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Abstract- In this paper, we discuss the design, fabrication, and 
characterization of electro-thermally-actuated polymer-based 
micro-optical electro-mechanical microsystems (MOEMS) for 
active microoptics in VCSEL devices. We describe in 
particular the principle of a SU8-based MOEMS designed for 
single-mode VCSEL beam active focusing. The ultimate 
objective is the realization of parallel compact optical scanners 
for sensing applications using collective and low-cost 
technologies. After discussing the advantages of the epoxy 
resist SU-8 for fabricating an integrated movable lens on 
active optical devices, we present our latest advances in 
technology for ensuring precise MOEMS fabrication on small 
III-V samples and for achieving accurate alignment of lenses 
on suspended circular membranes. Finally, we present our first 
results on the beam focusing of multimode VCSELs, which 
demonstrate the feasibility of our approach and could provide 
new insights in the MEMS-VCSEL field. 
 
 
 
Index Terms—VCSEL, MEMS, MOEMS, polymer, microoptics, 
SU-8, microlens fabrication, self-alignment, collective fabrication, 
electro-thermal actuation. 
 

I. INTRODUCTION 
 

CSELs (vertical cavity surface emitting lasers) are 
currently the first choice in photonic devices for an 

increasing range of applications, including short-distance data 
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communications, optical sensors and laser printers [1-3], as 
well as flow cytometry [4-5], parallel optical trapping [6], 
nano-bio-sensing [7] and optical probe microscopy [8]. This 
success is due to the devices’ outstanding characteristics, such 
as parallel operation, low threshold current, high modulation 
rate and a circularly symmetric emitted beam. Over the past 30 
years, the development of VCSELs has been directly linked to 
major technological breakthroughs, such as the achievement 
of high-quality epitaxial growth of quantum wells in the 
emitting zone [9], current injection in doped distributed Bragg 
reflectors (DBR) [9][10], improvements in efficiency coupled 
to transverse mode control using buried lateral oxidation 
(AlOx) [11], buried tunnel junction insertion (BTJ) [12], and 
the exploitation of new optical effects due to advancements in 
nanophotonics [13-14]. Additional functionalities have also 
been reported in coupling VCSELs to MEMS (micro-electro-
mechanical systems) in two main configurations. The best 
known configuration involves the spectral tuning of laser 
emission for WDM or spectroscopy applications [15]. It 
consists in creating an intra-cavity air gap between a highly 
reflective suspended membrane or cantilever and a half-
VCSEL structure. The air gap is varied under MEMS 
actuation, which allows for the wavelength of the laser’s 
emitted light to be tuned. The first demonstrations of tunable 
MEMS-VCSELs were fully monolithic; they were based on 
the insertion of a III-V sacrificial layer in the VCSEL 
multilayer structure (air gap thickness of ~1 µm) [16-17]. 
Other approaches relying on the hybrid assembly of a movable 
dielectric mirror were also reported [18-21]. With this 
configuration, wider spectral tuning ranges are achievable 
owing to the large stop band of the top mirror.  

The other MEMS-VCSEL configuration features 
microoptics for laser beam collimation, beam focusing and/or 
beam deflection. The natural beam divergence of a standard 
single-frequency VCSEL is indeed too large to make its direct 
use possible in systems without any correction lenses. Real-
time control of beam position during laser operation is also a 
key issue in incorporating VCSELs into compact systems, 
whether for optical communications (reconfigurable optical 
routers) or for instrumentation or biomedical analysis (optical 
scanners) [22]. Consequently, dynamic control of lens 
displacement constitutes a significant advantage. These 
features are generally provided by bulky optical elements. To 
address these issues in a more compact manner, a MEMS 
featuring a movable microlens (refractive or diffractive) has to 
be placed at a distance on the order of its focal length from the 
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VCSEL surface (typically few tens of microns to few 
hundreds of microns). As a result, monolithic MEMS 
fabrication is no longer viable. Most proposed solutions are 
based on the hybrid assembly of silicon-based MOEMS and 
are aimed at beam steering applications (microlens off-axis 
lateral displacement) [23-29]. However, the design of such 
MOEMS (micro-optical electro-mechanical microsystems) 
with dimensions compatible with the pitch of VCSEL arrays 
remains critical. Furthermore, direct integration should be 
preferred to avoid tricky assembly steps between the sources 
and the micro-lenses. To this end, the authors recently 
reported a new type of polymer-based MOEMS that can be 
directly and collectively integrated on VCSEL wafers [30-31]. 
In this paper, we detail the advantages of our approach with 
respect to post-process fabrication and wafer-scale integration 
capabilities. We also present our latest advances in MOEMS 
technology in attaining more uniform and self-aligned lens 
fabrication. Finally, we discuss our latest experimental results 
regarding MOEMS performance and the potential these 
devices hold.  

