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Abstract. The thermal conductivity of GBh,Tes (GST) layers, as well as the thermal
boundary resistance at the interface between the GST and amorphousv&i© measured

using a PhotoThermal Radiometry experiment. The two phase-changes of.8iBT&ewere
retrieved, starting from the amorphous and sweeping tfctherystalline state at 130 °C and

then to thehcp crystalline state at 310 °C. The thermal conductivity resulted to be constant in
the amorphous phase, whereas it evolved between the two crystalline states. The thermal
boundary resistance at the GST-gifterface was estimated to be higher for liop phase

than for the amorphous afat ones.

1. Introduction

Phase change materials are extensively studied, due to their promising applications in the framework
of Phase Change Memory (PCM) or Ovonic Unified Memory [1,2]. PCM functioning involves
chalcogenide materials that are allotropic semi conducting elements and alloys belonging to the IV, V
and VI group of the periodic classification. They can be reversibly brought from the amorphous to the
crystalline state, so that the corresponding different electrical properties can be used for data storage.
GeShTes, commonly denoted GST, is one of the most popular chalcogenides [3], since it is stable at
room temperature in the amorphous and hexagonal crystalline phggesfd metastable in the face
centered cubic phasteg) [4,5]. The transition temperature, is ~130°C for thecfgstalline phase and
~350°C for hcp-crystalline phase, whereas the melting temperature is approximately 600°C. The
transformation between crystalline and amorphous phases is reversible: heating the amorphous GST to
a temperature slightly above the glass-transition temperature leads to the crystalline phase; subsequent

(© 2010 IOP Publishing Ltd 1
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heating to a temperature close to the melting temperature with fast quenching permits retrieving the
amorphous phase.

The deposition of GST was achieved using DC-magnetron sputtering on a 100nm thick amorphous
(a) SiQ thermally grown on Si substrate. In order to discriminate the GST thermal conductivity from
the thermal boundary resistance (TBR)at the GST-Si@interface, 5 samples with different GST

thicknesses, namely 100, 210, 420, 630 and 840 nm, were prepared. AmorpholayeSithermal
conductivity is kSioz = 1.45Wm™* K* and it does not vary significantly up to 400°C. The thermal

resistance of the GST-SiGtack is defined aR= Rysr + R + Ry, = Rt + Ry, . Assuming that the

Fourier law is valid in both the Spoand GST layers, these two resistances can be expressed as
R, =€, /Ksio, @nd Regr = €5s1/Kosr fOr the SiQ and GST layers, respectively, wheag, and

e,y are the thicknesses of the layers. In this paper, we investigated the thermal conductivity of the

GST layer, as well as the TBR at the interface between GST and amorpheuslepi€nding on
temperature, from room temperature (RT) up to 400°C. Starting from the amorphous state, the GST
was swept to thiec andhcp crystalline states by increasing the temperature.

2. Experimental procedure
PhotoThermal Radiometry (PTR) experiments were implemented to measure the thermal resistance
R of each sample, as a function of temperature. A platinum layer (30 nm thick) was deposited by e-

beam evaporation on the GST layer as a transducer for the incident laser beam. In order to perform
experiments at different temperatures, the temperature of the sample was controlled by a commercially
available heating device, working in inert atmosphere (Ar). The sample was heated at a rate of 20
°C/min and annealed for 5 min at the required temperature before starting the measurement. The
thermal excitation was generated on the sample surface by damsAr of 514 nm wavelength and 1.7

