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ABSTRACT 
I nves t i gat ions of mechan ica l , e l ectr i ca l , opt i ca l  and other 

phys i co-chemica l  propert i es of amorphous sem iconduct i ng mater i a l s have 
shown that these propert ies depend substan t i a l l y  on the system compos i - :  
t fon . 

I n  v i ew of the known fact that the i n troduct ion of copper 
i nto arsen i c  seumide i nf l uences substant i a l l y  i ts - conduct i ng charac­
ter i st i cs ,  th i s  work g i ves an ana l ys i s  of the effect of an i ncr�ased 
copper content in Cux(AsiSes l i -x on i ts opt i ca l  energy gap. I n  add i t i ­
on , changes i n  therma l �t�� i l f ty Qf the system are i nvest igated , the 
Interva l between phase trans i t ions poi nts i s  determ ined , and the most 
probabl e mechan i sm of therma l decompos i t i on fs proposed . 

A ser i es of th i n  f i lms obta i ned by evaporat ion of the i n­
ves t i gated mater i a l s  was used to i nvest i gate the photorecord i ng eff­
ect caused by pro longed l aser i rrad iat ion .  Changes in transparency we­
re stud te.d as a funct ion of exposure and concentrat ion change of the 
component s  at room temperature .  Fi na l l y , i t  was i nvest i gated the pos­
s i b i l i ty to erase revers i b l y  the dark traces caused by i rrad i at ion , by 
a pro longed heat ing of f i l ms at character i s t i cs temperatures . 

EXPER IMENTAL 
Sampl es of the i nvest i gated system were synthesi zed and 

the i r f i lms prepared by evaporat ion accord i ng to the known procedures 
1 1 . 2 1 . 

A HOH der l vatograph served to record s imu l taneous l y  the OTA,  
DTG , TG  and T cu·rves. The sampl es we re heated i n  a i r  atomsphere from 
room temperature to 1000°c at a rate of 1 0°c/m i n .  As standard served 
a-A' 20 3 .

The photorecord l ng effect was stud i ed us i ng a He-Ne l aser 
(wavel ength 632 nm , power 1 mW) for i rrad iat ion of f i lms of th i ckness 
about 2 µm. The measurements  were carr ied out from room temperature to 
2000c . 

RESULTS AND D I SCUSS ION  
The reg ion of g l ass format ion i n  the As-Se system i s  re l a t i ­

�e l y  w ide (from pure Se to 6 0  at . %  As) 1 3 ,4 , S j . I f  copper i s  i nc l uded 
In the As2 S3  system, the _ CuAsSe2 structura l un i ts are formed 1 6 1 .  For 
th i s  sto i ch iometr i c rat io , the ·copper con tent i s  2 1 . 44% ,  wh i ch means
that unt i l  th i s  val ue I s  reached the Cu-As-Se system conta i ns a l so the 
As2Se3 �tructura l un i ts .  

At  the crysta l l i zat ion temperature 1 7 1 a phase hav i ng 
Cu 3AsS� .. st ructura l un i ts I s  formed , wh ich corresponds to the react ion : 

21 1



In F i gure 1 are shown DTA and DTG curves for Cu 1 o (As2Ses } 9 o 
wh i ch can be regarded as the representa t i ve of the g i ven system, where­
as I n  Tabl e 1 I s  g i ven the most probabl e mechan i sm of i ts therma l de�om­
pos f t fon. 
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TABLE 1 

1'emeprature (OcJ

1 60 

260 

360 

4 1 0  

500
} 550 

580 

800 ,oc 

Fi.g. J . I1lA and I1lG curves for 
CU1 a {As2,Se3 )  9 Q
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Type of the process 

beg i n f ng of amorphous phase 
soften i ng 

crysta l l i zat ion of CusAsSe� 

decompos i t ion of As�/2Se�12 
structural un i ts 

mel t i ng of crystal l i ne phase 

thermal decompos i t i on of 
CuAsSe2 and CusAsSe� s truc­
tural un i ts 

thermal  decompos i t ion of 
As2Se3 s tructural un i ts 

Such an approach 
enables the percentua l mass 
loss I n  process 3 to be ca l ­
cu lated a s  a funct ion of 
copper content up to 21 .��%, 
accord i ng to the relat ion :  

Arn (%) a k (ntcu) l .495

where k i s  a factor charac­
ter i z i ng degree of crysta l ­
l f zat l on and i t  repcesents 
an empi r i c  quant i ty rel ated 
to the technology of synth­
es i s .  

