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A study on the growth and characteristics of
Ag(Ga8S:; single crystal thin film by hot wall epitaxy

K.J. Hong and J.W. Jeong
Department of Physics, Chosun University, Kwangju 501-759, Korea

2 & F9 AV2AA AgGaS, tAAE A4St HWE uho 2 AgGeS, A =hate:
AArskadct. AgGaS, 4R g AR o $245 7Y &2 & A4 590TC, 40C=E A
ZAsgde wW o]F4A X A 2F=4A(double crystal X-ray diffraction rocking curve,
DCRC)#| hE3|(FWHM)Zkol 124 arcsec® 7P 2ol #HA A@zAoldich. Aol
AgGaS; @A wetel BFS SAHe2RY x| ©tAo] 261 eVRATh Band edgeel
Fi e FAEE peake] &5 oE AL Varshni A2 o2 A= e, Varshni A 4] 9
A4zke E(0) = 27284 eV, o = 8.695X107* eV/K, § = 332 K& Fojxc}h Bz 29
2] 20 KeollA] 414.3 nm(2.9926 eV)2} 4141 nm(2.7249 eV )+ free exciton( Ex )2} upper po-
lariton?} lower polaritone! E¢2} Ek, 423.6 nm(2.9269 eV)+ bound exciton emissionol] 2J&F |
2 A=59r}. =3 455 nm(2.7249 eV) 2] peak: donor- acceptor pair( DAP)el| 7]q13l+ 3t
F 2922 A5 Ach

Abstract The stochiometric composition of AgGaS, polycrystal source materials for the
single crystal thin films were prepared from horizontal furnace. From the extrapolation
method of X-ray diffraction patterns, it was found that the polycrystal AgGaS, has tetrag-

onal structure of which lattice constant a, and ¢, were 5.756 A and 10.305 A, respective-
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ly. AgGaS, single crystal thin film was deposited on throughly etched GaAs(100) substrate
from mixed crystal AgGaS, by the Hot Wall Epitaxy (HWE) system. The source and sub-
strate temperature were 590°C and 440°C respectively, and the growth rate of the single
crystal thin films was about 0.5 ym/h. The crystallinity of the grown single crystal thin
films was investigated by the DCRC (double crystal X-ray diffraction rocking curve). The
optical energy gaps were found to be 2.61 eV for Ag(GaS, single crystal thin films at room
temperature. The te“mperature dependence of the photocurrent peak energy is well explained
by the Varshni equation, then the constants in the Varshni equation are given by @ = 8.695
x10~* eV/K, and B = 332 K. From the photocurrent spectra by illumination of polarized
light of the AgGaS, single crystal thin film, we have found that crystal field splitting 4 Cr
was 0.28 eV at 20 K From the PL spectra at 20 K, the peaks corresponding to free and
bound excitons and a broad emission band due to D- A pairs are identified. The binding
energy of the free excitons are determined to be 0.2676 eV and 0.2430 eV and the dissoci-
ation energy of the bound excitons to be 0.4695 eV.
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DCRC )2 b= x| (Full Width at Half Max-
imum, FWHM) 2 %] ZA}s} 4},

=%t EDS(Energy dispersive X ray
spectrometer ) & o433} AgGaS, 72 A
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Fig. 1. Horizontal furnace for synthesizing
of AgGaS, polycrystal.
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Fig. 2. Block diagram of the hot wall epi-
taxy system.
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Fig. 3. X ray diffraction patterns of AgGaS
. polycrystal.
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Fig. 4. Double crystal X ray rocking curve of
AgGaS; single crystal thin films measured
growth temperature of substrate of 440°C.

2y

al A z]-;v,]_ L_ETAg o“

O

B A7 215

oo

2o} oA A9 starting element®] A7}
AR AR zgulEe] £2 % 23 WY
A4 AR sle) shetken zyus} 2
olFAFEE & F AN

3.3 AgGaS, 244 9] o= wztA

AgGaS, 2724 wte] FEFS spectrum
EAM& Fig. 63} %t} AgGaS;= direct gap
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Fig. 5. EDS of AgGaS, single crystal thin
films.

