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ABSTRACT 

lYl!A studies of vitreoue Cux(As0 SeO, )l_ 
were performed and the concentratiom' 

alloys, O&x%35, 

cry*!alli!ati!n 
epen enc s of the temperatu- 

res of the glass transition, T T and melting 
Tmr have been determined. A sp&al attention ha; bg% paid to the 
charge transport and dielectric response of the glaase& 

The electrical conductivities of vitreous semiconductors are 

much less sensitive to the presence of impurities than are those 

of crystalline semiconductors. The large conductivity changes cau- 

aed by the additions of some heavy metals (U, Tl, Cu) ini vitreous 

As2Se3 arise probably from the ionic nature of their incorporatlom 

111. In this paper, the nature of structural changes, the thermal 

stability, microhomogeneity and phase separation are examined m 

the glassy Cu-As-Se system and the znfluence of Cu on the efectri- 

Cal, dielectric and optical, properties of vitreous Ae2Se3 is demon- 

strated. It ia shown that the glaesy system As2Se3:Cu represents a 

transition from a 3:2 coordinated short-range order to a tetrahed- 

ral one. 

EXPERIMEZ?TAL 
The synthesis of glasses was carried out in evacuated, rock- 

ing, quarts ampoules using high-purity elements as starting materi- 

als. The glasses were melted at 700°C for 2h, at 900°C for Ph,quen- 

ched to 200cC and annealed for lh. The homogeneity and amorphous- 

ness of samples were tested by the infrared and electron mierosco- 

py. DTA was performed in a flowing dry Ar at a rtite of 10 K/min u- 

sing DuPont Thermal Analyaer 900. The electrical and dielectric 

measurements were made in vacuum and dry Ar, from LNT to 150°C, at 

both dc and ac (f=O.ti-100 lcHz). The optical band gap, Ear was de- 
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termined at the absorption coefficient o(=lOO cm-l. The density 

was measured by a pycnometric method. 

RESULTS AND DISCUSSION 

The large influence of Cu doping on the electrical conducti- 

vity of glassy As2Se3 (Table 1) results from the way of incorpora- 

tion of this additive and from its large glassforming region. The 

entropy of mixing favours a dissociation of neutral monovalent Cu 

atoms into 4-fold coordinated Cu+ ions and charge compensating Ci 

defects, which is accompanied by a decrease of the concentration 

of C; defects [2]. At the same time,3-fold coordinated Se atoms 

are built-up, which use their "lone-pair" electrons to form coordi 

nation bonds with Cu+. For non-zero width of the defect levels, 

this redistribution of the charged defects results in a continuous 

shift of the Fermi level 131 and a change of the electrical conduc 

tivity. A donor-like impurity, like Cu+, reduces the conductivity 

of p-type glassy AsSe3 until a minimum conductivity is reached 

(for Cu, at x=0.0021), then, the conductivity increases on further 

addition of impurity L4]. The absence of ESR signals over the who- 

le concentration range confirms the ionic form of the Cu incorpora 

tiorn. For x30.02, the increase of the electrical conductivity, 

c= e. exp(+,&T), with growing Cu contents is connected with a 

decrease of the optical band gap, Eo, due to structural changes in 

vitreous alloys. The activation energy, EQ, also decreases and V. 

is close to 10 Scm -1 indicating a conduction by a band-tail hop- 

ping. This conduction mechanism is confirmed by a temperature+de- 

pendence of the ac component of the conductivity, ~W=A(T)foo6'o*o~ 

Above 8 at% Cu, both E. and Egdecrease linearly with increasing 

Cu content and for x=0*3, both the E. and the oscillator strength 

(in the sigle-oscillator description of the permittivity) approach 

to the values which are characteristic for a tetrahedral coordina- 

tion 153. The average coordination number increases from 2.4 for 

x=0 to 3.83 for x=0.3 f61. For x30.08, the increase of the permit 

tivity with increasing x saturates, reaching the value of es=l3,8k 

0.5. For x20.1, the diffraction patterns of partly devltrifled 

glasses reveal structures close to sphalerite but they cannot re- 

solve the similar structures of CuAsSe2 and Cu3AsSe4 [67. 

DTA studies are very useful for identification of the glassy 

and crystalline phases in As2Se3. *Cu because tne melting temperatu- 
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Fig. lo The concentration dependence5 of the temperatures of glass 
transition, Tg, crystallization, Tcr, and melting, Tm, for various 
phases in glassy (As0&eo,6]1_.#Ix 

res of As2Se3 (372'C), CuAsSe2 (415'C) and Cu3AsSe4 (45O'C) differ 

appreciably. The "pure" As2Se3 changes continuously from the glas- 

sy state into the liquid one but already very small amounts of Cu 

cause a devltrificatioa prior to melting, as is indicated by the 

exothermal crystallization peak and endothermal melting peak on 

the thermogram. Dow concentrations of Cu decrease slightly the 

glass transition temperature, Tg, p robably due to the incorpora- 

tion of Cu+ between "puckered*, 3:2 coordinated As2Se3 layers. For 

xsO.08, the main glassy phase is As2Se3 (curves l,l. in Fig. 1) 

and T is almost constant. For high concentrations of Cu, x70.2, 

the .$A diagrams show crystallization and melting of the tetrahed- 

rally coordinated glassy CuAsSe2 (curves 3,3' in Fig@ 1):For x = 

0.35, the melting of both CuAsSe2 and Cu3AsSe4 compounds is evl- 

dent (curves 3*, 4' in Fig. 1). The appearance of the glassy 

CuAsSe2 brings about an increase of both the density (the density 

of CuAsSe2, d=5.28 g/cm3 16'1, is higher than that of As2Se3)(Table 

1) and Tg (due to the development of a 3-D tetrahedral network) of 
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Table 1 
The optical bend ye 
ponentiel factors, B 

8, Ear the activation energies) I!+, end preex- 
o, of the electrical conductivity, the dc con- 

ductivity 0363, end static relative permittivity, Es, at 300 K end 
the deneity, a, for the concentrations, c, of Cu in glassy Ae2Se3 

C 

(et %) 
EO %Y @cl 
(eV) (eV) (Scm'l) 

@3Of es a 
(Scm' ) (aJcm3) 

0.00 1.76 0.94 5200 10.5 4.620 
0.21 1.63 0.95 19000 10.5 4.635 
0.61 -- 0.94 5200 11.0 4.646 

120 11.6 4.662 
3:20 11.8 12.7 4.708 -- 

_- 
11 
7 

llf76 ;*;29 

1.27 0.49 8 
-_ 

9 1.20 4.982 
16.67 1.13 11: 5.224 
23.08 1.03 5.10'5 -- 5.34 
25.00 -- 0.;: 1.10-5 -- _- 

:50::: -- -- 0.04 0.05 3.10'4 7.10'5 L- -_ -- _" 

glesses. At intermediate Cu concentrations, 0.04<x(O.3, an uni- 

dentified As2Se3-like phase was observed (curves 2,2' in Fig. 1) 

with the crystallization end melting temperatures lying between 

those of glassy As2Se3 and CuAsSe2. Remelting of samples inside 

the DTA cell, followed by a free cooling, showed that this glassy 

phase needs higher quenching rates than glassy As2Se3. In tne who- 

le concentration range of Cu only one T 
g 
was observed. 
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