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Abstract A stoichiometric mixture of evaporating materials for Znin,Se, single crystal thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, ZnIn,Se, mixed crystal was deposited on thoroughly
etched semi-insulating GaAs(100) substrate by the Hot Wall Epitaxy (HWE) system. The source and substrate temperatures
were 630°C and 400°C, respectively. The crystalline structure of the single crystal thin films was investigated by the
photoluminescence and double crystal X-ray diffraction (DCXD). The carrier densxty and mobxhty of Znln,Se, single crystal
thin films measured from Hall effect by van der Pauw method are 9.41 x 10" cm ™ and 292 cm’/v - s at 293 K, respectively.
The temperature dependence of the energy band gap of the ZnIn,Se, obtained from the absorption spectra was well
described by the Varshni’s relation, E(T)=1.8622 eV —(5.23 x 107 eV/K)TAT + 775.5 K). The crystal field and the spin-
orbit splitting energies for the valence band of the ZnIn,Se, have been estimated to be 182.7meV and 42.6 meV,
respectively, by means of the photocurrent spectra and the Hopfield quasicubic model. These results indicate that the
splitting of the Aso definitely exists in the T states of the valence band of the Znin,Se/GaAs epilayer. The three
photocurrent peaks observed at 10 K are ascribed to the A,-, B,-exciton for n=1 and C,,-exciton peaks for n=27.

Key words Znln,Se, single crystal thin films, Energy band gap, Photocurrent spectum, Crystal field splitting energy, Spin-
orbit energy
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Fig. 1. Horizontal furnace for synthesizing of ZnIn,Se, poly-
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Fig. 2. Block diagram of the Hot Wall Epitaxy system.
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Fig. 3. PL spectra at 10K according to the substrate temperature
variation of ZnlIn,Se, single crystal thin film.
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Fig. 4. Double crystal X-ray rocking curve of Znln,Se, single
crystal thin film.
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Fig. 5. XRD ®©-20 scans of the ZnIn,Se, single crystal thin
film grown under optimized conditions.
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Fig, 6. Temperature dependence of mobility for Znln,Se, single
crystal thin films.
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Fig. 7. Temperature dependence of carrier density for Znln,Se,
single crystal thin films.
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Fig. 8. Optical absorption spectra according to temperature
variation of Znln,Se, single crystal thin films.

Table 2
Peaks of optical absorption spectra according to temperature
variation of single crystal Znln,Se, thin films

Temp. (K) Wavelength (nm) Energy (eV)
293 681.1 1.8202
250 6774 1.8303
200 673.5 1.8408
150 670.4 1.8495
100 667.9 1.8564
77 667.1 1.8586
50 666.4 1.8606
30 666.0 1.8616
10 665.8 1.8621
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Fig. 10. Photocurrent spectra of Znln,Se, single crystal thin films.

Table 3

Temperature dependence of PC peaks for single crystal Znln,Se, thin films
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Fig. 11. Fine structure for energy level of Znln,Se,.

Wavelength 5 i i ;
Temp. (K) Energy \dlfference Value obtained by Acr or Fine structure
(nm) (eV) symbol (E,orE,) Eq. (2) Aso
293 681.1 1.8202 E,(293.L) 0.1702 0.1702 Acr [yz) > [(s)
622.9 1.9904 E,(293.M) (Ep (or A excitoon)
[5() > I'i(s)
(or Bg excitoon)
250 6774 1.8305 E,(250.L) 0.1705 0.1705 Acr Tyz) > T(s)
619.7 2.0010 E,(250.M) (E) (or A, excitoon)
() —>T(s)
(or B, excitoon)
200 673.6 1.8406 E,(200.L) 0.1705 0.1705 Acr I(z) > ()
616.5 2.0111 E,(200,M) (ED (or A, excitoon)
I's(x) = I'(s)
(or B, excitoon)
130 6702 1.8499 E(150.L) 0.1703 0.1703 Acr Ty(z) > Ty(s)
613.7 2.0202 E,(150,M) (EpD (or A, excitoon)
[(x) —> [1(s)
(or B, excitoon)
100 667.9 1.8563 E(100.L) 0.1702 0.1702 Acr Ty2z) >T(s)
611.8 2.0265 E,(100,M) (E) (or A, excitoon)
Li(x) > T\(s)
{or B, excitoon)
77 667.0 18588  E/(77.L) 0.1707 0.1707 Acr Lyz) > Ty(s)
6109 20295  E(77,M) E) (or A, excitoon)
I's(x) = I'(s)
(or B, excitoon)
50 666.5 1.8602 E,(50.L) 0.1703 0.1703 Acr L@ ->T(s)
610.6 2.0305 E,(50,M) E) (or A, excitoon)
['{(x) > T'i(s)
(or B, excitoon)
30 661.1 1.8613  E,(30.L) 0.1702 0.1823 Acr T(z) > T\(s)
610.3 2.0315 E(30,M) (E) (or A, excitoon)
601.3 2.0619 E,(10.S) -0.0304 0.0425 Aso Iix)—> ()
(Ey (or B, excitoon)
Iy) > Ti(s)
(or C, excitoon)
10 6659  1.8619  E(10.L) 0.1705 0.1827 Acr T(z) > T\(s)
610.0 2.0325 E,(10,M) E) (or A, excitoon)
6010 20629  E,10.8) -0.0304 0.0426 Aso Ti(x) = ['(s)
(E,) (or B, excitoon)

