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In this work we will focus first on obtain the sheet resistance, R of thin film whose surface
thickness is equal to 1000 nm for the chalcogine Ge,,ShyoTeg at different heating rates ,
this is done against temperature in the range from 70 to 370 °C. The sheet resistance curve
and through derivation of sheet resistance as a function of temperature there was clearly
evidence of two crystallization regions for the studied sample. Second, the thermal data
we obtained was used to complete the thermal calculations and then the electrical
calculations thereafter. The activation energies of crystallization were evaluated by kinetic
criteria. The activation energy, E., and Avrami index, n, were obtained by analyzing the
data via JMA methods. The results indicated that the transformation from amorphous to
crystalline phases. The crystalline phases for the as-deposited and annealed film were
identified via x-ray diffraction (XRD).
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1. Introduction

Few decades ago, phase change of chalcogenides have great attention for next-generation
non-volatile memory [1-3] and high density optical recording [4—7]. Typically, a chalcogenides
possess two or more separately states at which it displays distinguishable material properties.
Phase-change materials (PCMs) have attracted intensive interests, because they offer large optical
and electrical contrast between amorphous and crystalline phases in combination with rapid and
reversible switching between these two phases and with excellent prospects for down-scaling. The
significant difference between these states in electrical and optical properties upon the reversible
switching allows storing the rewritable digital bit information [8-10]. With developments in
lithography and discoveries in chalcogenide compounds, recently GST emerged as an important
candidate for the electronic nonvolatile memory devices [10-14]. Many binary compounds can be
synthesized by associating one of the chalcogene with another element of the periodic table like,
indium, antimony, copper and silicon, etc [15-17]. The binary chalcogenide amorphous alloys Ge-
Te and Sb-Te are important form both the scientific and industrial points of view due to their
phase-change properties and application as a basic system in recording materials of phase change
optical disks [18-20]. It is note that the addition of Sb to Ge-Te increase the practicality of
commercial-scale production by easing the requirement for precision in the composition of
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deposited film without deleterious effect in the stability [21]. This framework introduces
thermal and electrical properties in a new format without the need for procedure thermal
measurements from bulk material. The same is true for electrical properties. In the present work,
the calculations of both the thermal and the electrical parameters have been determined in terms of
measuring the sheet resistance as a function of temperature of the thin film at different heating
rates. The crystallized phases were verified over the temperature that applied to the thin films by
the XRD.

2. Experimental methods

Bulk chalcogenide GeyoShyoTeso sample was prepared according to the conventional melt-
guenched technique. The high-purity of the constituent elements Ge, Sh, Te elements were
weighed based on their atomic percentages, using an electrical balance type (Sartorius) with
accuracy (+10g) and sealed in evacuated silica tubes (10° Torr) and it was heated at 1200 °C for
24 hours. After the synthesis, the melt was quenched in water at 273 K to obtain the GeySb,gTeg
glassy alloy. Then, the powdered sample was prepared by grinding of the resulting bulk alloy
sample in a mortar whereas the thin film of Ge,,Sh,yTeg, Was deposited onto well-cleaned glass
substrate at room temperatures by thermal evaporation technique using a high vacuum coating unit
(Edward E 306A, UK). The thickness of the studied film was kept ~ 1000 nm. In order to achieve
homogenous and smooth films, the substrates were rotated slowly at speed of 3 rev/min. Also,
through the evaporation treatment the thickness of the formed films were monitored by using
quartz crystal thickness monitor (Model FTM4, Edwards Co., UK). The structure and phase purity
of the film samples were done at room temperature by X-ray diffractometer (XRD, Philips X-ray
diffractometry 1710), with Ni-filtered CuK, radiation (A = 0.15418 nm). The elemental
composition of the GeyShyoTeg films were analyzed by using energy dispersive X-ray
spectrometer unit (EDXS) interfaced with a scanning electron microscope (SEM, JOEL XL)
operating an accelerating voltage of 30 kV, used for the morphology studies. The relative error of
elements determination does not exceed 2%, during the analysis. The electrical resistivity at
different heating rates was measured at room temperature by measuring currents against applied
voltage using the four-probe technique. The coplanar circular Molybdenum (Mo) metal contacts
were deposited on the front face of the films surfaces in a square geometry (5.0 mm) by thermal
evaporation technique. The current was measured by a digital picoammeter (DPM-111 Scientific
Instruments, Roorkee).

