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Pulsed laser deposited stoichiometric GaSb films for optoelectronic and 
phase change memory applications 

Daniel T. Yimam *, Heng Zhang, Jamo Momand, Bart J. Kooi ** 

Zernike Institute for Advanced Materials, University of Groningen,Nijenborgh 4, 9747 AG Groningen, the Netherlands   

A R T I C L E  I N F O   
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A B S T R A C T   

Phase-change memory (PCM) holds great potential in realizing the combination of DRAM-like speeds with non- 
volatility and large storage capacity for future electronic devices including in-memory computing. However, 
various (reliability) issues related to e.g. too high programming current (power consumption), resistance drift, 
data retention (low crystallization temperature), phase separation and density change upon switching stand in 
the way to make PCM really attractive. GaSb thin films have interesting optical and electrical properties which 
are attractive for optoelectronic and PCM applications but so far reported stoichiometric GaSb compositions are 
Sb-rich which produced reliability issues in PCM devices. In this study, we managed to deposit stoichiometric 
GaSb thin films using pulsed laser deposition (PLD) by varying deposition parameters and conditions. Using 
electron microscopy, the morphology of deposited films and target surface and the compositional deviation from 
exact stoichiometry have been investigated. We show that the directional nature of laser-target interaction is 
directly responsible for film quality in PLD in which particulates with high number density are generated due to 
directional pillar formation. Suppressing this pillar formation, by a simple 180◦ target rotation, showed an in-
crease in deposition yield by 60%, exact stoichiometric transfer from target to substrate, and large reduction in 
particulate density. Moreover, from XRD analysis, we show that exact stoichiometric transfer from target to 
substrate is crucial for structural integrity of the produced films. Temperature induced structural transformation 
from resistivity vs. temperature measurements show a high crystallization temperature of 250 ◦C for stoichio-
metric GaSb thin film. We believe the exact stoichiometric GaSb thin films with reduced particulate densities and 
favorable structural and (opto)electronic properties are attractive for future PCM devices.   

1. Introduction 

Phase-Change Memory (PCM) architectures are some of the most 
promising candidates for future data storage devices [1]. In PCM, data is 
stored by using the large electrical resistivity or optical reflectivity 
contrast between the amorphous and crystalline phases. The switching 
between these phases is usually achieved by applying electrical or op-
tical pulses, which by Joule heating either induce crystallization at 
elevated temperatures below the melting point or amorphization via 
melt-quenching, called SET and RESET operations, respectively [2–4]. 
By far the most studied materials for PCM applications are Ge-Sb-Te 
alloys [5,6]. In addition to the large resistivity contrasts, the fast 
reversible switching between amorphous and crystalline phases with 
nanoseconds crystallization speeds are the main attractive features for 
these materials [7]. However, many reliability issues hinder the full 

potential of PCM memory elements. For instance, the resistivity of the 
amorphous phase after the RESET pulse increases in time and this is 
commonly referred to as resistance drift [8,9]. This drift towards higher 
resistivity is caused by structural relaxation to a more favorable state 
with lower energy [10]. Also, during the SET-RESET operations volume 
changes occur in general due to structural transformation between the 
phases. This continuous contraction/expansion is known to cause voids 
between contact electrodes and the PCM element, reducing the cycla-
bility of the device [11,12]. Furthermore, Ge-Sb-Te alloys suffer from 
electromigration particularly during the times they are in the liquid state 
[13]. Finally, the most studied PCM Ge2Sb2Te5 (GST225) has a crys-
tallization temperature of <160 

◦

C, which is relatively low for embedded 
applications [14]. These problems thus necessitate novel approaches to 
tailor PCMs for a wide range of emerging applications. 

