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Abstract. This paper describes a new collective microfabrication process of all-organic 
microcantilever chips. This method is based on the hierarchical combination of shadow-masking 
and wafer-bonding processes. The shadow-masking combines deposition and patterning in one 
step thanks to spray-coating through a polymer microstencil that gives the opportunity of 
patterning thermosensitive material such as PMMA. The shadow-masking parameters have been 
optimized to obtain suspended microcantilevers characterized by a convenient thickness profile. 
The resulting PMMA structures were then transferred onto SU-8 chips by using an SU-8 wafer-
bonding process. The effect of the UV exposure dose of both SU-8 layers in contact on the 
bonding quality has been investigated and optimized. With the optimized bonding process we have 
achieved the large scale transfer of microstructures with a yield of 100% and a bond strength of 50 
MPa. These microcantilevers were also tested at resonance, to determine Young’s moduli of 
patterned polymers. The low values obtained (below 5 GPa) make these organic MEMS structures 
strong candidates for highly sensitive sensing applications when used in the static mode. 

 
1. Introduction 
 
Silicon-based free-standing microcantilevers are widely used as micro- and nanoelectromechanical 
systems. More specifically, silicon cantilevers have shown great potential for sensing applications such 
as, molecular recognition [1, 2] or virus detection [3] in liquid media. These cantilevers generally operate 
in either the dynamic mode, where analytes binding on the cantilevers increase mass and thus decrease 
the resonant frequency, or in the static deflection mode, where analytes binding on one side of the 
cantilevers causes unbalanced surface stress resulting in a measurable mechanical deflection. In the 
dynamic mode, the operation of silicon microcantilevers in viscous fluids is limited by the fact that the 
quality factor (Q factor) is very low because of viscous damping and squeezing effects [4]. The static 
mode is usually preferred in liquid media but the deflection measurement may be difficult due to intrinsic 
rigidity of silicon, resulting in mechanical deflections that rarely exceed hundreds of nanometers. In this 
context, the introduction of polymers in microcantilever fabrication as an alternative solution to silicon is 
particularly promising. In fact, they are attractive for sensitive sensing applications in the static mode (bi-
layer effect) as single-use sensors due to their low cost, good processability, bio-compatibility [5] and 
tunable properties that may be achieved by an appropriate design of the materials [6]. Indeed, an organic 
free-standing structure is more flexible than a silicon one. Thus, the use of such low Young’s modulus 
materials will enhance the transduction of molecular recognition using, for instance, an organic 
biomimetic sensitive layer, thus improving limits of detection of analytes. SU-8 epoxy negative 
photoresist is widely employed for organic microcantilever fabrication due to its high achievable aspect 
ratio, its chemical compatibility [7] and its versatility due to tunable properties obtained by mixing SU-8 
with other materials. For instance, SU-8 may be made piezoresistive by mixing it with black carbon [8].  
Generally, standard organic microcantilever fabrication methods are: (i) using a sacrificial layer, or (ii) 
sealing a free structure by transferring it to another layer (Figure 1) [9]. For (i), different polymers can be 
used as a sacrificial layer, including positive photoresists [10], metals [10] or thermally decomposable 
materials [11]. But this method is mostly limited by the chemical compatibility between the structural and 
sacrificial layers. For example, solvents used to remove the sacrificial layer [12] can also elute the 
structural one. Also, no concrete examples were found in the literature where thick films (> 50µm) of 
positive photoresists, metals or thermally decomposable materials were used as a sacrificial layer. This is 
not desirable for organic microcantilevers where large deflections are expected in the static mode. For 
this, using uncrosslinked SU-8 as the sacrificial layer shows great potential. Indeed, it can maintain a flat 
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surface (when crosslinked SU-8 is used for the supporting layer) for subsequent surface patterning of the 
structural layer, and can be etched selectively in the presence of different organic materials. However, at 
the moment, methods using uncrosslinked SU-8 as the sacrificial layer require a metallic UV-blocking 
coating between the structural and the sacrificial layers to protect this layer from UV radiation [13], or the 
use of complementary light absorption properties for the structural polymer [14]. Other reported 
fabrication methods that include the use of adhesive PET lamination to create three-dimensional flexible 
microfluidic networks [9]. Although the authors suggest that this technique could be used to fabricate 
suspended microstructures, no fabricated devices were reported. An alternative solution is to use the 
