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Phase switching in GeTe thin films (grown using a modified metal organic chemical vapor

deposition system) upon pulsed femtosecond and nanosecond laser irradiation has been studied.

Two in situ methods, i.e., optical microscopy and real-time reflectivity measurements, have been

used in order to compare the optical response before and after phase change and to follow the

phase change dynamics with a time resolution close to 400 ps. The results show that cycling is

possible under irradiation with both fs and ns pulses using single pulses for amorphization and

multiple pulses for crystallization. The use of ns pulses favors the crystalline-to-amorphous phase

transformation, with a characteristic transformation time of �15 ns. The presence of the liquid

phase was identified and temporally resolved, featuring a well-defined transient reflectivity state, in

between those of the crystalline and amorphous phases. We have also studied the role of material

configuration in the phase change dynamics and the mechanisms involved in the re-crystallization

process. VC 2011 American Institute of Physics. [doi:10.1063/1.3596562]

I. INTRODUCTION

Phase switching in chalcogenide alloys, containing Ge,

Sb, and Te, has been extensively studied in relation to its

application in optical data storage technology.1 Chalcoge-

nides have also been proposed as suitable materials for the

next generation of electrically addressed phase change mem-

ory (PCM) devices.2 The basic mechanism of PCM relies on

reversible switching between amorphous and crystalline

phases, characterized by significantly different optical3 and

electrical4 properties. Phase transformations can be triggered

by means of short optical laser or electrical current pulses

and are characterized by large differences in optical reflectiv-

ity or electrical resistivity, respectively. In both cases, the

phase transition from an amorphous to a crystalline state

(a! c) and vice-versa, i.e., a crystalline to an amorphous state

(c ! a), requires controlled heating and cooling conditions,

which determine the transformation path. Because the c ! a

process requires rapid melting and quenching, short (picosec-

ond, ps) or even ultrashort (femtosecond, fs) optical pulses

are inherently preferable as compared to nanosecond (ns)

laser pulses because they yield much higher cooling rates. In

contrast, the inverse transformation (a! c) is favored by lon-

ger pulses due to the minimum time required for stable crys-

talline nuclei to form and grow.5

Over past decades, binary alloys such as GeTe and

Sb2Te3 and ternary alloys, located along the GeTe–Sb2Te3

pseudobinary line, were intensively studied both theoretically6

and experimentally in relation to their applications in optical

phase-change data storage. These studies explored a vast num-

ber of parameters including pulse duration,7 wavelength,8

pulse energies,9 the role of oxygen impurities,10 vacancies,11

and local structure.12 Time-resolved optical studies using ps

and fs laser pulses have already revealed important details of

the phase transition, such as the existence of three distinct

stages, namely, rapid melting, solidification, and slow relaxa-

tion.13 In addition, it was found that optical techniques are

well suited for optimizing heat-flow conditions in Ge0.07Sb0.93

(Ref. 14) and Ge2Sb2Te5 (Ref. 15) films by tailoring the ther-

mal conductivity of the substrate to either facilitate or prevent

amorphization. Although the pseudobinary GeTe–SbTe alloy

(and especially the Ge2Sb2Te5 composition) is the best known

candidate for PCMs,16 both of its binary constituents, i.e.,

GeTe and Sb2Te3, have also demonstrated potential for phase

change recording.17,18 GeTe in particular has received increas-

ing industrial interest as an active material in electrical PCMs,

especially in nonvolatile memory devices.19 Recently, Raoux

et al.20 reported an extensive study on crystallization times in

GeTe films produced via rf sputtering as a function of alloy

composition. They confirmed earlier reports, by Chen et al.,5

that crystallization times for compositions other than the stoi-

chiometric one increase by orders of magnitude, and they

underlined the role played by the melt-quenched amorphous

phase in the fast re-crystallization process.

The metal organic chemical vapor deposition system

(MOCVD) is a promising method to address the targeted

downscaling of device structures because it is conceptually ca-

pable of providing better control of the film deposition over

nonplanar structures (conformality) and better composition

control. This aspect is paramount in modern PCMs because

their geometry is based on micro-trenches that are covered by

a thin film of a chalcogenide material and which act as a unit

active block of a memory device. Therefore, high-quality con-

trol over the composition, conformality, and increased
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manufacturing throughput are desired as compared to direct

physical vapor deposition techniques, such as rf sputtering

techniques.