II. INTEREST IN POLYMER MOEMS FOR MICROOPTICS 
APPLICATIONS ON VCSELS 

 
Polymer-based technologies present numerous advantages 

over technologies based on inorganic materials with respect to 
micro/nano-fabrication. Specifically, polymer-based 
technologies usually involve simple, low-cost and low-
temperature fabrication steps (<200°C) that are compatible 
with the post-processing of any functional device. Among 
such technologies, those based on photosensitive resists allow 
for great flexibility in pattern design due to photolithography. 
In particular, thick resists such as SU-8 make the fabrication 
of high-aspect-ratio patterns with good sidewall quality and 
mechanical stability possible [32-33]. As a result, this 
negative-tone epoxy photoresist has been widely used by the 
MEMS community, initially for micro-mold fabrication for 
electroplating or as a master material for hot embossing but 
also as a structural material [34-37]. This resist is of particular 
interest for fabricating electro-thermally actuated MEMS 
because it presents a low thermal conductivity (0.2 Wm-1K-1) 
combined with a high thermal expansion coefficient (52 
ppm/°C), enabling large deformations at low applied power 
and no detrimental substrate heating. These properties must be 
compared to those associated with silicon (see Table I). 
Moreover, the initial thermo-mechanical stress in SU-8 is 
lower than that in Si-based materials. Finally, the Young’s 
modulus of SU-8 is quite high for a polymer material, making 
large elastic deformations possible.  
 

TABLE 1: COMPARISON OF SI AND SU-8 PROPERTIES AS A STRUCTURAL 
MATERIAL FOR ELECTRO-THERMAL MEMS FABRICATION 

Material Si SU-8 
Thermal conductivity 

Kth (Wm-1K-1) 
149 0.2 

Linear thermal expansion 
CTE (10-6K-1) 

2.6 52 

Young’s modulus (GPa) 165 4 

 

Compared to silicon, one disadvantage should be noted: a 
lower reliability that must still be studied and improved [38]. 
We recently reported an assessment of the reliability of SU-8 
microstructures for passive micro-optics [39] with the aim of 
extending this study on movable structures. Nevertheless, SU-
8 presents specific advantages for MOEMS due to its optical 
properties. SU-8 is indeed transparent over the visible and 
near infra-red ranges with absorption losses lower than 3 
dB/cm [40]. SU-8 has been fruitfully exploited for the 
fabrication of organic waveguides, micro-resonators [40] and 
microlens arrays [41]. Additionally, the integration of SU-8-
based microlenses on VCSELs has been reported, taking 
advantage of the properties of SU-8 cylindrical pedestals [43-
44]. These authors used inkjet printing to deposit curable 
microlens material on SU-8 pedestals and achieved in this 
manner precise control of lens dimensions owing to liquid 
self-positioning. More recently, we exploited similar self-
centering properties using an alternative low-volume 
deposition technique based on a robotized silicon-cantilever 
spotter [45]. Moreover, we showed that VCSEL beam 
divergence can be tailored by properly controlled SU-8 
pedestal dimensions by photolithography. Taking advantage of 
all these properties, we also reported on the fabrication of a 
SU-8-based MOEMS suitable for VCSEL dynamic beam 
control. The tunable lens we propose is composed of a 
thermally actuated SU-8 membrane surmounted by a polymer 
microlens (fig. 1). This membrane can be shifted vertically 
under an applied thermal gradient due to thermal expansion. 
Actuation of the microlens’s position produces an axial shift in 
the laser beam’s waist.  

