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Switching effect ill sinal.9 e27etals of Qa2se3

M.Periia and B.Celustlca
Institute "Kuder BoikoT1,a ,  Zagreb

OonducUTity switct).iq, which is frequently obser­
ved in amorphous materials , is much lees co1111oa �A sill• 
sle crystals. t

1
he exception are layered single crystalS 

such as QaSa/1 , Ga!e/21 , lnSe/3/,etc. SiD.Cle crystals
of aa2�e3 with a cubic structure of sphalerite t7Pe 1•
Ueir � -phase (below 600°0) also show memory or 'bista­
ble conductivity mritchiag. Ia the present work, the 
authors tey to explain this phenomenon, which - to the 
authQre ' lcaocrledge- has been here obserTed tor the 
first time. 

8111gle crystals of Qa!se3 were obtained by direct
synthesis of gallium and seleai.1111 ia aa evacuated 
quarts tube at 1025°0. &maples of the electrical resi­
stivity ot the order of <j �1010 fl cm we:re shaped as
plaa-parallel platellete of a few tallS ot llicroB& in 
thickness with electrical coAtacts (1 ma2 ia �ea) of
in.diam or Ag paste on �oth sides. Rish-voltage powe2t 
supply was used as a source daring the measurements of 
static d .c.cu:rrent-voltage (I-T) characteristics ,while 
a series resistor a8 of a few hu.dreda kn. limi tad the 
curreat th:faoagh the sample in the OB state. 

Static d.c.I-T characteristics ot aa1se3 saaples
were taken at room teaperature and below, i.e.i:n the 
raB39 between 80 aad )JO �. keeping the epecimeas in 

dark in order to elillinate the effect ot light (the 
samples are photos&DBitiv&). J.t low applied electric 
fields , Oha"a law holds (below 103Y/ca). J.t higher
fields , up to ,v104Y/oa,the relation between I and T
has the power-law form I oc. yn, where 1 < a ( ) • .&.t tielftr
ia the range from 104 to 105T/cm, the Poole.J:renkel 
conduction has been fo'IIJld (lo,: IoC Tl/2 ). J.t electric



fields hisher than /"Jl05T/ca, a suddea trauitioa troa 
the high-resistiTity or O_,,. state to the low-resisti­
vity or OI state occurs (tig.1).Batio from the O�-state 
resistance to the OK-state resistance , AoyylBox, is of 
the order of 104-10'. !he OH state is maintained also
when the applied voltage is completely reaoTed ,  indica­
ting that the switching is bistable or memory switching. 
fhe OJY state caD be restored by applying a weak curr­
eat pulse or siaply by heating up to J0-40°0�  howevar,
this temperature rises as the JlUlDber of switching cyc­
les increases {after 20 switching cycles it reaches 8� 
KeaalU'ementa at low temperatures indicate that memory 
switching is present below room temperature (measured 
up to ao x) . 
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racteristics ot a Ga
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aiiigle crystal in the on 
state ,before first swit­
ching) and in the OH state. 

Studying the switching effect in bulk Qa1Se3 sin­
gle crystal samples with indium contacts placed at the 
surface at the distance of about 100,um, it was found 
that the transition from the OPP to the ON state was 
accompanied by the creation of a visible "bridge" or 
filament between the electrodes. fhus also in the case 
ot thin platellets one can assume creation of filaments 
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durinsthe transition from the O:JJI to the ON etate.�hese 
filaments are responsible for the low resistance of the 
ON state. Measurements of RoN versus temperature ot the 
samples in the OB state reTeal the metallic character 
of conduction/4/ , since the average temperature coeffi­
cient ot resistivity in the ON state was obtained as 
positive and equal to ol =  J .8xlo-3x-1• !hie behaviour
indicates that the ON state is sustained through a me­
tallic material. However, electrical measurements alone
callJlot give sufficient info1'J18tion on the switching 
phenomenon in aa2se3 and its filamentary character. It
is , therefore , necessary to use other methods (scanni� 
electron microscopy) ,  which can give struottll'e and com­
position analysis of the filaments formed. fhese expe­
riments are now under way. In this way it is possible 
to obtain a better insight into the origin and nature
ot this phenomenon. 
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