transfer method (ii) that can be combined with several processing methods such as nanoimprint 
lithography for the patterning of thermoplastics and biopolymers [9] or photolithography. However, a 
manual, one-by-one transfer of microstructures is most often observed in the literature [15, 16]. Only two 
examples showed promising results for the wafer level fabrication of such organic devices. In a first 
approach, non-reticulated SU-8 was used to transfer SU-8 cantilevers, allowing an integrated readout of 
cantilevers behavior thanks to single-mode waveguides [17]. This process was then improved by using a 
partially reticulated SU-8 layer where the transferring layer could be patterned individually before 
bonding [18]. These pioneering works demonstrated the large scale fabrication of free-hanging organic 
microcantilevers. However, based on this approach, further improvements are necessary since: (i) a 
transparent wafer is mandatory for precise alignment of both substrates in contact during transfer, 
restricting the choice of substrates, (ii) qualitative characterization of bonding quality does not ensure a 
strong bond of transferred microstructures, with possible consequences on organic microcantilevers 
behavior, as already observed for resonant silicon ones [19, 20] and (iii) the fabrication process was 
validated only on SU-8 microcantilevers. Thus, the wafer level microfabrication of organic free-standing 
structures clamped on a substrate must be optimized to define a standard fabrication process.  
In this context, we have combined two hierarchical processing methods to achieve the large-scale 
fabrication of all-organic microcantilever chips. First, the solution inspired from the wafer-level bonding 
of organic materials has been optimized for the rapid and collective microfabrication of organic free-
standing cantilevers. Then, it is particularly interesting to combine this transfer method with a versatile 
patterning method where photosensitivity of materials is no longer mandatory for the structural layer. 
Indeed, some classes of organic materials such as biomaterials, gels, and thermoplastics are difficult or 
impossible to be structured with standard microfabrication methods based on optical lithography. To 
overcome this challenge, we have developed a shadow-masking approach dedicated to organic materials 
to create organic microcantilevers that remains compatible with other processing methods. Shadow-
masking is a powerful method used for the micro- and nanopatterning of metals [21]. This method is 
based on the fabrication of a stencil where mechanical apertures allow the deposition and patterning of 
materials in one step. To our knowledge, only one example of the combination of shadow-masking with 
organic materials can be found in the literature for the fabrication of organic thin film transistors [22]. 
Thermal evaporation of an organic semiconductor was used for deposition, which is not compatible with 
higher molecular weight polymers, such as those used in the field of organic microsystems.  In the present 
work, we propose a method where the organic structural material is spray-coated through a polymer 
microstencil, combining deposition and patterning in one step. This shadow masking approach does not 
require photo-masking of materials and allows patterning of most organic materials, i.e., photo- or 
thermosensitive ones, showing the great potential of this method in the field of organic microsystems. 
Moreover, using a flexible polymer microstencil, it can be easily adapted for the patterning on 
topographically rough, curved and unconventional surfaces [23, 24]. Flexible stencils made of PDMS 
[24], parylene [25] or SU-8 [23] have shown great potential for metals patterning. Also, hybrid parylene-
SU-8 microstencils have been used for the patterning of nontraditional materials [26]. In the present work, 
the microstencil is made of SU-8 photoresist and requires only two photolithography steps, making this 
solution consistent with the low-cost characteristic of organic MEMS. Also, SU-8 is a suitable material 
for microstencils fabrication since high aspect ratios can be obtained easily, combining high resolution 
with mechanical robustness. Thus, thanks to the hierarchical combination of shadow-masking and wafer-
bonding processing methods, we have achieved the wafer level fabrication of PMMA suspended 
microcantilever chips characterized by a low Young’s modulus and suitable for further integration in 
industrial processes, due to collective fabrication at low-cost.  
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structures will be clamped and a temporary top substrate used for structural layer patterning. Single side 
polished 4 inches silicon wafers with a thickness of 525 µm were used as substrates. The two substrates 
were cleaned by using UV-Ozone for 10 minutes to improve adhesion of subsequent deposited layers 
(Figure 2.a and b). These substrates were rinsed with deionized water and dehydrated at 200 °C for 2 h. 
On the top substrate, two thin layers of OmnicoatTM were successively spun at 1000 rpm and baked at 200 
°C for 1 min that result in an omnicoat thickness of 200 nm (Figure 2.c). This layer will act as a sacrificial 
layer to release microstructures after transferring step. 
 