 

 
Figure 1: Schematic view of the SU-8 optical MEMS on a standard VCSEL 
for dynamic focusing. 
 

MOEMS dimensions such as the air gap size, membrane 
thickness and membrane diameter were optimized using an 
optical modeling tool, ZEMAX-EE, taking into account 
technological capabilities and compatibility with final 
integration on single-mode VCSELs emitting at 850 nm [46]. 
The results of this study show that above a minimal air gap 
value (>100 µm), the VCSEL beam can be focused at a 
sufficient working distance (>300 µm) to allow for the 
combination of such lensed VCSEL and a microfluidic 
channel in a compact optical sensor. Moreover, a 5 µm axial 
shift induces a significant change in the axial position of the 
beam waist (several tens of micrometers) while maintaining a 
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beam waist size smaller than 10 µm such that a complete scan 
of a microfluidic channel can be performed, with a resolution 
that cannot be achieved using bulk optics [47]. Compared to a 
hybrid assembly of Si-based MOEMS, the major interest in 
our approach lies in collective fabrication based on 
photolithography. In this manner, it is possible to comply with 
the standard pitch of individual VCSELs in an array (250 µm 
or 500 µm) and with lateral tolerances to optical alignments 
because the precision of photolithography is better than 2 µm.  

III. SU-8 MOEMS FABRICATION ABOVE VCSELS  
 
The simple method we developed for MOEMS integration 

on VCSELs is based on the double exposure of SU-8, first 
proposed by Ceyssens and Puers for the fabrication of 
microfluidic channels [48]. After VCSEL fabrication (fig. 2a), 
a single thick SU-8 layer is deposited by standard spin-coating 
(fig. 2b). This layer is then exposed to two successive UV 
exposure steps through two different photolithography masks. 
The first is realized at the typical wavelength, λ1=365 nm, and 
leads to the complete exposure of the MOEMS’s lateral 
anchors (fig. 2c). The second is performed at a shorter 
wavelength, λ2=320 nm, using a filter placed in the optical 
path, which results in the definition of a thin membrane 
measuring 5 µm in thickness (fig. 2d). A standard 
development process is then applied to remove the un-
crosslinked SU-8 and release the membrane (fig. 2e). After a 
standard SU-8 hard bake, a thin film of titanium is deposited 
and locally patterned to create a resistive heating electrode on 
the membrane edge (fig. 2f). Finally, a microlens is formed by 
local depositing a curable liquid droplet at the center of the 
circular membrane (fig.2 g). The main advantage of this 
method is avoiding the use of a sacrificial layer composed of 
another material for membrane definition and release. To 
make this fabrication method fully compatible above VCSEL 
devices, we had to resolve two issues: the uniformity of the 
SU-8 thickness on small III-V samples and precise control of 
lens positioning on the membrane. The following sections 
describe the generic solutions we recently developed to 
resolve these issues. 

 

A. Improvement in SU-8 thickness uniformity using soft 
thermal printing 
 

For a targeted thickness of 100 µm, SU-8 is highly viscous 
and suffers from a lack of thickness uniformity after spin-
coating, particularly if the wafer on which it is deposited is not 
circular. This configuration generates annular beads from the 
edge of the wafer that become highly detrimental in the case 
of small-sized samples. For the precise and uniform 
fabrication of a 100-µm-thick SU-8 MOEMS on small-sized 
or non-circular samples such as III-V samples (fig. 2b), we 
recently developed an alternative method to SU-8 spin coating 
that we call “soft thermal printing”. The method is derived 
from the SU-8 dry film lamination process [49] and based on 
the use of a set-up equipped with a double membrane system 
initially devoted to nano-imprint lithography (NIL). Due to the 
combination of applied hydrostatic pressure and uniform 

