5 patent)

= sputtering » sputter+RTP = close space sublim.
- electrodepositon| =-APCVD

l CdS buffer

» Chemical
ez Mol Bath Deposition
Al/Ni contacts —— ALZn0Y/i-7n0> » CVD
cds
— CulnGaSe>
Mo
Bl b
¥ Scribing (P2)
(substrate} - mechanical
» laser (R&D)
Front contact
Interconnect & Edge Isolation Scribing (P3) (TCO) T
Encapsulation (P4) = mechanical = sputtering
- laminator - laser - laser (R&D)
{monolithic
Integration)

Fig. 2-10. Fabrication process flow diagram of compounds solar cells[22].
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Al 2.2 CIGS ¥ e FAA
2.2.1. CIGS B8 Fdx 9 AL

CulnSe, 2 Wi sH= [-M-VIS Z
Foldg W= JqUAE 7HA AL i, B

5
[eRN=]
4 ol T 1~2 ymel HlMomL uE
O 2~
-
E

iy
&,
T
Tm

(chalcopyrite) Al 3}HEN =A== 2 H
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g 548 AYa AoH24]. webA @A A
291 9= wrte] A2A4A AgZ gk AANS A ste] goEgude AAAS 37

How A714, #etd gl ug

[e]
Hom AL + dr A7 nELe] HEAA Amz 4Bwn vk CulnSe, &
MEA 0] 104 eVE o449l 14 eVE %57] 98] o] AP S Gal®, Sed] YR 2

Sz ']%‘3}713 st} (a2 CuGaSe, M= 16 eV, CuGaS, M= 25 eVol

) £ARFEE CIGSS [Culln, Gag—))(Se, Sl E/S v, ez o
E& CIS %2 CIGSZ #7|sh7l= soh25]. FH F9of shuhel F714 Alzgdel 45
1988 1190] A#a 1= NRELS 7] <9 A9z 109 o] o= age s

)
& 220 %ol % ZHsE Aotk REY 21 EE& T3 14 % thel sk glo] &
& WHolA = FElg RS 7EAa ok ek dAaAe] &AM A ALAQ] wkdt
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2.2.2. CIGS Hote) =19 &4

CIS (CulnSe,) 3}gt= WA= 7]
E (chacopyrite)

LfL
24 oA Hdg g&o] ¥

re

Ao Cu In, @ SeloZ o]Fojx Zrzui}o]

A 2EE HFAA aEFdel AFAQ] dFS T Ak (CIGS = Cu(InGa)Se,).

ol9] Al Ag, S 59 9942 FHowA MER qUAE 10~27 eV ¢l a)
3

© Cu
O Inor Ga
@ Se

Fig. 2-11. Chalcopyrite structure of CIGS semiconductors.
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Fig. 2-12. Absorption coefficient as a function of the photon energy for silicon and

some direct band gap semiconductors[26].
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aYu BE CHGS7H RE8e HEdAZ Hi AL oYtk Fig 2-13004%

CulnSe, 9] 24% 917 #E(n,Se; ¢ Cu,Se)E Qv o] SdEeA KiTo] A
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O:
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A%t e @

o
9 st 2 SAY ST 9] TtedEs & v =, CHG)S
FAst=H oA wig- dEd AP o] FastH, 3 2E Aol FaIS
o Utk o9k Zo] Cu, InGa, Se & 449 CIGS ¥t A& thkeh HA Az
Hol & 4 Atk ol olf Wil 600 C °lde] aelA AxshE fFEl 7lH 2
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Fig. 2-13. Binary phase diagram.
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13 o :
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Eaciae
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2.2.3. CIGS B <¢AR 9 +&£

A3 Ao AdAddoe] HES Y FH27]

o A=o] AHEH, HHFoRE CAS §2 InAl, ZnAl

M
th FHEAFoRE ZnO, ITO So] AR&HTH28].

Thick, Materials

Process

3um, Al/ 50nm, Ni

E-beam evaporation

AR layer

100nm, MgF,

E-beam evaporation

Window layer

500nm, n-ZnO / 50nm, i-Zn0

RF sputtering

3 _Bpffer Igyer

50nm, CdS, In(OH.S)

CEBD

Back contact

Substrate

1.5-3um, Cu(ln,Ga)Se,

Co-evaporation, sputtering

1pm, Mo

DC sputtering

2-3mm, glass

cleaning

Fig. 2-14. Basic structure of CIGS solar cell.
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) 713 (Substrate)
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Substrate

Fig. 2-15. Schematic diagram of co—-evaporation method using four elements

(Cu, InGa, and Se) for CIGS thin film deposition.
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Table 2-2. Trend of flexible CIGS thin film solar cell.