A lot of progress has been made to solve current problems with 
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chalcogenide PCMs by composition tunning [14,15] and elemental 
doping [16]. Another approach is to go for a completely new phase 
change material with attractive properties altogether. Among those 
ideal for future PCM devices are GaSb alloys, which attract attention due 
to their unusual crystallization behavior [17]. For instance, GaSb ex-
hibits a volumetric expansion instead of contraction upon crystalliza-
tion, that leads to a negative optical contrast in the stoichiometric GaSb 
films [18]. In addition, varying Sb content in Ga1-xSbx is shown to affect 
the materials electrical and structural properties [19,20]. In fact, it has 
been shown that for a specific Sb content of Ga30Sb70 the density 
changes between phases disappear [21]. When used as a PCM device, 
the lack of density difference between phases would be advantageous to 
increase the device endurance and reduce resistance drift. However, a 
drawback of Sb-rich GaSb alloys is that they are highly susceptible to 
phase separation into Sb and (stoichiometric) GaSb. This problem is 
completely avoided when using stoichiometric GaSb as PCM. Moreover, 
GaSb is known to exhibit a much higher crystallization temperature 
(beyond 200 C) than the traditional PCM like GST225 (150 C). Stoi-
chiometric GaSb is a stable phase without chemical driving force for 
phase separation. Although currently unclear, it can also be speculated 
that stoichiometric GaSb is more resistant to electromigration (in the 
liquid state). Therefore, more research on GaSb as a highly promising 
PCM is required. 

Although not common for GaSb, Pulsed Laser Deposition (PLD) is a 
popular method of preparing chalcogenide thin films, both for opto-
electronics and PCM applications [22–26]. PLD has become one of the 
common thin film deposition techniques in recent years. The processing 
speed, the flexibility, the scalability, applicability for wide range of 
materials, and cost effectiveness are among some of the reasons for its 
popularity [27]. One of the major drawbacks of PLD is the presence of 
micrometer sized particulates on the film surface [28]. This is a big 
problem for devices since the particulates not only alter material prop-
erties like optical reflectivity and electrical resistance, but also can 
destroy device architecture. Particulate production in PLD is considered 
inherent and it involves multiple parameters. The target used, the laser 

fluence, laser repetition rate, target substrate distance, and processing 
gas inside chamber all contribute to particulate generation. Researchers 
have given a lot of attention to lower the particulate density in PLD 
deposited thin films. Gas-jet injection into the chamber, directed to-
wards the plasma plume, show reduction in particulate density [28,29]. 
Another example is the use of an additional laser to heat and vaporize 
the particulates in the plasma plume [30]. The micron size particulates 
are heavier than the constituents in the plasma plume and travel slower. 
Velocity filters in front of the plume were used to kick off particulates 
before reaching the substrate [31]. Although the yield is relatively low, 
another approach was to use an off-axis geometry to reduce particulate 
density where the substrate is shifted away from the plasma plume axis 
by a small distance [32]. Almost all works done involve reduction of 
particulates after their generation. Recently it has been shown that 
particulate generation can be suppressed by using a continuous target 
rotation to simulate irradiations in opposite directions [33]. However, 
none of these methods were effective in achieving ab-initio stoichio-
metric GaSb deposition that contains low particulate densities. 

Thus, one of the major problems here is that PLD deposited GaSb 
suffers from high density of particulates on the film surface [34]. Thin 
films of GaSb are usually prepared by DC magnetron sputtering from 
GaSb targets [17,20]. Even though sputtered films are particulate free, 
the reported compositions are off-stoichiometric. In fact, for both PLD 
and magnetron sputtering, the reported elemental composition for 
stoichiometric GaSb is actually Ga45Sb55. However, when Sb content is 
increased in GaSb alloys their crystallization temperature seems to 
decrease and additional crystallization of the excess Sb will compromise 
the performance of PCM devices [17]. To incorporate GaSb into future 
PCM devices, problems with off-stoichiometric thin film production for 
both magnetron sputtering and PLD and high particulate densities on the 
film surface in PLD must be solved. In this work we show that particulate 
reduction/elimination and exact stoichiometric composition transfer 
can be achieved by PLD with the implementation of a 180◦ rotation 
holder. The film morphology and elemental composition have been 
studied by Scanning Electron Microscopy (SEM) and 

Fig. 1. TEM-EDX composition and yield analysis for a series of samples deposited using a powder sintered GaSb target by varying crucial PLD parameters. Ga and Sb 
composition analysis of deposited films by varying (a) laser fluence, (b) Ar process gas partial pressure, and (c) Target-Substrate distance. EDX intensity counts of Ga 
and Sb normalized with carbon intensity count in the spectrum as a function of (d) laser fluence, (e) Ar process gas partial pressure, and (f) Target-Substrate distance. 
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Scanning/Transmission Electron Microscopy (S\TEM). To further 
investigate the properties of these particulate-free and stoichiometric 
films, structural analysis and electrical resistivity measurements have 
been performed by X-ray diffraction and Van der Pauw setup. 

