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Abstract: Germanium telluride (GeTe) is a phase change material that undergoes an amorphous to crystalline transition upon heating
to ~ 200°C. This transition is reversible in nature and results in ~ six orders of magnitude difference in GeTe resistivity which makes it
a suitable candidate for data storage and other functional devices. In this work, micro-size phase change test cells were fabricated by RF
sputtering GeTe thin films onto silicon (Si) wafers and Si wafers coated with silicon dioxide (SiO,), silicon nitride (Si3Ny4), and alumina
(AL)O») films. Two different heating methods, conductive and electrical (i.e., Joule heating), were applied to induce the phase transition
mechanism in the GeTe cells. The phase change, obtained from two different heating methods, was investigated using spectroscopic
ellipsometry, thermal, electrical and radio-frequency methods. It was observed in ellipsometry that the extinction coefficient, hence the
absorption coefficients of GeTe cells increases with amorphous to crystalline phase change. Furthermore, an optical contrast
of An + 1Ak =-0.858 +11.056 was also recorded suggesting a sharp transition between phases. In addition, a growth dominated
crystallization and fracturing of conductive crystallites when deposited on Al,O; was noticed in the thermal experiments. A
current-voltage (I-V) characteristic, similar to a memory-type device, was observed during the electronic experiments. Finally, radio
frequency (RF) measurements were performed on GeTe cells to investigate the capability of being utilized as improved RF switches.
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in reflectivity which has been exploited in CDs, DVDs,

1. Introduction : .
and Blu-ray discs. In such applications, laser pulses are

Chalcogenide-based phase change materials (PCM)
have been used in optical such as CD/DVD and digital
memory applications since their discovery [1-3]. The
amorphous and crystalline phases of a PCM material
different band

significant distinction

possess structures resulting in

in optical and electrical
properties [1-3]. Germanium telluride (GeTe) one of
the most promising PCM material shows amorphous to
crystalline phase transition at T~180°C [4]. Associated

with temperature induced crystallization is an increase
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used to supply heat for initiating the phase transition.
Similarly, six orders of magnitude difference between
amorphous and crystalline phase resistivity of GeTe
has been reported [4]. Such large and sharp resistivity
difference results in intrinsic binary states (i.e. “1” and
“0” or “ON” and “OFF” states) which can be utilized in
digital storage applications if a fast method for
crystallization and re-amorphizing 1is known.
Furthermore, very small (near metal-like) resistivity of
crystalline GeTe can be used in fabrication of high
performance RF switches and related technologies [5,
6]. However, phase transition required for memory and
RF applications cannot be achieved by laser heating

due to complicated device structures and need of large
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scale uniform heating. Therefore, researchers and
scientists have refocused on other heating methods so
that large resistance contrast can be achieved.

One such method is heating the PCM device using
voltage pulses of sufficient energy. Under the influence
of voltage pulsing, PCM device temperature goes
beyond the glass transition point and starts the
crystallization [7]. In the beginning of crystallization
process only small nuclei form but their coalescence
with each others at higher temperature completes the
transition. Depending on the PCM, such phase
transition can be either growth-dominated where the
crystallites grow at the interfaces of the material or
nucleation-dominated materials where crystallization
begins primarily in the inner bulk of the material [7].
Therefore, voltage pulse with different parameters are
required to induce phase transition in different
materials. For GeTe thin films, a longer duration
current pulse to heat the amorphous phase material
above its crystallization temperature to induce
recrystallization, whereas a higher magnitude current
pulse with shorter duration can bring the material back
to amorphous phase after melting and quenching
process

In comparison of amorphous phase (a-GeTe), more
research has been done on the crystalline phase GeTe
(c-GeTe) which explains many interesting properties
found in the literature [8-10]. For example, p-type
conductivity in “as-grown” GeTe films is attributed to
the presence of Ge vacancies contributing two holes to
the valence band. Furthermore, low formation energy
of these vacancies is responsible for nanosecond
switching time and reversible phase change in the
whole volume. On the other hand, the less studied
a-GeTe shows complex conductivity (or resistivity)
behavior. From the initial highly resistive state,
conductivity increases linearly until a threshold point is

reached, when the conductivity increases exponentially.

This threshold switching is critical for amorphous
(highly resistive) PCM as it reduces the current
required to heat the PCM cell to its crystalline state

[11]. This low power consumption is a major concern
for battery-powered RAM in the future.