heating, this method allows for the soft transfer of a uniform, 
un-crosslinked SU-8 dry film (previously deposited on a 
flexible sheet) on a sample. After a final photolithography 
step, the uniformity of fabricated SU-8 patterns was observed 
to have been improved from 30% to 5% over 2-cm square 
samples, with a 5 µm maximal deviation from the target value 
(fig. 3). Compared to film lamination, this method is 
applicable regardless of sample fragility. More details can be 
found elsewhere [50].   

 
 

 
Figure 2: Fabrication steps of SU-8 MOEMS on VCSELs. 
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Figure 3: Normalized thickness profile of SU-8 micro-patterns fabricated by 
photolithography after a standard spin-coating (black squares, dotted line) and 
after soft-thermal printing (red circles, straight line) on a 2-cm square sample 
[50]. 
 

B. Self-aligned microlenses on suspended membranes 
 

Lens deposition is a critical stage of MOEMS fabrication 
(fig. 2g). We used a liquid dispensing technique because it is 
already proven for passive microoptics on VCSELs [44][45] 
and enables high lens surface quality and compatibility with a 
non-planar process. However, for deposition on a suspended 
membrane, liquid droplets cannot be fully delimited by the 
boundaries as they are on a bulk SU-8 pedestal. Nevertheless, 
self-alignment on a photolithographic pattern remains, in our 
opinion, the best way for precise and truly collective 
fabrication. Therefore, we included in our membrane design a 
centering notch close to each actuation arm to prevent liquid 
from spreading towards the arms after deposition (fig. 4). 
These holes were created during the second UV exposure, at 
the same time the thin membrane was formed (fig. 2d), by 
taking advantages of proximity effects occurring inside the 
micrometer-scale patterns [51]. Therefore, no additional step 
was necessary. Two different local liquid dispensing methods 
were exploited for lens fabrication on these MOEMS: 
robotized micro-spotting and inkjet printing. In the following 
paragraphs, we discuss the respective advantages of both 
techniques, especially in terms of lens curvature radius 
control. 

 

 
Figure 4: SEM image of a MEMS with 4 actuation arms and centering notches 
for a better liquid self-centering (circular membrane diameter: 100 µm). 
 
1) Lens deposition using a robotized micro-spotter 
   The authors previously reported a low-cost and simple 
technique based on a silicon micro-cantilever spotter for high-

quality polymer microlens fabrication [52]. By combining this 
contact technique with the use of SU-8 cylindrical pedestals, 
the authors demonstrated accurate lens self-centering and 
VCSEL collimation [45]. The principle is as follows: a low-
viscosity liquid is loaded by capillary forces into a cantilever 
channel and droplet deposition is achieved by placing the 
cantilever in contact with the sample surface (fig. 5a). The 
main advantage of this contact technique lies in its simplicity: 
indeed, it is limited only ruled by natural surface energy. The 
dispended volume remains constant regardless the contact 
time (beyond a minimal value). For a given surface and a 
given polymer, the focal length of the lens relies solely on its 
diameter. We tested this method for lens deposition on a 
membrane with a diameter of 100 µm using two different low-
viscosity materials having optical properties similar to those of 
SU-8. The first one was a UV-curable epoxy-polymer 
(DMSE) with a natural contact angle of 29° on SU-8. 
However, the surface wettability of SU-8 was observed to 
strongly increase after chemical etchings steps during 
MOEMS fabrication (contact angle<10°). As a result, we 
noted extensive liquid spreading on the arms (fig. 5b), even in 
the presence of centering notches. We therefore had to apply a 
wet chemical treatment that rendered the surface more 
“hydrophobic” to recover a higher contact angle (32°) (fig. 
6a). We also deposited a thermo-curable material exhibiting a 
higher contact angle on the same treated surface (polyester, 
46°) (fig. 6b). In both cases, the microlens centered on the 
circular membrane was observed to be satisfactory. 

