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Nonvolatile Memory Based on Phase Transition in Chalcogenide Thin Film
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Electrically erasable nonvolatile memories based on the reversible amorphous- crystalline
phase transition in As-Sb-Te films were studied. The pulse current for the phase transition
could be reduced by increasing the width of the pulse. When the current pulse for the
transiton from the crystalline to the amorphous state was small, the deterioration of
high resistive amorphous state proceeded with the repetition of the phase transitions.
The deterioration occurred due to the accumulation of segregated crystallites. In the
appropriate set- and reset-conditions, more than 10° repetition cycles of write/erase were

attained.

1. Introduction

The phase transition between the amorphous
and crystalline state in chalcogenide semiconductor
films can be controlled by electric pulses or pulsed
laser beam,'™ so chalcogenide semiconductor films
would be applied to electrically erasable nonvolatile
memories, where the high resistive amorphous states
and low resistive crystalline states are assigned to bi-
nary states.

Tellurium based alloys are favorable materials
for such nonvolatile memories using reversible phase
transitions, since their melting and crystallization
temperatures can be set up by controlling the com-
position so as to crystallize and amorphize in ap-
propriate temperature cycles.5~") In this study, we
examined the possiblity of the nonvolatile memory
device based on reversible phase transitions in As-
Sb-Te ternary systems.

2. Sample Preparation and Experiments

As;SbyTe, bulks were prepared from the melt
of the mixtures of high purity (99.999 %) As, Sb
and Te where the ranges of x, y and z are 40>x>0,
40>y>0 and 80>z>60 respectively, but z=100 - x
- y. Thin As,Sb,Te, films, which were prepared by
the flash-evaporation of As,Sb,Te, powders, were
sandwiched between the upper and lower electrodes
as shown in Fig.1. There might be a slight differnce
in the composition of the prepared thin film from
the starting bulk material. The active region of the
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memory devices was limited to the opening of 10um
in the polyimid film defined by photolithography. Ni
films as the lower electrode were deposited on glass
substrates. The upper electrode consisted of Sb and
Al double layers.

As,Sb,Te, powders, as the evaporation source
were prepared in Ny ambient to avoid oxidation. The
thickness of evaporated As,Sb,Te, films was fixed to
about 20004 , and the thickness of polyimid films,
which separate the upper electrode from the lower
electrode, was about lum.

The phase transition between the high resistive
amorphous state and the low resistive crystalline
state was caused by the set-pulse and the reset-
pulse, which were fed through the micro-computer
controlled circuits. In the set operation, a current
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Fig.1 Cross sectional view of a memory cell.



limiting resistance (> 1kf)) was connected to the
memory cell to limit the current after the switch-
ing, while in the reset operation a current limiting
resistance was removed. The resistance of memory
device was monitored using the reading pulse after
every set and reset operation. The height and width
of the set- and reset-pulse were varied to study the
conditions causing the phase transition and the phe-
nomena induced by electric pulses.

3. Results and Discussion
Typical waveforms for the reversible phase

The crystallized filament could be brought back to
the amorphous state by the reset-pulse which heated
up the filament above the melting point. In this
case, the high cooling rate was, however, necessary
to quench the melt, so the wide reset-pulse could
not cause the transition back to amorphous states
as shown in Fig.3 (b).

Figure 4 shows the variation of resistance of
both amorphous and crystalline states caused by the
set- and the reset-pulses. The stability of resistance
of the amorphous state strongly depended on the
reset current. The number of the repetition cycle
of the phase transition increased with increasing the

transtion are shown in Fig.2. When the voltage
across As,Sb,Te, films exceeded Vr, the memory
cells switched into low resistance states due to the
formation of a high conductive filament. The thresh-
old field for the switching was typically of the order
of 10% V/cm.

The high conductive filament crystallized when
the temperature in the conductive filament ex-
ceeded the crystallization temperature of amorphous
As;Sb,Te, film, so the holding time to crystallize a
high conductive filament varied with the intensity
of the current of the set-pulse as shown in Fig.3 (a).
The set operation could be made with the set-pulse
lower than 5 V.

The diameter of the crystallized filament was
estimated to be about 1 pm from its conductance.
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Fig.2 Voltage and current waveforms of the set-

and the reset-pulses. (a)Voltage waveform of the ap-
plied pulses. (b)Voltage across the cell. (c)Current
flowing through the cell.
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Fig.3 The relation of the current and width of the

pulses causing the set and the reset operations in the

memory cell of AsyoSbygTero.(a) set operaiton. (b)

reset operation.
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Fig.4 Variation of the resistance of crystalline and
amorphous states with the repetition cycle of the
phase transition in the memory cell of AszgSbigTero.
The width of the reset pulse was 0.3 psec. (a) Lreser=
4.8 mA. (b) Iyeset= 44 mA.

reset current up to 40 mA as shown in Fig.5. More
than 10% repetition cycles of the phase transition
were attained with the reset pulse with more than
40 mA.

When the reset current was small, the deteri-
oration, which is the drop of the resistance of amor-
phous states, occurred in a small number of the repe-
tition cycle of the transition, and the phase transtion
at last came to & halt. Those deteriorated cells, how-
ever, could be resurrected many times by applying
larger current reset-pulse. In fact, the original amor-
phous state with high resistivity was restored, and
the set- and reset-operation again became possible.

From these result, the deterioration of mem-
ory device is considered to be caused by the gradual
segregation of crystallites in and outside the fila-
ment. To avoid this, memory materials should have
those compositions which generate the crystalline
phases of low melting point. From this point of
view, the As,Sb,Te, film with 15>x>10, 10>y>5
and 80>z>70 are fairly satisfying materials.

The reduction of the cell size down to the scale
of the fillament formed by the switching event would
be also effective to avoid the accumulation of crys-
tallites. This must be effective for lowering the reset
current. The suppression of heat flow through the
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Fig.5 Maximun repetition cycles of the phase tran-
sition as a function of the reset current. The width

of the reset pulse was fixed to 0.3 usec.

metal electrodes would be useful to some extent for
the reduction of the reset current.

4. Conclusion

In the As,Sb,Te, films, the repetition cycle of
the phase transition was attained to a value more
than 10°. The deterioration of memory cells is due
to the accumulation of segregated crystallites dur-
ing transition processes. The stability of the set and
the reset operation may be achieved by the reduc-
tion of the cell size and the improvement of the cell
structures.
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