I n  Tab le  2 are 
presented the ca l cu l a ted 
va l ues for Am and those 
obta i ned by thermograv lme­
t r i c  measurements.  

F i gure 2 shows the 
OTA curves of a l l the I nve­
stigated sampl es of the sy­
stem Cux (As2Se s ) 1-x (x g O ,
5 ,  10 ,  1 5 ,  20 ,  25) . 



TABLE 2 

n%Cu 0 5 1 0  1 5  .20 
Amcal 0 2 .2 4 .4 6.6 8.8 
Affiobs 0 2 4 . 5  7 9 

The compl ete derlvatograph i c  ana l ys i s  of the system conta i ­
n i ng 25% of  copper I s  I l l us trated i n  F igure 3 .  When thermal decompos i ­
t ion I s  compl eted , the res idue mass . i s  33% , whi ch corresponds to for­
mat ion of CuO as .the f l na l  product CAmca1•3 1 .25%) . I t  I s  obvious that 
under cond i t ions of 11presaturat ion 11 wi th copper some new structural 
un i ts appear whi ch a re characterized by the crysta l l i zat ion temperatu­
re of 300 C (peak 2·) , the i r  effect on decompos i t ion of As\J1Se,J1
structural un i ts (3 ·) , and by the i r  decompos i t ion (5 ·) . · 

... .. '°' 

l'lg • .  2 • .  DL' A curvea of aamJ>,les of 
CUz(As2SesJ -1-x system 

TG , 

8D 

P1g. 3. EIPA1 EOG and �G curves for 
CU2 s {As2Se•J 1 s 

213 



..... ....

.. 

JI 

n 

II 

--� ,, 
ii 
\1 
u 
:\ 
\1 
\t 
\1 
ii 
\\ 
ii 
\I 
ii 
� 
\ 
9 

\ t·, \\ 
\\ , ,  

'\.., 
._ __ _.___ ....... -:--_•_,___......._.. IN .. "' "-· 

F i gure ' 4  I l l ustrates the 
change of absorpt ion coeff i c i ents i n  
the reg ion o f  short wavel ength l im i t. 
These coeff i c i ents served as the ba­
s i s  for ca l cu l at ion of the corres­
pond i ng opt i ca l  energy. gaps (Tabl e  
3 ) . 

TABLE 3 

Ord. NO Sample 

2 

3 · 

CusAss 0 Se1t s 

Cu uAss 0 Se3 5 

582 

630 

650 

2 . 1 3 1 

1 . 969 

1 . 908 

The photorecord i ng effect 
i s  i l l ustrated In F i gure 5 , where 
the rel a t i ve transparenc i es (T/T0)
are shown as a funct ion of exposure 
t ime. 

The smal l er changes of dar­
ken i ng Intens i ty correspond i ng to 
h i gher copper concentra t i ons are ex­
pectabl e  i f  i t  i s  borne i n  m i nd the 

Pig. 4. �be absorption coeffici- behav iour  of absorpt ion coeff i c i ents 
ents: curve 1-CUsAssoS�h. s , curve (F i gure 4 ) . The d i scussed spec i f i ct l y  
2�cu 1 0Ass0Se,o , curve ;- concern i ng structura l un i ts that are 
-CU 1 sAss0Se3 5. formed I n  the presence of copper i n-
d icate that th i s  effect I s  rel ated to changes i n  capture centres i n  the 
As-Se bonds .  Thi s  po i nt of v i ew  on photostructura l  changes I s  supported 
by the observed effects rel ated to the change of dr i ft mobl l i t l es and 
wh i ch are a d i rect consequence of the e l ectr i c  propert i es 1 8 1 . 
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Pig. s.  Dependence of darkening on time.: -curve J-CUsAss0Se1t s,  curve 2-
-CU1 0Assose,o ,  curve J-cu1 sAss0Se3 5.
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By heat i ng of sampl es to a temperature approach i ng the i r so­
ften ing points (between 1 40 and 1 6o0c)  thei r transparency I s  pract i ca l ­
l y  brought u p  to the or i g i na l  ,l eve l . Each further protorecord i ng i s  a l ­
most completel y  revers i b l e. 
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