2. Experimental 

2.1. Film deposition 

We deposited GaSb thin films with pulsed laser deposition (PLD) on 
Si/SiO2 substrates for X-ray diffraction (XRD) and electrical character-
ization and on continuous carbon and Si3N4 TEM grids for scanning 
transmission electron microscopy (S/TEM) analysis. Initially, we 
deposited GaSb with stoichiometric GaSb powder sintered targets from 
K-TECH. Later, we prepared stoichiometric GaSb targets by melting 
exact atomic portions of high-purity (5 N) Ga and Sb elements in a 
vacuum sealed quartz ampoule. The ampule was placed in an oven and 
left for 2 h at 750 ◦C before we took it out. Finally, for a PLD system 
using a KrF excimer laser (wavelength of 248 nm), we applied a fluence 

of 1.5 J cm− 2, processing gas (Ar) pressure of 10− 3 mBar, while the 
substrate was kept at room temperature. The GaSb target was translated, 
normal to the substrate, through the scan area to induce continuous 
movement. During deposition, we either did not apply any target rota-
tion or we rotated the target 180◦ after a certain number of laser pulses 
using a homemade target holder in addition to the translation (see 
Supplementary Information, Fig. S1). 

2.2. Film characterization 

The surface morphology and stoichiometry of targets and GaSb films 
were studied using scanning electron microscopy (SEM) (FEI NovaNa-
noSEM 650 and FEI Helios G4 CX), equipped with an energy dispersive 
x-ray (EDX) detector. For particulate density analysis, we analyzed SEM 
images with the openly available ImageJ software. Plan-view TEM-EDX 
was performed with a Themis Z S/TEM and JEOL 2010 TEM. For high- 
resolution analysis, we prepared cross-sectional specimen with a focused 
ion beam (FIB) (FEI Helios G4 CX) directly from Si3N4 TEM grids and 
imaged them with a double aberration-corrected Thermo Fisher Scien-
tific Themis Z S/TEM, operating at 300 kV. To characterize the struc-
tures of the as-deposited and crystallized GaSb thin films, we performed 
Grazing incidence X-ray diffraction (GIXRD) with a Panalytical Expert 
Pro X-ray diffractometer using grazing incidence to improve the signal 
(the angle was chosen to be 0.7◦). To characterize the electrical re-
sistivity of the GaSb thin films, we used a van der Pauw (vdP) setup. For 
stability, Pt/Au with thicknesses of 40 nm/50 nm were deposited as 
contact electrodes. For the in-situ resistivity measurement, we heated 
the as-deposited samples with a heating rate of 3 ◦C/min, continuously 
registering the resistivity. 

3. Results and discussion 

3.1. Thin film deposition from powder target 

Commercially available targets are the typical starting points for PLD 
thin film depositions of previously unexplored compositions. Most 
commercial targets are based on powder sintering and then, for instance, 
a GaSb target can consist of sintered Ga and Sb powders. Although we 
start with a target with composition and phase as the desired thin films, 
composition and transfer yield problems almost always arise due to 
differences in ablation efficiencies and transfer rates of the individual 
constituent elements in the target. To overcome these problems and to 
achieve exact stoichiometric transfer with good yield, relevant process 
parameters must be optimized: i.e., the laser fluence, the process gas 
(Ar) partial pressure, and the target-substrate (T-S) distance. For PLD 
deposition of GaSb thin films we initially started with a single phase 
stoichiometric Ga50Sb50 target obtained commercially from K-TECH. 
For fast thin film screening with TEM we want to avoid tedious TEM 
sample preparation. Therefore, we directly deposit thin films on a 20 nm 
thick amorphous C films on copper grids or sometimes on Si3N4 
membranes. 

Fig. 1 shows TEM Results of GaSb films grown by systematically 
varying PLD process parameters. The most prominent and interesting 
result, but not the desired one, is presented in Figures (a)–(c) where the 
compositions of the films for all possible deposition parameters stay 
close to Ga40Sb60 and thus clearly deviate from the Ga50Sb50 target. The 
deposition yield, i.e. the amount of material transferred onto the sub-
strate depends highly on the deposition parameters. Figures (d)–(f) show 
the rate of material transfer for different deposition parameters. Here 
the yields were calculated as follow: for the EDX characterization 
exactly the same parameters were used. Once the measurements were 
done, the intensity counts for Ga and Sb were normalized with the in-
tensity count of the amorphous C grid. The results show that increasing 
laser fluence, decreasing Ar partial pressure, and decreasing T-S distance 
results in an increase in material transfer from target to substrate. Our 
results thus show that, although the material transfer is good, it is not 

