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Phase transitions from the amorphous to crystalline states, and vice versa, of GST(GeSbTe)
and AST(AsSbTe) thin films by applying electrical pulses have been studied. These materials
can be used as nonvolatile memory devices. The thickness of ternary chalcogenide thin films
is approximately 100 nm. Upper and lower electrodes were made of Al. I-V characteristics
after impressing the variable pulses to GST and AST films. T(crystallization temperature) of
AST system is lower than that of the GST system, so that the current pulse width of

crystallization process can be decreased.
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1. INTRODUCTION

A phase-change memory array based on chalcogenide
1C-RAM) materials originally was reported by R.G. Neal,
J. L. Nelson and G. E. Moore in 1970[1]. Electrical
characteristics[2] of amorphous chalcogenide semicon-
Juctor thin film, and the on-off switch characteristics[3]
1ave been studied. Improvements in phase-change
naterials technology subsequently paved the way for the
levelopment of rewritable CD and DVD optical memory
lisks[4]. These advances, coupled with significant
echnology scaling and better understanding of the
‘undamental electrical device operation, have motivated
he development of chalcogenide based memory tech-
10logy at the present day technology node[5,6]. C-RAM
s nonvolatile devices which used a small volume of
chalcogenide alloy material converted between low-
cesistance poly-crystalline and high resistance amor-
ohous structural phases by resistive heating with
srogramming current pulses[7]. Key advantages of C-
RAM nonvolatile technology are: write/read performance,
endurance, low programming energy, process simplicity,
cost, and CMOS embeddability. The write/read perfor-
mance is comparable to DRAM[8]. The GeSbTe (GST)
system, which is one of the chalco-genide materials, has
been studied for phase-change random access memory
P-RAM or C-RAM), because of its fast crystallization
and good data storage lifetime characteristics[9]. One of
‘he most important problems is the high current pulse
required or the amorphization process. Because the

sample must be heated to its melting point (T,,) in this
process(amorphization). Ty, of the AsSbTe (AST) system,
which is also one of the chalcogenide materials, is lower
than that of the GeSbTe (GST) system. However, the
crystallization speed of the AST system is slow. In order
to get the materials of fast convert to polycrystalline in
this study, phase-change of Ge,Sb,Tes and As,Sb,Tes for
temperature and electric field is examined in chalco-
genide thin films.

2. EXPERIMENTS

Ge,Sb,Tes. and As;Sb,Tes bulk were prepared with
the same contributed reference[10,11]. The constituent
elements weighed in the appropriate ratio were sealed in
evacuated quartz ampoules, which were then placed in a
furnace and heated at 500, 700, and 1000 °C for 2, 2,
and 24 hours, respectively. Then the ampoules were
constantly stirred for 1 hour to achieve the complete
homo-genization of the constituents in the melt state and
quenched successively in air after water dipping. Films
of amorphous Ge,Sb;Tes and As;Sb,Tes were prepared
by thermal evaporation of the bulk at a deposition rate of
about 0.5 nm/s on glass of evaporated Al kept in vacuum
at 1x10~° Torr. The composition of the evaporation
source is used for the composition of the evaporated
films, although there might be slightly differences in the
composition between the evaporated films and the
starting bulk materials.
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The sample structure is shown schematically in Fig. 1.
The 100 nm thin film on Al-substrate was fabricated
with thermal vacuum evaporator. Al was used as both of
lower electrode and upper electrode[12]. T. was
confirmed by measuring the resistance with the varying
temperature on the hotplate. I-V characteristics were
measured with Hewlett Packard 4155 B semiconductor
parameter analyzer. It was experiment that impresses the
pulse before 0~1.2 V sweep with step 50 mV. The current
pulse has variable duration. The I-V characteristics with
sweep were obtained.

Al
electrode GeaSbhoTes
ASszzTe5
100nm
Al
r ] electrode

Fig. 1. Schematic illustration of fabricated the sample.

3. RESULTS AND DISCUSSION

When a liquid is cooled, one of two events may occur.
Either crystallization may take place at the melting point
Tw, or else the liquid will become ‘supercooled’ for
temperatures below T,,, becoming more viscous with
decreasing temperature, ultimately to form a glass.

