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Abstract
Control of wetting behaviour of fluidic microsystems was achieved by
selective chemical surface modification using either a solution-based
procedure or micro-contact printing. The modification procedures were
designed in such a way as to obtain optimum wetting in fluid channels,
sample reservoirs and nozzles, while at the same time preventing
intermixing of fluids from different nozzle exits and thus enabling multiple
long-term stable delivery of nano-litre droplets. Analysis included thickness
measurements by ellipsometry, contact angle measurements and
fluorescence microscopy. Selectively coated TopSpot dosage chips as are
used for the fabrication of DNA and protein micro-arrays exhibit superior
performance over uncoated dosage chips. Mixed and back-filled silane
coatings show enhanced stability versus hydrolysis in basic and acidic
solutions, as has been determined from measurements of contact angle as a
function of immersion time.

1. Introduction
TopSpot dosage chips are used for the fabrication of DNAand protein micro-arrays [1] (figure 1). There, systems for
massive parallel liquid handling and delivery in nano- to picolitre quantities are required.
As dimensions shrink, wetting properties of fluidic
systems become increasingly important, since the ratio
between interaction area of a particular fluid volume with
interfaces and the fluid volume itself increases. In the past,
a large variety of fluidic microsystems have been fabricated
from silicon and glass because of the advantageous wetting
properties of these materials as far as aqueous solutions are
concerned. In particular, electrophoresis on a chip has been
thoroughly investigated [2–9]. However, while fluid channels,
sample wells and nozzles require reliably wettable surfaces,
4
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intermixing of different fluids and deterioration of droplet
formation properties due to uncontrolled wetting may result in
serious limitations to the performance of these devices. In case
of the TopSpot dispenser we could show that a hydrophobic,
i.e. non-wettable coating, selectively applied to the bottom
nozzle plate of the chip, can provide an effective remedy.
There have been numerous reports about the use of
silane derivatives to chemically modify surfaces of glass or
silicon oxide. Important applications thereof concern specific
modifications of the stationary phase in gel chromatography
[10–15], biochips [16–18] and micro-fluidic devices such as
electrophoresis chips [13, 19]. In many studies, the importance
of well-controlled preparation conditions, namely with respect
to ambient humidity and surface hydration is emphasized
[20–25]. Low humidity atmosphere is especially critical if
highly reactive chloro-silane derivatives are to be employed. In
order to obtain reproducible results, this usually requires inert
gas conditions of a glove box equipped with silica absorber as
was used in our study throughout.
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2.2. Coating procedure in solution and set-up

nozzles

Prior to the coating process silicon oxide and glass surfaces
were cleaned in a solution of H2O2/NH4 (33%)/H2O (1:1:5
vol:vol:vol) at 80 ◦ C for about 30 min, extensively rinsed in
MilliQ water and isopropanol and finally dried under an IR
light source. Alternatively, chips were treated in an Ar/O2plasma at about 5 W cm−2 for 3 min and immersed in MilliQ
water for at least 30 min. Both of these pre-conditioning
methods render surfaces with sufficient density of silanol
groups for silane derivatives to form covalent siloxane bonds
that results in a dense layer.
In order to ensure reproducible results of coating by highly
reactive chloro-silane derivatives great care must be taken
to ensure the absence of water both in solvents used and
in the process environment. Therefore, all reactions were
performed in a glove box under dry nitrogen atmosphere at
room temperature. The glove box comprised a gas-cleaning
system including a silica/copper absorber to remove both
moisture and oxygen. The absorber was regenerated regularly
(typically every one to three months) and a vacuum interlock
was used to introduce materials and chips into the system and
prevent moisture from contaminating the atmosphere.
TopSpot chips are mounted in a custom designed chip
carrier with Viton gaskets to provide a gas and solution tight
seal between the front (cuvette) side and the bottom (i.e.
nozzle) side of the chip.
Inert gas is supplied to the cuvette side of the chip and
flows through the micro-channels and nozzles, thus preventing
coating solution from entering into the micro-fluidic device.
In this way, only the bottom side is modified by the coating
solution, while channels and nozzles remain hydrophilic.
After retrieving the chip carrier from the coating solution
and rinsing in pure solvent, gas flow is maintained for about
10 min until the chips and the chip carrier are completely dry.
This is to prevent residual solution from creeping into nozzles
or channels.
Finally, the coating process is concluded by the heating
of the coated devices under an IR (infra-red) lamp to about
120 ◦ C for about 30 min to allow for complete formation of
Si–O–Si bonds.
Contact angle of the bottom surface of coated microsystems and spontaneous filling of channels and nozzles are
tested to verify for proper coating.
Optimization of process conditions was achieved using
silicon wafers with a 500 nm TEOS (tetraethylorthosilicate)
oxide layer as a substrate. The process parameters obtained
thereof were then applied to the selective coating of microfluidic devices.