Fig. 2. TEM-EDX composition and yield analysis for a series of samples 
deposited using a homemade GaSb target. Laser fluence and Target-Substrate 
distances are fixed with values of 1.5 J cm− 2 and 55 mm, respectively. (a) Ga 
and Sb composition analysis of deposited films for various Ar process gas partial 
pressures, and (b) EDX intensity counts of Ga and Sb normalized with carbon 
intensity count in the spectrum for various Ar process gas partial pressures. 
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possible to achieve stoichiometric Ga50Sb50 thin film using powder 
sintered GaSb target (within a reasonable PLD parameter range). 

3.2. Thin film deposition from polycrystalline target 

Depositions from powder sintered GaSb targets, with all possible PLD 
parameter variations, as shown by Fig. 1 did lead to off-stoichiometric 
material transfer. However, another major problem that is encoun-
tered here, but also reported in the literature, is the presence of high 
number density Ga-rich particulates on the film surface (see the black 
spots in Fig. S2 of the SI). In general, the presence of particulates is 
detrimental, especially to produce devices. Generation of particulates 

during the laser – target interaction depends on multiple factors which 
in the end determine the energy density on the target surface [35]. When 
a high energy laser interacts with a less dense target, the laser pulse 
penetration depth is large [27]. This causes thermal shock and subsur-
face superheating due to high energy density on the target surface, 
leading to particulate generation. One way of reducing the energy 
density is to increase the density of the target material. Since powder 
sintered targets are porous, we prepared another target by melting 
constituent element of Ga and Sb in a vacuum quartz ampule and then 
cooling the non-porous single phase GaSb back to room temperature. 

After polishing the dense target, new PLD depositions were per-
formed, and the Results are shown in Fig. 2. Here the laser fluence and 

Fig. 3. Schematics of Laser-Target interaction, (a) for a normal PLD deposition scenario and (d) for 180◦ target rotation. SEM images of the ablated target surfaces 
show directional pillar formation related to the 45◦ incidence angle of the laser in (b) and (c). In (e) and (f) pillar formation is suppressed by the 180◦ rotation. 

Fig. 4. SEM analysis of particulates, (a) for a normal PLD deposition scenario and (b) for 180◦ target rotation. The corresponding particulate-size histograms to (a) 
and (b) are shown in (c) and (d), respectively. 
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the T-S distance were fixed at 1.5 J cm− 2 and 55 mm, respectively. The 
main objective to reduce the number of particulates is indeed achieved 
(see Fig. S3 in the SI), although it is still not completely removed. In 
addition, a film composition very close to the stoichiometric 50:50 can 
now be obtained (Fig. 2 (a)). However, as seen from the C normalized 
EDX counts of Ga and Sb (Fig. 2 (b)), the growth rate turns out to be 
problematically low for high Ar partial pressure depositions. In order to 
achieve sufficient growth rate low Ar partial pressures (typically 10− 3 

mbar) are required and then the film composition is Ga45Sb55, which 
nevertheless is better than the Ga40Sb60 obtained with the commercial 
target. 

Target analysis after laser ablation provides insights in the 
morphological change on the target surface after laser-target in-
teractions. Fig. 3 (b) and 3 (c) show SEM images of the homemade PLD 
target at the ablated areas and at the edge between ablated and non- 
ablated areas, respectively. In Fig. 3 (b) we see that directional pillars 
are present, whose direction is related to the 45◦ incident angle of the 
high-power laser on the target surface after ablating with 5000 laser 
pulses as schematically presented in Fig. 3 (a). The ablation took place at 
a fluence of 1.5 J cm− 2. Pillar formation during ablation is not desirable 
for a number of reasons. One problem with the micron-size directional 
pillars is the spread of the beam energy which then reduce the material 
transfer by reducing the laser fluence. Another problem with pillar 
formation is the deviation of plume direction by small angle, towards the 
laser beam, from the original direction which is normal to the substrate 
surface [27]. 