Organization Subtrate Process Efficiency
NREL* SS CIGS(co-evaporator) 17.5
ZSW/Univ Stuttgart(GER)* Ti(SiOx/Si02:Nabartier layer) CIGS(co-evaporator) 13.1
AIST(UPN) Ti CIGS(co-evaporator) 17.6
ETH(SWI)* PI(ift-off) CIGS(co-evaporator) 141
DayStar Technol (USA)/NREL Metal CIGS(co-evaporator) 16.9
HMI(GER) Ti CIGS(co-evaporator) 16,2
Inst. fur Solar Technol (GER) Cu Tape CulnS#{(Sulfurization) 9.1
CIS Solartechnik GmbH(GER) Cu, S8 CIGS(ED,RTP) 9
ISET Pl{Upilex) CIGS 89
Avancis(ex Shell) Pl suttered stacked elemental layer&rapid thermal processing 11.3
Filsom Pl CIGS(co-evaportor) 14.1
Heliovolt - Layer transfer method -
Miasole ss magnetron sputtering in Seatmosphere 93
SoloPower SS/PI Electrodeposition -
Ascent Solar Polymer CIGS(co-evaporator) -
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A 3% 2449 ¥H

A 3.1& ZnS buffer layere F%

3.1.1. RF magnetron sputtering system

~

f Jﬁ ofo

2 AdolA CIGS HEdAlel M3 FeRE AEE= ZnS WY S35 9184 A
¥ A4¥]= Dual gun sputtering systemo|th. B AH]&= HE=A] 2 g AaZdgolE A
st7] 913 24 Wy S AdSS a3 FAdEH oA AW EH Y (Sputtering) S & 9
2 34 8@ ZAujoly, $ALS A e (Chamber), A& W74, 4 7t Aoy, <
g AR O EE 222 Holth o] FH|li= Fig. 3-1¢14 R wke} Zo] DC
2 RF generator® o] Fol# glow Zt7te] Gunel EfAlo] 2= ozt T2 75
g 719 A71% 200 mm x 200 mm °]W, 2 A7])9] VHAE jige LE&3t] AME-
7}5 stk

B Ao e RF generators AF&3Fo] ZnS W ¥ EFS 5 #3141, DC generators
AFEEY] AZO 9=E95S &R S22 98 Turbo Molecular Pump W59
Rotary PumpE ol&3te] AdES QA2 5 123lE Pumps T&AA Turbo
Molecular Pump W< 2+ BladeES S AAA 44 RPMo] %o Chambergs 7
Fog YA3A Y. R 7|HAole] AZ(DTS)= DC gun %9 DTSE 131.8 mm,
RF gun %¢] DTS+ 987 mm= 1A% 9th RF guno] DC gunX®.th DTS7F H
< olfr= RF= 53 Al DCol|l Hlsto] F2Eo] "olx|7] wjol o 7HHA 144
o] A= Zeolth. A= chamber We] ofglo] f1AIet= 7199 #1xE DC ®+ RF
position®. & A eEHsto 7 xAE 4= vl w3 elAlo] Z2E = generator $ o=
nl Y| E&o] AR E o] sputter HHg-9 E&S EATH

o] Zx= DC % RF9 powerd, T3 At 5& 24 + A& By ofyegf, v
7t~ FYEFE 200 scem7bA] F2H-o] JhsetH FRREE 350 T7Fx] A3}
HE-3-A sputtering A Aol = 834 AAE A olt). o2 3 sputter systemS ©]-&
slo] 7)gho] Ydt= 2SS DC EE RF generators ©] 83k plasmas &-838to] 532+

= =
gk 4= gl

ol

¢

o
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Fig. 3-1. Dual gun sputtering system.
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3.1.2. SputterE %3 ZnS ¥4 3 vy

