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We have been investigated phase-change with temperature and electric field in chalcogenide
Ge,Sb,Tes thin film. T (crystallization temperature) is confirmed by measuring the resistance
with the varying temperature on the hotplate. We have measured I-V characteristics with
Ge,Sb,Te; chalcogenide thin film. It is compared with I-V characteristics after impress the
variable pulse. The pulse has variable height and duration.
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1. INTRODUCTION

A phase-change memory array Dbased on
chalcogenide(C-RAM) materials originally was reported
by R.G. Neal, D.L. Nelson and Gordon E. Moore in
1970[1].

It have been studied that electrical characteristics[2] of
amorphous chalcogenide semiconductor thin film, and
the on-off switch characteristics{3] were active.
Improvements in phase-change materials technology
subsequently paved the way for the development of
rewritable CD and DVD optical memory disks[4]. These
advances, coupled with significant technology scaling
and better understanding of the fundamental electrical
device operation, have motivated the development of
chalcogenide based memory technology at the present
day technology node[5,6].

C-RAM is nonvolatile used a small volume of
chalcogenide alloy material converted between low-
resistance  poly-crystalline and high resistance
amorphous structural phases by resistive heating with
programming 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 performance is
comparable to DRAM]S].

It is widely studied the optical memory device
material[9], which Te based chalcogenide material is
easily to be vitreous by high speed quenching. It is
known to difficult that material is occurred to convert

polycrystalline. That means is not stable state but slowly
convert to polycrystalline. Therefore the research of
increase of crystallization speed for decrease of rewrite
speed is actively progressed.

The purpose of study is gets the materials of fast
convert to polycrystalline. This study is research about
phase-change Ge,Sb,Tes with temperature and electric
field in chalcogenide thin film.

2. EXPERIMENT

We prepared Ge,Sb-Tes bulk as same as 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 every 1
hour to achieve the complete homogenization of the
constituents in the melt and quenched successively in air
after water. Films of amorphous Ge,>Sb.Tes were
prepared by thermal evaporation of the bulk at a
deposition rate of about 5A/s on ITO glass kept in
vacuum at 1x10 ° Torr.

The sample structure is shown schematically in Fig. 1.
We fabricate 1000A thin film on ITO-substrate with
thermal vacuum evaporator. We used ITO as lower
electrode and Al upper electrode[12].

T. is confirmed by measuring the resistance with the
varying temperature on the hotplate. I-V characteristics




The Study of Phase-change with Temperature and Electric field in Chalcogenide Thin Film : Hong-Bay Chung et al. 25

were measured with Hewlett Packard 4155B
semiconductor parameter analyzer. It is experiment that
impress the pulse before 0V~10V sweep. The pulse has
varieble duration. We would to know the I-V
characteristics with sweep.

Al
electrode
GezSboTes
1000A
ITO
| I electrode

I'ig. 1. Schematic illustration of fabricated the sample.

3. RESULTS AND DISCUSSION

When a liquid is cooled, one of two events may occur.
Lither crystallization may take place at the melting point
"m or else the liquid will become ‘supercooled’ for
tzmreratures below Ty, becoming more viscous with
( ecreasing temperature, and may ultimately form a glass.

VOLUME :V

TEMPERATURE : T

Fig. 2. Schematic illustration of the change in volume
1/ith temperature.

Tte crystallization process is manifested by an abrupt
change in volume at T,, whereas glass formation
characterized by a gradual break in slope. The region
cver which the change of slope occurs is termed the
‘ zlass-transition temperature” T,[13].

Once the chalcogenide material heat over the T,, it
Ises all structure; rapid cooling of the material to below
i's T, causes the chalcogenide to be locked into its
amorphous phase.

We have experiment with electric method to convert
thermal energy to electric field[14]. It is a principle
nonvolatile used chalcogenide alloy material converted

between low-resistance poly-crystalline and higl
resistance amorphous structural phases with heating. It it
possible to notice vitreous/polycrystalline transitior
resistance ratio of greater than 100.
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Fig. 3. Resistance change curve with temperature.

Figure 3 shows the resistance change with temperature,
which is changed from room-temperature to 200°C anc
gradual cooling to the room-temperature after keep 1
hour at 200C. Fig. 3 shows considerable transition of
resistance after heating. The sample has 5.6MQ before
heating, and 219Q after heating process. Large resistance
reduction is owing to crystallization of the sample. Also.
Fig. 4 shows the same result which is shown in Fig. 3.
Temperature is changed from room-temperature tc
133C and gradual cooling to room-temperature. The
sample has 12MQ before heating, and 2KQ after heating
process. In result, Fig. 3 and 4 shows the phase-change
from amorphous state to crystalline state.
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Fig. 4. Resistance change curve with temperature.

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 gradually down.
resistance is increased with temperature. High resistance
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state(amorphous state) is remained after temperature
down to room-temperature. Result of reversible change
shows that heating temperature of the sample did not
approach at T..

Figure 4 and Fig. 5 show the T, is placed as
approximately from 127C to 133C.
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Fig. 5. Resistance change curve with temperature
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Fig. 6. I-V characteristic curve with 0V~10V sweep

Figure 6 shows I-V characteristic in Ge-Sb,Tes. The
condition is OV~10V sweep before impress pulse. It is
decided that current limit 10mA to protect the sample.
We get the Vy, between 4V~5V. . For resistance change
of the sample, it is required a voltage greater than Vy,.
Vi is chosen to be 5V for height of impress pulse. Vi, is
important factor occurred to the phase-change of the
sample. If it has enough to heat for phase-change in a
Ge,>Sb.Tes chalcogenide alloy, sample was converted
from amorphous to polycrystalline.

Figure 7 shows [-V characteristics curve 0V~10V
sweep after impress pulse has variable duration and 5V
height. Vy, increase gradually as pulse duration comes to
be long. At low voltage, the sample exhibits high
resistance. Sufficient voltage Vy, is applied to drive the
sample into a memory state. It is occurred I-V
characteristics curve that operated heat for the Ge;Sb,Tes
thin film.
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Fig. 7. OV~10V sweep after 5V height with variable
duration
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Fig. 8. OV~10V sweep after 10V height with variable
duration

Figure 8 shows I-V characteristics curve 0V~10V
after impress pulse has variable duration and 10V height.
The result is similar as Fig. 7 shown. But Vy, is increased,
as pulse height 10V than 5V. I-V curve has more stable
line. At low voltage, the sample exhibits high resistance.
At voltage over Vy, it has sufficient voltage applied to
drive the sample into a memory state as shown in the Fig.

8.

4. CONCLUSION

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 impress
the pulse with variable height and duration. Vy, increase
gradually as pulse duration comes to be long. Both of
before impressed pulse for voltage and impressed the
pulse has not transition of electrically resistance. But we
are found that Ge,Sb,Tes chalcogenide alloy has
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cifferent Vy,, which is increased with impressing the
tong duration pulse for voltage. It will be possible that
the phase-change of chalcogenide thin film by electrical
pulse is the element of C-RAM application.

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