2.2 Shadow-masking process 
 
The next step to be considered is the patterning of the structural layer on the top substrate. The present 
work proposes a versatile method to fabricate organic microcantilevers that does not require photo-
masking of materials as currently used [9] and thence, allows patterning of most organic materials, i.e., 
photo- or thermosensitive ones. For this, the proposed technique combines deposition and patterning in 
one step thanks to spray-coating through polymer microstencils.  
 
2.2.1 Organic microstencil fabrication 
 
Polymers are attractive materials to fabricate miniaturized microstencils for their low cost, good 
processability and flexibility [23-26]. Indeed, the polymer microstencil fabrication process proposed in 
this work requires only two photolithography steps. Also, flexible polymer microstencil can be adapted to 
several varieties of substrates such as flexible or non-flat ones. The process fabrication starts by the spin-
coating of a 200 nm omnicoat sacrificial layer on a silicon wafer to allow the release of microstencil from 
substrate after fabrication. The microstencil process results from the structuration of two levels of SU-8 
epoxy-based negative photoresist (SU-8® 3005 and 3050) (Figure 3). SU-8 is a suitable material for this 
two steps device since several layers having different thicknesses (0.5–200 µm) can be stacked-up by 
multiple spin-coating and UV-exposures to define high aspect ratio structures. In the present work, a first 
thin film of SU-8 was patterned to create apertures with high resolution. The influence of microstencil 
thickness was studied and chosen in order to obtain the most suitable PMMA thickness uniformity used as 
structural layer. For this, an 8 µm thick SU-8 layer was spun, baked at 95 °C for 3 min and UV-exposed 
with a dose of 150 mJ/cm2 by using a manual mask aligner (MJB4, Suss Microtec. Corp, Germany). After, 
the layer was post-exposure baked at 65 °C for 1min and 2 min at 95 °C. But with this thickness, 
microstencil handling without cracking is challenging. Thus, circular apertures characterized by a 
diameter of 1 mm were patterned with a 100 µm thickness of SU-8 that encircle the microstructure 
apertures on the thin layer, to strengthen the microstencil. This 100 µm thick layer of SU-8 was 
successively spun and baked at 95 °C for 45 min. Then, this layer was exposed with a dose of 250 mJ/cm2 

and baked at 65 °C for 1min and 3 min at 95 °C. After, both layers were simultaneously developed with 
propylene-glycol-monoether-acetate (PGMEA, Microchem Corporation). A low stress microstencil was 
required to allow a flat and conformal contact with the substrate during the spray-coating. In fact, a gap 
between the microstencil and the substrate would induce a loss of resolution in the geometries of the 
designed microstructures. Highly cross-linked SU-8 is known to induce residual stress in the patterned 
films. Several sources have been identified [27, 28] including residual solvent in the polymeric matrix 
[27], UV exposure dose [29], heating temperature for soft [28] and post-exposure bakes [27] and induced 
stress due to CTE mismatch between SU-8 and the substrate [30]. This can result in buckling of polymer 
microstencil and thus, gap increase during deposition. An efficient solution was proposed by introducing 
a hard-bake at the end of the SU-8 process, reducing residual stress gradient in highly cross-linked SU-8 
films [27]. The hard-bake must be adapted to the thickness layer. For our process, a hard-bake step at 150 
°C for 7 min was optimal. To finish the microstencil fabrication, the substrate was dipped in the omnicoat 
developer (MF 319) for 2 h to release the organic microstencil. 
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2.3.4 Sacrificial layer release 
 
To finish the fabrication process, the top wafer must be removed to obtain chips composed of polymer 
free-standing microstructures clamped on the bottom substrate obtained by collective fabrication. The 
omnicoat layer initially deposited was etched by using MF319 developer (Figure 2.j). The low gap 
between both wafers (about 150 µm) can prevent the release. Thus, to accelerate structures release, 
channels characterized by a width of 500µm were introduced on the transferring layer to enhance access 
to the sacrificial layer, reducing the release duration from 24 h to 6 h. Last, the resulting wafer, containing 
free-standing microcantilevers, was cleaned according to a protocol where successive batches of omnicoat 
developer (to remove residual omnicoat), isopropanol, ethanol and deionized water were used. 
Cantilevers chips were then dried using a hotplate (40 °C), ensuring rapid evaporation of water and thus, 
avoiding stiction of cantilevers onto the transferring layer. 
 