 
Figure 5: a) Principle of lens deposition using a robotized silicon-cantilever 
micro-spotter. b) SEM image of membrane surface after deposition of DMSE 
without surface treatment. 
 

 
Figure 6: Top-view SEM image after lens micro-spotter deposition on a 
treated surface using a) DMSE (contact angle=32°) b) polyester (contact 
angle=46°). 
 

The curvature radius of lenses deposited on these 100-µm-
diameter circular membranes was measured by confocal 
microscopy. The corresponding focal length can be simply 
derived from this measurement, knowing the refractive index 
and assuming a hemispherical shape [52]. We obtained a focal 
length of 142.7 µm for DMSE (contact angle: 32°) and a focal 
length of 104.1 µm for polyester (contact angle: 46°). The 
numerical aperture NA can also be calculated based on the 
measured curvature radius and focal length. Polyester was 
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selected for the rest of the study because a shorter focal length 
is better suited to obtain a focused beam. Moreover, a higher 
NA value was obtained (NA=0.44), which is an advantage for 
imaging applications. Using this deposition method, the only 
way to tune the focal length for a given diameter is to change 
the surface contact angle by modifying the lens material or the 
surface treatment (fig. 7).  

 

   
Figure 7: Focal length and numerical aperture of a micro-spotted lens 
deposited on a 100-µm-diameter membrane using DMSE (square) and 
polyester (circle). Error bars represent the standard deviation of the measured 
values. Calculated values are also plotted as a function of contact angle for a 
diameter of 100 µm (dotted line). 
 
2) Lens deposition using inkjet printing 
 

Adjusting the lens dimensions during fabrication can be 
useful to target a different waist size or waist position for a 
specific application. Under these conditions, modifying the 
deposition parameters is much easier than changing the lens 
diameter on the mask, the lens material or the surface 
treatment applied prior to deposition. For these reasons, we 
recently tested an inkjet printing technique for our MOEMS 
technology. This technique indeed makes large changes in lens 
shape possible by simply modifying the number of printed 
polymer droplets [43]. Moreover, it should be more suited 
than our micro-spotting technique for rapid fabrication at the 
wafer scale. We used a commercial set-up (Altadrop). A 
polyester material with a viscosity adapted for inkjetting 
process was used as an ink. Deposition was achieved on 
membranes submitted to the same wet chemical treatment 
used for micro-spotted lenses. Under these conditions, the 
complete coverage of a membrane measuring 100 µm in 
diameter with good lens centering was obtained for a number 
of printed droplets greater than 4 (fig.8).  

 
Figure 8: Confocal microscopy images of top surface of lenses inkjetted on 
circular SU8 membranes measuring 100 µm in diameter with a) 3 arms and b) 
4 arms (polyester, 8 droplets).  
 

As expected with this technique, the deposited volume 
increases with the number of drops, leading to a linear 
decrease in the resulting focal length, calculated using the 
above-mentioned method, and to a corresponding increase of 
the numerical aperture (fig. 9). For more than eight droplets, 
no further variation in volume was observed, and the focal 
length was constant and close to that obtained using our 
micro-spotter technique (f=102,6 µm). This behavior is in 
good agreement with published results concerning inkjet 
printing on mesas with a fixed diameter [53]. These results 
confirm that inkjet printing is an appropriate solution for 
collective fabrication on membranes because it provides an 
additional tuning parameter for adjusting the lens curvature 
radius without changing the circular membrane diameter, 
material properties or the surface energy. 

 

 
Figure 9: Focal length and numerical aperture of inkjetted microlenses on a 
100-µm-diameter circular membrane as a function of the number of printed 
droplets (polyester, constant contact angle: 46°). Error bars represent the 
standard deviation of the measured values.  

