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We have studied crystallization-induced stress in phase change films �Ge2Sb2Te5� as a function of
thickness and with and without a capping layer, by measuring the deflection of microcantilevers.
The stress is found to increase with decreasing film thickness. A thin dielectric capping layer leads
to a further increase in stress compared to uncapped films. This observation can be explained by the
suppression of stress relaxation in the phase change film in the presence of a capping layer. High
stress will affect device performance as the size of phase change memory cells decreases. © 2008
American Institute of Physics. �DOI: 10.1063/1.3040314�

Recently, there has been an increasing industrial and aca-
demic interest in phase change random access memories
�PCRAMs�, which employ a thin film of a phase change
material �usually an SbTe-based alloy� that is locally and
reversibly switched between its crystalline and amorphous
states using electrical current pulses.1,2 The two states can
subsequently be distinguished by their pronounced difference
in electrical conductivity.3–5 Due to their high speed and
good scalability, PCRAMs are considered a promising alter-
native to current Flash memories.1,2

Phase change materials are characterized by a large vol-
ume change upon crystallization, ranging from 6% to 9%.3,5,6

This could negatively affect the performance and reliability
of phase change memories, decreasing, for example, the
number of write/erase cycles the device can sustain.7,10 If
accommodated elastically, this volume change can result in a
high film stress on the order of 1 GPa.8,9 However, wafer
curvature measurements have shown that the measured film
stress is only 0.1–0.2 GPa,10,11,14 implying that the majority
of the stress relaxes plastically during crystallization. Al-
though those studies �for which a thin phase change film was
deposited on a relatively thick substrate� provide valuable
insight into the stress buildup upon crystallization of con-
tinuous phase change films, they have limited significance
for the stress buildup in phase change memory prototypes. In
such devices, the memory cell is embedded in various abut-
ting layers of metals and dielectrics.12,13 Further, when
memory cells are scaled down, the mechanical confinement
applied to the phase change layer is expected to increase,
making the crystallization-induced stress a more serious is-
sue for device reliability.14

To qualitatively probe the different stress levels due to
mechanical confinement that will occur in phase change lay-

ers in memory cells, we developed15 and employed a new
experimental method to measure the crystallization-induced
film stress using microfabricated silicon nitride16 �SiN� can-
tilevers. Amorphous phase change films of different thick-
nesses were deposited on those cantilevers. Upon heating-
induced crystallization, the increase in density �i.e., decrease
in volume� of the film makes the cantilevers deflect upwards,
as a result of the tensile elastic mismatch strain developed at
the interface between the film and the SiN cantilever. By
comparing the magnitudes of the cantilever tip deflection
before and after crystallization, the corresponding film stress
can be determined accurately.15,17,18 The ratio between the
phase change film thickness and the SiN cantilever thickness
�=hGST /hSiN, where hGST and hSiN are the thicknesses of the
phase change and SiN layers, respectively� controls the me-
chanical constraint on volume changes in the phase change
material. Ge2Sb2Te5 �GST� was selected as the phase change
material in this study, since it has been extensively studied
and since it is a prototypical material in PCRAM test
devices.1

218�3 nm thick low-stress SiN microcantilevers were
fabricated through standard microprocessing techniques.15

Phase change films of thicknesses ranging from 5 to 240 nm
were then sputter-deposited on top of the cantilevers using
a single target with a nominal composition of GST. Two sets
of samples were prepared. In the first set, the GST layer
was sandwiched between two thin layers �5 nm� of
ZnS�80�–SiO2�20�,19,20 as schematically shown in Fig. 1. In
the second set of samples, the GST films were directly de-
posited on the SiN beams, with neither capping nor under-
layers. The GST film was deposited under a background
pressure of 7�10−7 mbar. The working pressure during
sputtering was 5�10−3 mbar, with an argon �Ar� flow rate
of 20 SCCM �SSCM denotes cubic centimeter per minute at
STP�. The direct current sputter power was 100 W, leading to
a deposition rate of about 0.86 nm/s. ZnS–SiO2 layers were
deposited under a working pressure of 4�10−3 mbar with
an Ar flow rate of 15 SCCM. The radio-frequency sputter
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power was 1000 W, and the deposition rate was about 2.11
nm/s. As determined by x-ray diffraction �XRD�, the struc-
ture of the as-deposited GST film was entirely amorphous.
Subsequently, the samples were annealed in a furnace at
200 °C for 5 min in an Ar atmosphere. The temperature
uncertainty was �1 °C. The post annealing GST film struc-
ture was cubic as confirmed by XRD spectra.4,6,21 The can-
tilever tip deflections before and after crystallization were
measured with an optical profilometer �for small deflections�
and/or an optical microscope �for large deflections�.15

Figure 2�a� shows a top-view optical micrograph and the

profilometer scan of an 80 �m long and 5 �m wide canti-
lever with ZnS–SiO2 layers before GST crystallization. The
corresponding GST film thickness is 10 nm. The profilometer
scan reveals that the tip of the cantilever is slightly bent
downwards to �0=−0.47�0.02 �m. Crystallization induced
an upward tip deflection of ��=5.95�0.05 �m, as shown
in Fig. 2�b�. Using �0 and ��, the crystallization-induced
mismatch strain and biaxial film stress in the GST layer
can be calculated.15,17,18 The mechanical properties of the
films used in the calculations were MSiN=267�12 GPa,16,22