Formation of pillars on the target surface is directly related to a high 
particulate density on the surface of thin films. Fig. 4 (a) shows an SEM 
image of a thin film deposited using a dense crystalline GaSb target. 
Micron-size pillars, as shown in Fig. 3 (b)and 3 (c), lead to a high par-
ticulate density in the deposited thin film. The transfer of material from 
the target to the substrate not only produced a GaSb thin film but also 
undesired particulates with sizes ranging from sub-100nm to μm as 
shown in Fig. 4 (c). This problem is known in the PLD literature. We tried 
a possible solution to reduce pillar formation and to diminish particu-
lates in the thin films: i.e., rotate the PLD target after a limited number of 
laser pulses with the idea to suppress pillar formation [27,33]. 

To perform a 180◦ target rotation and to suppress pillar formation, 
we designed and implemented a homemade target rotator during thin 

film depositions (see SI). Fig. 3 (e) and 3 (f) indeed prove that a rotation 
of 180◦ after each 1000 laser pulses during PLD, illustrated by Fig. 3 (d), 
suppresses the pillar formation. Only at the edge between the ablated 
and non-ablated areas, shown in Fig. 3 (f), pillars still form. This is 
because it is practically difficult or impossible to perfectly align the two 
180◦ rotated areas on top of each other. Due to the non-perfect overlap 
of the two rotated areas pillar formation cannot be suppressed in a thin 
edge region of the ablated area. Although it is interesting that pillar 
formation at the target surface can be almost completely suppressed, it is 
of course more relevant what the effect is on the thin film deposition. 
Fig. 4 (b) and 4 (d) show that the effect is dramatic: we observe a huge 
reduction in particulates for the films grown using a total number of 
pulses of 5000. Still, we detect a few particulates for the film shown 
Fig. 4 (b) and it is very likely that these particulates originate from the 
edge of the ablated area on the target where the areas after 180◦ rotation 
do not perfectly overlap and still some pillar formation occurs. 

3.3. STEM-EDX analysis 

Plan-view TEM-EDX analyses of the depositions are shown in Fig. S4 
(SI), where Fig. S4 (a) is an EDX spectrum of a deposition before and 
Fig. S4 (b) is after implementation of 180◦ target rotation. From this 
analysis it is clear how the dramatic reduction in particulate density, 
from a 180◦ target rotation during deposition, in turn leads to produc-
tion of GaSb thin films with exact stoichiometric composition of 
Ga50Sb50. The main explanation is that the Ga constituent increased in 
the film due to the reduction of Ga-rich particulates. This leads to an 
atomic percentage increase in elemental Ga from Ga45 to Ga50. To better 
understand the film composition across their thicknesses, we prepared 
cross-section TEM samples for both films shown in Fig. 4. Fig. 5 shows 
the HAADF-STEM images and STEM-EDX analyses for two samples, with 
and without 180◦ target rotation. 

Fig. 5 (a)–(d) show Results for the sample with target rotation, while 
Fig. 5 (e)–(h) show the results for the sample without target rotation. 
Here three basic differences between the two samples can be observed. 
The first and the most obvious observation is the thickness difference 
between the two samples for the same deposition parameters shown in 
Fig. 5 (a) and (e). By introducing 180◦ target rotation we noticed a 60% 
increase in thickness. The second difference is in the Fast Fourier 

Fig. 5. High-angle annular dark field (HAADF)-STEM images and STEM-EDS chemical composition scan of as-deposited GaSb thin film cross-sections with target 
rotation (a)–(d) and without target rotation (e)–(h). For films made with a rotation target holder, we see a homogenous chemical composition across the film for both 
(c) Ga and (d) Sb. Although (g) Ga composition is homogeneous, (h) Sb composition varies linearly across the film for a thin film grown without target rotation. 
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Transform (FFT) images, Fig. 5 (b) and (f), extracted from the HAADF 
images. In Fig. 5 (f) intense diffraction spots are visible initially in the as- 
deposited phase for the sample made without rotation. This indicates the 
presence of small crystallites embedded in the amorphous matrix. 
Finally, from the STEM – EDX mapping, a homogeneous elemental 
distribution across the film thickness is visible for the sample made with 
180◦ target rotation in Fig. 5 (c) and (d). Fig. 5 (h) shows that the Sb 
elemental composition changes linearly across the film thickness for the 
sample made without target rotation. This Sb composition variation 
during growth, and thus during (increasing) pillar formation, is a direct 
explanation for the composition shifting away from the stochiometric 
Ga50Sb50. 