Dual gun sputtering system= AF&3sle] ZnS @S 387 YA 1=
(99.99%)°] 4 inch ZnS targets AF&3tAT. 7|#Ho == o= 2000 frg 7]9S AE
stdal, 32 Aol ofAlE, g, T/ (DI water) 5o AF&3Fe] ultrasonicO & Al
5ttt
ZnS vtuks Z235k7] 9sk & 2312 Table 3-19 YERUIY ZnS HF
al7] 98l AFE® generatort RFo]x, EFAT 7|#3to] A= 987 mm
At &3] Yal AeygdEe 20x107° torr olFE HAEAFaL, WS JFAE Ar
50 sccm (standard cubic centimeters) d&= FHFHoH, 71H 2=&E A . T
A Sl Y. 2 AR5l = RF powere 30 W, 50 W, 75 W, 100 W= =43}
al, 7} powervtth S A7 5E 108, 20%, 408 o2 W IA H T
T ZnSE A& HSFAA A(FEH7)E AR flste] F7F AES sk
A A F7F AP o ® CIGS/Mo/glass 71 3= ol &3ato] ¥ F<l ZnSe d=5-3F<l
SASEATE o] o, ZnS whe A AdelM =Ed 1S HEste] 50 nmE
stRem, AZO ¥uke 300 W powerZ 100% w<¢F Szt AZO =g
o

25
%)
z3}7] 984 = DC generator’} AFEE QT T WA F7F Ao 2= znS ubet

Hﬂ ﬂ
fl
ol
o
ol

>
N
T‘O
—r—‘ﬂllﬂl

A wo] 7@ £%E e, 100 C, 150 T, 200 €2 WIAA FHsA. ZnS
Hhehs B kA el Hgeky] 9% 7 A3l & 202 Table 3-29F 3-3¢0 U
Eb STt
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Table 3-1. Deposition parameters used for RF magnetron sputtered deposited ZnS

thin film.

Deposition parameters Corresponding values
Target 7ZnS (pure 99.99 %)
Substrate o]= 2000 glass
Generator RF gun
DTS 98.7 mm
Base pressure 2.0 x 107 torr
Temperature Room temperature (R.T.)
Process Gas flow Ar 50 sccm
RF power 30W, 50W, 75W, 100W
Deposition time 5min, 10min, 20min, 40min
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Table 3-2. Deposition parameters for application of solar Cell (1).

Deposition parameters

Corresponding values

Target
Substrate

Generator

Distance of target-substrate (DTS)

Base pressure
Temperature
Gas flow
Power

Deposition time

7ZnS (pure 99.99 %)
CIGS/Mo/glass

RF generator

98.7 mm

2.0 x 107° torr
R.T.

Ar 50 sccm

RF 75 W

20 min

AZO
CIGS/Mo/glass
DC generator
131.8 mm

2.0 x 107° torr
R.T.

Ar 50 sccm
DC 300 W

100 min

Table 3-3. Deposition parameters for application of

solar Cell (2).

Deposition parameters

Corresponding values

Target

Substrate

Generator

Distance of target-substrate
Base pressure

Temperature

Gas flow

Power

Deposition time

7ZnS (pure 99.99 %)
CIGS/Mo/glass

RF generator

98.7 mm

2.0 x 1079 torr

A2, 100C, 150C, 200C
Ar 50 sccm

RF 75 W

20 min

AZO
CIGS/Mo/glass
DC generator
131.8 mm

20 x 107° torr
&

Ar 50 sccm
DC 300 W

100 min
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Al 3.2 ZnS B ¥ 3 % CIGS HIAAY 54 &4

3.2.1. HlAlF+Z &A

CIGS HlYdA e Wy Fo=z AE5HE ZnS @ vhaa} CIGS Blgd A A 83
S wo] FA9 FW WA FXE Scanning Electron Microscope (FE-SEM, S-4800,
Hitachi) FH| 2 2433t} AH] 9] resolutione 1.0 nma oA 15 kV(SE, SE+BSE),
14 nm7oA 1 kV (Deceleration mode), 1.5 nm3°|A 30 kV STEM(DF, BF) =%
o] 7} sttt

3.2.2. XRD &3

RF sputtering®.= Azx¥ ZnS wtdte] AA Fx& £4317] 9t X-ray
Diffraction (XRD, X'pert pro MPD, PANalytical)& AH§3Fe] 208 20~70°2 43
9tk o w AlEe] A7) 10x10 mmE )

3.23. AFA= 4

RF sputtering®.2 S&¥H ZnS WAZO 383 EALS UV/Vis Spectrometer
(Lambda35, PerkinElmer) ZH]E o] &3l 300~800 nm P HNA FH&S SHSA

ot

3.2.4. Depth profile &%

ZnS wrute] WEZ o2 A4E CIGS HEAA el oo M FE Wss 27
3t7] 93l Secondary Ion Mass Spectrometry (SIMS, CAMECA IMS-6f Magnetic

sector SMIS) #H] & Al&3lo] 24319
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Table 3-4. SIMS measurement conditions.

