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Phase change memory which has been responsible for rewriteable optical disks and widely regarded as the electronic successor to the
standard FLASH memory in the form of PCRAM, has a great deal of advantages, including high speed and cycling endurance and physical
scaling. However, most forms of PCRAM make use of the germanium antimony telluride alloy, which has issues with high current
consumption and poor thermal stability, as a consequence the technology finds itself hitting a road block in terms of the operational
scalability and integration with standard CMOS. In this investigation highly scaled nanowire PCRAM cells from a wider range of
Chalcogenide alloys are investigated for low current consumption high density applications.

The work reported here involves the fabrication of nanowire memory
cells using a wide range of fundamentally different chalcogenide alloys,
going beyond the standard GST family and investigating the limits of
scalability and thermal stability as well as current consumption of
memory cells from different alloys in comparison with GST. In
particular we are exploring chalcogenides with characteristic
temperatures such that the onset of crystallisation lies several
hundreds of degrees higher than GST.
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For the Ga:La:S family of glasses, that offer vastly
higher thermal stability and lower current
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was deposited by Physical vapour deposition and

Sources

Y position

SCALABILITY

Current (A)

Phase change nanowire memory cells on the order of 15 375nm in dimension have been fabricated using lanthanum
sulphide (GLS), germanium antimony (GeSb) as well as the
conventional germanium antimony telluride (GST) as a standard
to compare the more novel phase change materials against
(Figure C). The GLS and GST family of glasses were deposited
by sputtering and physical vapour deposition (Figure B) whilst
the Ge:Sb family of materials were deposited by chemical
vapour deposition. memory cells were created using a
combination of electron beam and photolithography and ion
beam milling. To observe the effect of scaling on each type and
size of memory cells a series of scalability studies were
conducted (Figures H and D) with conjoined numerical
modelling of the
structures (Figure E).
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and all compositions on the phase diagram were screened
using high throughput techniques and nanowire memory
cells were fabricated across all compositions given in Figure
A, giving us the ability to investigate the change threshold
voltage, set currents as well as other relevant parameters
for phase change memory across the full compositional
range (Figure F) identifying the compositions with the best
attributes for PCRAM.

Figure : Physical Vapour
deposition system

F)
Schematic of the prototype memory
cell, based on a lateral design, showing in the inset
canning electron and optical microscopy of the chalcogenide (Ga:La:S or Ge:Sb:Te) nanowires capped with silica.
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SET Voltage as a function of cell area for Ga:La:S and Ge:Sb:Te phase change test devices. The SET
Voltage was determined from the point on the IV curve at which the current increased significantly indicated a transition from glass to crystalline phase. RESET current as a function of cell area for Ga:La:S and
Thermal stability of Ga:La:S family of glasses compared with the GeSb and
Ge:Sb:Te phase change test devices. The RESET current was determined from the point on the IV curve at which
Ge:Sb:Te alloys, exhibiting characteristics several hundred degrees higher
the current flow descreased significantly indicated a transition from the crystalline to glass phase. A line of best fit
than th the Ge:Sb:Te alloy.
was determined through a least squares fit to all experimental cells measured apart which showed switching behavior.

THERMAL STABILITY
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To assess device performance at elevated temperatures, a series of device based studies have been conducted with the
most promising alloys . Ga:La:S glasses for example exhibit characteristic thermal properties over 300oC higher than
Ge:Sb:Te alloys. Figure G left shows a typical measurement in which the threshold voltage as a function of temperature
is plotted for both a Ga:La:S and Ge:Sb:Te (GST) device. For the GST device, functionality (loss of threshold switching)
occurred at approximately 160oC whereas for this example, repeatable threshold switching continued to several
hundred degrees higher with the Ga:La:S device. Although this data only indicates enhanced temperature operation in
a prototype device rather than real world application, it does clearly indicate that significant difference in temperature
stability can be achieved through exploring compositional modification.

CONCLUSIONS
Phase change nanowire memory cells have been fabricated and characterised
using three family of alloys. The Ga:La:S based devices outperformed Ge:Sb:Te
on a number of parameters tested including thermal stability. Subsequently the
full ternary of the Ga:La:S family was deposited through PVD and characterised
to obtain the best composition for PCRAM using a high throughput technique.
The limits of scalability and thermal stability was also tested through fabricating
a range of nanowire cells with different sizes and its effect on key memory
parameters across the different alloys.
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