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ABSTRACT

An Investigation on the Characteristics of
Non-Selenized and Sputtered CIGS Thin Films by

Using Selenium-Excess Precursors

Haeseok, Chae

Advisor : Prof. Nam-Hoon Kim, Ph.D.
Electrical Engineering Technology
Convergence

Industrial Technology Convergence

Graduate School of Chosun University

In recent years, the usage of electric energy has been continuously
increasing, and fossil fuel power generation and nuclear power generation
are mainly used to obtain electric energy. However, fossil fuel power
generation has problems such as depletion of resources, air pollution, price
increase, greenhouse effect, etc., and nuclear power generation 1is
problematic in safety such as radiation leakage. Therefore, research on
new and renewable energy has attracted attention, and a lot of researches
on this have been going on.

Recently, a novel two-step precursor selenization method was proposed
to improve the manufacturing process of CIGS thin film, which is a
promising candidate for next generation thin film solar cell. In the two
step precursor selenization process, the non-—environmental problems of the

selenization process as well as the risks of expensive manufacturing
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equipment and selenium gas were raised. In order to solve this problem,
this thesis carried out to fabricate a CIGS thin film by a heat treatment
process with non-selenization process. However, the composition—control
problem of CIGS compound remains because of the inherent volatility of
selenium caused by the low sublimation temperature leading to
degradation of crystallinity.

In this thesis, selentum composition ratio of the sputtered CIGS
precursors was varied at some excessive composition ratios. Rapid thermal
annealing process was used to control the composition ratio of the
selenium-excess CIGS precursors and to improve crystallinity of them.
The non-selenization process of the rapid thermal annealing was an
effective method to improve the crystallinity of CIGS thin films. The
chalcopyrite phases were observed with the selenium-excess precursors
after the non-selenization process by controlling the selenium-volatility.
The proper band gap and controllable resistivity can be obtained by this

novel method
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Figure 7. Diagram of UV-visible spectroscopy
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FESEM #Hleo] H2¥E EDX(energy—dispersive X-ray spectroscope, Oxford
Instruments, INCA)S Al-g&3le] ZF CIGS ®Hete] stetzAs B430. 7+
ZA¥ CIGS vhete] f+x2 ZAAAY 48 98t XRD(X-ray diffraction,
PANalytical X'pert PRO MRD) H|E AR&stsieon, o wf 40 kV % 30
mA¢ Cu Ka radiation(A=0.15406nm) X-ray &2~E ARE3e] 20=10-90°
Aol Al FAAh 7 =4¥ CIGS 9re] 334y 543 237 (Hall
effect) & FA83t7] St AolA  UV-Visible Z¥E=ZUH(Varian
Techtron, Cary500scan) ¥ & &3 ZA] 28l (Accent Optical Technologies,

HL5500PC) &Hl & Ab83to] 4183t
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Figure 9. EDX analyses of the RTA-treated CIGS thin films with

an addition

of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se.
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e FAS $83 CIGS vte] EDX 3hstxA 224 ZAytoltt. CIGS Hhet
o & TAE 400nm=z 1A, Se BAAHE YO urut T = 74z ()
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Fog Z7IA 7| AA bk Yo A Sed] T ZgE =
o] CIGS BHATE AHgstel 2sled SA3 359747

ASs S AgE ()9 AFo Cu-In-Ga-Seol FAH|:= zZHz} 2824,
167, 862, 41 47at% = YEFETE CIGS EFAlS] ZAIH] Cu0.9In0.7Ga0.3Se2<}t

o b (volatility) o] F3Fo® AR ow ke AN

= gehh ol JEel muE Aset $AS SAold [1, 21 webd

Se9] 3AAHS 1

Hato] F 400nme] FAE FAg CIGS =2 ulo] Se &

Az Bl el o8l 20, 40, 60, 80nmE F7HH o2 Fa AR (b)~(e)olA
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Figure 10. Deviation parameters from molecularity and stoichiometry,
Am and 4s, derived from the chemical compositions of the
RTA-treated CIGS thin films with an addition of (a) 0, (b) 20, (c)
40, (d) 60, and (e) 80 nm of Se.

Adtolty, Zpzte] W= Am = [Cul/(Inl+[GaD—1 2 4As = 2[Sel/

(Cul+3([n+[Gal)~1 o= terfvl, ol 4oz setFesel 2499 45
of WAL 0L herT [3-5] CIGS BARE Atgetel A¥E e Fein

254948 TAHAES SIS AR (@9 Aol and Ase= 47 -0.06768 L

-0.303672.2 yElyrow 7z Cu-poor (Am<0) % Se-poor (4s<0) FA &

ougict, A& AFoA wrate]l FAe} ~WEHEY T FAHRA dFE7F O

229 [6], Ex8st7] Ao 522 F(as—deposited) A &2 Am¥} As= zHzt
A

-0.014 2 054822 e A vlustA Seo] gEH5EAT FAHA A
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Figure 11. FESEM photographs of the RTA-treated CIGS thin films with
an addition of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se.