Gun Cs”
Impact Energy 5 keV
Current 50 nA
Raster Size 200 pm %200 pm
Analysis Area 30 um(®)

CsO*, CsNa*t, CsAl*, CsS™,
Detected Ion CsCu*, CsZn™, Cs Ga™ CsSe™,
CsMo™, CsCd*, CsIn*

3.2.5. TEM &34
CIGS HlYHdA & #Axg & ZnS HHZF Y CIGS 5559 7x4 matchingy} W

=9 FAE &2lstr] Y3ste] Transmission Electron Microscope (TEM, Tecnai G2
F30 S-TWIN, FEI COMPANY)2% & EX3}% .

3.2.6. Cell Efficiency &3

ZnS wehe MRS AHEE CIGS HFAAE AZT F 4 45S Fs] 9
d AM 115G ZTFY

c
=
é“.:

o] 4 Solar Cell Tester System(WXS-1555-12,

AM1L6GMM)E Ab&ste] A &S S48t 7+ HASHS s 93] CdS 9
1S B 07 AFR3F CIGS HlAAA = cell efficiency =4S At =43
cell efficiency= #¢tel st AF e 402 e

_40_



PEEERIEE:
Al 4172 ZnSe 9 v EA HU)
4.1.1. ZnS Buffer layer?d v M T+% E4

Fig. 3-2& RF poweret 52 A 7FS WA A A ZE ZnS @Y &Hto] oA 3+ Z2E
SEMeo =z =2A3 AxES Jepdth 290 B vlel o] RF power’} Z7}8haL,
FHA] AoldFE glol A vebd AAUA 2717F Srkehs e 4 5 Ak
weba vk powersl &> T2 AlZFoll A wbupe] o] 4=k 50 nm T B F
o Ax7t 7besdk =S =58 F AUk of =

]
T 92 power®l #H2 T AIHAA F
2y vkl ol QRS LA R FRE AL °

2 = AAATE 10 nm ©|FY FAE=
| s Feld 4 A
Fig. 3-3& Fig. 3-2¢] SEM Z¥=Z%E %%% RF poweret 3 Alzlo] w&
ZEErere] FADS vekd Aot age A Bol= RF powerE 75 W= A3l
TE AL 08w 2HHAE Aol CIGSA BFdA < buffer layer2H AH-H
+ 50 nm A= FAE 7HA= ZnS e ST F dve As d F djT F
® ZnS ¥He] FA= A 2 wE HAxHew Frkeda, =4

711‘—
A 2ol sk

ofN

filo
iy
Ak
ol
s
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30W

surface

Cross
section

50W

T5W

Cross
section

100W

surface

Cross
section

Fig. 3-2. SEM image (surface and cross section) of ZnS thin film according to RF

power and deposition time. RF powers vary as 30, 50, 75, and 100 W.
Deposition time vary as 5, 10, 20, and 40 min.
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Fig. 3-3. Thickness variations of ZnS thin film according to RF power and

deposition time. RF powers vary as 30, 50, 75, and 100 W. Deposition

time vary as 5, 10, 20, and 40 min.
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4.1.2. ZnS Buffer layer® XRD &4

