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The phase change material binary compound Ge50Te50 thin films were prepared by Pulsed Laser Deposition technique (PLD). 
The effect of deposition time on the physical properties of the films has been investigated. The phase transition, the electrical 
measurements showed two phase transitions at different temperatures. The first is the standard transition from amorphous 
to crystalline phase, while the second is the transition in the crystalline state from rhombohedral to cubic phase. XRD and 
DSC measurements have been performed to confirm the existence of these two peaks.  
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1. Introduction 
 

Phase Change Materials (PCM) are rare class of 

compounds, which can be rapidly cycled between two or 

more states having different atomic arrangements, typically 

an amorphous and one or more crystalline phases. These 

states have largely different macroscopic properties, such as 

optical reflectivity, electronic resistivity, mass density, and 

thermal conductivity. Thus, the ability switching between 

these states paves the way for applications in information 

storage. As examples, the change in optical reflectivity is 

commonly employed in rewritable optical discs, while the 

contrast in electronic resistivity is utilized to develop 

resistive random access memory devices (PCRAM). While 

many other materials exhibit such two phases, the unique 

feature that classifies phase change materials is the 

combination of high structural stability of the two phases 

with very fast transitions between the two states (memory 

switching) [1-6].  

From the many available phase change materials, the 

binary compound Ge50Te50 is among the most attractive 

ones owing to its good thermal stability material, 

significantly high crystallization velocity, and capacity of 

data retention at high temperatures.  As a consequence, the 

growth of Ge50Te50 thin films has been investigated by 

several research groups, using a variety of materials 

synthesis techniques such as Evaporation, Sputtering, 

Atomic Layer Deposition. Recently, Javier et al. [7] 

prepared polycrystalline GeTe by using arc-melting and 

investigated the structural transition from rhombohedral to 

cubic by Differential Scanning Calorimetry (DSC) 

measurements. They found an endothermic peak at 425oC 

during the heating cycle corresponding to the structural 

phase transition, whereas an exothermic peak at 410oC is 

observed while cooling, thereby indicating a hysteretic 

effect related to a first-order transition. Another attractive 

physical deposition method, pulsed laser deposition (PLD) 

provides several characteristics including high quality 

films, options for multi-compositions, quick and accurate 

control of the deposition process, a simple experimental set 

up, and the possibility of scaling up the process. However, 

only a few studies dealing with the preparation of phase-

change films by PLD technique have been published. 

Xinxing Sun et al. [8] deposited GeTe films on Si substrates 

at room temperature by Pulsed Laser Deposition (PLD) and 

a significant resistivity drop (3–4 orders of magnitude) at a 

transition temperature ranging from 220 to 255°C. This 

effect was found to be correlated to the amorphous to 

crystalline (rhombohedral) phase transition and weakly 

dependent on the heating rate. In this paper, we report on 

the PLD of Ge50Te50 (GeTe) films with particular focus on 

the detection of phase transitions using X-Ray Diffraction, 

temperature dependent electrical resistance measurements 

as well as Differential Scanning Calorimetry (DSC). 

 
 
2. Experimental 
 

Thin films of GeTe were grown by PLD on glass, using 

a KrF excimer laser (CompexPro 205F, Coherent), emitting 

at a wavelength of 248 nm. The pulse energy and the pulse 

repetition rate were set to 200 mJ and 10 Hz respectively. 

The distance between the substrate and the commercially 

available Ge50Te50 (Testbourne Ltd.) target was fixed at 6 

cm. In order to ensure homogeneous consumption of the 

target, the latter is mounted on rotary drives that allow 

rotation and toggling. Further technical details on the PLD 

system can be found elsewhere [9]. All films were deposited 

on ultrasonically degreased glass substrates at room 

temperature under a pure argon atmosphere at a pressure of 

10-4 mbar.  

XRD measurements were performed using a fully 

automated D8 Advance diffractometer from Bruker AXS 

systems. Imaging of the films’ surface topography was also 

performed using a MIRA 3 series scanning electron 

microscope (SEM) equipped with a Schottky field emission 
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electron gun. An energy-dispersive X-ray spectroscopy 

(EDX) attachment to the SEM was utilized to get the films’ 

composition. A Dektak XT surface Profilometer was used 

to measure the thicknesses of the films. Electrical properties 

were determined through measurements of the resistance of 

the films as a function of temperature using in-plane four 

collinear probes. Samples were thus cut into rectangular 

pieces (10 × 20 mm2), and pasted using silver paint on a 

heated block whose temperature is measured using a 

thermocouple. Finally, a TA Instruments T2000 was used 

for the Differential Scanning Calorimetry (DSC) 

measurements.  
 