This paper demonstrates GeTe thin films in phase
change random access memory (PCRAM) and RF
of different

and dimensions were designed and

switch applications. GeTe devices
geometries
fabricated on various supporting substrates using
standard UV-photolithography. The optical response of
these devices was investigated using spectroscopic
ellipsometry. In thermal measurements, substrate
dependent volatile and nonvolatile change in resistance
a PCRAM type

current-voltage behavior was recorded for GeTe cells

were recorded. Furthermore,

which confirms their use in memory applications.
Finally, a radio frequency (RF) characterization of
GeTe switches was done using a two-port switch
architecture. It was discovered that the intrinsic ON
and OFF properties in the crystalline and amorphous
material phases make GeTe an excellent candidate for

RF switching applications.

2. Device Fabrication and Characterization
M ethods

2.1 Fabrication

In this work, standard photolithography processes
were used to fabricate micro-size GeTe phase change
cells on different substrates, (e.g., silicon (100),
Si0,/c-Si, Si3N4/c-Si and ¢c-Al,O3). The silicon dioxide
and silicon nitride substrates were prepared by
depositing 300 nm thick SiO, and 100 nm thick SizNy4
film on c-Si using thermal oxidation and plasma
deposition (PECVD),

respectively. The optical microscope images of

enhanced chemical vapor
as-fabricated devices are shown in Fig. 1(a-c). The
device shown in Figure 1(a) consists of a GeTe strip of
dimensions 10 um % 30 pm, while a longer GeTe strip
of width 10 um connects the metal contacts of device
viewed in Fig. 1(b). The RF switch structure is also
shown in Fig. 1(c). All the devices have two common
components, bi-metallic contact pads and a GeTe

bridge connecting the two contact pads. The GeTe
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connecting layer of thickness ~ 100 nm was deposited
by RF sputtering (300 W power, 10 mTorr growth
pressure with 20.1 sccm Ar flow) of a high purity GeTe
target for 2 minutes. It is noteworthy to mention that
GeTe deposition was done on room temperature
substrates to make sure its amorphous nature in as
On the other hand, metal contacts

(a)

grown films.

30 pm
J

consisting of 10 nm Ti and 100 nm Au were deposited
in high vacuum E-beam evaporation system. The Ti
layers known to improve the adhesion between gold
and substrate are crucial for good and stable electrical
contacts. A lift-off process using acetone was

performed to remove the extra material.

Fig. 1 Optical microscopeimage of (a) a PCM device consisting GeTestrip of dimensions 10 um x 30 um, (b) a smaller device
with 10 um width (used for |-V measurementson sapphiresubstrate) and (c) a RF resistor consisting of top and bottom ground

linesand a middle signal line.

2.2 Spectroscopic Ellipsometry

The amorphous and crystalline phase GeTe thin

films were first investigated by spectroscopic
ellipsometry (SE). The experimental SE data can be
expressed by two parameters A (phase shift between
incident and reflected light) and W (tan W tells about
amplitude change upon reflection). The fundamental
equation of ellipsometry correlates these two

parameters with total reflection coefficient R as [12],

(1)

W R
p=tanWel/t ==L
Rs

The interaction with sample surface decomposes the

[739% 1)

incident light into two components “p” and “s”, where
p- oscillates parallel to the plane of incidence light and
the s- oscillates parallel to the sample surface (or
perpendicular to the incident light). In literature, many
models have been applied on Eq. (1) to obtain
characteristic parameters of a material such as the
index of refraction n, the extinction coefficient k, and
the film thickness d. However, only two widely used
models, Tauc-Lorentz dispersion [13] and classical

[14], were used to explain the behavior of amorphous

and crystalline GeTe, respectively. The Tauc-Lorentz
dispersion model combines the Tauc joint density of
states with the Lorentz oscillator. Therefore, the
complex dielectric function, € = ¢, +ig;, can be
expressed as [13]
1 AEC(E-E,)?
E(EZ—OEEZ)2+CQZ)E2 E>E

g (E)=

0 E<E

g

e(E)=e += Pj 5‘9@ | dg

3)
where A is the peak strength, C the broadening term, Eg
the bandgap energy, and E, the position of the peak (all
in Eq. (2)). While, ¢, is the high frequency dielectric
constant and P the Cauchy principal part of the integral
of Eq. (3). On the other hand, the classical dispersion
model based on the sum of the single and double Lorentz

and Drude oscillators can be expressed by [14]