3. Results and discussion 
 
3.1 Organic microcantilevers characterization 
 
By combining shadow-masking and wafer-bonding processing methods, we have successfully achieved 
the fabrication of free-standing PMMA cantilevers (Figure 4 and 5) characterized by a length ranging 
from 100 to 700 μm and a width ranging from 50 to 250 μm. The geometries are in agreement with the 
design (maximum standard deviation of 2% for geometry with respect to designed mask), but the 
thickness profile is not uniform: the bottom surface of the cantilevers is not perfectly flat. In fact, 
protrusions at the microcantilever edges appear during the spray-coating through the shadow-masks 
(Figure 6). This effect has already been observed with other printing methods, such as screen-printing, 
nanoimprint or microfountain pen [32]. In our case, one origin of the phenomenon is capillary interactions 
that occur between the PMMA solution and SU-8 due to the wettability of anisole used as solvent for the 
PMMA solution [33]. To confirm this wettability effect, the SU-8 microstencil surface was made 
hydrophilic by submitting it to a short plasma oxygen event, resulting in the formation of PMMA clusters 
in the microstencil apertures after subsequent spray-coating, showing repulsive interactions between 
anisole and SU-8. At the moment, no concrete solution was found to avoid completely the edge effect, but 
the combined spray-coating/ shadow-masking process was optimized to obtain a convenient PMMA 
profile. For this, by using a mechanical profiler, the influence of the microstencil thickness and the solid 
content of the PMMA solution on the polymerized PMMA thickness profile has been studied (Figure 6.a). 
From this figure, it can be seen that at the center of the cantilever, the thickness is thin while at the edges 
it is increased, resulting in a thickness gradient with a parabolic profile. Also, the height of protrusions is 
defined by microstencil thickness: protrusions height increases with the microstencil thickness (Figure 
6.a). A thin microstencil is thus required to limit this effect. But with a too thin SU-8 microstencil, there is 
not any PMMA material at the center of the structure and thus the whole microstructure surface cannot be 
covered. In this context, to restrict the protrusions height to a few micrometers, a microstencil 
characterized by a thickness of 8 µm has been used while apertures have been then filled thanks to ten 
successive spray-coatings. For this, a homemade polymer solution that contains 4.5 % of PMMA diluted 
in anisole has been used to reduce size of droplets. In this case, the thickness at the center of the 
cantilever is 5 μm, while at the edges it is 7.5 µm (figure 6.b). With the optimized process, the aspect ratio 
between the height at the edge and the height at the center of the structures was clearly reduced, since an 
improvement from 8.3 to 1.5 was obtained. 
 
 



Preprint
(doi: 10

 
Figure 5
thicknes
 

 
Figure 6
spray-co
of 25 µm
microste
PMMA 
Scanning
coating p
 
3.2 Bond
 
Using th
organic c
processe
With thi
the trans
the press
allows a 
Tempera
microflu
area. A b
lower tem
the SU-8
bonding 
on the tr
datashee

t - Journal o
0.1088/0960

5. Scanning 
s of 10 μm, a

6. Profile me
oating step b
m and 40 µ

encil charact
microcantile

g electron m
parameters b

ding process 

he wafer-bon
cantilevers o

es since a fab
s method, th

sferring layer
sure that en
crosslinking

ature and pr
uidic chips [3
bonding temp
mperature co
8 crosslinkin
process. The

ransfer quali
et. Figure 7 s

of Microme
0-1317/21/9

electron mi
a length of 5

easurement b
y using PMM

µm. (b) Can
terized by a 
ever fabrica

microscopy (
by using micr

characteriza

nding method
on 4-inches w
brication yiel
he transfer re
rs to ensure 
sures contac
g reaction be
ressure have
34, 31]. Obta

mperature of 1
ould be inter
ng level, resu
ence, it is pa
ity. For this, 
shows the bo

chanics and
/095021). 