Fig 3-4+ Fig. 3-29] w]AM|FZFo A HolF A5 ZAANAL AZH ZnS
uhutel A Fx2E BEEy] fste] XRDE A% ZA¥9E YR Fig. 3-49]
XRD #4oll Abg¥ AlAS T2 AZbS 20822 1Al RE powers 30, 50, 75,
100 W= ®stA|A AxE ZnS BFte] Aaolt}, 30 Wel poweroll Al Al =% Huto]
F7F 11 nm A2 - F7] wiEol fg 7[#e] v d g o5 A e A
=5 Yetlidlew, RF powerZt S7hghel wel HA A== Zrasta (111), (220),
@1l v=39] F=7F S/ XRD 48 a8l Ad2olA S ZnS Bhuke
zinc blende(cubic) 725 7= A& & F AATH ZnS9 zinc blende (cubic) -3
ol AR} A= a=b4 A o), CdS9 wurtzitethexagonal) 7% 2 AR+ a=38A
olt}. ZnS+ CdSHt} AR} A7F Z7] wito] CIGS2] chalcopyrite T+32] 2 A<=
(a=5.8 A)°F ¥ Abe & 7pxith

Fig. 3-5v Fig. 3-4¢ XRDE &3 =% ZI=ZF¥E ZnS (11DHI CdS (0001)
WS CIGS (112) 3} Hlaste] zhzy A5 matchings] 2 235 depbd 2 o]
T} Fig. 3-5014 ReolF= A ZnS (1119 A A4=9F CIGS (112)2] AR 44
= matching?d 23}, lattice mismatch® 6.4%S eI Z28)a2 CdS (0001)4 3}
CIGS (112)H 9] A=A} 9] lattice mismatch® 7%E YEeErWH o ZnS7F CASHE T
0.6% ©l’¢ CIGS$F mismatchetth= 2S5 & 5 AATE webx] CASE T ZnS7F CIGS
¢}9] matchingell Ao1A o £ 5AS HEbd Zo® AsdE

3
30,
e
off

o,
o,

il
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(111)

:%_
\c-u/ (220) (311)
B 100 W
-a WL
=
2 75 W
S —
S0W
—M
30W
20 30 40 50 60
2 0 dgree

Fig. 3-4. X-Ray Diffraction peaks of sputter deposited ZnS thin film for deposition

time 20 min
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Fig. 3-5. Lattice parameter comparison between (111) plane of zinc blende
structure of ZnS, (0001) plane of wurtzite structure of CdS, and (112)
plane of chalcopyrite structure of CIGS.
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4.1.3. ZnS Buffer layerd 33tz EA4

m

Fig. 3-6 RF power®} <2 A|7HS WStAlA A|x¥ ZnS vhebe] Fah3 54
EA357] Yste] UV/Vis SpectrometerS 39 400~1000 nm FYgA A9 FH =&
=43 A3E ekl Aot} Fig. 3-69 (a)& RF powerE 30 WollA F2Hal o Zﬂ
Hodero ® 5% 104, 20+, 4024 SRS wo] Hit FaEo] 90.2 %ol
= 50 WellA Alxd 579 vtgor it Fi3&o] 848 %, (0)2 75 WA AlxH
whato 2 Ay F3Eo] 80.7 %olH, (d)i= 100 WollA] Alzxd vtdto g it Fibg

J
TR

o
H

g M

o] 787 %= YEWTE Hgh ZnS vt FAVE SUMESE R Ee gAY, o
g 2o FaSlA dE A ZE(red shift) dAdo] dojwnt. SkellA S43 F3
T SAHHS o8t WMENS A red shifti= oA W= A= Qs o
Bdte s g0 ¢ dnk
ZnS HrEre] oy x] wEsNE )2 A 3-10] e 13 2ol F AT ag °l&
sto] 3 4 TH41]
(ahv)= A(hl/—Eg)l/Q (3-1)
A7IA, AE ol, we BRI YA (eV)olth &, &5 AT av FHE(T)H
ko]l FA(d)E ol &8k A 3-28 &3 7% & o
T= exp(—ad) (3-2)

el F A& o]83te] RF power®t 5% Azt W& &5 AF (ahv)® o #A}
AUA()E 2z Yebd ¢ dow, Z47te] agxox HAA 77|25 H
(ahv)? = 00] H&= AA] FA7F A HE=EHE

Fig. 3-72 RF power®} T2 A|7HS W3lA]
FoE2HE 9 24 3-13 3-25 o]&3te] W
ot ZnS ¥Ehe] 300~600 nme] e FHEZ AR oYX =& 371~395
eVel i 7HAW e vE 7R @b 446 nmol A o] W=7 395 eVe

A7t F7heel we oA wmEge AAHoR Basch ZnSel wuhe T
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FANAGFE YA A
o] oy H
g ALtE ZnS oA =N ZEe
A2 E=A dErs o
w1 EH ZnS wehe