 
3. Results and discussions 
 

3.1. Effect of deposition time on the physical  

       properties of Ge50Te50 thin films 

 

In order to study the effect of varying the deposition 

time on the properties of the deposited GeTe films, five 

samples were prepared at room temperature under the best 

conditions mentioned above but with different deposition 

times (1:30 h, 2 h, 2:30 h, 3 h and 3:30 h). These samples 

were characterized by different techniques and the 

corresponding results are presented below. 

From the XRD measurements one can observe that all 

the as-grown five samples are in the amorphous phase, as 

shown in Fig. 1. The XRD patterns of all the deposited films 

show a very broad peak in the 2θ ranged between 25ᵒ and 

30ᵒ, indicating an amorphous phase of all the five films. 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 1. XRD pattern of amorphous Ge50Te50 films deposited at different deposition time 

 

Table 1 shows the thicknesses and compositions of the 

films determined by the Profilometer and EDX techniques. 

The film thickness increased from 293 nm to 418 nm as the 

deposition time increases from 1:30 h to 3:30 h. The 

deposition time has a strong influence on the film’s 

thickness, as expected.  
 

Table 1. Atomic composition and thickness of films deposited  

at different deposition time 

 

Deposition 

time (hours) 

Atomic 

Ge% 

Atomic 

Te% 

Thickness 

(nm) 

1:30 53.89 46.17 293 

2 52.97 47.03 321 

2:30 52.40 47.60 351 

3 51.16 48.84 385 

3:30 53.73 46.27 418 

 

As the deposition time increases, more elements in the 

target surface are heated up to their evaporation temperature 

and thus more materials are dissociated from the target and 

ablated out. Therefore, as we increase the deposition time, 

more materials are removed from the target and deposited 

on the substrate, i.e. the thickness of the films increases.   

It is noticed from Table 1 that the best film composition 

is obtained at a deposition time of 3 h. A further increase in 

the deposition time (3:30 h) introduces a deviation from 

stoichiometry (1.61%). The atomic percentage of Ge 

increases while that of Te decreases. This deviation from 

stoichiometry upon increasing the film thickness was 

previously reported in thin films [10-12].  

The resistance measurements were carried out on the 

samples deposited at different deposition times as a function 

of temperature (25oC – 270oC) at a heating rate of 5oC/min. 

The resistance versus temperature curves are plotted to 

determine the amorphous-crystalline transition 

temperatures (Tc) and its width. These plots are shown in 

Fig. 2 for the five films deposited at different deposition 

times. 
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Fig. 2. Resistance as a function of temperature of the GeTe films deposited at different deposition times 

 

As the temperature is raised from 25oC and on, the 

resistance starts decreasing. As the temperature reaches 

certain value, the resistance drops drastically by 3 orders of 

magnitude over a very narrow range. This resistance drop is 

related to the amorphous to crystalline phase transition.  

This increase in the conductivity upon transition is mainly 

due to the increase of mobility, rather than of carrier 

concentration [13, 14]. By plotting Ln (R) as a function of 

1000/T (Arrhenius plot), the electrical bandgaps can be 

determined from the slopes of the curves of Fig. 3. The 

results are summarized in Table 2. 

 

 
 

Fig. 3. Arrhenius Plots of ln (R) versus 1000/T for Ge50Te50 Films Deposited at Different deposition time 
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Table 2. Crystallization temperature (Tc), Electrical energy gap 

(Eg) and Transition width of the films deposited at different 

deposition times 

 

Sample 

name 

Deposition 

time 

Energy 

gap 

Eg(eV) 

Tc 

(ᵒC) 

Transition 

width 

(oC) 

G7 1:30  0.74 212 15 

G8 2 0.86 230 10 

G9 2:30 0.75 227 15 

G10 3 0.76 225 20 

G12 3:30 0.81 242 15 

 

Our results show relatively high transition 

temperatures in comparison to what have been reported 

previously [15]. Lower transition temperatures [180- 

200oC] have been reported however in most published 

works [16]. This difference in the transition temperatures 

values could be due to: the preparation technique, the 

quality of the film, stoichiometry of the material, and the 

level of disorder of atoms in the amorphous state etc… In 

what concerns the transition width, our values are very 

similar to what have been reported in literature [15, 16]. Our 

results show no significant effect of thickness (or a clear 

trend) on the energy gaps, transition temperatures and 

transition widths. The difference in values falls within the 

experimental errors (5 %).   

