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Abstract—We describe the first 

experimental results of a light influence on the 

threshold voltage Vt in new ternary lead-free 

telluride compound (labeled as SA1). Reduction of 

Vt on about 35% in SA1 illuminated by Ar ion laser 

to compare dark Vt is discovered. More than 10,000 

switching cycles without degradation have been 

recorded. Variation of the laser power allows 

achieving Vt reduction in SA1 down to 40% from 

the dark level. This is the largest change of Vt

known for amorphous chalcogenides. It opens new 

horizons for chalcogenide functionally expanded 

phase change memory. Some ideas about the 

mechanism of the observed effect, related with the 

photo-generation of charge carriers and possible 

mechanisms of transition from OFF state to ON 

state, are discussed.  
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I. INTRODUCTION 

Chalcogenide glasses are known to exhibit 
reversible (threshold) and irreversible (memory) 
switching from a semiconducting (high 
resistivity) OFF state to a conducting ON state 
[1,2]. The phenomenon of electrical switching in 
amorphous chalcogenides has many applications, 
which includes phase-change memory (PC-
RAM), solid state relay, sensors, restorable 
fuses, etc. 
PC-RAM based on amorphous chalcogenides, 
which exhibit electrical switching, is considered 
as a promising replacement for existing non-
volatile memories [3]. One of most promising 
applications, namely the creation of hybrid 
optoelectronic memories, is generally limited by 
the non-sensitivity of the OFF-ON transition to 
light in traditional telluride alloys. Usually light 
does not influence on threshold voltage (Vt) at all 
or the observed effect [1,4,5,6] too small to be 
consider useful.  
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This obstacle can be removed in some 
chalcogenide glasses [7,8]. Earlier experiments 
on light influence on Vt with Pb-Ge-Te 
amorphous films allow us to achieve technically 
acceptable levels of Vt alteration [7,8]. However, 
these lead alloys have a relatively small number 
of transitions between OFF and ON states (i.e., 
poor endurance). In the present study, we 
describe some interesting preliminary results on 
light influence on threshold voltage of few 
specially selected lead-free chalcogenide glasses, 
which exhibit threshold-switching behavior and 
relatively good endurance. Absence of photo 
degradation in these samples, in the 
photoconductivity measurements, also makes 
them ideal candidates for the present study. 

II. EXPERIMENTAL PROCEDURE 

The ternary chalcogenide glasses have been 
prepared by vacuum-sealed melt quenching 
method. Appropriate quantities of high purity 
(99.99%) constituent elements are sealed in an 
evacuated quartz ampoule (at 10-5 Torr) and 
slowly heated in a horizontal rotary furnace. The 
ampoules are maintained at 900 °C and rotated 
continuously for about 24 h at 10 rpm to ensure 
homogeneity of the melt. The ampoules are 
subsequently quenched in a bath of ice water and 
NaOH mixture to get bulk glassy samples. The 
amorphous nature of the quenched samples is 
confirmed by X-ray diffraction. 
One ternary telluride glass composition (named 
temporarily SA1) was selected for this research1.
The I - V characteristics of these glass has been 
studied using a Keithley source meter (model: 
2410c). Sample polished to the required 
thickness is mounted in a holder made of brass, 
in between a flat-plate bottom electrode and a 
point-contact top electrode using a spring-
loading mechanism. A constant current is passed 
through the sample and the voltage developed 
1
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across the sample, and the corresponding current 
through the sample, are measured. 
 To study the influence of illumination 
on the threshold voltage, Ar ion laser (model: 
177G42, wavelength of 514 nm) with variable 
power is used to shine the light on the sample. A 
mechanical chopper with variable frequency is 
placed in between the laser source and the 
sample. 