Relative Transmittance (%)

Relative Transmittance (%)

100

100

=M hulk ZnSe oy A H

(a) 30 W

L L L
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1000
Wavelength (nm)
©75W
—— 5min
----- 10 min
- - - 20 min
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Wavelength (nm)

=7 kol gadtel r

ed shift d-do] YERUH, E= ZnS Hpef

Cds B Zel A

=191 36 eVHU 5% A ey w
=el 24 eVHT}
a1f 5EAS

Relative Transmittance (%)

Relative Transmittance (%)

olelgt A= CIGS E A< HL&ZOE A 2]
Eyleol A7|AQ A Z=HoA] HEE o] H)

100

Wavelength (nm)

(d) 100 W

300 400 500 o600 700 800 900 1000

Wavelength (nm)

Fig. 3-6. Relative transmittance of ZnS thin film deposited at (a) 30 W, (b) 50 W,

(c) 75 W, and 100 W.
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42

40

38F ™

Energy band gap (eV)

0 | 100 | 200
Thin film thickness (nm)

Fig. 3-7. Variations of energy band gap according to the thickness of ZnS thin
film. The dotted line indicates energy band gap of bulk ZnS.
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A 424 W Fd BE CIGS HYHAY 54 H7t

42.1. ¥ F & CIGS HIEAAY mAF+x 54

Fig. 3-8& CIGS EIdA 9 Wy Foz 7ZnS 2hs 243k A #He =y g9
vAFZ2E SEMo=Z ##3s Aioelt}. Fig. 3-89 (a)= 8 71 fd Moz
CIGST°l 2% AlHe xWHI dHe] vAFRE #FEed A34E FaL AU
CIGS®) F7% 1.35 ym 25 0] on, CIGSE thAd 4% 5S4 1|y i
A4 A7) F 500~2300 nmoll o] 27 7hA] thekst A7) 7F vERyL

Fig. 3-89 (h)¥= W ¥ Z=2°= sputtering'™S AF&3te] ZnS ¥hehS 40 nm =
T AESFTOoE AZO MRS 113 um 23 Al o =24 CIGS 9o Y 742
ZHt e AS & F Ak (0O HYSoR

zket & sputtering S &3 (b)ef U FAZ 9295 S S AlHSEZHN (b))}

2e vAFERE Bolal gtk ()= CBDYHO = 523 40 nme] CdS M HAFH 1 9
°f sputtering'} &= ZnS WY IS S2I F =TS AT AHo=A vATx
4 (b), (o), (D= FAHS F4<= detdidd. 22y SEM 24 M= nm &9

o
2 52 CIGS 5553 AZO =53 Atold =AMt nm @92 S2d HHS
!_":
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Surface Cross section
(a)
CIGS
CIGS 1.35 um
(b)
AZ0
e 2
7nS A hcuisly
R ; AZ0O 1.13 um
CIGS > ‘ . e ZnS 40 nm
' ¥ o CIGS 1.24 um
(c)
A0
CdS fos oY ety | : 2 1,147‘ :
— [ g % ) AZO 1.13 um
CIGS [ N ] CdS 40 nm
> ' CIGS 1.33 u
@ az0
ZnS
CdS G ,l ol AZO 1.09 um
h 3 [ e prach. ZnS 40 nm / CdS 40 nm
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Fig. 3-8. SEM image (surface and cross section) of (a) CIGS / Mo / glass,
(b) AZO / ZnS / CIGS / Mo / glass, (c) AZO / CdS / CIGS / Mo /
glass, (d) AZO / ZnS / CdS / CIGS / Mo / glass.
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4.2.2. Wi¥ Fo B CIGS BHFAR Y Hold wE T3

Fig.3-9= Fig. 3-83 L3 CIGS A9 zlolo wE Fk W3E ol #sho]
SIMSE 5743 Z234E yekd Zlolth Fig. 3-99 (a)v HHFTSE CBDHO=E CdS

hbo] FzkE CIGS Aol Zolo] wE Fx W3lE veld Aoz AA 25 ym 5
CdS W9 =& gHoaRE o 15 um F=olA 10° counts/sec®] Cde 3H&Fo] 2