CIGS "tere] % F712 400nm=z 34 &tal, Se TAIAHE H o uluk £
£ 7t7} 0, 20, 40, 60, 80nm o2 F7MAIZIH CIGS vHehe] Am¥} AsE 4t
HESHS wol Aame Z+zF -0.08877, -0.11357, -0.15500, -0.18563, As:= Z}
Z} -0.30841, -0.27183, -0.23332, -0.231640. % U E}TE Sed M S
7EA1 7171 91gk Se] F7EAQL FE] oAM= BE AlRo|A Cu-poor
Se-poor & E1d F T Se FAILFEH vt FAVF ISR

me Ax= HS AA I, Ase] A= Aaste 0 & 7bs AIES

o|\

)

[¢)
TP 2= CIGS ‘i}‘l}o FHoA =X d% 274 9 (grain) &=

oh A4
BHY 5 ot AT 2L EH Al dgEC] Heht: Ax §
A% % gith FESEME §& weh muiolAe] 2442 stefalrlols @7
7 e,
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Figure 12. XRD Analysis of the RTA-treated CIGS thin films with
an addition of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se.

a9 12 BA2UEY BHe Sekel 24 edtel 2T F A&
A2l FAS 533 CIGS €Hete] XRD w4 Ayo|t), BE ZH 9 A
M 20 = 2675°, 44.39°, 52.13°91A (112), (220/204), (312/116)¢] &3t
CIGS Zr=z 3}o|g}o] E(chalcopyrite) “do] #ZE QT o= FAIATHY HW
el o3k Seo] F7F SFol| whE xAu7F ol Al =l A 400C, 1

B A
A oM FE&F F = sl 2L CIGS 2

F

kel 5 gAY
AH A4e 248 + AS5S grdd

SA=HEHE Sedl FAHIZF 40nm o] 3l AlRelA = 20 = 27.15° 44.71°
o A1 2z ¥ A7} WAEAX =], o]= In-Seol A3t <3t BH4AS A
doll 71918 Ao g dddt
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Figure 13. Grain Size and FWHM of the RTA-treated CIGS thin films

with an addition of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se.

a9 13 248 dYste 29 & g TAS 383 CIGS ¥
el XRD Z2#3E &3 Sdrs Z2AY 2715 yekd Aol CIGS vhete
AR A7)= (112) 3d9=e] ozt WA FH(FWHM, full widths at half
maximum)< &34 =rto]l-gro] 21 WA 2 (Debye-Scherrer formula) D =
0.94N/w-coseell 9laiA AAEH Atk o] Aol A= XRD &4 AHg% Cu
Ka HAF] 374 N = 0.15406nm°] 32, o= (112) 3]- 3]z 9] FWHMelH, 0%
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gl os) 20, 40, 60, 80nmE F7F o= F3g A5 (b)~(e)l Ao A+
ARYe] A7)= 27 815, 620, 854, 7.14nm= W3t A UA F
7hstAY ek A WERA] Gk AT dAlF o ® 7]E CIGS B
TS AEE Y (@FARY A Y 277 SUek AL, F7HE 22 60nm
o] Ses FAI=HHPSTF w3 FA CIGS Hrtel A= 854nme] ZA 9
A715 e AT

AdE A719 F7F= CIGS vhare]l A7 A (crystalinity) 33 g4 2%
(defect) o2 A1 9] AAHA (grain boundary)d #HAZ njstnz dlzZ g

Adtolty. ZAZHAZE Sk AL v o] A2 A A (lattice) o] =94
(imperfections) & 7| sl™, WkEAE2] Q23 F 4 (recombination centers
S 7MY AEE dh= AoRE AAAER Ax HEAA Y HAsS ASAlT

A 7] wiEoltt [10]. F7E o= Aol fste A ARG (lattice

parameters)?] H| & Hzjo] o] wWAlsl= ZAFtHM(lattice strain)ol] F S

Ay
—‘\_/

a9 l4v FAEHEE e Tt 2AS dElste] A% & 5549
Ael FAHS FA CIGS =F7e] 3535 (optical transmittance) 2 ¥Ho]t.
380~780nm<] 7FAlF G GelA 400nm FAE 7HA = CIGS 4¥hate] 3F3)

o YAt 7159 CIGS BHARNS AREste] A9 EE &l 954d
Ae T8E T AR (@QEFEH F 400nme] FAE FATFA Se FA =
HY Gl ofaf 20, 40, 60nmE F7HH o2 FHE A7 (b)~ (DA FF
W& EAS Aunw F337 A (absorption edge)’t =& - Zo 7 olF
st W 2ERQI-R 22 Hol(Burstein-Moss shift) B A Hol(blue shift)
e #FEE F At o= 7]EY CIGS EFANES AFE38te] A x2d Seol
Fet AJZHTE Seol R F7ES CIGS vrehe]l 4§71 B3 ~H9Ed
g HE FF Aol o= olf Wil B BEHAY FRF
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Figure 14. Optical transmittances in the visible (380 - 780 nm)
spectral region of the RTA-treated CIGS thin films with an
addition of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se. The
inset shows the optical transmittances in the wavelength range

from 300 to 3000 nm.
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of the RTA-treated CIGS thin films with an

addition of (a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se. The

inset shows the mean absorbances in the visible (380 - 780 nm)

spectral region.
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Figure 16. Penetration depths in the wavelength range from 300 to
3000 nm of the RTA-treated CIGS thin films with an addition of
(a) 0, (b) 20, (c) 40, (d) 60, and (e) 80 nm of Se. The inset shows
the magnitude in the visible (380 - 780 nm) spectral region.
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Figure 17. Tauc plots of (ahv)* versus photon energy (hv) for the
RTA-treated CIGS thin films with an addition of (a) 0, (b) 20, (c)
40, (d) 60, and (e) 80 nm of Se. The inset shows the estimated band
gaps of the RTA-treated CIGS thin films under the same conditions.
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