MERAL + Z
-G+ —a3+|1“m 0} a3+|7w

da)=¢.+
)

where the first term is the high frequency dielectric
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constant, second term is the Lorentz oscillator, third is
the Drude oscillator, and fourth term is for two extra
oscillators, if needed. The parameters describing the
real part of the dielectric function are &, (high
frequency dielectric constant) and &g (static dielectric
function). The difference &5 — &, represents the
strength of a single Lorentz oscillator. The parameters
describing the imaginary part of dielectric function are
ax (resonant frequency of a Lorentz oscillator), and /g
(damping factor of a Lorentz oscillator). At the end, the
important parameters from the fourth term are f
(oscillator strength), ar; (resonant peak energy of an
(broadening

oscillator),  and » parameter

corresponding to the peak energy of each oscillator).
2.3 Thermal Characterization

As mentioned in the introduction, when transitioning
phase using a laser only a small section of material
crystallizes (i.e., only the laser spot size area shows
phase transition upon exposure). Therefore, laser
heating is not the first choice for either memory or RF
switching applications. In contrast, conduction heating
uniformly increases the temperature of the whole sample
resulting in greatest change in the GeTe resistivity. In
this work, GeTe phase transition was demonstrated
using a customized setup which increased device
temperature through conduction. This measurement
setup consists of a probe station thermal chuck, a brass
platform, a ceramic plate, a thermocouple, a voltage
source meter, and digital multimeter. The devices were
sandwiched between brass (bottom) and ceramic (top).
This ceramic plate minimizes the air flow in proximity
of devices and reduces the heat dissipation. A
thermocouple was also mounted in the sandwich
structure for precise temperature measurement. This
whole setup was placed directly onto the thermal chuck.
The metal to metal (i.e., thermal chuck and brass)
contact conducted the heat faster. The temperature
dependent current-voltage behavior of GeTe devices
was measured using a digital multimeter and a source

meter.

2.4 Electrical Characterization

It is also suggested that short power pulses of large
enough magnitude can also induce reversible phase
transition in GeTe devices. A voltage pulse of long
enough duration sets the PCM material in ON states
(crystalline) and the rapid removal of pulse brings it
back to OFF (amorphous) state. Such pulse induced
ON and OFF states are useful in storing data in bit form.
Furthermore, voltage pulsing offers fast switching
action; typically, 10 ns from OFF to ON and ~ 5 ns
from ON to OFF state [15]. In this work, voltage
pulsing was done using a DC source and current (pulse

height) was measured using a digital multimeter.
2.5 RF Switching

The S parameters of GeTe devices were obtained in
the frequency range of 10 MHz to 20 GHz using a
two-port RF network. Such parameters can be defined
as [16]

v P sz} v
vV, A
2 S, Sy 2 )
where V;” terms are wave components traveling away
from the i™ port, and V;* terms are wave components
traveling towards the i™ port. Therefore,
\A \A
Vl* and S, = V2+

L v =0 1

S, =

;=0 (6)
where S is the reflection coefficient for port 1, and S,
is the insertion loss from port 1 to port 2. Due to
bi-directional network, S;; = ;. Therefore, the
experimental data of all the devices is presented in the
form of S;; and S only. In this work, RF testing of
GeTe switches was done using a high frequency

network analyzer.
3. Resultsand Discussion
3.1 Spectroscopic Ellipsometry

The SE measurements on amorphous (a-) and
crystalline (c-) GeTe cells were performed in the
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spectral range of 1.50-6.50 eV at intervals of 0.05 eV.
The index of refraction (n) and the extinction
coefficient (k) for a-GeTe and c-GeTe were extracted
using the Tauc-Lorentz and the Classical model,

lines in Fig. 2(a) and (b)] is a clear indicative of
increased absorption primarily in the infrared
wavelengths. The Lambert’s law of absorption gives a

relation between a with k:

respectively. The extracted n and k values are shown in

Fig. 2(a-d). The observed increase in k value upon k=—a and 1(z)=1,e"
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Fig. 2 (a) and (b) show index of refraction (n) and extinction coefficient (k) ver sus photon energy plots for amorphous and
crystalline GeTe thin films, respectively. Similarly, (c) and (d) represent real and imaginary parts of the complex dielectric
function for amor phous and crystallite GeTethin films, respectively.