FEo] A Rog Ao o= CdS WHFo] EAgt= AS ondit) (b)E&
ZnS S Wy Fo 2 A3k CIGS Ao Zold maE v WHIlsE yeld Aoz
(@)e] CdS W Z9 Afoe 2 ZnSE HHFoz ALEs A 9ol Zno £27}
g o)x] eFkar, CdS My Fo] EAPY THOZRE oF 1500 nm F=NA Zn2
Bx7F Felo] HolA &9t) o= secondary ion beaml® YAE EAEtE 314
Al ion beamo] ¥Se¥} “Zn0°] AFFS £ FOoE EFsH7] uiiLe wAg An=
Helth oelgh o] fr & <l SIMS w45 &A% CIGS HFH =] el ZnS MHAZF
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Fig. 3-9. Depth Profile of (a) CdS buffer layer and (b) ZnS buffer layer in CIGS

solar cell.
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42.3. H¥F BE CIGS HEAAY TEM &4

Fig. 3-102 Fig. 3-8% w43k A¥S Ab&ste] CIGS BlYHA el W ZF9
EA AR FA Fl, 28 CIGS 559 ZnS M I Fx4 <0 matchingl
skl TEMe Estod 543 23%E yebdth Fig. 3-10 ()¢ TEM A3E BH
ZnS ¥ FL 37 nm FAE CIGS §5%F 9o ddstA S35 = Aol &<y
At gk 7 Fo ik A AS A A, AZO =SS B[P Eo] BE
3|4 sido] #EHJAOH ZnS HHFTS AT HABA 34 fHy A4 34 9
HS Yeldar, CIGS= CIGS 249 314 sielo] verwtth. Fig. 3-10 (0)9 ZnS
WS 3d dde BH THSZFE ring patterno] A2 s #EE 5 Qv o
213} ring patterno] A7]& olfE F HAE & 5 ged FIB 4 #AdA ZnS
H¥ ZFo] EFEAAY HHFo] vi-¢ gF7] wiEol AZO =532 3d sjddo] 4

AA BA 7heAdel Atk (©9 ZnS W F9 34 sieR (A9 CIGG F559 3
d S vagk 49, Fig3-10 (o) (d)e] A€ ZH2he] A, A, By, Byl 2&
Aol Fd3 AXe EAst= A & Aok ol olf= ZnS HHIFIH} CIGS

kv

e A9 A A JEHE VA e AR AdEHM HHFTIH F5Fo
TxA o7 Z matching® &= Ao ® AR ET walA Fig. 3-5914 CIGS®F ZnS¢] Z
s A vludd Ayl dA = AS d o9
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(b)

Fig. 3-10. TEM image of (a) microstructure and lattice diffraction (b)AZO, (c)ZnS,
(d)CIGS deposited ZnS buffer layer.
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42.4. B9 Fd B E CIGS HIARY 4 5& 54

Fig. 3-112 25 x 25 mm =719 7]&9lo] S8 CIGS Bl Sdx] Ae A4-g3}o]
AM 15G #5349 otdelA HAs A7kske 026 cm?e] WA g Af{F LdxE
SAe Aot ztzte] Aol gk 54 g2 Table 3-590 At
% 40 nm®| ZnS WHZFo] T2E A= A 0 %9 YA WHEES B
CBD o= 40 nm® CdS ¥¥ ZFo] F2E Ao 0949 %5 HQom
°] CdS #ol 40 nm7} ZnS7F F2E Ao A= 0.693 % 4 E&S UEtilth 19
A Hol FE AT RE AoA RSt ghol wlE) dEbdRe] ghol

A}
1 I
wol P-N Mgl & FAuA ol A4 H4ol A @ Aoz Yzt

2
L
)
e]
a
—t
o
=
5
(i)
Rl o
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Fig. 3-11. J-V characteristic curve of the CIGS solar cells for (a) ZnS, (b) CdS,
and (c) ZnS/CdS buffer layer.
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Table 3-5. Parameters obtained from the J-V curves of CIGS

CIGS film crystallized at various buffer layer.

solar cells

Efficiency Voe Jse Fill factor
(%] [mV] [mA/cm?] [%]
ZnS buffer layer 0.001 19.600 0.058 0.000
CdS buffer layer 0.949 449.200 6.235 0.339
ZnS/CdS buffer layer 0.693 406.912 5.873 0.290
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