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ABSTRACT

The Study of Growth and Opto-electrical
Characterization of CdIn2S; Single Crystal Thin
Film by Hot Wall Epitaxy

Jin-Ju Bang
Advisor : Prof. Hong, Kwang-Joon, Ph.D.
Department of Physics,

Graduate School of Chosun University

A stoichiometric mixture of evaporating materials for CdIn:Ss single
crystal thin films was prepared from horizontal furnace. To obtain the
single crystal thin films, CdIn:Ss mixed crystal was deposited on
thoroughly etched semi-insulating GaAs(100) substrate by hot wall
epitaxy(HWE) system. The source and substrate temperatures were 630
C and 420 T, respectively. The crystalline structure of single crystal thin
films was investigated by the photoluminescence and double crystal X-ray
diffraction(DCXD). The carrier density and mobility of CdIn:S; single
crystal thin films measured from Hall effect by van der Pauw method are
9.01x10" em® and 219 cm®/V - sec at 293 K, respectively. From the
optical absorption measurement, the temperature dependence of energy
band gap on CdIn:Ss single crystal thin films was found to be Eg(T)=
27116 eV — (774 x 10" eV/K)T*/ (T + 434 K). The crystal field and the
spin—orbit splitting energies for the valence band of the CdIn:Ss have been

estimated to be 01291 eV and 0.0248 eV, respectively, by means of the

- Vil —



photocurrent spectra and the Hopfield quasicubic model. These results indicate that
the splitting of the ASo definitely exists in the I's states of the valence band of the
CdInsS4/GaAs epilayer. The three photocurrent peaks observed at 10 K are
ascribed to the A;-, Bi—, and C;-exciton peaks for n=1. After the as—grown
CdIn2Ss  single crystal thin films was annealed in Cd-, S-, and
In-atmospheres, the origin of point defects of CdIn»Ss single crystal thin
films has been investigated by the photoluminescence(PL) at 10 K. The
native defects of Vcq, Vs obtained by PL measurements were classified as
a donors or acceptors type. And we concluded that the heat-treatment in
the S-atmosphere converted CdIn:Ss single crystal thin films to an optical
n-type. Also, we confirmed that In in CdIn:Ss/GaAs did not form the
native defects because In in CdIn:S; single crystal thin films existed in

the form of stable bonds.
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Fig. 1. Band structure of CdIn:S, in the Brillouin zone
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Fig. 5. Block diagram of DCXD(Double-crystal X-ray diffraction)
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Table 1. Annealing condition

Sample Annealing condition

CdIn2Ss © Cd Cd 0.0015 g (450 C, 1 hr)

Cd vapour Pressure : 10°° Torr

CdIn:Ss : In In 0.0015 g (850 C, 30 min)
In vapour Pressure : 10° Torr
CdInaSq © S S 0.0015 g (450 C, 30 min)

S vapour Pressure : 10 Torr
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A exciton emission Z=HE & o] 7} ZFebA LERRLTE o] W, excitondl <] g
g 2 EYS Aol AL AAol AoA IR = ole Adoew AA
Hoe AR uture] Ho] ¢S gt AAE CdlneS, ©2A ke ol F
274 X-4 34 F4(DCXD)o wEA(FWHM) & 543 23, 17 129
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k. ol HA AR FE CdlneSs S2AA whepe] HA A% 242 7%
o] L7} 420 T, =YY 7F 630 CTds & & AdH. Cdlnesy &2
A uebs Laue Wi whAbH O = FHofoto] 1% 139 & Laue ALXIE
Atk o] Ao s dgst= 72 FHE 49 05 Greninger[8l] =X E
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Fig. 11. PL spectrum at 10 K for various substrate temperature
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Fig. 12. Double crystal X-ray rocking curve of CdIn2Ss single crystal thin
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3. CdlIn:S; #erel 83 Fen =4

of Bolth EDS ~2¥HEHLS 6 N9 52 zt= Cd, In¥ SoA o= EA
X-A& 7NFow Ao Cd¥ Ine L-A9o EA X-HE& o]&3t1, S&=
K-d9 54 X-A& ALE3ste] A I, 3 204 Be vpep o] gZ2A

W ogAA wubo] starting element®] ZAH

N v"&Z70 -

Lt

Table 2. EDS data of CdIn2S4 polycrystal and single crystal thin film

Polycrystal Single crystal thin film
Element
Starting(%) Growth(%) Starting(%) Growth(%)
Cd 22.857 23.442 23.442 22.927
In 46.667 45.667 45.667 46.459
S 30.476 29.991 29.991 30.614
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Table 3. Peaks of optical absorption spectra according to temperature

variation of CdIn2Ss single crystal thin film

Temp.(K) Wavelength(nm) Energy(eV)
293 473.2 2.6202
250 469.5 2.6407
200 465.6 2.6628
150 462.3 2.6818
100 459.7 2.6970

77 458.8 2.7023
50 457.9 2,7076
30 457.5 2.7100
10 457.3 27112

ot

g 172 CdlneSs @44 wratbe] F4 3o 93k direct band gap®] &
=

S Yetar 2tk Direct band gapdl €% ¢FA4-S Varshni?][83]

¢

o,

A
= 9

il

aT?
T+ B

S & w=Sata ok o714, El(0)= 0 KellAl o] oldA A, et = &
FolH, B0 27116 eVel L ot 7.74x10 ' eV/K, Bt 434 Kol th.