The aim of this work is to study the laser-induced phase

switching behavior in GeTe films produced using a modified

version of MOCVD, i.e., hot wire pulsed liquid injection

MOCVD (HW-LI-MOCVD),21 in order to evaluate their

phase switching performance and dynamics. Moreover, we

verify the phase switching feasibility not only with conven-

tional ns but also with fs laser pulses. The study uses in situ
optical microscopy as a rapid assessment tool for the optical

characterization of phase switching conditions by comparing

the optical response before and after phase change, as

obtained from microscopy images with real-time reflectivity

(RTR) measurements at the irradiated area center used to fol-

low the phase change dynamics with a time resolution close

to 400 ps. This allows one to characterize, with spatial reso-

lution, the mechanisms that govern the amorphization and

re-crystallization processes.

II. EXPERIMENTAL DETAILS

The experimental setup uses a commercial femtosecond

Ti:sapphire regenerative amplifier system to induce phase

changes. For irradiation with fs pulses, the system was oper-

ated in a standard configuration providing s¼ 120 fs pulses.

For irradiation with ns pulses, the amplifier was operated in

a Q-switched mode without seed pulses, thus providing 8 ns

pulses at the same wavelength (k¼ 800 nm). The s-polarized

beam was then focused onto the sample at an angle of inci-

dence of 53� to an elliptical spot size of 100� 59 lm2 (1/e2

intensity diameters). Because the spatial profile of the pump

beam is Gaussian, it translates into a Gaussian intensity dis-

tribution in the focus at the sample surface and thus allows

one to analyze the reflectivity changes corresponding to

different local fluences along the image profile (see the inset

of Fig. 1(a)). The irradiation fluence was adjusted by chang-

ing the pump pulse energy using a combination of a k/2

waveplate and a polarizer. The laser fluence values used in

the experiments refer to peak fluences in front of the sample.

We used a single laser pulse, selected from a 100 Hz pulse

train by means of an electromechanical shutter, to irradiate

unexposed regions of the sample. The induced phase change

was observed in situ with an optical microscope as shown in

Fig. 1(a). The microscope is composed of a long working dis-

tance objective lens [numerical aperture (NA)¼ 0.42] and a

tube lens (in a configuration along the normal to the sample

surface), which allows one to record magnified images (� 20)

on a 12-bit CCD camera using a white-light emitting diode as

a source. The temporal evolution of the reflectivity changes

was monitored with a frequency-doubled, continuous-wave,

single-frequency Nd:YAl garnet laser emitting at 532 nm, the

output of which was focused to a spot size of� 5� 5 lm2 at

the center of the irradiated region [Fig. 1(b)]. The specular

reflection of the probe light was recorded simultaneously by

two detectors: a fast photodiode (PD) and a streak camera

(SC), yielding transient reflectivity changes as a function of

time, as shown in the insets of Fig. 1(b). Here, some represen-

tative reflectivity traces are shown as recorded in GeTe films,

showing how the temporal resolution improves when switch-

ing from a PD (tens of ns) to a SC detector (�400 ps). Further

details of the detection system can be found in Ref. 22.

GeTe thin films were grown via the HW-LI-MOCVD

technique using diluted solutions of Ge[N(CH3)2]4 and

Te(i-C3H7)2 precursors in toluene. Unless otherwise

specified, the results reported in this work were obtained

in Ge0.46Te0.54 films (15 to 20 nm thick) deposited at

300 �C on Si wafers covered by a 10 nm thick buffer

layer of SiO2. In order to evidence the importance of the

material configuration (i.e., film and buffer layer thick-

nesses) to the phase change behavior, a thicker (50 nm)

FIG. 1. (Color online) The experimental setup

used for combined (a) in situ optical microscopy

and (b) time-resolved reflectivity measurements.

The pump beam (800 nm with a pulse duration

of either 120 fs or 8 ns) is focused (NA¼ 0.42

objective) on the sample surface. (a) An inco-

herent white-light source or (b) a CW laser at

532 nm is used for probing the spatial and tem-

poral behavior of the photoinduced reflectivity

changes. In (b), the probe beam is detected with

either a fast photodiode (PD) or a streak camera

(SC), which allows one to record laser-induced

relative reflectivity changes with different tem-

poral resolution (from ns down to ps resolution).
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film on a thicker (30 nm) SiO2 buffer layer was also pro-

duced. The as-deposited films were polycrystalline. Crys-

tallization occurs in the rhombohedral phase of GeTe.21

Energy dispersive spectroscopy analysis confirmed an

almost stoichiometric composition (Ge 46%, Te 55%).