Ls(y) > T'i(s)
(or C,, excitoon)
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crystal field splitting Acr?l 0.1827 eVeltt. E(10.S)
Eog2 oo 3ol stk E(10.S) =[E(10) +
{E,(10.8) —E(10M)] - E; X1 Egx=0.0001 eV =0.1704
eV/27" oloiA E(10.8) B2l Ti(y) 7FaAdels A
27 Ty(s) Amd] 7o 0.1704 eV ofglel] e n=
27¢) Avg E1 A7) C,-exciton B-7-2e]th. E(10,M)
3 E(10,8) ARole] odz] e 21719 0.0304 eV
7} ©RJ5L spin orbit splitting Aso%! 0.0426 eVolTt,

S0KY uwl Table 24 E/(50)=1.8606 eVOltt. ©]
oxzel o Table 39141 En(50,L) = 1.8602 eVelt}. Epy
(50) = E,(50) — Epp(50.L) = 0.0004 eVOI3L  Epy(b)2°=
0.0002 eV = 0.0004/2" $} A Fh}. wWEhi] Epp(50,L)y
n=22 ul T,(z)7FAAel ] A2 T(s) Aetis &
] A7 A-exciton 55| o]t

Ep(50MY= n=29 uf Ty(x) 7Fdxfd]elal =27}
r(s) Axhiz Suf A% B,-exciton B¢ o]t}

100 K w Table 2914 E,(100) = 1.8564 eVeitt. ©]
ezl W Table 3914 Epp(100,L) = 1.8562 eVoltt.
Erx(100) = E,(100) — E,(100.L) = 0.0004 €V = Epy(b)/2" =
0.0002 eVololr] Axghe & 4= Slth whebs] Ep(50,L)
S n=2d W I,z 7FAREA ARE sy A=
2 Em A7l Aexciton B-9-E]o]th. PRERZERE

o]tl:%



224 Kwang Joon Hong

Ep(SOM)y= n=2% 8 I'yx) 7FA el AA7} T(s)
AxzdlZ W A7l B,-exciton B¢ o]t}

olgl Wlog 2sf3le] Table 32| Fine structure[17-19]
& TRt 53] 293 KU Table 29] E 293y Table 3
9] Epp(293.1)3 723, 18202 eVeladr ZninSer I-IL-
VIE 35HE WieA2A] geolA] ] k7o) 1.8202 Vel
A Holq ieAdS FISHITE. B 293)8 Enp(293.L)
& Ex(293) =E,(293) ~ Epp(293,L) = 0 = Egy/n’0] oA,
E (2937 Ep(293.L)2 n=oll A, -exciton E-$-2lojH
Varshni®] E(T)R] &2 (1)& =izl tigsle] 7kd
A TAA A=t T2 59 A7) A -exciton 258
% A-exciton B-F2lo|th WA Ep(293,M)E n= ol
B, exciton %2 B-exciton £-%-2jo|t},

4.8 E

Znln,Se, 4% BH @S HWE 9o s ggA]
Aok, X4 34 24 43, ZninSe, 1S (112)He
2 AE o dd Ekle o ¢ Al d4 A4 =
& 71 &%UF 400°C, FukEel LR 630°CY
wfollar, ojuf PL AEYo)A exciton emission 2%
Ego] 7P AeA JERES olg dA XA 2%
(DCRC)9] HEX]Z(FWHM) o] 128 arcsec® 713 %
UTh F2elM Hall 2345 &9 A3 &9tx 529
Ol EEE Z¥ZF 9.41 x 10" electron/em™, 292 em’/v-s3)
n¥ o] ©EA uieldit. N TR &% &S
S5 Aol dia) &0 A5 Felel wel wWaeien,
In n&t 2% UTAlA ¢ 248 uAe 86.7 meV
AT BEFF spectra® B 7 oldx] ] 28 E(Ty=
Varshni  equation®]oll¥]  E(0)= 1.8622eVoll o=
523x107eV/K, B 775.5 KIS IS E(Tx=
7R Zebdel] ogk spaATe] T(z) £99F A=
o Ti(s) Alele] ofuz] ZHYEe dtth 10K 33
F spectrum@t& Hamilton matrixel] 2J8] 73 crystal
field splitting Acrgb-2 182.7 meVelH, o] zh& 7pdxt
of zZEbel] ogh A Ty(x) 919 A=l Ty(s)
Atolel] EA3IATE. B3k spin-orbit splitting Aso #H
42.6 mevolH, o3k JHAANY Zebgol 2% 7
AR L] Ty(y) €919 AE Ty(s) AReldl EA18
o 10KY o) FHEF B9EE n=199 A B9}
C,-exciton 5-F-2 AT
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