IV. FIRST RESULTS ON MOEMS PERFORMANCES 
 
MOEMS fabrication was first demonstrated both on glass and 
on oxidized silicon substrates and more recently on a III-V 
VCSEL sample. As illustrated in fig. 10, our collective MEMS 
technology enables many designs, including designs featuring 
different numbers of actuation arms (3 or 4) in an array. As 
shown in fig. 10, lens deposition using a micro-spotter was not 
observed to be completely reproducible. In some cases, an 
incomplete coverage of the membrane was indeed observed. 
Such incomplete coverage occurred because the cantilevers’ 
reservoirs were initially developed for the deposition of 
droplets of a smaller diameter (40 µm). Due to a limited width 
(200 µm), the reservoirs were thus not refilled frequently 
enough to ensure complete coverage on some membranes. 
This problem can be easily solved by using larger reservoirs or 
by using inkjet printing. Taking into account our recent results 
on inkjet deposition, we recommend the latter option to ensure 
a rapid and reproducible fabrication. In the following 
experiment dedicated to characterization, only MOEMS with 
fully covered membranes were tested.  
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Figure 10: SEM image of SU-8-based MOEMS arrays collectively fabricated 
on 850-nm VCSELs with a 500-µm pitch.  
 

A. MOEMS mechanical behavior 
Optical interferometry under probes was used to 

characterize the MOEMS behavior before lens deposition. We 
verified that the membranes remained flat under actuation, 
with the radius of curvature remaining equal to 2 mm. 
Significant vertical displacement of the membrane was 
measured as a function of applied power (fig. 11).  

 

 
Figure 11: Membrane axial displacement measured as a function of applied 
power to the MOEMS for 3-arm (open circles) and 4-arm (squares) 
configurations. Error bars represent standard deviation of the measured 
values. Simulated behavior is also plotted as a dotted line as a function of the 
effective power dissipated in the heater. 
 

In the linear part of the variation curve, the slope was as 
high as +0.25 µm/mW at applied voltages lower than 3 V. 
These results confirm the interest in exploiting the high 
thermal dilatation of SU-8, as previously discussed. Similar 
trends were observed regardless of the number of MOEMS 
arms (3 or 4), with a slightly better efficiency for the 4 arm 
configuration. It is worth noting that the effective power 
dissipated in the actuation arms was lower than the indicated 
value because electrical losses due to the resistance between 
the probes and the titanium electrode were estimated to be 
equal to 10 mW. Taking into account this parasitic effect, we 
recently observed good agreement between measurements 
using four probes (instead of two) and theoretical MEMS 
behavior indicated by 3D electro-thermo-mechanical modeling 

(COMSOL). The vertical displacement yielded by 3D 
modeling is plotted as a function of the effective power 
dissipated in the heater in fig. 11 to illustrate the good 
agreement with the experimental data for both cases. Further 
details on this study can be found elsewhere [54]. Additional 
studies on MEMS cycling and reliability are now underway to 
estimate thermal actuation hysteresis observed for effective 
power greater than 30 mW corresponding to an actuation 
temperature of 150 °C. 
 
 