Atomic force microscopy study revealed a rather smooth

surface with an average roughness value of Ra � 2 nm.

A more detailed description of the film growth process is

provided elsewhere.23

III. RESULTS AND DISCUSSION

A. In situ microscopy

White light illumination images of the sample upon sin-

gle fs and ns laser pulse irradiation recorded in reflection

with the in situ microscope [Fig. 1(a)] are shown in Fig. 2

and correspond to consecutive irradiations of the same sam-

ple spot. These images are used for the initial optical charac-

terization of the laser-irradiated films and help in assessing

rapidly the phase-change behavior of the selected thin-films,

particularly when studying the spatial features.

For both pulse durations, the first images shown in Figs.

2(a) and 2(e) correspond to a single pulse (SP) irradiation with

high fluence, which induces a dark region related to amorph-

ization, as confirmed using Raman spectroscopy.24 The second

images in Figs. 2(b) and 2(f) correspond to multiple pulse

(MP) irradiation (>500 pulses) of the transformed areas in

Figs. 2(a) and 2(e) using low fluence, which leads to a brighter

region as compared to the first images. This behavior is con-

sistent with re-crystallization, although the region is slightly

darker than that of the as-grown phase. The third images in

Fig. 2(c) and 2(g) correspond to the irradiated areas in Figs.

2(b) and 2(f) with a SP of fluence similar to that in Figs. 2(a)

and 2(e), which results in a similar dark region, i.e., amorph-

ization. Finally, images in Figs. 2(d) and 2(h) correspond to

MP irradiation of the area in Figs. 2(c) and Fig. 2(g). While

the latter has a contrast similar to that in Fig. 2(f), i.e., slightly

darker than that of the as-grown area, the former shows a

much darker contrast. For both fs- and ns-irradiated films, we

have observed reversible optical switching with considerable

optical contrast (OC). OC is defined as a difference in the nor-

malized reflectivities of the non-irradiated crystalline film (as-

grown) and the center of the irradiated region, namely,

OC¼Rnorm(cryst)�Rnorm(irr-center)¼ 1�Rnorm(irr-center).

This is better appreciated in Fig. 3, which shows the normal-

ized spatial reflectivity profiles across the irradiated spot center

extracted from the images in Fig. 2 for both fs [Fig. 3(a)] and

ns [Fig. 3(b)] laser pulses.

A gradual decrease of the reflectivity difference between

the laser-induced amorphous and crystalline phases upon fs

irradiation is observed. In contrast, the OC difference is pre-

served upon ns irradiation for similar fluences. This result is

consistent with the beneficial effect of long pulses on the

FIG. 2. A series of images of (a)-(d) femtosecond and (e)-(h) nanosecond laser-irradiated surfaces of Ge0.46Te0.54 thin films. In (a) and (e), the photoinduced

reflectivity change to a low-reflectivity state upon exposure to an intense SP irradiation is shown. The partial recovery of the initial high-reflectivity state is

depicted in (b) and (f) upon MP irradiation using multiple pulses. The subsequent cycling between both states is shown in images (c) and (d) upon fs laser irra-

diation, and in (g) and (h) using ns pulses. The field of view in all images is 120� 80 lm2.

FIG. 3. (Color online) Spatial reflectivity profiles of GeTe films irradiated

with (a) ns and (b) fs laser pulses. The reflectivity difference between the

laser-induced amorphous phase (SP1) and the re-crystallized (MP1) state

defines the optical contrast.
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crystallization, most likely related to the lower heating/cool-

ing rates involved, and evidences that phase switching is

considerably better for ns than for fs laser pulse irradiation.

B. Real-time reflectivity measurements

In view of the above-discussed results, RTR measure-

ments to study the phase transformation dynamics/kinetics

were obtained only upon irradiation with 8 ns pulses. Figure

4 shows the normalized reflectivity transient measured with

ns-resolution using a PD detector upon SP1 irradiation at 71

mJ/cm2, for which a very fast substantial decrease of 50% of

the initial reflectivity is observed, similar to the results

shown in Fig. 2(e). The observed transformation time is

close to the temporal resolution limit of the PD detector. The

reflectivity decrease is attributed to melting followed by

amorphization of the as-grown GeTe. Subsequent MP irradi-

ation at 30 mJ/cm2 (the final level is indicated with a solid

line MP1) partially recovers the high-reflectivity state

because the re-crystallized phase is characterized by lower

reflectivity (0.77). Subsequent SP irradiation with 62 mJ/cm2

(SP2) switches the material back to the low-reflectivity state.