III. EXPERIMENTAL RESULTS   

The I - V characteristics of the SA1 compound 
studied, is shown in figure 1. It is seen from 
figure 1 that above a threshold voltage (Vt), the 
sample exhibits a current-controlled negative 
resistance behavior, which leads to a low-
resistance ON state. Further, the sample is found 
to revert back to the high-resistance OFF state 
upon reducing the current (threshold switching 
behavior [1]). 
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Figure 1. The I-V characteristics of SA1 alloy 
studied in dark. Vt ~ 65V 

The same sample is switched under illumination. 
In the present experiments, the chopping 
frequency and the laser power are kept constant 
at 0.5 Hz and 110 mW respectively. It can be 
seen from figure 2 that the threshold voltage 
reduces by approximately 35%. 
The reduction of Vt depends upon the laser 
power and the percentage of reduction decreases 
with decrease in laser power. The reduction in 
switching voltages under illumination is 
essentially due to the creation of additional 
charge carriers by the incident light. 
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Figure 2. The I-V characteristics of the same 

SA1 sample under illumination. Vt ~ 48V 

It is also interesting to note that for a given laser 
power, the first switching cycle requires higher 
voltages than the subsequent cycles and the 
switching voltages stabilize after 3-4 cycles. The 
sample can be repeatedly switched subsequently 
and nearly 10,000 switching cycles have been 
carried out on the sample without any decrease 
in the switching voltages. 
It has been found that the opto-electronic 
switching mainly depends upon four parameters, 
namely the voltage across the sample, the 
maximum on-state current flowing through the 
sample, chopping frequency and the laser power. 
Further, it has been found that a minimum of 0.4 
(Vt) has to be applied across the sample to 
induce the switching optically. This is the largest 
change of Vt known for amorphous 
chalcogenides [6-8]. Applying lower voltages 
across the sample leads only to the 
photoconductivity response of the sample and 
application of higher voltages latches the sample 
permanently into the ON state. In the present 
experiments, the voltage across the sample is 
maintained optimally at 0.7*Vt. Similarly the 
current flowing through the sample in the ON 
state is restricted to 2 mA, beyond which the 
sample latches permanently to the high 
conduction state. 
Figure 3 shows the repeated transition exhibited 
by the sample from the OFF to the ON state 
induced by chopped laser light. More than 
10,000 switching cycles2 have been observed in 
the present study if SET current is limited to 0.8 
mA, which indicates clearly the suitability of the 
studied SA1 glass for practical applications, e.g. 
2 We stopped experiments at this point, probably SA1 

has even better endurance.
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for the functionally expanded phase change 
memories. 
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Figure 3. Repeated switching in SA1 samples 
induced optically 

IV  DISCUSSION 

Threshold switching in typical chalcogenide 
glasses and their amorphous films is considered 
to be mainly electronic in nature [1,2]. Such 
OFF-ON transition occurs when the charged –U 
centers (often named as defect states D+ and D—

or C+ and C—) present in the material [9,2] are 
compensated by the charge carriers excited by 
the electrical field [1,10,11]. Therefore, the 
switching effect in the previously studied 
chalcogenide glasses [1,2,4-6, 10,11] is driven 
by electrical fields (voltage). The reduction in 
switching voltages under illumination in Pb-Ge-
Te and SA1 alloys is essentially due to the 
creation of additional charge carriers by the 
incident light, which help to passivate or destroy 
the –U centers at earlier applied voltages. We 
think that the threshold switching in this SA1 as 
well as in Ge-Sb-Te alloys commonly used in 
PC-RAM [3] is the current driven effect [12]. 
Probably the excess charge carriers generated by 
laser beam redistribute spectra and (or) density 
of localized states in the mobility gap of such 
ternary telluride alloys that lead to the transition 
form semiconducting to conducting state. More 
details of this model as well as further 
experimental results will be presented elsewhere. 

V  CONCLUSION 

The effect of optical illumination on the 
threshold voltage of a selected lead-free 
chalcogenide glass, which exhibits excellent 
threshold switching behavior, is demonstrated. 
The electro-optical switching effect is due to the 

enhancement in the charge carriers by the light 
and applied electric field. It has been found that 
four parameters, applied constant voltage, the 
on-state current flowing through the sample, 
chopping frequency and laser power, can be 
controlled to get the desired performance. The 
irradiation of the sample with 110 mW laser light 
brings down the threshold voltage by about 35 % 
compared to the dark level. Further, switching in 
this sample can be done repeatedly (more than 
10,000 cycles) using chopped light, while 
keeping the sample under constant voltage. The 
present results open up new horizons for 
chalcogenide non-volatile memory applications. 
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