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ABSTRACT

Growth and optical conductivity properties for BalnsS.

single crystal thin film by hot wall epitaxy method

Seo-yeon Jo

Adviser : Prof. Hong Kwang-joon Ph.D
Major in Physics Education
Graduate School of Education,

Chosun University

A stoichiometric mixture of evaporating materials for BalnySs single crystal
thin films was prepared from horizontal electric furnace. To obtain the
single crystal thin films, Balne: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 TC,
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 BalnsSs single crystal thin films measured from Hall effect

by van der Pauw method are 6.13 X 107 em ™2 and 222 em?/ Visec at 293 K,
respectively. The temperature dependence of the energy band gap of the

BalnsS, obtained from the absorption spectra was well described by the
Varshni's relation E,(T) = E,(0)— aT?*/(T + B)in £,(0) is 3.0581 eV, a

is 39511 x 10 *eV/K and 3 is 536 K. As a result of calculations for the

_Vi_
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E(T) =3.0581eV — (9.9511 X 10 ° e V/K) T?*/ (T+536 K)

g

In order to explore the applicability as a photoconductive cell, we
measured the sensitivity(q), maximum allowable power dissipation (MAPD),
the ratio of photocurrent to darkcurrent(pc/dc) and response time. The
results indicated that the photoconductive characteristic were the best for
the samples annealed in S vapour compare with in Ba, In, air and in
vacuum vapour. Then we obtained the sensitivity of 0.90, the value of ratio
of photocurrent to darkcurrent of 1.10x107, the MAPD of 317 m W, and the

rise and decay time of 13.5 ms and 11.8 ms, respectively.
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Fig 1. Strain of lattice constant.
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Fig 3. Illustration of the sample connections used for taking van der Pauw
transport data configuration (a)-(d) are employed for collecting resistivity
data while (e) and (f) are used with a magnetic field applied perpendicular

to measure the Hall voltage.
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Fig 4. Horizontal furnace for synthesis of BalnsS; polycrystal.
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Rotating substrate
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(GaAs)

\ Wall heater
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N Source heater
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— ey
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Diffusion pump.

Fig 5. Block diagram of the Hot Wall Epitaxy system.
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374 BalngSy @474 ¥4& Ba, In 3 S F7] #9714 22 dAgstSlTh
SampleE9] Zt &917]olA A 2= Ad NS £Eete] FHE= 540
7 3 Ao £ HAH 2US Tete] dAE 2HoE Utk Ba T
w971 A elsty] s Ba 0.0015 g& AT 3 AlFE A gtel Wo
10°° torr A= FAISPHA ASE &l AF 5Uste] ampoule?] Ba T714<
1079 torr2 FASFAA 650 C oA 1AZHsE A3tk In 7] 91710
A dAE 7] 98] In 0.0015 g& AlAF 37 Aol dof Skoll AF3d W
o2 ¥ Bdsto]l ampouled In F7I1%HS 107 torr®Z FA3HAA 870 CE 1

Al 7set A8t S &7 E97]d A EA83s7] YsiA S 0.0015 g2 A]#A

el
WA 290 CE 30% woF dxg3kdct. olw] e Baln,S, €3 242 % 1

O

Table 1. Annealing condition.

Sample Annealing condition

Ba 0.0015 g (650 C, 1 hr)

BalnsS; : Ba
Ba vapour Pressure : 107° torr
In 0.0015 g (870 C, 1 hr)
Baln.S; : In
In vapour Pressure : 107° torr
S 0.0015 g (290 C, 30 min)
Baln,Ss @ S

S vapour Pressure : 107° torr
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Fig 6. X-ray diffraction patterns of Baln,S; polycrystal
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Fig 10. Double crystal X-ray rocking curve of BalnsS, single
crystal thin film.
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Fig 11. XRD w-260 scans of the Baln.S; single crystal thin film grown
under optimized conditions.
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C. BalnsS, @27 ululo] 3}3} GFE2Z FAJH]|

Table 2. EDS data of Baln,S; polycrystal and single crystal thin film.

Beodm X

RN

Polycrystal Single crystal thin film
Element
Starting(wt%)  Growth(wt%)  Starting(wt%) Growth(wt%)
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 12. Temperature dependence of mobility for Baln,S; single

crystal thin film.
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Fig 13. Temperature dependence of carrier density for Baln,S,
single crystal thin film.
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Baln,S, A4 ulute] o] mpEi FEF ~ANERS 203 K oA 10 K 7
A LEE WMSAIEA Sste] 1 140 nd agn FES sfEgow
RE 23 15604 mi ksl gol 2 AUA (el tgete BEF AS
(@& 83 (ah) ~ (w—E,)9 BAZRE oluA 42 7ol & 30 wk
.

||V

Table 3. Peaks of optical absorption spectra according to temperature
variation of single crystal BalnsS, thin films.

Temp.(K')  Wavelength(nm) Energy(e V')

293 468.1 2.6489
250 451.8 2.7439
200 436.0 2.8434
150 423.4 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
- 30 -
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Fig 14. Optical absorption spectra according to temperature variation of
Baln.S; single crystal thin film.
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Fig 15. Relation between the incident photons energy hv and
(ahv)2 in the Baln,S, single crystal thin film.
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Fig 16. Temperature dependence of energy gap in Baln,S, single
crystal thin film.

(The solid line represents the fit to the Varshni equation)
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Fig 17. The characteristic of cell resistance in the illumination of

BalnsSs cell. (a) in vacuum (b) S (¢) In (d) air (e) Ba
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Fig 18. Ilumination current vs voltage characteristics Baln.S; cell

of annealed in S vapour.
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3. dAFel & FAF H (pc/de)

Ba, In, S S71&917] B &7], A&7 DA Fd= Aol z4z} 1.5V
o] Hets Q7kstar ¢+ F(dark current : deo)9} tungsten filament Z-tellA]
A 53(3,000 lx)S AlEC vlF90S o YElhd 33 F(photocurrent : pc)
5 SAst] R 4o BT ® 494 dAFA digk FHAFY v g 2 A
w971l dAE e A2 pe/dert 1.10x107e] Atk pe/de7t 107 ©]

dold A&7t 7hsetRE £ FHAEARA o] TheA ol aLFE G

Table 4. pc/dc of the BalnsS. cell annealed in Ba-In-S-air vapour and

in vacuum. (light intensity : 3,000 lz)

| darkcurrent photocurrent ratio
sample
(4) (A) (pc/de)
BalnyS, 1.13x107° 1.98x107° 1.75%10°
Baln,S; : Air 7.72x107° 7.98x107! 1.03x10°
Baln,S; : Vacuum 5.78x107° 1.95%x107! 3.37x10!
BalnsS; : Ba 6.27x107° 2.93x107? 4.67x10?
Baln:Ss @ In 6.01x10°° 1.38x107! 2.30x10*
Baln,Sy S 1.06x1077 1.17x10° 1.10x107
— 39 —_
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Table 5. Response time in BalnsS, cell.

10 lx
sample
rise time (ms) decay time (ms)
Baln,S, : Ba 23.7 26.7
Balno:Ss : In 18.6 15.9
Baln.S; S 13.5 11.8
Baln,S, : Air 16.8 17.1
BalnsS, : Vacuum 30.4 21.6
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