In both cases, the photoinduced amorphous state has a con-

stant reflectivity (0.5). The actual transformation times of the

amorphization process could be better resolved by using the

SC detector. The gray area in Fig. 4 shows the temporal win-

dow of 40 ns, where ps-resolved RTR measurements with a

SC detector were carried out (inset Fig. 4). The pump pulse

is shown below the reflectivity transients for comparison.

The remarkable feature observed in the SP1 trace in the inset

of Fig. 4 is an intermediate plateau at �5 ns after the laser

pulse. It has been shown in other chalcogenide films that this

transient intermediate level corresponds to the presence of

the molten phase, because laser-induced amorphization

requires melting as a preceding step before the crystalline-

amorphous phase transition occurs.25

In order to resolve more clearly the plateau related to the

molten state, we have used two consecutive single pulses at

high fluence—the first one to melt and amorphize the film as

before, the second one to melt the amorphous phase and

re-amorphize the film. The recorded reflectivity transients are

shown in Fig. 5. The first SP1 irradiation (75 mJ/cm2) triggers

a crystalline–liquid–amorphous (c! l! a) transition featur-

ing, as in the inset of Fig. 4, a plateau of constant reflectivity

corresponding to the liquid phase. The subsequent SP2 irradia-

tion at 81 mJ/cm2 melts the amorphous layer and re-solidifies

it into the amorphous phase (a! l! a).

The intermediate reflectivity Rmelt of the liquid phase

(marked by a dotted horizontal line in Fig. 5) between the as-

grown crystalline state and the photoinduced amorphous

state is clearly appreciable upon irradiation with SP2. Its

temporal evolution and duration agree consistently with

those of the amorphization process during SP1. After melt-

ing, the liquid phase re-solidifies to the initial solid state, in

this case to the amorphous state. The c ! l transformation

time obtained upon SP1 in Fig. 5 is �5 ns, which was

extracted as the time interval between the initial reflectivity

decrease and the appearance of the melt. This implies that

the rising edge of the 8 ns FWHM pulse triggers the forma-

tion of an optically thick molten layer, and complete melting

is achieved in ca. 3 ns (the first maximum in the SP2 trace in

Fig. 5). The relatively long duration of the reflectivity pla-

teau (ca. 5 ns) indicates that the melt persists for the entire

duration of the pump pulse, and the re-solidification time

(the reflectivity decrease in the SP2 trace in Fig. 5) amounts

to approximately 3 ns. Furthermore, Fig. 5 shows that the

reflectivity of the liquid phase Rmelt is 0.75 Rc, where Rc

describes the crystalline phase.

C. Quantification of the optical contrast

In order to extract the OC as a function of the pump

fluence, we have performed a series of fluence-dependent

measurements of the c ! a phase transformation upon sin-

gle-pulse ns irradiation under identical experimental condi-

tions. During these measurements, we have gradually

increased the laser fluence in the 28-90 mJ/cm2 range, expos-

ing a fresh region to each laser pulse. For each fluence, we

recorded a corresponding image using the in situ white-light

microscopy setup shown in Fig. 1(a). From these images,

reflectivity values in the spot center were extracted and

FIG. 4. (Color online) RTR changes of the ns laser-irradiated GeTe thin

films recorded using the setup from Fig. 1(b). The observed reflectivity

changes are assigned to a SP c! a phase transformation (SP1 and SP2) and

were recorded using a PD detector. The re-crystallized reflectivity level

(MP1) is indicated with a dashed line. The inset zooms into the reflectivity

changes upon SP amorphization using a picosecond SC detector (SP1) in a

40 ns time window, indicated by the gray area. The temporal profile of the

ns pump pulse is shown for comparison.

FIG. 5. (Color online) Transient reflectivity changes of the ns laser-irradi-

ated GeTe thin films during c! a transformation recorded using a SC detec-

tor. The SP1 trace shows the amorphization dynamics, and the dashed

horizontal line marks the final amorphous low-reflectivity state. The effect

of melting the amorphous GeTe is shown in the SP2 trace. The temporal pro-

file of the pump pulse is shown toward the bottom of the graph (dashed

curve).
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normalized to the value of the unexposed sample (open trian-

gles), thus yielding the corresponding value of the OC. The

results are summarized in Fig. 6, where the dashed line is an

interpolation that serves only to highlight the decreasing

trend of the measured reflectivity.