The presence of crystallites in the amorphous matrix can be 
explained by the laser – target interaction and the process gas pressure in 
the PLD chamber. The high energy laser interaction with the target 
surface is powerful enough to eject not only macroscopic particulates 
but also microscopic crystallites. It is especially easy when directional 
pillars form since the pillars tip can easily break during ablation pro-
ducing crystallites in the amorphous matrix in addition to the particu-
lates. This will undermine the quality of the deposited thin films. 
Another reason for crystallite formation is due to the process gas pres-
sure during ablation. At low gas pressure, the ablated materials from the 
laser-target interaction will acquire enough kinetic energy. When 

reaching the substrate, the ablated materials would have high surface 
mobility, which usually would have been triggered by external thermal 
energy, to produce crystallites [36]. In addition, at high process gas 
pressure the ablated materials can condensate in the gas phase to form 
small size crystallites before reaching the substrate [37]. In general, 
since their formation is due to multiple reasons, a complete removal of 
crystallites in the amorphous matrix is an exceedingly difficult task in 
PLD. Indeed, suppressing the pillar formation of the target surface was 
expected to increase the material transfer since pillar formation directly 
affect the material transfer by reducing the laser fluence and by shifting 
the plume away from the substrate surface [27]. However, one would 
assume that, increasing material transfer with target rotation, would 
also means an increasing crystallite density in the as-deposited phase. 
Interestingly, we observe the opposite effect. From our Results, although 
not completely free, nearly crystallite free thin films with a smooth 
surface can be produced by employing a 180◦ target rotation. 

3.4. GIXRD analysis 

For an insight into the structural properties of the films, we per-
formed GIXRD measurements for both samples shown in Fig. 4 (a) and 
(b). The measurements were recorded before and after annealing the 
samples at 300 ◦C. Fig. 6 (a) and (b) show the appearance of small peaks 

Fig. 6. XRD spectra for the as-deposited and annealed samples prepared (a) with and (b) without a 180◦ target rotation. Comparing intensities of the as deposited 
samples (c), we see that the sample without rotation shows more pronounced peaks. (d) XRD intensity comparison of annealed samples with and without rotation. A 
shift in peak positions is observed for both as-deposited and annealed samples. 
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already in the as-deposited phases for both samples. This indicates that 
the GaSb films are partially crystalline even when the PLD process is 
performed (with the substrate) at room temperature. Comparing in-
tensities of the as deposited samples, in Fig. 6 (c), shows that the sample 
without rotation has more pronounced peaks. This indicates the pres-
ence of a higher number of crystallites in the amorphous matrix for the 
sample without target rotation. Going back to the FFTs in Fig. 5 (b) and 
(f), this is exactly what is visible there as well. After the annealing, 
intense diffraction peaks at 2θ = 25.28◦, 28.47◦, 41.9◦, and 49.54◦

appear for both samples corresponding to the {111}, {200}, {220}, and 
{311} planes of cubic GaSb. The produced GaSb phase has a space group 
of Fm-3m with a lattice parameter of 6.09 Å corresponding to the Zinc 
Blende structure. 

Fig. 6 (c) and (d) show the XRD intensity comparison for samples 
prepared with and without 180◦ target rotation for both as-deposited 
and annealed phases respectively. Looking closely, we notice a shift in 
peak positions for both cases. Slight peak shifts towards smaller 2θ 
values are recorded for the as-deposited film without rotation. More Sb 
is present according to the EDX for the film without rotation (Fig. S4 in 
SI). Since the atomic radius of Sb is slightly bigger than that of Ga, a 
sample with more Sb thus has a slightly larger lattice parameter, in 
agreement with the observation for the as-deposited films. However, 
after annealing, the peak shift for the sample without rotation is oppo-
site to what was observed in the as-deposited case. The peak shifts to-
wards larger 2θ values indicate a decreasing lattice parameter. This is 
potentially due to intermixing of the Ga-rich particulates on the film 
surface with the film upon annealing leading to an increasing Ga con-
centration in the sample observed by XRD. Compared to samples with 
180◦ target rotation, non-rotated samples suffer from phase separation 
and lattice parameter changes upon annealing. For PCM application, 
this is not ideal. The GaSb thin films produced with 180◦ target rotation 
have a strong structural integrity in both the as-deposited and annealed 
phases. This fact makes the material highly suited for PCM devices. 

