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Abstract: Arsenic trisulfide (As2S3) glass is an interesting 
material for photonic integrated circuits (PICs) as infrared (IR) 
or nonlinear optical components. In this paper, direct laser 
writing was applied to engineer the refractive index of As2S3 
thin film. Film samples were exposed to focused above band-
gap light with wavelength at 405nm using different fluence 
adjusted by laser power and exposure time. The index of 
refraction before and after laser irradiation was calculated by 
fitting the experimental data obtained from Spectroscopic 
Ellipsometer (SE) measurement to Tauc-Lorenz dispersion 
formula. A positive change in refractive index (Δn=0.19 at 
1.55µm) as well as an enhancement in anisotropy was achieved 
in As2S3 film by using 10mW, 0.3µs laser irradiation. With 
further increasing the fluence, refractive index increased while 
anisotropic property weakened. Due to the rapid and large 
photo-induced modification of refractive index obtainable with 
high spatial resolution, this process is promising for integrated 
optic device fabrication. 

I.  INTRODUCTION 

Chalcogenide glasses (S, Se, Te based glasses) exhibit 
attractive optical properties including high refractive index, 
large nonlinearities, and excellent transmission at infrared 
wavelength [1-3]. As amorphous semiconductors, 
chalcogenide glasses are well known to show structural 
modification when exposed to near band gap light, typically 
at visible wavelengths [4, 5]. Distinct photo-induced 
phenomena such as photo darkening [6], photo fluidity [7], 
photo anisotropy [8] and so forth can be observed, which are 
accompanied by changes in the optical constants [9]. The 
ability to optical writing and thermally erase structures, 
combined with transparency in the infrared region and high 
nonlinearities, make chalcogenide glasses suitable for thin 
film optical applications. In addition, chalcogenide glasses 
are promising as laser and amplifier media, as they are 
potentially good hosts for rare-earth ions. Their low phonon 
energy leads to low non-radiative decay rates and their high 
refractive index leads to high stimulated emission cross 
sections [10, 11].  

In the present work, arsenic trisulfide (As2S3) glass is used 
and examined mainly, since this glass possesses 

reproducible physical properties, and also the energy gap of 
2.4eV is suitable for optical experiment [12]. Several 
components for building complex photonic integrated 
circuits (PICs) have been demonstrated in arsenic trisulfide 
(As2S3) glass [13-15]. Exposure by He-Ne [16], Ti: sapphire 
[17], argon ion [18], and other lasers [19] have been used to 
create structures, such as gratings and waveguides. Lamp 
sources have also been used with success [20]. 

In order to use chalcogenide glasses in integrated optics, it 
is important to know the optical constants especially the 
refractive index and how they can be engineered with 
illumination. Above band-gap illumination can have far 
more prominent effects than that of the near band-gap 
illumination due to the greater absorption and provide 
lasting optical and geometrical changes, which can be 
advantageous for the fabrication of micro-optic components 
[21]. In this paper, we report on the laser irradiation induced 
change in refractive index and anisotropic property of As2S3 
thin film using by a 405nm UV direct writing technique. 

II. EXPERIMENTAL 
Commercially obtained As2S3 bulk glass (Amorphous 

Material) was deposited onto microscope glass slide 
substrates (fused silica with thickness of 1 mm) by thermal 
evaporation (Edwards Coating System E306A) in a vacuum 
of ~1×10-6 Torr. The deposition rate was ~10 Å/s, 
continuously measured using a quartz crystal rate/thickness 
monitor (Sigma Instruments SQM-160). It is well known 
that such a low deposition rate produces film composition 
that is very close to the starting bulk materials [22]. The total 
thickness of the film was about 2.0µm.  

A 6mm×6mm region on As2S3 films was directly written 
by the 405nm UV laser (µPG 101 Mask Laser Writer, 
Heidelberg) with raster scanning at a fixed speed of 
100mm/s. The pixel size is 1 µm and there are 8 pixels in 
one scan. The laser spot size on the film is 2.5 µm. Different 
powers (10mW and 20mW) and exposure time (0.1µs, 
0.3µs, and 0.5µs) was selected for adjusting the fluence. The 
surface features of As2S3 films before and after laser writing 
was observed under an optical microscope (Nikon Eclipse 
L200). 