icroscopy (S
20 μm and a

before transf
MA commer

ntilever fabri
thickness of

ated with a 
SEM) image
rostencil cha

ation 

d, we have a
wafers. The t
ld of 100% w
equires a SU
their bondin

ct between la
tween both s

e already be
ained results 
110 °C is gen
resting if the 
ulting mainly
articularly im

the exposur
onded area a

d Microengi

SEM) image
a width of 10

fer of PMM
rcial solution
icated with o
f 8 µm. (c) 
microstenci

e of PMMA
aracterized by

achieved the 
transferring 

was obtained 
U-8 crosslink
ng. This react
ayers, the te
surfaces in co
een investig
recommend

nerally used
e structural m
y from UV-e

mportant to in
re dose was 
and the bond

ineering, vo

e of PMMA 
00 μm. 

A cantilever
n and micros
optimal spra
Scanning el
l characteriz

A microcantil
y a thickness

large scale 
technique is
(figure 4). 

king surface r
tion results f
emperature a
ontact. 

gated in prev
d a pressure o
d [7] that is c
material is no
exposure dos
nvestigate th
varied aroun

d strength for

ol. 21, 2011,

 

microcantil

rs (a) Cantile
stencils char
ay-coating p
ectron micro
zed by a th
lever fabrica
s of 8 µm. 

fabrication o
 suitable for

reaction betw
from associat
and the SU-8

vious works
of 300 kPa to
compatible w
ot resistant at
se, is also a 
e influence o
nd the value
r several UV

, 095021, 9 

lever charact

ever fabricat
racterized by
parameters an
oscopy (SEM
hickness of 
ated with op

of clamped f
r integration 

ween the sup
tion of three
8 crosslinkin

s for the fa
to obtain opt
with PMMA.
t 110 °C [34
critical para
of the UV-ex
e recommend
V-exposure d

pages. 

terized by a

ted with one
y thicknesses
nd by using
M) image of
40 µm. (d)

ptimal spray-

free-standing
in industrial

pporting and
e parameters:
ng level that

abrication of
imal bonded
 However, a
]. Moreover,

ameter in the
xposure dose
ded by SU-8
doses applied

a 

 

e 
s 
g 
f 
) 
-

g 
l 

d 
: 
t 

f 
d 
a 
, 
e 
e 
8 
d 



Preprint
(doi: 10
to the tr
layer. UV
contact. 
a high yi
SU-8 the
Dage 20
strength 
this case
supportin
bond, a d
to be opt
Using la
occur th
robustne
bonding
layer du
optimal 
To summ
strong bo
respectiv
layers is
SU-8 lay
process h
 

 
Figure 

 
 

 
Figure 8

t - Journal o
0.1088/0960
ransferring la
V-exposure d
From figure 
ield was asso
ermal polym
000 shear st
value aroun

e, the exposu
ng layer belo
dose of 160 
timal, since i
ayers with lo
hat damages 
ess, inducing
. Figure 8.a 

ue to too low
exposure do
marize, to im
ond and a lim
vely the trans
s avoided bef
yers are nev
has been thu

7. Bonded ar

8. Scanning 

of Microme
0-1317/21/9
ayer and the
doses were th
7, it can be 

ociated to a l
merization dur

ation. Resul
nd 10 MPa is
ure dose for
ow 270 mJ/c
mJ/cm2 for t

it correspond
ow crosslink
the patterne

g a possible 
shows the s

w UV-exposu
ses, a clean a
mprove the w
mited reflow,
sferring and 
fore transfer 
vertheless po

us optimized 

rea and bond

electron mi

chanics and
/095021). 

e supporting 
hus chosen i
seen that the
low crosslink
ring the trans
lts confirm t
s recommend
r the transfer
cm2. Howev
the transferri
ds to a bond s
king levels du
d layers. In 
damage of 

spreading of 
ure doses tha
and strong bo
wafer-bondin
, the optimal
the supporti
that ensures

olymerized e
to standardiz

d strength ve

croscopy (SE

d Microengi

one. The U
in order to ha
e bond area d
king level of 
sfer. Also, th
that the bon
ded to ensur
rring layer m

ver, to obtain
ing layer and
strength of 5

during the bo
fact, a decre
the structure
SU-8 transf

at are respect
ond occurs b
ng process b
l UV-exposu
ing layers. W
s a strong ad
enough to p
ze large-scal

ersus UV exp
layer. 