W maximum power. The laser was modulated by an acousto-optic modulator using the square signal
issued from a function generator and was reflected to the sample surface by a set of mirrors. The laser
beam had a Gaussian profile of power repartition on the spot of 1 mm in diametér Atviigy fast
photodiode was used to measure the reference signal, in order to avoid the phase lag due to the
acousto-optic modulator driver. The thermal response was measured by an infrared HgCdTe detector.
The wavelength measurement range of this IR detector was comprised between 2 and 13 pm.
Parabolic mirrors coated with high reflective rhodium (reflectivity of 98% in the infrared detector
wavelength band) were used to collect the emitted infrared radiation and to focus it on the infrared
detector. The detector wavelength operating range was higher than that of the laser, therefore the
measurement was not disturbed by the photonic source; moreover an optical filter was used in order to
reject all the visible radiation arriving on the IR detector. The zone viewed by the detector was the
image of the infrared sensitive element on the sample corresponding to a circle of 1 mm in diameter. A
lock-in amplifier was used to measure the amplitude and the phase lag between the reference and the
detector output, according to the frequency. The frequency range swept during the experiment was [1-
100] kHz. Each measurement for the amplitude and phase was affected by a 5% standard deviation.
The periodic temperature variatiohl at the sample surface was small enough to assume that the
measured radiative emission by the IR detector was linearly proportioAal .to

3. Validation of Fourier's law application

The goal of this section is to justify the expression of the thermal resistance for each layer (GST and
a-Si0,) according to their respective thermal conductiviie$R = e/k ). We first performed a
picoseconds time domain thermoreflectance (TDTR) experiment on the 400 nm thick GST layer in the
hcp-crystalline phase at room temperature. The experimental method is described in the paper of
Battaglia etal. [6] and is based on a time resolved pump-probe setup, using ultra short laser pulses
(wavelength = 500 nm and pulse duratieri00 fs) generated by a Ti:sapphire laser. The transducer is
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an  aluminum  film  (denoted  Al,  with: e, =55nm  for  the thickness,

pC,(Al) =2700% 900 J kg ™ of specific heat per volume unit), deposited on tf&TGayer in
order to increase the signal-noise ratio during the TDTR. The expression of the average (with respect
to the spatial distribution of the temperature on the heated area) normalized time domain

thermoreflectance signal is: TDTR = exp(azt) erfc(a\ﬁ), where a= EGSTB;/,OCP(AI),
E ssr=+/KesrPC, (GST) is the effusivity of the GST layer art{ 5, = e, is the heat penetration

depth during the thermallization process between electrons and the lattice in the aluminum film. The
result of the experiment is reported in the figure 1, as well as the simulation obtained from the model.
It clearly appears that the measured impulse response fits very well with the semi-infinite behavior

when time becomes higher th&r, ., = 0.3 nse«. This demonstrates that the Fourier law can be used

for GST layers whose thickness is higher tha'm(eGST) = \/Armm khcp_GST/pCp(GST) =19.3nn

(for this calculus we used sor =1.7Wm™ K™ and pCp(hcp-GST) = 6400 212JM K).

This value can be viewed as the phonons mean free path leH@&ST and it must be lower in the
amorphous phase. Implicitly, it demonstrates also the validity framework of the thermophysical
properties of GST in thiacp-phase. The same experiment was performed @$i#, layer and it was

) =5.3nm.
1
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Figure 1. Measured impulse response using the TDTR.

4. Results
Using the PTR it is found that the intrinsic thermal conductivity for fdweGST varied from

Kioasr =0.42 Wni* K* to 0.91 Wni* K* in the 140°C-300°C range (see figure 2). From the phase

change temperature to 250°C, the TBR decreased significantly, to reach a minimum value of
R =5x10° Km*W*. Above 250°, the TBR increased 8x10° Knm?W" at 400°C. The intrinsic

thermal conductivity forhcp- GST (from 310 to 400°C) varied frork,., oo =1.1 Wm* K* to
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2 Wm™ K. Obviously, this particular behavior can not be observed when one characterizes an

annealed sample at room temperature. Indeed, the thermal conductivity hmptplease remained
quite constant and equal 106 W' K*. On the other hand, it was found that the TBR between the

GST anda-SiO; is higher R =1x107 Knm? W*) for hcp-GST than fofcc-GST anda-GST.
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Figure 2. Measured thermal conductivity using the PTR.
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