B. MOEMS optical behavior  
SU-8 MOEMS arrays featuring micro-spotted polyester 

microlenses were fabricated on electrically driven VCSELs 
emitting at 850 nm. Unfortunately, these devices were not 
single-mode as initially envisioned because the size of the 
emission zone was larger than expected due to a fabrication 
issue (12 µm instead of 3 µm). As a result, the devices emitted 
a highly multimodal transverse beam with a higher divergence 
than that of the Gaussian beam we used for our MOEMS 
design (18° instead of 12°). Nevertheless, we tried to estimate 
the change in the laser spot due to the presence of an 
integrated tunable lens by measuring the spot size at different 
positions along the optical axis with a movable camera placed 
above devices tested under probes. As shown in fig. 12, laser 
beam focusing was clearly observed at distances between 300 
and 400 µm from the membrane surface, with an estimated 
FWHM of 14 µm. Although a direct comparison to modeling 
is not possible, a similar focusing position was indicated by 
our calculations, assuming an initial Gaussian beam with a 
similar emission zone and divergence. To estimate the effect 
of actuation on the focused spot position, we measured the 
variation of its maximal intensity along the axis near the focus 
position. This measurement was performed with and without 
MOEMS actuation. To remain in a linear regime and to ensure 
well reproducible behavior, the MOEMS maximal driving 
power was limited to 28 mW, corresponding to an axial 
displacement of +4 µm. Under these conditions, we observed 
a shift in the maximal spot intensity of -35 µm (fig. 13a); this 
value is of course lower than the one expected for a single-
mode VCSEL (>70 µm). Nevertheless, the value is in quite 
good agreement with our optical modeling results, assuming 
the same numerical aperture of the source and an axial shift of 
+4 µm (fig. 3b). These preliminary results are very promising 
because they demonstrate, for the first time, the feasibility of 
integrating polymer-based movable lenses arrays on laser 
arrays. 

 

 
Figure 12: Measurement of VCSEL spot width as a function of the axial 
position (red squares, dotted line) and comparison with calculated beam 
profile assuming Gaussian beam propagation (black line). 
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Figure 13: Maximal spot intensity measured as a function of axial position 
under MOEMS actuation at 0 mW (black square) and 28 mW (red circles) and 
comparison with calculated values for axial shifts of 0 µm (black line) and 4 
µm (red line). 

V. CONCLUSIONS AND FUTURE WORK 
We presented our recent work on polymer-based MOEMS 

fabrication to achieve tunable micro-optics on VCSEL arrays. 
After discussing the relative interest in polymers compared to 
that in silicon-based materials for integrated optical MEMS, 
we detailed the simple and collective SU-8-based technology 
we developed for VCSEL beam dynamic focusing. We 
highlighted in particular two critical fabrication issues we 
recently solved. The first one concerns the uniform fabrication 
of thick high-aspect-ratio MOEMS on small III-V samples. 
We proposed to use an alternative to spin coating that we call 
“soft thermal printing” to ensure uniform SU-8 deposition 
regardless of sample shape, properties or size. The second 
addresses the precise fabrication of a microlens and its 
alignment with the VCSEL source. We experimentally 
evaluated two liquid dispensing methods and demonstrated 
that they are both compatible with self-alignment on a 
suspended SU-8 membrane. As a result, the alignment 
precision is fixed by photolithography (2 µm) and thus fulfills 
all requirements regarding lateral tolerances. Our MOEMS 
exhibited large mechanical displacements under low electro-
thermal actuation voltages and was integrated on multimode 
VCSELs arrays using micro-spotted lenses. Beam focusing 
was experimentally observed at a distance in good agreement 
with that yielded by optical modeling, taking into account the 
characteristics of the laser beam. Moreover, we observed a 
shift in focus position of 35 µm under actuation. To fully 
validate our approach, we are currently fabricating MOEMS 
on single-mode VCSELs for which we expect larger optical 
scans under actuation. Moreover, high-quality Gaussian beams 
are most often required, especially for instrumentation and 
biosensing applications. Finally, our latest advances in soft 
thermal printing and inkjet printing are being implemented in 
this new set of tests to further improve air gap control and lens 
positioning and to make the adjustment of the microlens focal 
length during fabrication possible. To conclude, SU-8-based 
optical MEMS devices have become very attractive for 
VCSEL beam focusing and they could also be exploited for 
other beam shaping functions, such as off-axis beam steering. 
Looking further ahead, SU-8 could also replace dielectric 
materials for the low-cost fabrication of spectrally tunable 
MEMS-VCSELs, although some issues must still be resolved, 
such as the fabrication of highly reflective mirrors on a 

polymeric membrane. Nevertheless, the fabrication of an 
electrically-tunable organic microcavity source was reported 
recently [55], illustrating the growing interest in organic 
MOEMS.  
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