1cm

Figure 1. TopSpot print-head consisting of a glass/silicon hybrid
structure with micro-cuvettes on the top side, embedded
micro-channels and an array of micro-nozzles at the centre of the
chip.
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Figure 2. Silane derivatives used for coating of micro-fluidic
devices.

In the following we will present materials and methods
used for coating as well as for analysis of coatings. Further,
in the results and discussion section, chemical stability of
coatings fabricated by various procedures is investigated, with
a particular focus on mixed and back-filled silane coatings.
In addition, a stamp based coating procedure and preliminary
results are presented. Finally, the spotting performance of a
micro-dispenser chip is demonstrated.

2. Materials and methods
2.1. Modification agents and solutions
Silane derivatives (figure 2) were obtained from ABCR
(Karlsruhe, Germany) and used as received. Hexane and
toluene were obtained from Fluka (Taufkirchen, Germany) or
Roth (Karlsruhe) with a water content of <0.005% (vol:vol). A
tri-functional fluoro-carbon terminated silane (1H,1H,2H,2Hperfluorodecyltrichlorosilane, PFTCS) was used in solutions
of hexane to create surfaces with teflon-like properties. PFTCS
has previously been investigated with respect to packing
density as a function of process parameters [26] in a study
concerned with gas phase deposition of silanes. Solutions of
trifluoropropyltrichlorosilane (TPT), in hexane were employed
to study the efficiency of backfilling with small molecules
towards increased hydrolytic stability of PFTCS [14, 27].
Also the merits of co-deposition of a long-chain molecule
such as PFTCS and a small silane derivative, TPT, were
investigated. Unless stated otherwise, silane concentration
was 0.02% (vol:vol) in all cases.
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2.3. Micro-contact printing (µCP)
In an attempt to reduce the complexity and cost of
device fabrication, fluidic micro-systems have been fabricated
comprising open channels to guide fluid from micro-cuvettes
on the front side of a chip to micro-nozzles on the bottom side
[1]. These systems allow for parallel dispensing of nano-litre
droplets. However, in order to prevent solution from creeping
from the channels and possibly intermixing with solutions
contained in adjacent channels, the bottom side of the chip
has to be modified with a non-wettable coating. Obviously,
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Figure 3. Coating of fluidic microsystems comprising open
channels by micro-contact printing.

the previously described process using pressurized inert gas
cannot be applied in this case. Instead, direct application of
the modifying agent by micro-contact printing (µCP) is used
(figure 3). Again a solution of a silane derivative is employed.
However, instead of immersing the chip, a stamp fabricated
from a suitable polymer is wetted with the solution. After
the solvent has evaporated completely, the stamp is pressed
onto the chip, thus bringing the elevated structures of the chip
in contact with the modifying agent. Typical pressures are
of the order of 1–10 N. However, on flat surfaces such as
polished silicon wafers, even lower pressure may suffice to
bring both surfaces into intimate contact, a condition which is
indicated by dark appearance of the interface and the absence
of interference fringes. Within seconds, a hydrophobic coating
is formed, while the channels remain hydrophilic. Again an
IR lamp or oven is used to bring the formation of Si–O–Si
bonds to completion.
The choice of the stamp material depends on the solvent
to be used. Hexane and a silicone elastomer (Sylgard 184,
Dow Corning) has been identified as good combination, since
this elastomer tends to swell and take up the silane solution in
a sponge type fashion. In addition, this material is elastic and
may adapt to minor topological variations of the surface.
2.4. Analysis of coatings
2.4.1. Ellipsometry. For a complete account of this method
and its applications particularly to the analysis of monolayer
coatings the reader is referred to a large body of original
literature [28, 29]. Briefly, ellipsometry uses the reflection
of monochromatic polarized light to probe optical properties,
i.e. refractive index, absorbance and thickness of thin layers
on reflective substrates. The sensitivity is high enough to
even monitor the self-assembly of monolayer coatings. In the
context of this study, ellipsometry was used to determine the
time course of silane deposition from solution by measuring
the change in reflection properties prior and after immersion
in the reaction solution for a variety of durations.
2.4.2. Contact angle measurement. Contact angles were
determined by bringing droplets of deionized water into
contact with the surface of the sample while monitoring the
angle between the surface of the sample and the tangent drawn
to the contour of the droplet through an ocular (figure 4). Both
advancing and receding contact angles were determined using
the goniometer built into the ocular. A detailed description
of this method and its theoretical background may be found
in Adamson and references cited therein [30]. Basically,
according to Young’s equation the contact angle, θ, is a