where I, and I(2) represent the intensity of the incident
light at the surface and at the depth z inside the sample,
respectively. In c-GeTe, the largest k value (~ 5.4) was
recorded at 1.75 eV (709 nm) giving maximum value
of absorption coefficient o0 = 9.56x 10° cm™. With the
constant absorption coefficient, the
incident light reduces by a factor of 5.60x10” at 200
nm depth from its original value (at z = 0 nm).
Furthermore, Fig. 2 (a) and (b) also quantify the

intensity of

contrast for optical phase change media by using AN =
An + iAk , where An and Ak were obtained by
subtracting amorphous n and k values from the
corresponding crystalline phase values. The real and
imaginary parts of complex dielectric function of a-
and c-GeTe, respectively, are shown in Fig. 2(c) and
(d). A broad g peak was seen for a-GeTe which

corresponds to a smearing of electronic states (i.e.,

dielectric relaxation). However, the improvement in
crystallinity of the film decrease the electron scattering
and increase the free-electron density as shown in Fig.
2(d). These data are in good correspond to other FTIR
experiments where the broadband absorption increases
from amorphous to crystalline phases along the
infrared spectra. Additionally, the in-situ rate of
increase in absorption seems to proportionately follow
the rate of decrease in resistivity a monotonic
relationship with the largest change occurring at the

glass temperature.
3.2 Thermal Characterization

Semi-logarithmic R versus T plots of four different
GeTe devices are shown in Fig. 3(a-d). A nonvolatile
transition in which device resistance never come back
to its initial value was observed for GeTe films
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deposited on dielectric material (i.e., thermal SiO, and
Si3Ny4) coated c-Si substrates. Such permanent change
is shown in Fig. 3(a) and (b). However, a volatile phase
transition was recorded for GeTe deposited directly on
c-Si and Al,O5 substrates. The corresponding results
presented in Fig. 3(c) and (d) show that the device
resistance recovers back to its initial value. Here, all the
devices but GeTe/c-Si exhibit six orders of magnitude
change in resistance, GeTe/Al,O; samples have
greatest initial resistance (~ 10° ohms). Such behavior
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cannot be explained by the thin film stoichiometry or
interaction between the substrate and the thin films. A
much better approach is to consider heat induced phase
transition where heat transfer via conduction through
one material, g;, and through two materials, ¢, can be
defines as [17]
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Fig.3 Semi-logarithmicR versus'T’BTots of (a) GeETeon SiO./c-Si substrate, (b) GeT‘éﬁc;ﬁ'éi;hN;/Ac-nSi substrate, (c) GeTeon ¢c-Si
substrate, and (d) GeTe on Al,O; substrate. The top plots show a nonvolatile change in resistance indicative of permanent
crystallization; the bottom plots show a volatile transition (I nset show theresistance ver sustemperature data on linear scale).

where Ty is the high temperature, T, the low
temperature, d the thickness of the material, k the
thermal conductivity of the material, A the
cross-sectional area of heat conduction, and R; the

interfacial the two
di/k;
represents the thermal resistance R, for the ™ layer in

units of m’KW'. For dielectric coated substrates,

thermal resistance between

materials. the denominator

Here, terms

R0 can be defined as the sum of the two layers’

resistances and the interfacial resistance. However, it

would be simply d/k for c-Si and Al,O; substrates.
The total thermal conduction (Gyy) of all tested

samples is given in Table 1. Among all devices,
GeTe/c-Si substrate shows largest Gy which confirms
the results shown in Fig. 3; GeTe/c-Si samples have
least resistive conduction path. Furthermore, Fig. 3

provides information

important regarding  the
conduction heat induced crystallization in GeTe thin
films. As thermal chuck source was beneath the
devices, heat moves in vertically upward direction only.
This upward heat flow from substrate to GeTe film via
dielectric layer results in to the formation of small
crystallites responsible for resistance decrease. Fig. 3

(a, b and d) are typical [-V behavior resulting from the
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crystallization process. However, higher conductivity
of c-Si substrate allows the formation of such
crystallites at lower temperature and eventually results

in to lower initial resistance with smooth phase

Tablel Heat conduction parameters(blank valuesare N/A).

transition (Fig. 3(c)). The small resistance change (10
ohms) makes GeTe/c-Si less useful despite showing

volatile transition.