    
Fig. 1 Schematic diagram of mapping recipe created for  

SE measurement 
The Spectroscopic Ellipsometer (SE) measurements were 

made at an angle of incidence of 70° with a 1mm×3mm 
elliptic light spot, using the Jobin-Yvon Horiba Uvisel 
Spectroscopic Ellipsometer (UVISEL LT AGMS, 210-
2100nm) with a Xe-lamp. Measurements were carried out 
across the spectral range of 0.6-2.5eV (496-2067nm), with 
0.05eV steps and 300ms of integration time. The optical 
constants, refractive index (n), extinction coefficient (k) and 
optical band-gap energy (Eg) were computed from the 
experimental angle (Ψ) and phase change (Δ) using the 
instrument’s software (DeltaPsi2 from Jobin-Yvon). The 
Tauc-Lorenz dispersion formula was used to model the 
optical constants of As2S3 films before and after laser 
writing [23]. The varying parameters for fitting were the 
thickness of the thin film layers, the chalcogenide volume 
fraction of the roughness layers and the optical constants of 
the chalcogenide material. The best sample model obtained 
based on the lowest χ2 parameter (using a Marquardt 
minimization algorithm) which reflects the quality of fitting 
includes a roughness layer on top of the thin film as well as 
a film/substrate interface layer, with initial chalcogenide 
volume fractions of 50% plus 50% void. To avoid the 
backside reflection of the polished SiO2 substrate, a void 
layer underneath the substrate was added in the model as 
well. A mapping recipe was created to measure samples 
along two directions which are perpendicular to each other 
as shown in Fig. 1. In order to minimize the influence of 
environment on the optical constants of As2S3 films, all 
measurements were performed in dark.  

III. RESULTS AND DISCUSSIONS 
Fig. 2 represents the experimental and fitted Ψ values for 

as-deposited As2S3 film SA1, as well as the calculated n and 
k curves. UV filter with cut-off edge at 400nm was used 
during the measurements. The Ψ and Δ are related to the 
parallel (rs) and perpendicular (rp) Fresnel reflection 
amplitude coefficient [24].  

     
                            
 

The n and k values were then computed by the instrument 
software from rs and rp. Eg, nλ=1.55µm and χ2 values are 
summarized in Table 1. As shown in Table 1, the χ2 values 
for both Y direction and X direction mapping are almost 
below 1.5, indicating the model adapts to the fitting very 
well. The Eg and nλ=1.55µm obtained after fitting are close to 
the data reported in literature [9]. It can be concluded that  
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Fig. 2 (a) Experimental (dots) and fitted (curve) Ψ values for  

as-deposited As2S3 film SA1 
(b) Correspondent calculated n and k 

the as-deposited As2S3 film is of good uniformity; however, 
a negative difference of about 0.02 between X direction and 
Y direction in refractive index should be noted. 

Fig. 3 shows nλ=1.55µm of as-deposited As2S3 film SA2 
obtained by fitting data measured with and without UV 
filter. It can be seen that nλ=1.55µm increased as much as 0.10 
when the SE measurement was carried out on the same spot 
without UV filter for successive three times scans, however, 
the variation of nλ=1.55µm is little in the case of using UV 
filter. The results indicate As2S3 is very sensitive to UV 
light. Therefore, all the SE measurements for samples after 
direct laser writing were made with UV filter. 

nλ=1.55µm of as-deposited As2S3 films SA1 and SA3, SA4, 
SA5 and SA6 after direct laser writing using different power 
and exposure time are shown in Fig. 4. It is obvious that 
refractive index increased significantly after laser irradiation. 
The change in refractive index is dependent on the 
irradiation fluence (power intensity times exposure time) to 
a large degree. The increase in refractive index obtained  

TABLE I 
  Eg, nλ=1.55µm AND χ2 OF AS-DEPOSITED As2S3 FILM SA1 OBTAINED BY FITTING DATA  

MEASURED WITH UV FILTER USING MAPPING RECIPE  

Scan 
sequence 

Y direction X direction 
Eg n χ2 Eg n χ2 

1 2.361 2.316 1.634 2.335 2.292 1.486 
2 2.363 2.315 1.535 2.364 2.292 1.391 
3 2.321 2.312 1.395 2.277 2.290 1.295 
4 2.264 2.312 1.252 2.364 2.289 1.417 
5 2.335 2.308 1.295 2,259 2.289 1.219 
6 2.359 2.309 1.228 2.331 2.288 1.297 
7 2.359 2.307 1.176 2.340 2.288 1.334 
8 2.193 2.307 1.173 2.363 2.289 1.308 
9 2.357 2.306 1.125 2.344 2.287 1.399 
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Fig. 3 n λ=1.55µm of as-deposited As2S3 film SA2 obtained by fitting data  

measured with/without/with UV filter in sequence   
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Fig. 4 n λ=1.55µm of as-deposited As2S3 film SA1 and SA3, SA4, SA5,  

SA6 after direct laser writing   
along X direction is as high as 0.19 with increasing the 
exposure time to 0.3µs at a fixed power of 10mW while 0.10 
increases are obtained along Y direction.  