EM) image 

ineering, vo

UV-exposure 
ave the same
decreases wit
f SU-8 layers
he bond stren
nd strength i
re strong bon
must be belo

n a maximum
d 190 mJ/cm

50 MPa.  
onding proce
ease of cross
es under the
ferring layer 
tively 80 and
between the t
based on SU
re doses mus

With these val
dhesion of bo
prevent their
e microfabri

posure doses 

of SU-8 tran

ol. 21, 2011,

dose is defi
e crosslinking
th dose incre
s before trans
ngth has been
is high for a
nd between t
ow 240 mJ/c

m bonded are
m2 for the sup

ess, a reflow
slinking leve
e pressure an
and the flatt

d 110 mJ/cm
two SU-8 lay

U-8, with a b
st be 160 mJ/
lues, the ove
onded layers
r damage (F
cation of org

of SU-8 sup

 

nsferring an

, 095021, 9 

ined by thick
g level for b

ement. This in
sfer that allow
n investigate
a low expos
two SU-8 lay
cm2 and the 
ea of 100% 
pporting one

w of the SU-
el causes a l
nd temperatu
ttening of the

m2. On the co
yers (figure 8
bonded area 
J/cm2 and 190
erly level of 
s during the 
Figure 8.b). T
ganic microc

 

pporting and 

nd transferred

pages. 

kness of the
oth layers in
ndicates that
ws complete

ed by using a
sure dose. A
yers [31]. In
one for the

and a strong
e were found

8 layers can
loss of SU-8
ure used for
e supporting
ontrary, with
8.b). 

of 100%, a
0 mJ/cm2 for
polymerized
transfer. But
The transfer
antilevers. 

transferring 

d supporting

e 
n 
t 
e 
a 
A 
n 
e 
g 
d 

n 
8 
r 
g 
h 

a 
r 
d 
t 
r 

g 



Preprint
(doi: 10
layers fo
 
 
3.3 Preli
 
To confi
measure
bending 
modulus
 
 
 
In this e
mode, L
density 
characte
kHz was
demonst
standard
characte
A simila
[10]. Va
obtained
other wo
obtained
mechani
 

 
Figure 9
transferr
of 8 μm,
 
 
4. Concl
 
A versa
microstru
shadow-
photosen
through 
Moreove
second a
as micro
have a fa
several p
PMMA 
bonding 
mechani

E= 
4π2

t - Journal o
0.1088/0960
or respectivel

iminary mech

irm the poten
ment of me
resonant m

s of the struct

equation, E r
L and h are r

of the mate
rized by a le
s measured f
trate the vers
d photolithog
rized by a le

ar method w
alues obtaine
d in present 
orks [27, 36
d show a g
ical deflectio

9. Scanning 
red SU-8 mic
, a length of 

lusion 

atile all-orga
ructures was
-masking and
nsitive polym

a flexible 
er, introducti
approach is p
ocantilevers, 
fabrication yi
patterning m
microcantile
approach, S

ical character

fn   
2 L4 12ρ

λn
4 h2 

				

of Microme
0-1317/21/9
ly (a) UV-ex

hanical char

ntial of such 
chanical pro

modes were s
tured layer w

represents th
respectively 
erial, and λ
ength of 200
for the first f
satility of the
graphy. A re
ength of 490 

was already p
ed ranged fro
work are in 
], validating

great potenti
ons for a vari

electron mi
crocantilever
640 μm and 

anic processi
 proposed. T
d wafer-bon
mer materia
microstenci

ion of polym
particularly a
bridges, or m
ield of 100 %
ethods such 

evers have b
SU-8 microc
rization of re

					 										

chanics and
/095021). 
posure doses

racterization

organic mic
operties of th
studied usin
was then calc

he cantilever
the length a

n the eigenv
µm and an 

flexural mod
e transferring
esonance fre
µm and a th

proposed for 
om 3.5 GPa 

agreement 
 the method
ial for thes
ety of applic

icroscopy (S
rs. (b) Zoom
a width of 14

ing method 
This method

nding. The fi
als. This me
l. Thereby, 

mers in micros
adapted for i
microchannel
% with a bon
as photolitho
een successf

cantilevers w
esulting PMM

	              (1)

d Microengi

s of 80 and 1

n. 