Material d [m] k [Wm™lK™1] R; [m2KW™1] Ripe [M2KW™1] Gror [Wmm™2K™1]
Si0, 300 x 107 1.4 29 214 x 10?
SizNy 100 x 107 0.03 @ 333 x 10
c-Si 500 x 10° 1412@® 35.4 x 10 0.28
AlO5 432 x 10 35 @ 12.3 x10°° 0.08
Si0,/c-Si 1.78 x 10 @ 5.54 x 10 0.18
Si;Ny/c-Si 225 x10°%@D 9.12 x 10 0.11

The crystallization process in GeTe/Al,O3 samples
look normal as resistance is decreasing with increasing
the temperature. These samples demonstrate the
reverse phase transition, i.e., crystalline to amorphous,
with decreasing temperature. Fig. 3(d) shows that the
resistance return to the initial value, however, through a
different path. This different path suggests that
crystalline to amorphous transition is much slower than
the transitioning between amorphous to crystalline.
Such ambiguity can be explained by considering the
thermal expansion coefficients. These coefficients
(units of 10'6/°C) for Al,O3 and GeTe are 5.3 and 0.56,
respectively. This one order of magnitude difference in
thermal expansion between Al,O; and GeTe may cause
fracturing of the conductive crystallites within the thin
film during cooling process.

3.3 Electrical Characterization

The current-voltage (I-V) characteristic of GeTe
cells is shown in Fig. 4(a-d). Here, Fig. 4(a) shows the
I-V behavior of just bare substrates. Similar to thermal
measurements, ¢-Si and Al,O3 substrates were found
least and most resistive, respectively, in electrical
measurements. The c-Si substrate shows large current
(~0.1 A) at small bias voltage (~18 V), whereas
negligible current (~few pA) was recorded for
dielectric substrates even at 75 V. Here, GeTe/c-Si
mimics a typical [-V curve of a PCRAM as shown in
Fig. 4(b). The conductivity was found to increase

linearly and then exponentially until it reaches a
threshold voltage, V;, between 30 V and 30.8 V. An
inward snap of the I-V curve was apparent, whereby
the voltage in the cell was reduced and the current
increases (i.e., large increase in conductivity). The
subsequent voltage is called the holding voltage, Vj
[18]. Once it is reached, the current increases with very
little change in Vj,; however, some negative differential
resistance (i.e., NDR) is seen in this region as well. The
high current provides enough Joule heating to
crystallize the GeTe thin film. Once the power is
reduced, the conductivity is ohmic due to the
crystallization. These observations match those of
Ielmini and Zhang based on their analytical model of
subthreshold switching in chalcogenides. In their
model, the current / in the subthreshold region is
expressed as [19]

Az E-E)..[qV, Az
| =20AN; , —ex sinh| —2—
“* p( KT j KT 2u,

©
where q is the electron charge, A the cross-sectional
area of the PCM cell, N ., the integration of the trap
distribution above the Fermi level, Az the intertrap
distance, 7, the characteristic attempt-to-escape time
for a trapped electron, E. the conduction band energy,
Ep the Fermi level, kT the thermal energy, V, the
applied voltage, and u, the thickness of the PCM cell
from one electrode to the other. The sinh term

comes from a balancing of forward and reverse current
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which is important for small V, (recall that 2 sinhx =
e* —e ™). Furthermore, E; — E; representing the
barrier height between two donor-like traps is reduced
by magnitude AU in the presence of an electric field F.
As the field increases, the barrier is reduced and
electrons flow into the conduction band via thermal
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emission over the barriers or by direct tunneling
through the barriers. This barrier height reduction can
be expressed as [19]

AZ V, Az AZ
AU = _qF P—— _q_A_ = _qVA_
2 u, 2 2u
a a  (10)
0.05+
—s—c-Si (b)
0.041 /' -1\\
< c-GeTe -” .\
:0 034 R -\
o /[ 4 R
5 0.024 ! /./ i |
O . = aON
0.01 / 'fi' a
J v:"
e OFF .
0.00 +— " r / e ‘ j ‘
0 5 15 20 25 3 35
Voltage (V) ‘
1.8E-06 .
1.6E-06 - Bi0, (d)
—+—ALO,
1.4E-06 4
~ 1.2E-06
: 1.0E-06 4
@ 8.0E-07 -
5 6.0€E-07
4.0E-07
2.0E-07
0.0E+00
(I) 5‘0 160 ‘Iéﬂ 2!50
Voltage (V)

Fig. 4 (a) Semi-logarithmic I-V plots of all four samples for comparison, (b) memory curve of GeTe/c-Si substrate showing
amor phous ON and crystallization, (¢) GeTe on SizsN4/c-Si substrate, and (d) SiO,/c-Si and Al,O3 plots which do not reach an

amor phous ON state.