As seen in Fig. 4, increasing the exposure time to 0.5µs 
with the same irradiation power did not increase the 
refractive index much. With the increase of irradiation 
power, refractive index increased in both X and Y direction. 
In addition, the increase in refractive index obtained along X 
direction is higher than that obtained along Y direction after 
laser irradiation, resulting in a positive difference in 
refractive index between X direction and Y direction which 
is opposite to the as-deposited sample. The difference in 
refractive index between X and Y direction becomes 
inconspicuous when As2S3 film was irradiated by 20mW, 
0.5µs laser. 

The effects induced in amorphous chalcogenides by UV 
irradiation are similar to the case of photo-induced 
phenomena with band-gap irradiation. But the rate of change 
for the UV irradiation is two orders of magnitude higher 
than that for the band-gap irradiation. Because an Auger 
process may participate in the case of UV irradiation while 
in the case of band-gap irradiation the photo-induced 
phenomena are caused by the changes in atomic co-
ordinations and positions resulting from exciting lone-pair 
electrons. By using UV irradiation, inner core holes can be 
immediately filled by outer electron with Auger process 
which could induce more holes in upper states (bonding and 
lone-pair states), since one Auger process creates two 
holes(vacancy cascade process) [9]. In this situation, bond  

 
(a) SA5 10mW 0.5µs                                             

 
(b) SA6 20mW 0.5µs 

Fig. 5 Surface morphology of SA5 and SA6 after direct laser writing (20×)   
breaking or ionization is easy to occur, leading to a change in 
local structure order in amorphous network. Moreover, 
strong UV absorption occurs in chalcogenide glasses. 
According to the Kramers-Kronig relations [25]       

 

                           
 

    where λ is the free space wavelength and Δn(λ) relates the  
change in refractive index to changes in the absorption 
coefficient Δα(λ). Hence, a higher absorption in the UV 
results in a positive index change. Thus, higher increase in 
refractive index after UV irradiation is understandable. 

   The difference in refractive index between X direction 
and Y direction might be due to the optical anisotropy of 
chalcogenide glasses. Thin planar As2S3 optical waveguides 
possess anisotropy of the refractive index of about 0.01 [9]. 
The anisotropy can be controlled by additional illumination 
that induces photo-structural change in the material since 
optically anisotropic entities existing in As2S3 network 
structure can be re-orientated by polarized light [8, 26]. 
Thus, with increasing the fluence of laser irradiation, the re-
oriented entities increased, resulting in enhancement in 
anisotropy of refractive index. This particular property 
allows for creating special band waveguides, grating 
structures, and other passive or active elements [9]. 
However, heating effect would become huge while the 
fluence is high since irradiated region can be physically 
distinguished under microscope when using laser power of 
10mW and exposure time of 0.5µs. As shown in Fig. 5, the 
irradiated region is even more noticeable with laser power 
increased to 20mW. Although the refractive index increased 



in both directions, it might be induced by the densification 
of laser irradiated region [27, 28]. The significant increase of 
temperature may cause melting of irradiated region, leading 
to the re-construction of amorphous network instead of re-
orientation of optical anisotropic entities. Therefore, the 
difference in refractive index between X direction and Y 
direction decreased. Moreover, the heating effect will cause 
evaporation and oxidation, exerting negative impact on 
properties of amorphous chalcogenide films and affecting 
the performance of optical components ultimately.     

IV.  CONCLUSIONS 

Direct laser writing with wavelength at 405nm was 
applied for engineering of refractive index in arsenic 
trisufide (As2S3) thin films thermally evaporated on fused 
silica substrates. Tauc-Lorenz dispersion formula was used 
to obtain optical constants through modeling experimental 
data obtained from spectroscopic ellipsometer. The 
refractive index increased with increase of UV light fluence. 
The difference of refractive index obtained along directions 
perpendicular to each other indicated anisotropic property in 
As2S3 films, which was enhanced by fluence as well. 
However, heating effect become significant with further 
increasing the fluence, resulting in weakened anisotropy of 
refractive index. Thus, high increase in refractive index and 
anisotropic property of As2S3 film can be obtained by direct 
UV laser writing with optimized irradiation parameter.  
Together with high resolution achievable, this process is 
promising for the fabrication of integrated optics. 
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