crocantilever
he patterned

ng a laser D
culated thank

r Young’s m
and thicknes
value of the
average thic

de, giving a Y
g process, SU
equency of 
hickness of 8
r the determi
a and 4.5 GP
with those p

d for both PM
se organic f
cations, inclu

SEM) image 
m view of SU

40 μm. 

for the lar
d results fro
first approach
ethod consis

deposition 
stencil fabric
industrial int
ls. Indeed, th
nd strength o
ography and 
fully obtaine

were fabricate
MA and SU-

ineering, vo

110 mJ/cm2 a

s as flexible 
d structural l
oppler vibro

ks to equation

modulus, fn is
ss of the mi
e nth resona
ckness of 16 
Young’s mod
U-8 cantilev
10.7 kHz w

8 µm, giving
ination of Yo
Pa, dependin
previously d
MMA and S
free-standing

uding chemic

of SU-8 mi
U-8 microcan

rge scale fa
m the assoc
h is coheren

sts in the sp
and pattern

cation makes
tegration of o
he process tra
of 50 MPa. A
nanoimprint

ed. Then, to 
ed using stan
-8 cantilevers

ol. 21, 2011,

and (b) 160 a

devices, the
layer. For th
ometer (Poly
n (1) [35]:  

s the resonan
crocantilever
nce mode. 
µm, a reson

dulus value o
vers (Figure 9
was obtained
 a Young’s m
oung’s modu

ng on the thi
described [10
SU-8 materia
g microcant
cal sensing in

icrocantileve
ntilevers char

abrication of
ciation of tw
nt for the pa
pray-coating 
ning were p
s this process
open microst
ansfer has be
Also, this me
ting. By com
confirm the 
ndard photol
s are in agree

, 095021, 9 

and 190 mJ/c

e next step co
his, out-of-pl
ytec MSA50

nce frequenc
r, ρ represen
For PMMA

nance frequen
of 3.7±0.5 G
9) were fabr

d for a SU-
modulus of 4
ulus of SU-8
ickness of S
0] and those
als. Also, the
tilevers to o
n static mode

 

ers. (a) Gene
racterized by

f free-standi
wo different 
atterning of 

of the stru
performed in
s simple at lo
tructure fabr
een optimize
ethod is com

mbining both
versatility o
lithography. 
ement with t

pages. 

cm2 . 

oncerned the
lane flexural
00); Young’s

cy of the nth

nts the mass
A cantilevers
ncy of 122.8

GPa. Also, to
ricated using
8 cantilever

4.0±0.5 GPa.
8 cantilevers
SU-8. Values

obtained in
e low values
obtain large
e. 

eral view of
y a thickness

ing polymer
approaches:
thermo and

uctural layer
n one step.
ow-cost. The
rication such
ed in order to
mpatible with

approaches,
of the wafer-

Preliminary
the literature

e 
l 
s 

h 
s 
s 
8 
o 
g 
r 
. 
s 
s 
n 
s 
e 

f 
s 

r 
: 
d 
r 
. 
e 
h 
o 
h 
, 
-
y 
e 



Preprint - Journal of Micromechanics and Microengineering, vol. 21, 2011, 095021, 9 pages. 
(doi: 10.1088/0960-1317/21/9/095021). 
values. These organic cantilevers, characterized by a low Young’s modulus, have the potential to serve as 
highly sensitive transducing devices in biological and chemical sensing applications. Indeed, for a 200μm 
long bi-layered cantilever, the static deflection due to swelling effects in an organic sensitive layer will be 
thirty times higher when using these organic materials instead of silicon (theoretical calculation using a 
modified Stoney equation [37]). Based on this approach, work is now in progress for the development of 
tuned Young’s modulus organic materials for highly sensitive biological and chemical sensing 
applications in static mode. 
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