E(T) = E.(0) — (49)
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Fig. 16. Optical absorption spectra according to temperature variation of

CdIn2S4 single crystal thin film
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Table 4. Temperature dependence of PC peaks for CdIn»Sg4

single crystal thin film
Wavelength Energy Value .
. ) Acr or Fine
Temp.(k) difference  obtained by
(nm) (eV) symbol (B, or E») Eq. (2) Aso Structure
Tu(z)—>T(s)
4732 26202  E,(293L)  0.1220 .
203 » 0.1220 Aer (e excitoow
452.6 27393  E,(293 M) (Ey) SRS
(or Be excitoon)
I'y(z)—T'1(s)
470.0 26379  E,(250L)  0.1222 4
950 » 0.1222 Acr (07 A excltoon
449.2 27601  E,(250,M) (Ey) ( SBX ?ts )
or 1 excitoon
Tu(z)—>T(s)
466.2 26594  E,(200L)  0.1223  exci
200 » 0.1223 Acr (o7 A exclioon)
4457 27817  E,(200,M) (Ey) xS
(or B; excitoon)
I'y(z)—T'1(s)
462.8 26789  E,(150L)  0.1210 <
150 » 0.1210 Acr (07 A excltoon
442.6 27999  E,(150,M) (Ey) ( SBX ?ts )
or 1 excitoon
Tu(z)—>Ti(s)
460.2 26941  E,(100L)  0.1217 .
100 > 0.1217 Acr (o7 A exclioon)
440.3 2.8158  E,(100,M) (Ey) SRS
(or B1 excitoon)
459.3 26994  E, 77L) 01222 Pl
77 O O e ' 0.1222 Acr (o7 A exclioon)
439.4 2.8216  E,(77,M) (Ey) lxins
(or B; excitoon)
458.4 27047  E,(50L)  0.1227 P )
50 ' ' P ' 0.1227 Acr (07 A excltoon
4385 2.8274  E,(50,M) (Ey) SRS
(or B; excitoon)
0.1217 Ty(z)—>T(s)
458.0 2.7071 E,(30,L) 0.1288 (or Ay excitoon)
(E1) Acr I5(x)—Ti(s)
30 4383 2.8287  E,(30,M) 00169 e (or B, excitoon)
4357 28456  E,(30,9) 0.0240 Ts(y)—Ti(s)
(E2) (or C; excitoon)
0.1218 Lu(z)—T(s)
457.8 2.7082 ED(IO,L) 0.1291 (or Ay excitoon)
(Ev) Acr Is(x)—Ti(s)
10 438.1 2.8300  E,(10,M) or B, oxcitonn)
700175 ASO or B; excitoon
4354 2.8475  E,(10,9) 0.0248 Ts(y)—Ti(s)
(E») (or Cy excitoon)
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Fig. 19. Fine structure for energy level of CdIn:S4
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Eip = é(ASO‘F Acr)—(+)[i (aso+ acr)?— % asoacr] 2(50)

w po

2 xdsA. & 74 Ei B thsd 2o Ado] o] e A
B-18]3 C-exciton?] AUYAE Epx(A), Ex(B)18]3 Epx(C)E} ®7]35IH
Ei = Epx(B)-Erx(A)o] 2L E; = Epx(B)-Epx(C)olth. E\ Ex= Z}7Z} ACr3 A
Sogts Zte AbTpolo] Hoh

2 AFdAE FdF =HdEHoRE HEH E Y E#4S %ol Hamilton
matrixol] 98 crystal field splitting ACr¥} spin-orbit splitting ASodt<S
Yot T CdlneSy WHEA 9] FHF FHo=ZRE 39 oA w 3+4 El(T)
1 Varshni #AA o= FE 10 Ko E,(10)ak= 10 K FA 7 o y=A
o] Aol 2 HEH free exciton binding energy, ErxE T3 Tl o] o] A 293 Kol
A 10 K7HAL Akl o] s3d®/ -2 (PP)ol = Aaddl(L), & 3Ha g (M) <}
GG HS)EY dYAE 27 Epp(L), Epp(M) 133 Epp(S)E X713
exciton ¥AT ngts & [

CdIn:S4/GaAs(100) epilayere] 10 Kul FdF{F 2FEH= FAF 55
g 3707F Atk olE WA= FH T3 Eid B 244 thed 2k