3.5. Electrical characterizations 

Electrical resistance vs. temperature measurements are shown in 
Fig. 7 (a) for two samples: one produced with target rotation, and one 
without. We used a heating rate of 3 

◦

C/min. For both as-deposited 
samples, the resistivity continuously decreases with increasing temper-
ature. This continuous decrease is met with a sudden drop in measured 

resistivity value exactly at the crystallization temperature Tx: i.e., where 
the amorphous to crystalline phase transformation occurs. For both 
samples, the phase transformation happened at 250 ◦C. The observed Tx 
temperature for our films is higher when compared with previous re-
ported values [17,38]. Note the resistivity contrast between the amor-
phous and the crystalline phases for both samples in Fig. 7 (a). The 
sample without target rotation has a lower resistivity value for both the 
as-deposited and the crystalline phases. One reason for this might be the 
high-density of Ga-rich particulates on the thin film surface that con-
tributes to an increase in conductivity. Another more prominent reason 
is the fact that the film is off-stoichiometric with excess Sb. Previous 
works on multiple alloys of GaSb showed a clear reduction of resistivity 
with increasing Sb content [17,19]. The activation energies for con-
duction in the as-deposited ‘amorphous’ phase was extracted from the 
linear relationship between Ln(R) and the inverse of the temperature 
range used in the measurements. Fig. 7 (b) show the fitted values for the 
activation energy of conduction extracted for both samples are the same. 

For application as a PCM device, a distinct contrast in electrical re-
sistivity or optical reflectivity between the amorphous and crystalline 
phases of the thin film is an important requirement. Several orders of 
magnitude difference will produce distinct states for the SET and RESET 
operations. From our electrical characterization only two orders of 
magnitude contrast is achieved at room temperature for Ga50Sb50 thin 
films. This is relatively low when compared with typical phase change 
materials like GST or Sb2Te3. However, for GaSb the crystalline phase 
resistivity is highly dependent on the annealing step used and by varying 
the maximum annealing temperature it was possible to increase the 
resistivity difference between the phases as high as 5 orders [39]. 
Moreover, an important drawback of most used PCMs (like GST) is that 
the SET resistivity is low such that a high RESET current and power is 
required for switching. The present GaSb films exhibit a substantially 
larger resistivity showing the promise of lower power operation. This 
makes the material very suitable for PCM application, but previous 
studies suffered from phase separation with separate crystallization of 
the excess Sb in the Ga45Sb55 alloy [17]. Our ability to produce a perfect 
stoichiometric Ga50Sb50 film will be a huge benefit in reducing the phase 
separation and additional Sb crystallization in the PCM device at high 
annealing temperature. 

Fig. 7. Van der Pauw resistivity vs. temperature measurements for the as-deposited samples prepared with and without a 180◦ target rotation are presented in (a), 
with their activation energy fitted lines given in (b). For both samples, the crystallization temperature is 250 ◦C. 
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4. Conclusions 

In summary, GaSb films from both powder-sintered and dense 
molten targets were produced using PLD. We show that, for a wide range 
of deposition parameters, the deposited films were off-stoichiometric 
and contained micron-sized particulates. We also show that pillars, 
which are produced by the directional nature of the laser-target inter-
action, are directly responsible for the thin film quality and particulate 
formation. The pillar formation can be simply, but elegantly, suppressed 
using a 180◦ target rotation after a limited number of pulses (e.g. 1000 in 
our case). S/TEM analyses on films deposited using target rotation show 
a 60% increase in yield, large decrease in particulate density, and exact 
Ga50Sb50 stoichiometric transfer from the target. The measured XRD 
spectra for a film produced with target rotation show a strong structural 
integrity in both the as-deposited and annealed phases. For a film 
deposited without target rotation, in addition to the off-stoichiometric 
composition and high density of particulates on the surface, the XRD 
spectra show that the Ga-rich particulates intermix with the film at 
elevated temperature (300 ◦C). Sheet resistance measurements of the 
Ga50Sb50 thin films show a high crystallization temperature of 250 ◦C 
and a high resistivity of the crystalline phase reducing the resistance 
contrast between the amorphous and crystalline phases to about two 
orders of magnitude. We believe the properties of the GaSb films we 
produced by 180◦ target rotation are attractive for future optoelectronic 
and PCM applications. 
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[23] M. Bouška, S. Pechev, Q. Simon, R. Boidin, V. Nazabal, J. Gutwirth, E. Baudet, 
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