3. Results and discussion

3.1. Temperature dependent sheet resistance, R

The experimental relationship between sheet resistance, R, with temperature of the
GegoShyoTego film at the different heating rates, (5, 10, 15, 20 and 25 °C/min) is illustrated in Fig.
1. These measurements of the heat treatment film were performed to deduce thermal properties
based on electrical measurements on the thin film without making thermal measurements of the
bulk material.
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Fig. 1. Relationship between sheet resistance, Rs, and temperature, T, of the Ge,,Sh,oTeg, thin film at
different heating rates.

The curves in Fig. 1 can be divided into several stages. The temperature range of the first
stage is from 70 °C to below T, in this stage, the arrangement of atoms is not clearly changed
with temperature, and therefore, the R decreases gradually in this temperature range but slowly. In
this region, the state of the studied film is amorphous and the arrangement of atoms is random,
causing its high Rs. When the temperature is increased above T¢;, namely, in the range (145-200
°C) the atoms have sufficient energy to rearrange. The arrangement of atoms is ordered such that
the film is transformed from amorphous to crystalline state and the R rapidly decrease; this is the
second stage. As the temperature is below T, namely, in the range (200-250 °C) the values of R
decrease slowly with increasing temperature. The third stage which extends from 200 °C to below
Te (as shown in Fig. 1), and we obtain that Ry is low in this stage. The same explanation is
repeated from T, to the last studied temperature range, namely, in two range (250-300 °C) and
(300-370 °C). The obtained values for T, Tep, Tpy and Ty, are tabulated in Table 1.

Table 1. Maximum crystallization rate (d %) , temperatures of crystallization (T, To), top

crystallization temperatures (T, T,), kinetic exponent, n, and crystallization activation energy, E ., ,

EC , according to method of Matustia for Ge,oShasTego thin film at different heating rates.

d . T T n E
P (—Z)p x10*(min™) c p c
[T /min] dt
d - _
(a0’ min~t) (%)2 amin Dy | Ta | Teo | Too [ Tpe | M@ | N | EcD) | Ec(2)
5 5.509 4.622 146 | 250 | 164 | 258 | 2022 | 1672 | 12913 | 105.70
10 10.37 8.89 151 | 255 | 169 | 263 | 2021 | 1671 | 156.38 | 130.61
15 14.528 12.77 157 | 261 | 175 | 269 | 2.024 | 1674 | 17018 | 149.69
20 18.714 16.644 160 | 264 | 178 | 272 | 2023 | 1673 | 17501 | 172.19
25 22.602 20.329 167 | 267 | 181 | 275 | 2021 | 1671 | 21463 | 176.75

The contemplator for the sheet resistance and the X-ray curves see eye view that the X-ray
curve supports, with all strength, the sheet resistance curve with respect to the temperature of
crystalline transformation. On the other hand, derivation of the sheet resistance, Rs of the first
degree relative to the temperature will lead us to know the first pillar of thermal studies.
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Fig. 2. Relationship between derivative of sheet resistance, dR%T and temperature, T,
of the GeyoSh,gTeg thin film at different heating rates.

Fig. 2 shows the relationship between derivative of sheet resistance, dR%T and

temperature, T. Now, the exothermic heat flow is given by:

drR

AQ,, =-[—= 1
Qexo [dT ]endo. ( )

Fig. 3 (a, b) represents the exothermic heat flow and the fraction, y, crystallized at a given
temperature, T, for heating rate equal to 5 °C/min, which given by x = A¢/A, where A is the total
area of the exothermic between the temperature, T;, where crystallization is just beginning and the
temperature, Ts, where the crystallization is completed, Ar is the area between T; and T.
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Fig. 3 (a, b). The exothermic heat flow and the fraction, y, crystallized at a given temperature, T,
for heating rate equal to 5 °C/min of the Ge,,Sh,oTeg thin film at different heating rates.