Table 1 .
EDS data of AgGaS, single crystal thin

films

Element Starting Growing
element (%) element (%)

Ag 44.627 42.737

Ga 28.845 28.268

S 26.528 29.857

Si 0.031
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Fig. 6. Optical absorption spectra of AgGaS,

single crystal thin films.
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Fig. 7. Plots (ahv)? versus the incident
photon energy hy for AgGaS, single crystal

thin films
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9] peak®] energy: A3z g F7}sla 9l
© ™ Varshni 4] 4][26]

aT?
T+ A

ojt}h. o]ul E0)+ 0 KollA] ¢uviz] wzt4,
a, B= Agoln, E(0):= 27284 eV, a =
8.695x107* eV/K, B = 332 K}

Fig. 894 20 Ko ] 4125 nm(3.0056
eV) A4 3t FAHF e E AE3
4 ¢lE=dl 4125 nm(3.0056 eV)el FAHF
B2 71AAN 9 crystal-field splittingol]
23 ALre 0.28 eVE 1253}

E(T)=E,(0)— - (2)

3 c
4Cr=—~——b (2——)
2 a

o]l 4] b: deformation potentialgld] I- III- VI,
& oF 1= fitting=| 532 ojudf 4Cr = 0315
eVolm 2 (0.035 eV 233t 2 4125 nm
(3.0056 eV)= 7bART S  crystal field

splittingell &3k 7}Azte] ol A A=)
Ne2 o715l Y31 B2 Yzheo
At

3.5. 33433 (Photoluminescence )

Fig. 10& AgGeS, 44 uhate] exef
sl M PL 2d=ag dehz gk PL
23 e3.2 sharp line emission 347} broad-
line emission o & FRE 4 3} 27].

Fig. 1014 20 Ko u] 4143 nm(2.9926
eV)e} 4151 nm(2.9868 eV)2] peak: free
exciton emission spectrum ¢ 2 o 731t}

Free exciton F5¢ ZAAI} A 2oAqt
255 hdAtde) WA A w7 ol
e} YA 2 FAZ o7l PEdE
715 JHHAHele deE oAl AHF
(hole)e] FA| o). oo AHF o] JFoay
B $E3] Blolx] Z8tAl 9719 A=} (elec-
tron)= AT excitong P o]Ee| A
23 o spectrum®} W& W&} o)e} 2
o] AR e} AAF2] A(pair)e® T4

Table 2
Temperature dependence of PC peaks for AgGaS, single crystal thin films
Temperature (K) Wavelength Energy AdSo or 4Cr
(nm) (ev) difference
- 293 474.9 2.6106
270 473.3 2.6195
250 471.1 2.6318
200 466.2 2.6594
150 461.8 2.6848
100 458.3 2.7053
77 457.1 2.7124
50 455.9 2.7195
v 20 454.9 2.7255 0.2801 Aor
412.5 3.0056
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Fig. 8. Photocurrent spectra of AgGaS; sin-
gle crystal thin films.
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Fig. 9. Temperature dependence of the en-

ergy gap In AgGaS, single
thin films (The solid line represents the fit

crystal

to the Varshni equation).
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Free excitong BIAsm Az}l Lo
AN A oA 2dget. £ excitond B
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F5A 537 el EFoluRe Ajtel
YAE et
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2](3)e 2 By 20 KY o, EE 27249 eVZ
s} 7% binding energy= z+zt B (E¥)=
0.2676 eV} E&(Ex )=0.2430 eVEA] Tells}
Kasper[ 2817}  reflectivity 2 28] A A+gH
exciton?] ZAgo|x= 0.2800 eVe} Yus}
Park[ 29 ]5¢] F%F exciton®] ZAg =R
0.2600 eVe} Ao} A A3}, 414.3 nm
(2.9926 eV)e} 4151 nm(2.9868 eV)<e] 3t
3} B-9-2]+= free exciton(Ey )2 upper polari-
ton®} lower polaritongl Ex¢} ExZ2 &=¢)
o} .

423.6 nm(2.9269 eV)2] peak bound exci-
ton emission spectrum® & o7z}, Bound
exciton® 4 F2 dixdd F/HeL el
free excitono] &utx]o] 1 FYAEE %3}
= AE bound excitonolz} gk}, Bound exci-
ton complex’} 2HE u] A7) WFAHEY
2 free exciton®.t} Aa}Atd]e]] vehdc)

Bound excitone] WA} A A3 w WlE ==
photon®] el =]:=

hy =E,— EF — E: (4)

olch. 87|14 Ei & ZA¥F Al excitone] Z
A ey elct.

423.6 nm{2.9269 eV) 2] [+= bound exciton
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Fig. 10. Photoluminescence spectra of

AgGaS; single crystal thin films.
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