3.2. Observation of double phase transitions  

 

3.2.1. Electric measurements  

 

To investigate the multi-transitions observed in the 

resistance versus temperature curves of GeTe thin films, we 

have prepared samples under the best conditions mentioned 

before [9] and repeated here: laser energy (200 mJ), 

chamber pressure (10-4 mbar), frequency (10 Hz), substrate-

target distance (6 cm), and for two deposition times (3 and 

6 hours). 

Resistance versus temperature and XRD measurements 

were carried out on four samples (two deposited for 3 hours 

and two for 6 hours). The resistance versus temperature 

measurement were done on S1 and S2 by heating from 25°C 

up to first transition temperature, which was about 190°C 

for S1 and 160°C for S2 and then stopped after the transition 

occurred by a few degrees; this process has been performed 

in order to do XRD measurements before the occurrence of 

the second transition above 250°C. Two other samples (S3 

and S4) from the same batch of S1 and S2 were used to 

measure the resistance by heating now from 25°C up to the 

second transition temperature around 325°C. Fig. 4 shows 

the resistance versus temperature curves of S3 and S4 since 

they cover the whole range of temperatures.  

 

 
 

Fig. 4. Resistance versus temperature of samples S3 and S4 measured with a heating rate of 5oC/min 

 

In order to find the electrical energy gap, we plotted 

Ln(R) as a function of the reciprocal temperature 

(Arrhenius plot), as shown in Fig. 5. The results of the 

electrical measurements on the samples are summarized in 

Table 3. 
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Fig. 5. Arrhenius plots of ln (R) versus 1000/T for samples S3 and S4 

 

Table 3. The crystallization temperature (Tc), (Electrical band gap (Eg), and transition width of films deposited at  

different deposition time 

 

Deposition time Eg (eV) Tc (ᵒC) Transition width (ᵒC) 

S3 0.70 190 20 

S4 0.69 160 20 

 

3.2.2. XRD measurements 

 

Now in order to identify the phases before and after 

each transition, XRD measurements have been performed 

on the samples mentioned above, as shown in Fig. 6.  

The XRD patterns were investigated to determine the 

crystallization behaviors of the Ge50Te50 films. Fig. 6 shows 

the XRD pattern of Ge50Te50 films at different heating 

temperatures. Due to the nature of the amorphous state there 

is no obvious peak for the as-deposited film. The crystalline 

peaks started to appear after heating the films to the first 

transition temperatures. The plane indices of these peaks are 

given above the XRD pattern in Fig. 6. The results 

consistently show that Ge50Te50 films transform from 

amorphous to metastable rhombohedral phase at 190°C. 

When the temperature is higher than 300°C new peaks of 

the cubic phase appeared. 

 

 
 

Fig. 6. XRD spectra of the as deposited films as well as of the films heated up to the first transition (3h-sample and 6-h sample)  

and up to the second transition (3h-sample and 6-h sample) 



Thickness effect and double phase transitions in Ge50Te50 thin films prepared by PLD                                       377 

 

 
In order to further investigate the crystal structure at 

high temperatures, we annealed the amorphous samples at 
different temperatures (250, 300, 350, 380, 400 and 450) °C 
in vacuum oven for (15 min) then the samples were cooled 
down to room temperature before characterized them by 
XRD technique. The typical XRD patterns of Ge50Te50 
films at rhombohedral and fcc states are shown in Fig. 7. 
The structural information is given by the peak positions 
and its relative intensity. The film annealed at 250°C is 
crystallized into a rhombohedral state indicated by XRD 
peaks (003), (021), (202), (220) and (042) [17]. Further 

annealing at temperatures above 350°C leads to the 
transition from rhombohedral structure to the fcc closest 
packed (fcc) state shown by the XRD peaks (111), (220) 
and (222) [18-22]. 

We conclude that a phase change from a rhombohedral 
to a cubic structure occurs at around 350 °C. This is due to 
the fact that during the annealing process the atoms tend to 
move to find the most active sites to lower their surface 
energy, under the thermal excitation. Therefore, more 
ordered crystallization can be obtained through annealing 
process [23, 24]. 

