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Laser direct writing pattern structures on
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Different pattern structures are obtained on the AgInSbTe (AIST) phase change film as induced by laser
beam. Atomic force microscopy (AFM) was used to observe and analyze the different pattern structures.
The AFM photos clearly show the gradually changing process of pattern structures induced by different
threshold effects, such as crystallization threshold, microbump threshold, melting threshold, and ablation
threshold. The analysis indicates that the AIST material is very effective in the fabrication of pattern
structures and can offer relevant guidance for application of the material in the future.
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Micro- or nano-structuring of surfaces of various thin film
materials with thickness ranging from several nanometers
to micrometers is the main development trend in recent
pattern structure applications[1−3]. One of the most in-
teresting and viable methods for the fabrication of high
aspect-ratio pattern structures is the laser direct writing
technology. The advantages of the technology include a
processing area, with a measurement within a microme-
ter to a sub-micrometer range and non-contact and non-
planar processing characteristic, which is not commonly
found in other technologies[1,4].

Chalcogenide phase change materials have been exten-
sively investigated and used as optical and nonvolatile
electrical data storage media due to the apparent differ-
ence in optical reflectivity and electrical resistivity be-
tween the crystalline and amorphous states[5−13]. One
of the most commonly used chalcogenide materials is
Ag8In14Sb55Te23(AIST). Under laser irradiation, AIST
is capable of achieving different threshold effects based
on the increase of the laser energy to certain values. The
effects correspond to different morphologies. Based on
the property of the material, different pattern structures
can be obtained by adjusting precisely the laser energy.
Compared with photoresist, which is generally used for
the fabrication of pattern structures, AIST phase change
material presents more advantages. Firstly, the material
is sensitive to irradiation intensity of laser beam with
different wavelengths. Secondly, different pattern struc-
tures can be obtained by controlling precisely the laser
beam energy. Most importantly, this material does not
need developing or etching process, thereby reducing time
consumption and cost. In this letter, we obtain different
pattern structures on AIST phase change film by laser di-
rect writing technology and use atomic force microscopy
(AFM) to observe and analyze the pattern structure mor-
phology. The gradually changing process of the pattern
structures on AIST material is addressed as well. The ex-
perimental results and analysis indicate that AIST ma-
terial is effective in the fabrication of different pattern
structures.

Single-layered amorphous AIST thin film was directly

deposited on K9 glass substrate by radio frequency
magnetron-control sputtering method at room temper-
ature. The background pressure was approximately
1.5×10−4 Pa and the sputtering pressure was approxi-
mately 0.8 Pa of the Ar environment. Sputtering power
was 70 W and the thin film thickness was approximately
200 nm. The laser direct writing system used a red laser
beam (λ = 635 nm) and the laser beam was focused
through an objective lens and irradiated on the AIST
film. The laser power ranged from 1 to 8 mW. Differ-
ent pattern structures corresponding to different thresh-
old effects were observed using atomic force microscope
(AFM, Veeco, Multimode V). After irradiation by pulse
laser, the sample was further subjected to a chemical
etching process in NaOH solution with 1.0 wt.-% con-
centration for 3 min to examine the difference between
the amorphous state and crystalline state. Subsequent
to the etching process, the change of the surface sample
was re-examined by the same AFM.

Figure 1 presents the results of laser-induced crystal-
lization on AIST film by red laser with laser power of
1.2 mW. Figure 1(a) is the crystallized spot induced by
pulse laser with a width of 50 ns and size of approxi-
mately 1 µm. Figure 1(c) is the crystallized line with a
size of approximately 3 µm and which was induced by
continuous-wave (CW) laser beam. The obvious color
difference between the as-deposited film and the crystal-
lized area can be observed. The contour lines of the two
kinds of crystallized areas in Figs. 1(b) and (d) show that
the depth of this area is approximately 10 nm, which is
approximately 5% of the thickness of the film. This vol-
ume shrinkage effect is mainly due to the density differ-
ence between the amorphous and crystalline states[14,15].
During laser irradiation, AIST film is transformed into a
face-centered-cubic (fcc-type) structure from amorphous
state at approximate 440 K, and continued to transform
into a hexagonal-close-packed (hcp-type) structure at ap-
proximate 620 K[10,16,17]. The density of the crystallized
state is 5% larger than the amorphous state; thus, the
volume of the material is bound to decrease after the
transformation.
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Fig. 1. Laser-induced crystallization on AIST film by red
laser. (a) AFM two-dimensional (2D) photos of the crys-
tallized spot induced by pulse laser (λ = 635 nm); (b) con-
tour lines of the crystallized spot marked by circle in (a); (c)
AFM 2D photos of the crystallized line induced by CW laser
(λ = 635 nm); (d) contour lines of the crystallized line marked
by circle in (c).

According to the different etching rates of crystalline
and amorphous states in NaOH solution, spot-shaped
and line-shaped pattern structures can be obtained by
the etching process. Figures 2(a) and (c) show the AFM
two-dimensional (2D) photos of the spot and line ob-
tained after etching both states in NaOH solution for 3
min. The spot and line appear to be smooth and uniform.
In the contour lines shown in Figs. 2(b) and (d), both
the spot and line are approximately 100 nm higher than
the as-deposited film after the etching process, similar to
a relief structure with a steep wall and smooth top. The
crystalline state was also verified after being irradiated by
laser irradiation. These structures are applicable to many
fields such as optical disk mastering and grating pattern
structures.

