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Abstract A stoichiometric mixture of evaporating materials for AgGaSe, single crystal thin films was prepared from horizontal
electric furnace. To obtain the single crystal thin films, AgGaSe, 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
420°C, respectively. The temperature dependence of the energy band gap of the AgGaSe, obtained from the absorption spectra
was well described by the Varshni’s relation, E,(T)=1.9501 eV —(8.79 x 107 eV/K)TAT + 250 K). After the as-grown AgGaSe,
single crystal thin films was annealed in Ag-, Se-, and Ga-atmospheres, the origin of point defects of AgGaSe, single crystal
thin films has been investigated by the photoluminescence (PL) at 10 K. The native defects of V,, Vg, Ag,, and Se;,
obtained by PL measurements were classified as a donors or acceptors type. And we concluded that the heat-treatment in
the Ag-atmosphere converted AgGaSe, single crystal thin films to an optical p-type. Also, we confirmed that Ga in AgGaSe,/
GaAs did not form the native defects because Ga in AgGaSe, single crystal thin films existed in the form of stable bonds.
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Fig. 1. Horizontal electric furnace for synthesizing AgGaSe,
polycrystal.
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Fig. 2. Schematic diagram of the hot wall epitaxy system.
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Fig. 3. X-ray diffraction patterns of AgGaSe, polycrystal.
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Fig. 4. PL spectra at 10K according to the substrate temperature
variation.
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Fig. 5. Double crystal X-ray rocking curve of AgGaSe, single
crystal thin film.
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Table 2
EDS data of AgGaSe, 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
Se 46.960 46.636 46.636 46.660
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Fig. 8. Temperature dependence of carrier density for AgGaSe,
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Table 3
Peaks of optical absorption spectra according to temperature
variation of single crystal AgGaSe, thin film
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g. 11. Photoluminescence spectra at 10 K of as-grown AgGaSe,
single crystal thin film.

993} broad-line emission-3H o2 FES £ Ut

[15]. Fig. 1100x4 ©apd) A <elrf mlekst A7]€]
Tt X Wavel h E
emp- (K) avelength (nm) nergy (eV) 658.4 nm(1.8831 eV)e] B2 free exciton emission
?5)(3) gggg }241“1)3 spectrum® 2 S AZIT} Free exciton 578 ZAA 3}
200 6623 1.8720 A2 RE ASE TRARe] HAE UA] w1k
150 652.3 1.9007 oPge] oUAE zh= BAE o7]|HH AEUR o7]F
;30 gj‘l*-é }-ggjg 3 PRl E oz tiFE FE(hole)e] WAl Hrh.
50 638.2 1.9428 ojuf e FEFoRRE FES| HojlA] EalA of7]
30 636.7 1.9473 ¥ AA}electrony= &7 excitong FAIFIL o]50] A
10 P52 ho458 AR 1 spectrume] P& YET}. 0|9} 7o] AfAA}
9} A57982] H(pair)oE 4% exciton> Coulomb 2!
1.19 Ho| 2831 =W 21zt paires FAYARAYE AR
AETRE A=kl AR E YAkskE o] ok
R oL free exciton®]2} 3}, Free excitons E<HY s}
3 I AR} AFe] Az QA AEdr), g
§ exciton> EEo|u Aslel] x8E wj7px] AzPAlelE
g 110 AEA 53] wFEel f-soluA|e} AFAUAE
et
&
E,(0)=1.9501 eV hv = Eg*Ef,r(ee (2)
a=8.79%10-4eV/K
e o714 EIFE free exciton®] ZAgteluix] o]t}
1.01

2 (2 FH 10KY o, E S 1.9498 eVE dlo]

150

300

Temperature (K)

Fig. 10. Temperature dependence of energy gap in AgGaSe,
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Varshni equation).
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Fig. 12. Photoluminescence spectrum at 10K of undoped
AgGaSe, single crystal thin film annealed in Ag vapour.
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Fig. 13. Photoluminescence spectrum at 10K of undoped
AgGaSe, single crystal thin film annealed in Se vapour.
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Fig. 14. Photoluminescence spectrum at 10K of undoped
AgGaSe, single crystal thin film annealed in Ga vapour.
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