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Abstract

This paper describes a cantilever-based microsystem that permits the deposition of picoliter biological samples using a contact o
non-contact method. Arrays of silicon-based cantilevers have been used to produce DNA microarrays. An electrowetting-on-dielectric
(EWOD) principle is applied for the loading of the liquid by controlling surface tension. Deposition is achieved by direct contact between
cantilevers and the surface by capillary transport. A non-contact deposition method has also been developed. It consists in an electric-fiel
applied between the cantilevers and a conductive surface. The results obtained demonstrate that our system meets the need for produc
high-density DNA, protein and cell chips.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction Primary technologies used in microarray manufacture in-
clude photolithography, ink-jetting, mechanical microspot-
Biological differences in humans are due to genetic as well ting and derivatives thereof. The photolithography approach
as environmental factors. These factors can be understoodelies on semiconductor technologies in a biochip setting.
by studying variability in the genomic sequence and how Photomasks direct spatially defined, solid phase DNA syn-
each gene product is obtained in a given cell or tissue (genethesis through the use of light which activates the modified
expression). phosphoramidite versions of the four DNA bases for DNA
By providing massive, parallel platforms for data gather- synthesis[1]. Piezoelectric technologies utilize versions
ing, microarray assays represent an essential technical adef “ink-jet” printing to dispense sub-nanolitre volumes of
vance in biomedical research. Biochips support advancedreagents to defined locations. Electrically-active systems are
fabrication, detection and data mining technologies which in used to deliver DNA bases, cDNAs, and other molecules
turn allow for data gathering at an unprecedented pace. Thewia tiny delivery jets onto a solid surfad@]. An XYZ
have revolutionized industrial microbiology and pathology motion control system directs the jet location during this
research, while enabling fusion between genome researcmon-contact printing process. Microspotting technologies
and drug discovery. Potential benefits of biochips are as fol- rely on direct surface contact. A printhead, moved by an
lows: XYZ motion control system, with microspotting pins, cap-
, i illaries or tweezers allows transfer of pre-made substances
e new detection methods, that will be more accurate and from reagent trays onto solid surfad@s4].

precise, can'be developed, : , Recently, the demand for massively parallel assay tech-
o faster analytical processes are due to small dimensions, nology has spring up. Low cost and flexible techniques

* rapid gene expression_monitoring and sequence analysisare' therefore, needed to meet specific requirements for

at the genomic level will therefore be allowed. increasingly integrated biochips. Also performance must

be improved in terms of speed and sensitivity. To this end,

* Corresponding author. promising approaches, mainly based on micro and nan-
E-mail addressbergaud@!laas.fr (C. Bergaud). otechnologies have been developgds].
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In this paper, a cantilever-based microsystem allowing de- deposition (LPCVD) Fig. 1A) and a lift-off process is car-
position of picoliter biological samples with or without con- ried out to define the aluminum electrod€sg; 1B). Elec-
tact, is described. The originality of our work lies on the use trode passivation is achieved by depositing a second low
of geometric dimensions, a minimal amount of biological temperature silicon dioxide layer by LPCVBi§. 1C). The
samples, and the possibility of obtaining a great deal of de- second part of the process consists in patterning and releas-
positions with a single loading process. Moreover, the sim- ing the cantilevers by deep reactive ion etching (DRIE). Re-
ple mass production process of our cantilevers makes ouractive ion etching (RIE) is then performed for silicon dioxide
system patrticularly cost effective. and a second etching is also carried out for the top Si layer to
pattern the microcantilever§ig. 1D). During this step, mi-
crochannels and microreservoirs are etched through within
2. Fabrication process the microcantilevers. Finally, a new DRIE is applied to the
backside. Etching is stopped by the interfacial oxide layer of
The technological process devised for microcantilevers the SOI substrate. This silicon dioxide layer is then etched
fabrication is based on conventional microfabrication tech- from the backside by RIE to release the cantileveig.(1E).
niques Fig. 1). The wafers used are 100 mm phosphorus-  Arrays of cantilevers (2mm long, 230n wide, 5um
doped (100) silicon-on-insulator (SOI) substrate with a thick) with a spacing of 450m were fabricatedFig. 2
5um-thick top Si layer. A low temperature silicon diox- Shows an array of two cantilevers with passivated aluminum
ide (LTO) is deposited by low pressure chemical vapor €lectrodes located along channels and reservoirs. These

(A) (B) (©)

Reservoir Open- alr

i 4N

Channel Non Open-air
Teservoir

')
1 Aluminum
electrodes

Fig. 1. Fabrication process of cantilevers (A-E) and resulting shapes (F).
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Fig. 2. Arrays of three cantilevers.
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3. Experimental procedure

3.1. Electrowetting-on-dielectric principle: increasing the
loading efficiency

After dipping microcantilevers into the liquid to be de-
posited, an electric-field is applied between the passivated
aluminum electrodes on the cantilevers and the conductive
surface to increase the affinity of the liquid for the insulat-
ing layer. The electric-field results in a modified charge dis-
tribution that changes the free energy causing the liquid to
spread and wet the surface of the cantiley8fsWe used a
low voltage electric-field (approximately 10V during 10 s at
10 kHz to avoid electrolysis), while the cantilevers were im-
mersed in the biological sample, to load the reservoir. Even
though the number of depositions made with one load pro-
cess is very much dependent on the type of sample used,
more than 50 depositions were carried out with almost all
samples tested.