MZnS–SiO2
=105�5 GPa,23 and MGST=45.2�8.2 GPa,9

where MSiN, MZnS–SiO2
, and MGST are the biaxial moduli of

the SiN, ZnS–SiO2, and the GST layers, respectively.
Figure 3 shows the calculated15 film stresses for several

ratios of hGST /hSiN for samples with and without capping/
underlayers. For films that are thick compared to the SiN
substrate, the film stress generally varies linearly through its
thickness.17 This effect �which can usually be neglected for
very thin films17� has been accounted for in Fig. 3 by plotting
the respective average GST stress for the three larger thick-
ness values of hGST=100, 150, and 240 nm, which corre-
spond to hGST /hSiN�0.46, 0.69, and 1.11, respectively. Due
to the linear variation,17 the average is the arithmetic mean of
the stress at the top film surface and the stress at the bottom
film surface, both of which have been found to be positive
�tensile�. For the four smaller film thickness values, this ef-
fect has been found to be negligible, and therefore, the film
stress was treated as a constant in the out-of-plane direction
inside the phase change layer. In both sets of samples, the
film stress increases as the phase change layer becomes thin-
ner �lower hGST /hSiN values�, and the maximum measured
stresses are about 0.46 and 0.18 GPa for the capped and
uncapped films, respectively, both occurring at hGST=5 nm
�hGST /hSiN�0.02�. As mentioned above, if the volume
change upon crystallization were entirely elastically accom-

FIG. 1. �Color online� Layer structure of a microcantilever with a fixed
support. A thin film of amorphous GST of various thicknesses was sand-
wiched between two thin �5 nm� layers of ZnS–SiO2. The trilayer structure
was deposited on a SiN cantilever �thickness 218�3 nm�. Similar struc-
tures without ZnS–SiO2 layers have also been fabricated for comparison.
The thicknesses of the layers are not drawn to scale.

FIG. 2. �Color online� �a� Top-view optical micrograph �upper figure� and
optical profilometry scan in side view �lower figure� of a 218 nm thick SiN
cantilever onto which a 10 nm thick amorphous GST film has been depos-
ited. The GST layer is sandwiched between 5 nm thick ZnS–SiO2 capping
and under layers. The cantilever is 80 �m long and 5 �m wide, and the tip
of the cantilever is bent downwards to �0=−0.47�0.02 �m. �b� Cantilever
from �a� after furnace crystallization of the GST film. The cantilever is bent
upwards by ��=5.95�0.05 �m.

FIG. 3. Crystallization-induced stress in GST layers for different GST to
SiN thickness ratios �hGST /hSiN�. Tensile stress is defined to be positive. The
filled squares are data points for the samples with ZnS–SiO2 capping and
under layers. Their corresponding GST film thicknesses are �from low to
high� 5, 10, 20, 50, 100, 150, and 240 nm, respectively. The filled circles are
data points for samples without capping and under layers. Their correspond-
ing GST film thicknesses are �from low to high� 5, 10, 20, and 50 nm,
respectively. Also shown in the figure is a data point from a previous wafer
curvature measurement �see Refs. 10 and 11�.
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modated in the GST film, the film stress would be on the
order of 1 GPa.6,8,9 Therefore, since only elastic transforma-
tion induces a stress buildup, the observation illustrated in
Fig. 3 indicates that for all GST thicknesses and for both
�with and without capping layer� sample sets, a significant
portion of the stress is relaxed plastically during crystalliza-
tion, and this contribution decreases with decreasing film
thickness.

Also shown in Fig. 3 are the film stress data from
the previous wafer curvature measurement of
�190�20� MPa,10,11 which is in good agreement with the
experimental data in this work for films without capping/
underlayers. Generally, the samples with capping layers ex-
hibit a film stress that is about a factor of 2 higher than the
films without capping layers. Indeed, it has been reported
that the good adhesion between the capping layer to the
phase change film prevents fluidization and flow of the film
during the heating process.19,24,25 Therefore, the capping
layer might constrain mechanical creep associated with sur-
face diffusion in the crystalline film.26 Those effects could
possibly lead to a reduction in the amount of stress relax-
ation.

Since the measured stress in the GST films is related to
the elastically accommodated portion of the total volume
change upon crystallization,15 it can provide a measure of the
yield stress of the films.30 In phase change materials, the
stress relaxation during crystallization is likely to occur in
the amorphous phase.10 Thus, the data in Fig. 3 imply that
the yield stress of the amorphous GST film increases with
decreasing film thicknesses. Earlier studies have shown that
amorphous metals have a significantly larger yield stress
when the sample dimension is reduced.27,28 It was argued
that, in smaller samples, the defect population is lowered,
resulting in an improved materials strength.27–29 In addition,
it is also known that the yield stress of polycrystalline films
increases when the films become thinner.30–32 This is because
the driving force for the dislocation nucleation and propaga-
tion decreases with decreasing film thickness, making the
stress relaxation process �yield of the film� less energetically
favorable, so that a larger measured �elastically accommo-
dated� stress is expected. Our results further support the gen-
eral principle that increasing materials strength �yield stress�
with decreasing sample dimensions is probably also valid for
amorphous semiconductor films �GST in this study�.

In conclusion, the measured stress upon crystallization
of amorphous GST phase change films that are deposited on
microcantilevers increases when volume changes are increas-
ingly mechanically constrained. This phenomenon can be ex-
plained in terms of a yield stress of the phase change layer
that depends on the layer thickness. Additionally, it was
found that a thin capping layer has a profound effect in sup-
pressing stress relaxation in the phase change film. Com-
pared to simple wafer curvature measurements,10,11,14 our
findings enable more precise modeling of write/erase-
induced stress buildup in phase change memory cells, in
which the phase change materials have small dimensions and
are mechanically constrained by surrounding material. This
will allow better predictions of device performance and reli-

ability and lead to the design and implementation of im-
proved cell geometries.
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