The graphical representation of the volume fraction crystallized, y appears the typical
sigmoid curve as a function of temperature at different hating rates for studied sample as shown in
Fig. 4 (a, b) and gives by:

S 99
x= ZAQexo /ZAQexo )
i=0 i=0
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where s is number of points of AQ,,,, (namely, s = 0 to 99). From Fig. 4 (a, b), we notice a
systematic shiftin 3 to higher temperature with increase of the heating rate f.
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Fig. 4 (a, b): Maximum crystallization rate, (d %)p versus temperature, T, of

the exothermal peaks for the Ge,oShyoTeg thin film at different heating rates.

The ratio between the ordinates of the AQ,,, curve and the total area of the peak gives the

corresponding crystallization rates (d ;%t)p, which makes it possible to build the curves of the

exothermal peaks represented in Fig. 5. It may be observed that, the (d %)pvalues increases as

well as the heating rate, a property that has been widely discussed in the literature [22].
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Fig. 5 (a, b). The typical sigmoid curve of the volume fraction crystallized, y, as a
function of temperature, T, for the Ge,ShyoTego thin film at different heating rates.

3.2. Evaluation of the activation energy
There are several methods to compute the activation energy of amorphous-crystalline

transformation, E_, the Avrami exponent, n, the frequency factor, K, and constants for the
investigated glass. Both the methods of Kissinger and Matusita [23] were addressed in this work.

3.2.1. Method of Kissinger
The activation energy E_of amorphous-crystalline transformation was originally

computed via the relation derived by Kissinger [24] as:
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In(A/T,2)=-E, /RT, +In(E, /RK,) 3)

Fig. 6 represents the plots of In(ﬁ’/sz) Versus (1000/Tp)for the studied sample. The

plots were found to be straight lines. The activation energy, E_, and frequency factor, K, are
then computed by least squares fitting method. The values for both E_ and K, equal to 19.77

Kcal/mole, 9.4 x10°for T,; and 49.64 Kcal/mole, 5.42x10° for T, respectively.
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Fig. 6 (a, b). The plot of In (,B/T pz) versus (1000/Tp) for Ge,oShyeTegg thin film
at different heating rates.

On the other hand, the reaction rate constant or the kinetic parameter has a temperature
dependency based on the Arrhenius equation:

K(T)=K,exp[-

EC
= ] @)

R

where E_is the effective activation energy for crystal growth, K, is the pre-exponential factor

(the frequency factor) and R is the gas constant. In addition, a kinetic parameter, K(T), with
Arrhenian temperature dependence, is submitted to the stability criteria. According to Surinach et
al. [25] and Hu and Jiang [26] the thermal stability of glassy materials estimates via the following
criterion as:

EC
T

K(T,) =Ko expl-—

] ©)

p

The value of this criterion allusive the tendency of glass to devitrify on heating, whereas
the glass formation is a kinetic process. The K (T ) as a function of T  for the studied sample is

shown in Fig. 7 (a, b).
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Fig. 7 (a, b). The plot of K (Tp) as a function of Tp for Ge,oShyeTego thin film
at different heating rates.

Furthermore, from the experimental values of the (d %)p one can computed the Kkinetic

exponent n via the following equation:

dz/y _NO3TPE)
/t - RT? ©

The n values for investigated sample are computed and listed in Table 1. Finally, the
experimental data, Tp, and (d%)p, shown also in Table 1 and the values of the activation

energy of crystallization process for the crystallization peaks which get from Kissinger method in
both crystallization regions (19.77 Kcal/mole and 49.64 Kcal/mole, respectively), make it possible
to computed, through Eg. (6), the kinetic exponent, n, for each of the experimental heating rates
for the peaks for investigated sample, whose values are also tabulated in Table 1. The kinetic
exponent, n, was determined according to the mechanism of crystallization. Mahadevan et al. [27]
have shown that n may be 4, 3, 2, which are related to different glass-crystal transformation
mechanisms: n = 4, volume nucleation, three-dimensional growth; n = 3, volume nucleation, two-
dimensional growth, n = 2, volume nucleation, one-dimensional growth; n = 1, surface nucleation,
one-dimensional growth from surface to the inside. Therefore, bearing in mind the above obtained
mean value, (n)= 2.02 and (N)= 1.67 for two crystallization regions (as shown in Table 1)

means volume nucleation, one-dimensional growth at n equal to 2.02. The computed n values are
not integers. This means that the crystallization occurs by more than one mechanism [28, 29].