 

 
 

Fig. 7. XRD measurement of annealed samples at 250°C, 300°C, 350°C, 380°C, 400°C and 450°C 

 
3.2.3. Differential Scanning Calorimetry (DSC) 
  
Fig. 8 shows the DSC curves of Ge50Te50 target and 

many films with different masses: 0.4, 2.45, 3.09 and 4.28 
mg. The temperature has been swept from 25°C up to 400°C 
under a heating rate of 10°C/min. From this figure we reveal 

exothermic peak upon heating between 255°C and 280°C. 
This peak is associated with the phase transition from the 
amorphous phase to the rhombohedral phase [25]. The 
usual observations are that: the higher is the mass, the larger 
is the width and the larger is the maximum heat flow-rate, 
as seen in Fig. 8 [26, 27]. 

 

 
 

Fig. 8. DSC curves of Ge50Te50 for the target and for some films of various masses at a heating rate of 10 °C/min 
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In Fig. 9, we measured the heat flow of Ge50Te50 films 

of masses 2.92 and 5.47 mg under a heating rate of 5°C/min. 

This figure shows tow peaks; the first one (at 238.72°C ) is 

related to the phase transition from the amorphous to the 

rhombohedral phases, while the second peak (at 265.63°C) 

is related to the transition in the crystal state from the 

rhombohedral phase to the cubic phase. This confirms our 

observations in the electrical and the XRD measurements 

discussed above. Note that the second peak is much smaller 

to what has been mentioned in literature (426°C) [27]. 

 

 
 

Fig. 9. DSC curves of Ge50Te50 for samples of mass of 2.92 and 

5.47 mg at a heating rate of 5°C/min 

 

We should mention, at the end, that the second peak has 

not been observed for a heating rate of 10°C/min. This could 

be explained as follows. The thermal gradient in the 

crucible is created as the constant heating rate is supplied, 

and the effect increases with increasing the heating rate or 

the sample size. This thermal gradient effect is very strong 

for PCMs in particular, since PCMs have a high thermal 

energy storage combined with a low thermal conductivity 

and heat diffusivity [28]. As a consequence, a gradient of 

temperature is developed throughout the material and the 

temperature is not uniform throughout the sample. The 

measured temperature by the DSC sensor, which is in direct 

contact with the specimen surface, is higher than the 

average sample temperature - especially at higher heating 

rate and sample mass. In this situation, a thermal lag exists 

between the thermocouples and the sample, and the 

instrument response becomes slow. Since the temperature 

difference between the average sample temperature and 

DSC sensor is due to the time necessary for the heat flux to 

dissipate through the sample, lower heating rates and 

sample masses, up to a certain limit, can help to reduce these 

effects. Therefore, lower heating rates and sample masses 

can help to reduce the thermal gradient effect and help to 

distinguish two separate transition peaks in some cases.  

 

 
4. Conclusion 
 

The phase change material binary compound Ge50Te50 

thin films have been prepared by Pulsed Laser Deposition 

technique (PLD). Different parameters have been changed 

in order to obtain very good quality amorphous thin films. 

The following preparation conditions have been used in 

order to get such good films: substrate-target distance of 6 

cm, chamber atmosphere of 10-4 mbar, laser energy of 200 

mJ and frequency of 10 Hz. Effects of deposition time 

(consequently the thickness) on the physical properties of 

the films have been investigated. The results show that the 

best film compositions were obtained at a deposition time 

of 3 h. No significant effect on the transition temperature, 

transition width nor on the energy gap values has been 

found. The slight change in the values might be attributed 

to the experimental errors (5-10 %). In what concerns phase 

transitions, the electrical measurements showed two 

transitions at two different temperatures. The first is the 

standard transition from amorphous to crystalline phase, 

while the second is the transition in the crystalline state 

from rhombohedral to cubic phase. XRD and DSC 

measurements have been performed to confirm the 

existence of these two peaks. The XRD measurements were 

performed at different annealing temperatures, while the 

DSC measurements were conducted on the prepared films 

(amorphous) using different masses and heating rates. For 

the heating rate of 10°C, in the DSC measurements, only 

one big peak was observed. This peak represents the 

transition from amorphous phase to crystalline one. 

However, by using a heating rate of 5°C, an additional small 

peak at 255°C (m = 2.99 mg) and 280°C (m = 5.47 mg) was 

observed. The small peak might represent the phase 

transition between rhombohedral phase and cubic phase in 

the crystalline state. 
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