3.2. Contact method for picoliter deposition

As shown inFig. 4, pre-wetted silicon-based microcan-
tilevers have been used for depositing picoliter volumes of
biological samples on a glass slide. Here, the method used
consists in bringing the cantilevers in gentle contact with the
glass surface.

Spots of a solution containing fluorescent labels (CY3)

arrays are then used within the framework of a computer- have also been deposited on a glass slikig. 5ashows a
controlled three-axis translation stage supplied by Sigma fluorescence image obtained from a ScanArr8jenstru-

Koki that permits precise positioning of cantilevers relative
to the surface as shown kig. 3a and b

In the experimental procedure, an electrowetting-on-
dielectric principle is applied to improve the loading effi-
ciency of the microchannels by electrically increasing the
affinity of the liquid for the insulating layer. We developed

ment. Three cantilevers were used in parallel, one main-
tained in permanent contact to draw lines while the two
others were intermittently in contact with the surface to cre-
ate spots. Spots are approximatelypdf in diameter that

is, almost ten times less than those achieved with a com-
mercial instrument. Their oval shape results from the lack

this approach to compensate for the decreased surface wetef control of the contact force that allowed the cantilevers
tability caused by the smaller microstructures even when to slip while in contact. Owing to its 1@m resolution, our

using hydrophilic surfaces especially with high-aspect ratio
narrow features such as microchannels.

ScanArrayef™ could hardly assess accurately these shapes.
A scanner with a better resolution could be used to gain

Fig. 3. XYZ motion control system with CCD camera monitoring (a) large view and (b) close-up view.
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60 sec 40 sec 20 sec 10 sec 5 sec

Fig. 6. Fluorescence microscope image of spots obtained by holding
the cantilevers in contact with the surface for various time durations. It
shows that both capillary transport and diffusion are involved in the spot
formation. Spacing between each spot center ip.m0

with an angle of approximately 8Qusing hydrophobic sur-

faces. The time during which the cantilevers are in contact

with the surface also impacts the spot size as evidenced in

Fig. 6 when comparing the diameter of spots achieved with

60, 40, 20, 10 and 5, respectively. As showfig. 7, plot-

ting the variation of the diameter spots as a function of the

square root of the contact time gives a straight line. Thfs

Fig. 4. (a) Two silicon-based microcantilevers during the deposition pro- dependence shows that diffusion also plays a major role in

cess; (b) prerwetted silicpn-based_ microcantilevers and (c) re_sulting spotscontromng the spot shape.

after contacting the cantilevers with the surface of a glass slide. This shape is highly dependent on the amplitude of the
force with which the cantilevers touch the surface. Indeed,

better insights into the shapes of our spéig. 5b shows for a spring constant of about 0.1 N/m, and a greater force

an image acquired with BioAnalyzer Reader from LaVision contact, the cantilevers tend to bend (or even slip when the

Biotec, Bielefeld. The shape of our spots along with the force is too high) thus enlarging the wetting surface between

effect of the cantilever slip leading to an oval shape instead the cantilever end and the surface and, therefore, the amount

of a circle one can easily be seen. Moreover we have beenof deposited liquid. In our case, this force was not precisely

able to see that all our spots could be included in a circle controlled. This could be achieved by using piezoresistive

of 10pum in diameter. cantilevers to accurately monitor the contact force.

Since this technique relies on capillary transport, the shape

of the spots depends on the surface wettability and on the3.3. Non-contact method for picoliter deposition

angle made by the cantilever axis and the surface. This has

been evidenced by hydrophilic and hydrophobic surfaces Silicon-based cantilevers with non-passivated metallic

and by modifying this angle. The best results were obtained electrodes have also been used to produce arrays of spots

4
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Fig. 5. Fluorescence image of lines and spots obtained from a solution containing fluorescent labels: (a) with a low resolution SE¥nAncyb)
with the BioTech BioAnalyséM.
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80 In the near future, further improvements will be made on
micronsGO /4-—""‘ these cantilevers: piezoresistors will be integrated so that the
— contact process will be improved in terms of control of the
20 contact force and the time during which the cantilevers touch
0 : : the surface. Another important point concerns the optimiza-
2,24 316 447 632 775 tion of the cantilever design to further reduce the volume of
£ deposited biological samples. In this way the homogeneity
Fig. 7. Spot diameter variation vs. contact time duration. of the spots will be increased and their size could be further

decreased to reach the submicron level.

Tests still have to be realized on a biological aspect. In-
deed, cross contamination is an important issue since de-
position of two or more different biological samples with a
single cantilever after a washing and drying process must be
achieved.
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