VOLUME : V

T Te Tn Ta
)

TEMPERATURE : T

Fig. 2. Schematic illustration of the change in volume
with temperature.

The crystallization is processed by an abrupt change in
volume at T,,, whereas glass structure was formed by a
gradual break in slope. The region over which the change
of slope occurs is termed the °‘glass-transition tem-
perature’ To[13].

Once the chalcogenide material is heated over the T,
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it is melted into a liquid. Subsequently rapid cooling of
the material to below its T, causes the chalcogenide to be
amorphous phase. We have experiment with electric
method to convert thermal energy to electric field{14]. It
is possible to obtain vitreous/polycrystalline transition
resistance ratio which is greater than 100.
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Fig. 3. Resistance change curve with temperature
(GCszzTe5).

Figure 3 shows the resistance change with temperature
(Ge,Sb,Tes), which is changed from room-temperature
to 200 °C and gradual cooling to the room-temperature
after the sample was kept for 1 hour at 200 °C.

Figure 3 shows considerable transition of resistance
after heating. The sample has 5.6 MQ before heating,
and 219 Q after heating process. Large resistance
reduction is owing to crystallization of the sample. Also,
Fig. 4 shows the similar result to the Fig. 3. Temperature
is changed from room-temperature to 133 °C and gradual
cooling to room-temperature. The sample has 12 MQ
before heating, and 2 KQ after heating process. In results
Figs. 3 and 4 shows the phase-change from amorphous
state to crystalline state.
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Fig. 4. Resistance change curve with temperature
(Gezssze5).
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Fig. 5. Resistance change curve with temperature
(GCQszTC5).

On the other hand, Fig. 5 shows reversible change of
the resistance with temperature, which is changed from
room-temperature to 127 °C and gradually cooling to
the room-temperature. When temperature was cooled
gradually down, resistance increased with temperature.
High resistance state (amorphous state) remained after
temperature down to room-temperature. Result of
reversible change shows that heating temperature of the
sample did not approach to T, (crystallization tem-
perature).

Figure 4 and Fig. 5 show the T. is placed as approxi-
mately from 127 C to 133 C.

Figure 6 shows the reversible change of the resistance
with temperature (As;Sb,Tes), which is changed from
room-temperature to 78 ‘C and gradually cooling to the
room-temperature.

Figures 7 and 8 show log ¢ (conductivity) vs 1/T plot
of Ge,Sb,Tes and As;SboTes films, where the heating
rate was 2.5 K/min. T, was easily determined as the
temperature at which the conductance suddenly increased.
GST and AST films have T. of 404 and 351 K,
respectively.

Figures 9 and 10 show I-V characteristics curve 0~1.2
V after impressing pulses which have variable duration
and 5 V height.
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Fig. 6. Resistance change curve with temperature
(As,Sb,Tes).
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Fig. 8. Temperature dependence of conductivity of the
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When impressed the pulse to resistance change from
amorphous to polycrystalline GST and AST are 50 mA,
500 us and 500 uA, 1 ms, respectively. The range of Vy,
(threshold voltage) was typically 0.6 V~1 V(Vy GST ;
092V, AST ; 0.68 V)

T. of AST system is lower than that of the GST system
so that the current pulse width of crystallization process
can be decreased.
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Fig. 9. I-V characteristic curve (Ge,;Sb,Tes).
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Fig. 10. I-V characteristic curve (As;Sb;Tes).

4. CONCLUSIONS

One of the most important problems for C-RAM is
that a large current is required for write/erase operation.
Particularly, the current for the reset operation is large,
because the memory cell must be heated to a temperature
higher than T, in this operation. The use of chalcogenide
glass with low T, is the answer to the above problem.

In this paper, we have investigated the phase change
of amorphous chalcogenide thin film with temperature
and voltage. T, is confirmed by using a hotplate for
heating the sample, and transition resistance by
impressing the current pulse with variable height and
duration. Vy, was typically 0.6 V~1 V (V,, GST ; 092V,
AST ;0.68 V)

T.of AST system is lower than that of the GST system,
so that the current pulse width of crystallization process
can be decreased.

After this, we should study to find the factor of
reversible convert vitreous and crystalline, and find the
pulse characteristics for transition resistance.
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