The microbump emerges when the laser power in-
creases beyond a particular microbump threshold.
Figure 3 shows the gradual change process of the mi-
crobump. Figures 3(a) and (c) are spot-shaped and line-
shaped microbumps, which are induced by pulse laser
and continuous laser beam, respectively. Compared with
the steep wall and smooth top of the structures in Fig. 2,
the structure in Fig. 3(a) appears as a regular and uni-
form taper-shaped structure. It begins from the rounded
and smooth central dome growing out because of the
laser power of 1.5 mW applied to the dome, gradually
increasing the power to its maximum value of 80 nm with
a laser power of 4.5 mW and laser pulse width of 50 ns.
Figure 3(c) shows the line-shaped microbumps and the
well-defined boundary of the area with and without laser
irradiation. Figures 3(b) and (d) are the lateral photos
of Figs. 3(a) and (c), respectively. Figure 3(b) shows

Fig. 2. AFM photos of crystalline areas after etching in 10%
NaOH solution for 3 min. (a) AFM 2D photos of the etching
spot in 10% NaOH solution; (b) contour lines of the etch-
ing spot marked by circle in (a); (c) AFM 2D photos of the
etching line in 10% NaOH solution; (d) contour lines of the
etching line marked by circle in (c).

the gradual increase in the height of the microbumps as
the laser power increases. The line-shaped microbumps
in Fig. 3(d) are induced by continuous laser beam with a
laser power of 4.8 mW and a height of approximate 100
nm. These uniform and regular microbumps could also
be used as pattern structures without undergoing etch-
ing and developing. The mechanism of the microbump
is explained by the different thermal expansion coeffi-
cients between the solid state and molten state[8]. The
volume thermal expansion coefficients of AIST thin film
in the crystalline and molten states are estimated to be
βc = 25×10−6/◦C and βm = 25 × 103/◦C, respectively.
The corresponding volume thermal expansion coefficient
in the molten state is approximately 103 times of the
expansion coefficient in the solid state. Thus, when the
material is melted by laser irradiation, the volume ex-
pansion caused by melting becomes obvious, which in
turn finally forms the taper-shaped microbumps due to
Gaussian intensity distribution of the laser beam.

Following the increase of laser power beyond another
threshold, the microbump begins to form a depression or
dimple in the middle. Subsequently, a rupture occurs, re-
sulting in the formation of a deep hole due to the ablation
effect when the laser power is high enough. The whole
process is shown in Fig. 4(a), including the five kinds of
morphology which emerge as the pulse energy increases.
Figure 4(b) presents the chosen area and the correspond-
ing contour line of the pattern units. As the laser power
increases to 5.0 mW, the height of the microbumps in-
creases to the maximum. The result is shown as the area
marked as “A”. When the laser energy reaches up to
5.2 mW, the depression or dimple in the middle of the
microbumps emerges. This is the area marked as “B”,
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Fig. 3. Microbumps induced on AIST films by red laser (pulse
laser, λ = 635 nm, NA=0.9) under different laser parameters.
(a) AFM 3D photos of taper-shaped microbumps induced by
different laser powers; (b) lateral photos of the microbumps in
(a); (c) AFM 3D photos of line-shaped microbumps induced
by continuous laser; (d) lateral photos of the line-shaped mi-
crobumps in (c).

which is a sign of the microbump rupture called rupture
threshold. If the laser energy increases to 5.3 mW, the
central depression gradually broadens to form a big hole
in the center, similar to the area marked as “C”. The hole
grows larger and deeper following the increase of laser
energy to 5.5 mW. Consequently, a deep-bowl shape sur-
rounded by a high rim is formed. This is shown as the
area marked as “D”. All the different shape morpholo-
gies mentioned above are higher than the film surface.
By adjusting the experimental parameters, we obtained
uniform and regular deep-bowl shape pattern structures
using laser power of 5.4 mW and pulse width of 45 ns as
shown in Fig. 4(c). The diameter of the pattern unit is
approximately 1 µm. Figure 4(d) shows the ring-shaped
rim of the pattern structure which is approximately
50 nm higher than the surface. The hole in the center
is approximately 80 nm in depth, which is very close
to the thickness of the film. When the laser energy in-
creases to a higher level of power, the ablation begins and
forms the large hole as shown as the area marked “E” in
Fig. 4(a). The ablated hole is approximately 80 nm be-
low the film surface. According to previous work[8], the
melting and vaporization temperatures of AIST material
are only 780 and 1010 K, respectively. These are known
as the melting and vaporization thresholds, which are
easily ablated. In reality, ablation begins with the occur-
rence of depression, which at this stage mainly involves

Fig. 4. Different morphologies following an increase in laser
energy to certain values. (a) AFM 2D photos of the five
special areas marked as “A”, “B”, “C”, “D”, and “E” cor-
responding to the five morphologies; (b) contour line of the
area marked by a circle in (a); (c) AFM 2D photos of the
deep-bowl shaped pattern structures fabricated on AIST film
by red laser (pulse laser, λ = 635 nm); (d) contour lines of
the chosen area marked by circle in (c).

fusion motion because of the slight ablation. Large-scale
ablation would result in a big hole on the film, similar
to the area marked as “D” in Fig. 4(a). It should be
noted that the fabrication of various pattern structures
on this material is characterized with reproducibility and
efficiency. Based on this, we are certain that the result
of our application will eventually find its scientific and
industrial application.

In conclusion, we obtain different pattern structures on
AIST phase change film as induced by laser beam. The
different pattern structures are observed and analyzed
by AFM. The AFM photos clearly show the gradually
changing process of the pattern structures on AIST ma-
terial as a function of laser energy. The photos also
show several interesting threshold effects under a certain
level of laser energy, such as the crystallization thresh-
old, microbump threshold, melting threshold, rupture
threshold, ablation threshold, and the different threshold
effects corresponding to the different pattern structures.
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