E; = Epp (10,M) - Epp (10,L) = 2.8300 - 2.7 0

Es = Epp (10,0M) - Epp (10,S) = 2.8300 - 2.8475 = -0.0175 eV

E17} E2#t< Hamilton matrixel s A5 WAg4S £

ACr = 0.1291 eV, ASo = 0.0248 eV (51)

ojt}. o] FHE-L Shayl84]5 ] electro-reflectance =743t 3 crystal
field splitting ACr 0.12 eV, spin-orbit splitting ASo 0.02 eVt A X g2
& g A}T. Varshni® El(T)+= +2 (A9= F¥H 10 Ko E,(10)#k>
2.7112 eVolil, i 4°]4 10 K¥w Epp(10L) = 27082 eVo] 2= E.(10) =
Erx + Epp(10,L) = Epx + 2.7082 eVollA Epx = 2.7112 - 2.7082 = 0.0030 eV
ojt}, 13 2 & free excition binding energy Erx = 0.0030 eV o]t}.
¥ 3904, 10 KY€ W, E,(10) = 27112 eVolx ¥ 494 10 KY o
Epp(10,L) = 27082 eVoltt. E.(10) =Epx(10) +Epp(10,L)o] 2= Epx(10)=

FE
Olt



E.(10) - Epp(10,L) = 27112 - 27082 = 0.0030 eV = Epx / 1° = 0.0030 eV o]
=

Erx(10)E Epx / 179} QA& webd 10 KE o Zagoe oy
Erp(10,L)E 7F FdF 5585 n =14 o 7FdAY i)l A d=dg ¢
()2 Ew A Aj-exciton w52 oot np7EA 2 2 (51)¢ ACr< 0.1291
eVE ztu F3b e oy A Epp(10M)E 712 27 &52s n =
d u IMs(x)llA A= T'(s)Z 5w A3 Bi-exciton & %2 o]t} wpz7}A]
2 2 (51)9 ACret ASo¢te]l @A 01539 eVE 7F Epp(10,9)% n = 19 o
Is(y)oll Al A= I'(s)E =1 A1 Ci-excitons o] o}

30 KQ o 3 304 E 30) = 27100 eVolt}, o] 2% uwf ¥ 4o #
el FHF T AR Epp(30,L) = 2.7071 eVeltt.

Erx(30) = E4(30) - Epp(30,L) = 2.7100 - 2.7071 = 0.0029 eV =
Erx / 17 = 0.0029 eVoleIA 0.0001 eVel 922 ztm A gtk 2ejm =
Epp(30,L)2> n = 1¥ W Aj;-exciton®Fgojt} mz7IA 2 Epp(30,M)= 4
(51)¢] ACr® 0.0003 eVe] 2a& 23l n = 19 w9 Bi-excitons & o]t}
kA 2 4 (519 ACret ASo9te] @A 0.0011eVel oSz
Erp(30,9)% n = 1¥€ o Is(y)oll A Ad=d IN(s)= 1 A3 Ci-exciton® -
2] o] o}

50 KY o 3 304 E.50) = 27076 eVoltt. o] 2% uwl 3# 40] A4
Epp(50,L) = 2.7047 eVeo]t}.

Erx(50) = E4(50) - Epp(50,L) = 0.0029 eV = Epx/1> = 0.0029 eV ©] ¢] 4]
0.0001 eV 22 zZtu UATS & & gt wekA] Ep(50L)S n = 1Y
u Aj-exciton®§-gl ot} wEAIFA 2 Epp (50,M)E A (51)2] ACrek 0.0064
eVe A5 Zt3 n = 1Y w9 Bj-excitons 52 o]t}

7TKY o 3 30| M E.(77) = 27022 eVolt}. 3 4014 Epp(77L) = 2.6994
eVolth. Epx (77) = E, (77) - Epp (77L) = 0.0029eV = Erx / 1° = 0.0029 eV
oloJ A 0.0001 eVe] oxE zta UATS & F vk WA Epp (7T70)2
n = 1% wW Aj-exciton® -2 o]th. wp7FA 2 Epp (77M)= 21 (51)9] ACrét
0.0069 eVe] 935 2kl n = 1°] oA Bj-exciton®$ g o]t}
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53] 203 KQu) F 39 E,(203)& E 49 Epp (2031)7% 231, 26202 eV
o] CdInsSs= I -ML-VI, & 3dE A2 A2 o k74 0] 26202
eVl A o]y WEAYS AT E,(203)3 Epp(2931) Erx
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3 o] mAHET
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2.7082 = hx = E,(10) - SEx" (53)
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energy¢l 0.004 eV 719 oz 3t}
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LY YA hye 26726 eVelal

rlr

hu = By ~ Erx ~ Enx (54)

2] 540 4] Epx= bound exciton®] binding energy©] =2 Vs'el donorell

F48 exciton(D’, X)¢ binding energy: 0.0356 eVoltl. 7 Vi'el o] &
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