One important observation is that this model is valid
for wvertically integrated PCM cells where the
electrodes are above and below the chalcogenide
material. Therefore u, is both the thickness of the thin
film and the distance between electrodes (~ 30 nm). As
u, increases, resistance increases, subthreshold slope
of current decreases, and threshold voltage increases.

Based on this relationship between u, and
conductivity, the results in Fig. 4 can be explained. In
the c¢-Si case, the effective u, is decreased due to
partial crystallization of the bottom portion of GeTe. It
can be assumed that there are pockets of crystalline
areas because the heat transferred during fabrication

was not great enough to create a solid crystalline film.

However, u, is too large to generate substantial
current in other cases (Fig. 4(c-d)). Furthermore, the
starting resistance was an order of magnitude larger
than c-Si, the subthreshold slope was shallow, and the
threshold voltage was not reached; however, NDR is
visible in all three cells. These non-idealities do not
mean that amorphous chalcogenides cannot be used for
threshold switching. If u, was shorter (~ 1 pm),
typical memory curves like Fig. 4(b) would be
expected with a smaller threshold voltage (F = V,/u,).
The horizontal design is simpler than the vertical
design because it requires fewer lithography steps and
fewer requirements are placed on the electrode

materials [16]. By using electron-beam lithography for
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1 um-long or shorter cells for the horizontal structure in
the future, programming power can be reduced.
Additionally, dielectric substrates reduce the power
losses due to their low thermal conductivities.

3.4 RF Switching

The extracted S parameters of a GeTe resistor
(shown in Fig. 1 (c)) are shown in Fig. 5. These
parameters were measured in the frequency range of 10
MHz to 20 GHz. In c-GeTe phase, the input reflection
coefficient S was -11 dB which further decreased to
-16 dB as the frequency increased from 10 MHz to 20
GHz. This behavior suggests that the reflection in
c-GeTe decreases with frequency possibly due to
merging of small crystallites at higher frequency which
enhances the reflectivity. However, the initial value of
insertion loss S is -3 dB which remains constant with
increasing frequency. On the other hand, S;; for
a-GeTe remains constant in the whole frequency range
suggesting 100% return loss. whereas, S;; first remains
constant to -55 dB in the frequency range of 10-100
MHz followed by steady increase to ending value of
-28 dB at 20 GHz. This increasing reflectivity can be
attributed to frequency induced -crystallization in
a-GeTe. In addition, the resistances of the signal line in
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Fig. 5 S parameters of a GeTe RF switch (shown in Fig.
1(c)). In the amor phous phase the signal is strongly reflected,
and in the crystalline phase the signal is mostly transmitted.
Note that -10 dB and -20 dB correspond to 31.6% and 10%
of full signal strength, respectively.

ON and OFF states are 75 Q and 3.5 MQ, respectively.
By decreasing the width of the cell, a 50 Q ON state
could be achieved, which would minimize S,; losses
and optimize GeTe for its use as an RF switch. OFF
characteristics with 55 dB attenuation up to 100 MHz
and ON characteristics with about 5-10 dB attenuation.

4. Conclusion

In this work, the GeTe amorphous-to-crystalline
phase transition was investigated using optical, thermal,
and electrical methods. Phase change GeTe cells were
fabricated by RF sputtering of amorphous GeTe on
four types of substrates. The spectroscopic
ellipsometry was used to investigate the optical
properties of both phases. A sharp increase in n and k
GeTe values was observed upon transitioning from
amorphous to crystalline phase. The GeTe cells
showed six orders of magnitude decrease in resistance
as they were heated to their glass temperature.
Furthermore, a typical volatile phase change was
observed for some PCM cells upon heating them
beyond their glass temperature. A cyclical I-V
characteristic like memory devices was recorded for
samples with a shorter inter-electrode distance. Finally,
GeTe cells were demonstrated as an ideal material for
RF switches. These results show a wide application
range and the volatility of chalcogenide phase change
materials which can be engineered by changing the
fabrication processes, device dimensions, and choice of
substrate.
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