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Electrical memory elements based on Ge-Sb-Te pure and doped by Sn-Se have been obtained by pulsed laser deposition 
on special substrates covered by gold as well as on common glass. A set of electrical memory elements in a 4x4 matrix 
structure on the glass substrate has been produced. Devices with 3 and 10 memory elements have been constructed and 
tested for their memory properties. The special features of the voltage-current characteristics have been revealed. 
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1. Introduction  
 
The conventional computer and semiconductor 

industries today face both economical/technical problems 
and have become cyclical industries. The prospects for 
future growth and higher margins need fundamental 
scientific and technological advancements. 

Soon after starting in the mid – 1950s of an 
unexpected field of amorphous and disordered materials, 
wherein the constraints of the crystalline lattice were lifted 
so that new degrees of freedom for the atomic design of 
synthetic materials were made possible. Ovshinsky 
announced amorphous semiconductor switching and 
memory effect “Ovonic” in 1968 [1]. This opened a new 
research area in so-called recording of information by 
phase change effect.  

Now phase change rewritable optical disc technology 
has become the main stream of the optical disc world as 
demonstrated by rewritable compact discs (CD) and digital 
versatile discs (DVD), which are based upon it [2]. 

Flash memory cards are popular for mobile electronic 
products, such as digital cards, mobile computers and 
mobile phones. The ovonic phase-change materials are 
leading candidates for mobile electronic products, such as 
digital cameras, mobile computers and mobile phones. The 
Ovshinsky Unified Memory (OUM) is a good candidate of 
replacing all the electrical memories such as the volatile 
memories of DRAM and SRAM.   

Phase-change chalcogenide materials have been 
reported by Feinleib et al. in 1971 [3]. Many chalcogenide 
systems have been studied [4] and recent papers published 
in many journals including Journal of Non-Crystalline 
Solids, Chalcogenide Letters, Journal of Ovonic Research 
and J. Optoelectron. Adv. Mater. show the many-sided 
investigation of these materials of large importance from 
the theoretical and practical points of view [5-45]. Papers 
on phase change materials with special emphasis on Ge-
Sb-Te system have been published in huge amount [46-
59]. A review on the evolution of the chalcogenide field of 
research can be found in [45]. 

In this paper we report the results on thin film phase 
change memory elements and memory systems based on 
pure Ge-Sb-Te amorphous material, as well as on Sn-Se 
doped Ge-Sb-Te. Compact devices of three and ten 
elements have been built and characterized for its memory 
properties. 

 
 
2. Experimental 
 
 Materials 
 
Chalcogenide materials are distinguished from other 

alloys by their electronic structure wherein the structural 
integrity of the material is provided by the strong p-
electron bonding orbitals, but the remaining lone-pair p-
orbitals are either spin-up and spin-down configurations or 
have some weakly-bonded configurations based upon p-
orbital interactions. Most chalcogenide alloys behave as 
intrinsic semiconductors with the Fermi level pinned at 
midgap. These materials can sustain a high electric field, 
exciting the lone-pairs which, then, because the material 
exhibits differential negative conductivity, permit a 
conduction plasma filament of electrons and holes to be 
formed. This filament expands and contracts in diameter in 
order to maintain a constant current density. The contacts 
to these chalcogenide devices are ohmic and the presence 
of a high electric field initiates current injection from the 
contacts. The electron-hole “plasma” which results from 
current injection in the two-terminal device, electrically 
short-circuits its contacts, resulting in very little voltage 
drops across them. The switching of the ovonic threshold 
switch goes from a highly resistive (amorphous) state to a 
metallic-like conducting (crystalline) state, at room 
temperature and  is very fast.  

Adding Sb to the GeTe binary system will transform it 
into a nonstoichiometric material and this greatly increases 
the compositional range over which rapid crystallization 
can be achieved [60].     
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Fig. 1 Disc-shaped samples used as targets for pulsed 
laser  deposition  (a,b)   and  electron  micrograph  of the  
                   surface of the bulk samples (c. d). 
                   a – L1; b – L2; c – L1; d – L2 
 
We have prepared two bulk compositions 

GeSb2Te2Bi1.3 (L1) and GeSb2Te4Sn0.1Se0.2 (L2). The 
contribution of each element was calculated in mass 
percents and the corresponding quantities of high purity 
elements were introduced in glass ampoules. The 
ampoules were evacuated and sealed. Finally the ampoules 
were heated at the temperature of 1050oC. The cooling of 
the ampoules was made in air. The ingots were cut by a 
wire-saw method as disc-shaped pieces with 1 cm 
diameter and 2-3 mm width (Fig. 1a, b). 

