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Study on Point Defect for AgGaS, Single Crystal Thin Film
Obtained by Photoluminescience Measurement Method
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E O AgGaS, ©2F AUS £3 RAJ)2oA RS AgGsS AR S EZwdozdled, hot wall
epitaxy(HWE) o2 Faedy 7|3 (HddAd -GaAs (100)8] 255 z4zh 590C, 40CE wAste] 4319
oh oolu wAy wule] APge g ~HERAT o]FAA XA 2FIM (DCRCO) o2 BE FIYuh
AgGaS:9] #F4 AHERCRYE F8 250 9E3he oA WA ET)e Varshni F4lo] ﬁﬂmg At
Ey(T) = 27284 eV - (8695 x 10% eV/K)T/(T + 332 K)2 2 w5l A48 AgGaS, B4 ek Ag Ca,
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Abstract A stoichiometric mixture of evaporating materials for AgGaS; single crystal thin films was prepared
from horizontal electric furnace. To obtain the single crystal thin films, AgGaS; 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 5907 and 4407T, respectively. The temperature dependence of the energy
band gap of theAgGaS; obtained from the absorption spectra was well described by the Varshni's relation,
Ey(T) = 27284 eV - (8695 x 10* eV/ KT/ (T + 332 K). After the as-grown AgGaS; single crystal thin films
was annealed in Ag-, S-, and Ga-atmospheres, the origin of point defects of AgGaS, single crystal thin films
has been investigated by the photoluminescence(PL) at 10 K. The native defects of Vag Vs, Agmn, and S
obtained by PL measurements were classified as a donors or acceptors type. And we concluded that the
heat-treatment in the Ag-atmosphere converted AgGaS; single crystal thin films to an optical n-type. Also, we
confirmed that Ga in AgGaS; crystal thin films did not form the native defects because Ga in AgGaS; single
crystal thin films existed in the form of stable bonds.
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Fig. 2 Schematic diagram of the hot wall epitaxy
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Table 1 Annealing condition
Sample Annealing Condition
0015 [
AQGaSs © Ag Ag 0.0015g (960 ,1hr7)6
Ag vapour Pressure * 107 Torr
AQGaS: : Ga Ga 0.00159 (1015 >, 30 min)
Ga vapour : 10° Torr
I T, 1 h
AGaS: © S S, 0.0015g (}’;80 , r
S vapour @ 107 Torr
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Fig. 3 X-ray diffraction patterns of AgGaS, polycrystal
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Fig. 6 Back-reflection Laue patterns for the (112)
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Table 2 EDS data of AgGaS; polycrystal and
single crystal thin film

Polycrystal Single crystal thin film
Element - -
Starting(%) Growth(%)  Starting(%)  Growth(%)
Ag 18.896 19.121 19.121 19.084
Ga 34.144 34.243 34.243 34.256
S 46.960 46.636 46,636 46.660
33. Hall &3

L % H$E F ol¥E ¢ ¥ Fg
VERR T Fig. 704 e vl Ze] olF
BEANE 296 em’/V - sec 9B Fujita [24]

o N o2 W

A} o] 100 K oAl 293 K 7t2s Az 4k
(lattice scattering), 30 K ojA) 100 K7 A& &¢
bk (impurity scattering) o] 71918k A= A

& &9

hel

o e

4 i

el
Carrier density & &% 1/T 4l

o
glol wheh wsta lglem of el &

Y

)
of

22(1/T)e] 3 Inn ke Fig 83 ot &4 s}l
WA E.& ncexp(—E,/kT) 25%E Fg 8¢

2127104 33 AT 57 meV Qrk. E3 Hall &
3 =4gro g RE Hall AFEo] %9 Fho]olA

AgGaS, ©A74 wruhe self activated(SA)oll 71]138}

M
mE = T %ﬁq

0oL ")
L [
¢ [ . *
=z L .
T::?: P . .
£ »
- F [
=
-
z
=
102 i saasasl F [EE RN
' 102 107
Fig. 7 Temperature dependence of mobility for
AgGaS; single crystal thin film
W
T L
3 [o
[=4
2
2 - @
2
G} S
r
; . @&
Z %
5%
= - [ ]
= | ]
2 ¢ , ®
-,
[}
10° 5 1 30 25 30 35

TEMPERATURE (16T

Fig. 8 Temperature dependence of carrier density
for AgGaSy single crystal thin film

33. AgGaS, Btz uioto| ZEF ABERYI &

BrY AMEHY

AgGaS, @4% wetel exol Mt FFS 2
HEglg 293 KA 10 KbAl £58 s
ol =



122

PE 2ARY oUA] (hw)el WSt B
F (@& T (chy) ~(hv—E,) 9 #AA=Y
NA AL T3+ Table 30 =gkt

2.0

oot
kN
N

2

@~

T
P
=
p—
[ —o.
-
5
g
[ —n

b
T

Optical Density (Arb. unit)
: h
T

k4
=
T

00

160 170

Wavclength (nm)

450

Fig. 9 Optical absorption spectra  according o
temperature variation of AgGaS; single crystal
thin film

Table 3 Peaks of optical absorption spectra
according to temperature variation of
AgGaS; single crystal thin film

Temp.
(K)
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456.5 2.7158
4553 2.7227
4548 2.7262
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