At fluences �30 mJ/cm2, no change in the OC can be

appreciated. Above this fluence, a continuous increase of the

OC as laser fluence increases is observed up to ca. 85 mJ/

cm2. For fluences> 50 mJ/cm2 (image not shown here),

in situ microscope (WLM) images show a partially amorph-

ized surface upon SP irradiation. Increasing the fluence up to

74 mJ/cm2 develops a clearly visible (dark ellipse) amor-

phous layer on the film surface, as indicated in the lower

inset in Fig. 6. For higher fluences (>85 mJ/cm2), ablation

occurred, as was verified using the same setup. OC extracted

from in situ microscopy is compared to reflectivity changes

at the spot center measured with a PD detector (open

squares), and they show a good agreement. Such agreement

simplifies the analysis because in both systems different

wavelengths were used and the optical properties of the sam-

ple could be wavelength dependent. Since the measured

reflectivity change during the c ! a phase transformation

reflects the corresponding change in the complex refractive

index (nþ ik), we have calculated the expected reflectivity

change for a thin film of crystalline GeTe on a SiO2(10 nm)/

c-Si substrate upon amorphization of the as-grown crystal-

line alloy. Calculations of the induced reflectivity changes

were performed, taking into account the wavelength of the

probe laser (532 nm) and the optical constants of the sub-

strate and the involved phases of the film material (amor-

phous and crystalline), using the values of the real and

imaginary parts of the complex refractive index reported in

Ref. 26. This has been done by means of a direct calculation,

using Fresnel formulae, of the reflectivity evolution for a

monochromatic electromagnetic wave interacting with a

multilayered system formed by a crystalline GeTe film on a

Si substrate when the film converts, layer by layer, starting

from the surface, into the amorphous phase. The code calcu-

lates the reflectivity of the whole system at the monitoring

wavelength as a function of the transformation depth. The

results are shown in the upper inset of Fig. 6, where it is

observed that the maximum change of the OC is equal to

DR¼ 0.6 at 532 nm for a transformed film thickness of 20

nm. This OC is slightly lower than the experimentally

observed values of DR¼ 0.5, at an irradiation fluence of 71

mJ/cm2, and DR¼ 0.45 (73 mJ/cm2) shown in Figs. 4 and 6,

respectively. This discrepancy might result from the pres-

ence of an amorphous component, as already detected in as-

grown samples via Raman spectroscopy.24

D. Study of the re-crystallization mechanism

Figure 2 shows that re-crystallization of the melt-quenched

phase is possible, but only upon MP laser irradiation. According

to the recent study in Ref. 20, it can be expected that crystalliza-

tion upon single laser pulse irradiation can be achieved only with

pulses >30 ns. In order to achieve crystallization with shorter

pulses, additional optimization of the heat-flow conditions is

required.15 We have carried out a study of progressive crystalli-

zation upon irradiation with 8 ns pulses in samples with the same

GeTe composition but with a larger film thickness (50 nm) and a

thicker SiO2 buffer layer (30 nm). In Figs. 7(a)–7(d), a sequence

of consecutive images showing the gradual re-crystallization pro-

cess is presented. Similar to Fig. 2, the film is first amorphized

upon ns SP1, which is evidenced by the appearance of an area

with low reflectivity at the center of Fig. 7(a). Upon subsequent

FIG. 6. (Color online) Optical reflectivity changes as a function of the inci-

dent laser pulse fluence, measured using white light (triangles) and at 532

nm (squares). The inset white-light microscope (WLM) image shows the

amorphized GeTe surface change upon 74 mJ/cm2 ns single-pulse irradia-

tion. The horizontal cross section of the image yields a normalized reflectiv-

ity profile. In the inset, calculated reflectivity changes (at 532 nm) upon

amorphization of GeTe thin film are shown as a function of the GeTe

thickness.

