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Abstract A stoichiometric mixture of evaporating materials for Baln,S, single crystal thin films was prepared from
horizontal electric furnace. To obtain the single crystal thin films, Baln,S, 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
620°C and 420°C, respectively. The crystalline structure of the single crystal thin films was investigated by double crystal
X-ray diffraction (DCXD). The carrier density and mobility of Baln,S, single crystal thin films measured from Hall effect
by van der Pauw method are 6.13 x 10'" cm™ and 222 cm’/v - s at 293 K, respectively. The temperature dependence of the
energy band gap of the Baln,S, obtained from the absorption spectra was well described by the Varshni's relation,
Ey(T)=3.0581 eV - (3.9511 x 107 eV/K)T?/T + 536 K). The crystal field and the spin-orbit splitting energies for the
valence band of the Baln,S, 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 I’y states of the valence band of the Baln,S,/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=24.

Key words Baln,S, 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 synthesis of Baln,S, polycrystal.
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Fig. 2. Block diagram of the hot wall epitaxy system.
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Fig. 3. X-ray diffraction patterns of Baln,S, polycrystal.
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Fig. 7. Double crystal X-ray rocking curve of Baln,S, single
crystal thin film.
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Fig. 8. XRD »-20 scans of the Baln,S, single crystal thin film
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Table 1
EDS data of Baln,S, polycrystal and single crystal thin film

Polycrystal Single crystal thin film
Element  Gtarting ~ Growth  Starting Growth
(Wt%0) (Wt%) (Wt%0) (Wt%0)
Ba 27.33 27.92 27.92 27.98
In 46.37 46.85 46.85 46.92
S 25.90 25.23 25.23 25.10
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Fig. 9. Temperature dependence of mobility for Baln,S, single
crystal thin films.
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Table 2
Peaks of optical absorption spectra according to temperature
variation of single crystal Baln,S, thin films

Temp. (K) Wavelength (nm) Energy (eV)

293 468.1 2.6489

250 451.8 2.7439

200 436.0 2.8434

150 4234 2.9285

100 413.8 2.9960

77 410.5 3.0199

50 407.7 3.0412

30 406.3 3.0518

10 405.5 3.0574
HS 293KoIM 10K7HA] L5 e 7|Es 43}
o Fig. 11°] Bth. 28]y 355 ~EZow g

Fig. 1204 He 2R} o] 2AREe] oA (hv)el] o
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Table 3

Temperature dependence of PC peaks for single crystal Baln,S, thin films

Temp.  Wavelength Energy difference ~ Value obtained ~ Acror  Fine
X) (nm) V) Symbol (E, orE,) by Eq. (2) Aso structure
293 468.1 2.6489 E,(293.L) 0.1702 (E)) 0.1702 Acr I',(z) > T'(s) (or A, excitoon)
439.8 2.8191 E,(293,M) T5(x) = I'4(s) (or B, excitoon)
250 451.8 2.7436 E,(250.L) 0.1708 (E)) 0.1708 Acr T'y(z) > T'\(s) (or A, excitoon)
4254 29144 E,(250,M) I's(x) = I'i(s) (or B, excitoon)
200 436.0 2.8431 E,(200.L) 0.1707 (E) 0.1707 Acr I',(z) > T'(s) (or A, excitoon)
4114 3.0138 E,(200,M) I's(x) > I',(s) (or B, excitoon)
150 423.4 2.9283 E,(150.L) 0.1706 (E)) 0.1706 Acr T'y(z) > T'\(s) (or A, excitoon)
400.1 3.0989 E,(150,M) I's(x) = I',(s) (or B, excitoon)
100 413.8 2.9957 E,(100.L) 0.1706 (E)) 0.1703 Acr I',(z) > T'\(s) (or A, excitoon)
391.6 3.1663 E,(100,M) I's(x) > I'y(s) (or B, excitoon)
77 410.5 3.0197 E77.L) 0.1707 (E)) 0.1707 Acr T'y(z) > T'(s) (or A, excitoon)
388.6 3.1904 E(77M) I's(x) = I',(s) (or B, excitoon)
50 407.7 3.0409 E,(50.L) 0.1709 (E)) 0.1709 Acr I'y(z) > I'y(s) (or A, excitoon)
386.0 3.2118 E,(50,M) I's(x) > I'y(s) (or B, excitoon)
30 406.3 3.0514 E,30.L) 0.1707 (E)) 0.1829 Acr I'y(z) > T'(s) (or A, excitoon)
384.8 3.2221 E,(30,M) —0.0304 (E,) 0.0426 Aso I's(x) > I'y(s) (or B, excitoon)
381.2 3.2525 E,(10.8) I's(y) = I'y(s) (or C, excitoon)
10 405.5 3.0571 E,(10.L) 0.1706 (E)) 0.1828 Acr I',(z) = T'y(s) (or A, excitoon)
384.1 3.2277 E,(10,M) —-0.0304 (E,) 0.0425 Aso I's(x) > I',(s) (or B, excitoon)
380.5 3.2581 E,(10.5) I's(y) = I'i(s) (or C,; excitoon)
r.(s) 2 AL & 7N B B ohest 7t A
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A Acr 0.18eV #HEF & AX|slaL YA, spin-orbit
splitting 1A Aso®] ZA%L 0.0425eV 9A| Shay &
[16] EAgk 0.04 eV 2k Aol dAJskar ATt olw 10
Kol SAHEHAZ Acrt Aso®] AF AFZ Hol o5
off A Weol YAt wf doju= Melgxte & o
2)8karl 9l

Varshni®] E(T) F2(HEFE 10KY o] o]
u] 7+ E,(10) 32 Table 2014 3.0574 eV, Table
3914 10KY ™ Ep(10,L) =3.0571 eV ©]E= E,(10)=
Epx + Epp(10,L) = Egy +3.0571 eVOlAl By =3.0574 —
3.0571 =0.0003 eVeltl. 1822 free excition binding
energy Epy =0.0003 eVelt}. Table 204, 10K o,
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Epx(10) = Ei(10) — Epp(10,L) = 3.0574 — 3.0571 = 0.0003
eV =E,/1° =0.0003 eVolth. E.(105= E./1°¢F 9%
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7F oFY 3L spin orbit splitting AsoS! 0.0425 eVolT}.

50 KY @ Table 2914 E,(50)=3.0412 eVe|t}. o] &
= w Table 3914 E,(50,L) =3.0409 eVolt}. Ep(50)
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= w Table 39114 E,n(100,L)=2.9957 eVOITt}. Ep(100)

= E,(100) — Epp(100,L) = 0.0003 eV = Epy(b)/1* = 0.0003
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19 o [yz) 7FARRANA AZ7E Tis) A=th2 E9
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n=14 w Iyx) 7FAARRRNA AR Ts) A==
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ol whHo g 2Ag3te] Table 39| Fine structure[17-
1918 a3t 53] 293K ¥u] Table 29| E,(293)
Table 3] E,p(293.L) 7+al, 2.6489 eVololA] Baln,S,
= LHIL-VIE 335 wexg2a Aoa u 7kHo]
2.6480 eVl AH Hold WAL IS 17,
18] E,(293) Ep(293,LY2 Epx(293)=E,(293) — Epp
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