3.2.2. Method of Matusita
Furthermore the activation energy, E_, of the investigated sample was computed via the

Matustia relationship [30]:

In(—In(l—y) =

()

where (m = n-1) is the dimension order parameter and (n) is constant related to the crystallization
mechanism. Fig. 8 (a. b) plots In(—In(1— x) versus 1000/T at different heating rates for the

studied sample. For the computation of E_ we take into consideration the linear region of this
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plot. From the average, n values and mg.(h=m+1), the effective activation energies, E., for the
studied sample is computed and listed in Table 1, where they are referred toE_jand E_, to

indicate the two crystallization regions.
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Fig. 8 (a, b). The plot of In(—In(1— x) versus 1000/T for GeyShyoTeg thin film
at different heating rates.

4. Identification of the crystalline phases

The amorphous/crystalline nature of the studied as-prepared GeyShagTeg thin film was
confirmed via X-ray diffraction (XRD) measurements as presented in Fig. 9 (a). The absence of
any peak in the XRD scan of the as-prepared film confirms its amorphous nature. But, the
diffractogram of an annealed films at 169 °C and 263 °C show sharp peaks as shown in Fig. 9 (b,
C).

XRD of as-deposited and anneal led CeqgShagTesg thin films.

OGeTe [No.card: 1-89-2233]

® GeqShaTeg [No.card: 7-125]

[ et

T=1263°C g

Intensity (aaw)

Fig. 9. X-ray diffraction pattern of as-prepared and annealed Ge,oShyyTegq thin films.

These sharp peaks indicate the development of amorphous structure along with ploy-
crystalline phases during the heat treatment of studied film. The diffraction of dominant peaks
were indexed with GeTe phase [No.card:7-125] for an annealed film at 169 °C and Ge,Sb,Tes
phase [No.card:1-89-2233] for an annealed film at 263 °C along their respective 26 value (JCPDS
database, 1998) as presented in Fig. 9 (b, ¢). It can also be seen that the crystallite size, D,
increases in annealed films estimated with Scherrer’s formula:
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0942

~ Bcos(6) ®)

where D is the crystallite size, A is the wavelength of CuKo (A = 0.15405 nm), £ is the FWHM in
radians computed for the highest intensity peak in the XRD scan and 6 is the diffraction angle in
the range (5° - 70°). The average size of the crystallites at the dominant peak for the annealed
films at 169 °C and 263 °C was estimated at about 44.32 and 57.39 nm, respectively according to

Eqg. (8).

5. Conclusions

The structural, thermal and electrical properties of thermally evaporated thin film (1000
nm) of GeShyoTeg at different heating rates have been evaluated and discussed according to
sheet resistance, R, measurements. The R decreases continuously in the range (145-200 °C) until
an abrupt drop shows at the temperatures of 146, 151, 157, 160 and 163 °C for corresponding
heating rates (5, 10, 15, 20 and 25 °C/min), respectively, and these temperature are called the first
crystallization temperature (T.;), this gradient continues until it gets to the highest degree of
crystallization, Ty, and then the sheet resistance decreases in a continuous behavior in the range
(200-250 °C) until an abrupt drop shows recently at the temperatures of 250, 255, 261, 264 and
267 °C, namely, the second crystallization temperature (Tc,) unit this manner up to Ty, after that
the lowest values of sheet resistance exist in the direction to the end of the range of temperature.

Then, the thermal properties and Kinetics parameters such the activation energy of
amorphous-crystalline transformation, E_, the Avrami exponent, n, the frequency factor, K,

have been determined. The amorphous/crystalline nature of the studied as-prepared GeyoShaTego
thin film was confirmed via X-ray diffraction (XRD) measurements.
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