FIG. 7. (Color online) A series of images upon MP irradiation with ns laser pulses of a thicker sample. Upon intense SP irradiation, (a) an amorphous spot is

induced at the center part of the laser focus. Subsequent low-fluence MP irradiation with a total of (b) 5, (c) 8, and (d) 15 pulses shows the re-crystallization

process of the melt-quenched amorphous spot. Spatial reflectivity profiles corresponding to the images shown in (a) and (d) are depicted in (e), and the vertical

arrow indicates the observed OC.
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irradiation with 5 low-fluence pulses [Fig. 7(b)], at F¼ 28 mJ/

cm2, the re-crystallization of the melt-quenched amorphous

phase initiates at the boundary of the crystalline–amorphous

interface towards the center of the transformed area, and it is

thus an interface controlled process. Additional 3 pulses shows

instead that bulk nucleation of the crystalline phase is occur-

ring at the central region, with no significant progress of the

above-mentioned interface controlled process [Fig. 7(c)]. After

the accumulation of 15 laser pulses, the entire initially amor-

phous spot is re-crystallized [Fig. 7(d)]. The fact that the inner

region in Fig. 7(b) is brighter than that in Fig. 7(a) suggests

that although an interface controlled process appear dominant

in the first pulses, nucleation controlled processes have also

occurred at the central area.27 The re-crystallized surface can

be re-amorphized upon another SP irradiation (not shown

here) in subsequent phase switching cycles. Spatial reflectivity

profiles, taken along the horizontal axis of the irradiated areas

in Figs. 7(a) and 7(d), are shown for comparison in Fig. 7(e).

These profiles can be compared with the spatial profiles in Fig.

3 showing some appreciable differences in radial reflectivity

changes, i.e., a smooth radial transition in 20-nm films (Fig. 3)

and a sharp reflectivity decrease in thicker films [Fig. 7(e)].

We can only qualitatively attribute these changes to the film

thickness, as thinner films are subject to larger cooling rates

due to faster heat dissipation to the substrate. The observed

OC is smaller than in the case of thinner samples, most likely

due to different thermodynamical conditions in this film con-

figuration as well. As already shown by our simulations (upper

inset in Fig. 6), the maximum OC for 20-nm GeTe films

requires a fully transformed film thickness (the entire GeTe

layer is melted), and thus it is assumed that the amorphous

layer is in contact with the substrate. This means that heat-

flow conditions will be different than in the case of a sample

with a 50-nm GeTe layer. Moreover, the initial reflectivity

decreases upon SP c ! a transition, and the re-crystallized

phase has a slightly higher reflectivity value than the as-grown

phase. This clearly indicates that the as-grown material was

partially amorphous and that MP irradiation improves the

nucleation of the crystalline phase within the laser-irradiated

area. Although the results shown in Fig. 7 are qualitative, they

show how strongly different film geometries can influence

heat-flow conditions and thus the observed re-crystallization

mechanism involved in the phase transformation.

IV. CONCLUSIONS

The study of laser-induced phase switching in GeTe

thin films obtained by using a novel growth method allowed

us to extract differences in the amorphization process upon

fs and ns laser irradiation and valuable information about

the re-crystallization mechanisms, using two complemen-

tary techniques in both steady-state and time-resolved

regimes. While reversible c ! a and a ! c phase transi-

tions were observed upon both fs and ns irradiation, the for-

mer pulses lead to a faster degradation of the optical

contrast achieved upon phase switching due to the higher

cooling rates involved.

In situ optical microscopy delivered space-resolved (and

thus fluence-resolved) reflectivity images that allow us to

quantify the OC between amorphous and crystalline phases

involved in phase switching. The images also allowed us to

extract the laser fluence threshold for amorphization and

delivered valuable information about the re-crystallization

mechanisms involved. The comparison of microscopy results

with RTR measurements shows very good agreement, con-

firming that in situ optical microscopy can be regarded as a

versatile tool for the rapid characterization of the optical

properties involved in phase switching. Also, the dynamic

studies using RTR measurements focused to the amorphiza-

tion dynamics under ns pulse irradiation revealed a charac-

teristic full transformation time of �15 ns for a broad range

of irradiation fluences. The dynamics of melting and solidifi-

cation could be resolved, and take place during the c ! a

phase transition. The complete melt formation time was esti-

mated to be �3 ns, and the corresponding reflectivity change

involved was determined to be Rmelt � 0.25 with respect to

the polycrystalline phase, i.e., lying between the values for

polycrystalline and amorphous GeTe.

Optical microscopy was used also to study the re-

crystallization process. The comparison of the OC evolution

of the irradiated areas upon multiple pulse irradiations

allowed us to obtain qualitative results on the involved

mechanism. The re-crystallization is triggered at the inter-

face of the amorphous and as-grown crystalline area and

thus is an interface-controlled process. As the number of

pulses is increased, a nucleation controlled process becomes

more dominant until complete re-crystallization. Moreover,

a comparison of the maximum achieved OC showed a clear

dependence of the crystallization process on both film and

buffer layer thickness.
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