The obtained discs were used as targets for pulsed 
laser deposition in the system shown in Fig. 2. 

 

 
 

Fig. 2  System for pulsed laser deposition of memory films. 
(excimer laserKrF* λ= 248 nm, and τFWHM~7-9 ns) 

 
 

Thin films of L1 and L2 composition have been 
prepared by pulsed laser deposition. The deposition 
chamber was evacuated down to a residual gas pressure 
below 10-4 Pa. 

 
 Devices   
 
Special devices made either of ten electrodes or three 

electrodes embedded in insulating ceramics and mounted 
on a gold covered substrate (see fig. 3 a,b) have been built.  

In these cases the thin films memory cells defined by 
electrode wires and metallic support operated between the 
contacts on a rather large distance (0.6 mm). 

 

 
a 
 

 
b 
 

Fig. 3 Memory chip with  a) ten cells and b) three cells 
integrated on special supports covered by gold. 
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Fig. 4 Complex memory device with 10 cells and 
possibility  to  trigger  simultaneous  all  the  cells   or  to  
                          achieve steps of memory. 
 
 
A second version of the device consisted in substrates 

as in Fig. 3a covered by thin films of phase-change 
material (L1). Two such identical configurations have 
been mounted one over the other, so as the electrode 
contacts be in touch. This device operates between 
electrodes through the double film of phase-change 
materials deposited on the top of the electrodes. In this 
case the thickness of the active phase-change layer 
between electrodes was ~ 2 micrometers (Fig. 4). 

One important advantage of the configurations with 
several memory cells is the possibility to use the switching 
between two electrodes triggered by any other electrode in 
neighbouring cells. As a function of the cell properties and 
voltage strength one can trigger one or another cell, thus 
making possible a complex device with special 
functionalities.   

 
 

 
 

Fig. 5. A  device that defines a lattice of 16 memory cells. 
 
Another configuration was made from the 

chalcogenide material sandwiched between two groups of 
gold electrodes oriented perpendicularly one to another 
(Fig. 5). 

2. Results 
 

The X-ray diffraction pattern of chalcogenide films 
deposited on a silicon wafer shows an amorphous structure 
(Fig. 6). The diffraction lines are due to crystalline silicon. 
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Fig. 6  X-ray diffraction pattern of the as deposited film. 
 
 
The electron micrographs of the surface of pulsed 

laser deposited amorphous chalcogenide film are presented        
in Fig. 7, 8. Special droplets, characteristic to PLD 
method, of diameter 1-10 μm, do appear. No significant 
differences between the undoped and doped material 
might be seen on the micrographs (Fig 8 a, b). 

 
 

 
 

Fig. 7  SEM picture of the as deposited film (l1). 
 
 
 

Both types of devices made with three memory cells 
and, respectively, ten memory cells have been tested for 
the switching properties. 

The results are shown in Figs. 9 and 10 for two typical 
memory cells (three electrode cell). The threshold voltage 
is 3.3-4 V for the ten electrode cell. The current raises up 
to 12 mA. The threshold voltage is 22 V for the                    
3 electrode device (Fig. 3b) and the current raises up to 
11.5 mA.  
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Fig. 8. Surface morphology of pulsed laser deposited 
films of L1 (a) and L2 (b) memory material. 
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Fig.  9. The I-V characteristics of a memory cell (L1) in 

three memory cells device shown in Fig. 3b. 
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Fig. 10. The cycles that describes the switching of two 
different  memory  cell  (L1) defined  by  the  device 

shown in Fig. 4. 
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Fig. 11.  Shape of the characteristic cycle of the memory 
device (based on L2 composition) built as in Fig. 4. 
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The special configuration shown in Fig. 4 with double 
memory layer sandwiched between metallic contacts gives 
rise to different switching characteristics with asymmetric 
loops (Fig. 11).  
 
 

3. Conclusions 
 
We have successfully prepared and operated phase 

change materials based on Ge-Sb-Te and                          
Ge-Sb-Te-Sn-Se compositions. Devices based on a system 
of three and ten memory cells have been built. A special 
planar configuration with 4 × 4 cells has been achieved. 
The cycling of every memory cell demonstrates the 
possibility to get good memory devices by simply 
deposition by pulsed laser of phase-change chalcogenide 
material. Further research to use these memories in 
electronic systems is planned. 
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