droplet

Θ

γSL

γ LV
γSV

substrate
Figure 4. Illustration of contact angle formed by a droplet of water
on the surface of the substrate. Hydrophobic, i.e. non-wettable
surfaces exhibit large, hydrophilic, i.e. wettable surfaces in contrast
show small contact angles.

microbeads

coating

meniscus
nozzle

Figure 5. The position of the meniscus of fluid in micro-nozzles
was determined using fluorescent micro-beads immersed in a
solution of water/sucrose. Since the specific weight of particles
exceeds that of the solutions, particles rinsed to the nozzle tend to
accumulate at the air/solution interface, thus marking the position
of the meniscus. With the 2 µm particles used in this study, a
precision of position measurement of <±3 µm was achieved.

function of the interfacial tensions between the solvent, sample
and vapour:
cos θ =

(γSV − γSL )
γLV

(1)

with γ SL, γ SV, γ LV denoting the interfacial tension between
solid and liquid phase, solid and vapour phase, and liquid and
vapour phase, respectively.
Hydrophobic, i.e. non-wettable surfaces exhibit large
contact angles whereas hydrophilic, i.e. wettable surfaces
show small contact angles when probed with water. The
hysteresis between advancing and receding contact angle
reveals heterogeneity of the surface. This may be due to either
lateral variations of the chemical composition of the coating or
surface roughness [31–33]. Thus, contact angle measurement
provides a tool to assess the coverage and integrity of ultra-thin
coatings.
2.4.3.
Fluorescence microscopic detection of meniscus
level. Fluorescence microscopy was used as a further means
to characterize ultra-thin coatings on micro-fluidic devices,
particularly to detect the position of the meniscus within
nozzles and thus relate process parameters to the distance up
to which the reagent solution may enter into the nozzles during
the deposition process. The measurement procedure is shown
in figure 5. Fluorescently labelled latex beads (2 µm diameter)
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Table 1. Coating process parameters and contact angles obtained after 30 min and 24 h immersion in silane solution, respectively.
Exp.
no.

Silane

T (◦ C)

C (%)

θ adv
(30 min) (◦ )

θ rec
(30 min) (◦ )

θ adv
(24 h) (◦ )

θ rec
(24 h) (◦ )

1
2
3
4
5
6
7
8a
9a

PFTCS
PFTCS
PFTCS
PFTCS
PFTCS
PFTCS
TPT
TPT/PFTCS
PFTCS/TPT

22
23
21
22
0
22
22
22
22

0.5
0.5
0.08
0.02
0.017
0.02
0.02
0.02/0.02
0.02/0.02

105
112
120
121
115
–
–
–
–

61
66
90
90
92
–
–
–
–

–
–
–
–
–
125
86
116
119

–
–
–
–
–
108
58
90
90

a
Backfilled layers: substrates coated with first silane for 24 h and subsequently immersed in
solution of second silane for 24 h.

were mixed in a small concentration with a mixture of water
and sucrose. The addition of sucrose is necessary to adjust the
density of solution and beads and allow for slow sedimentation
of beads to occur. The micro-cuvettes of the TopSpot chip
were filled with this mixture, causing some of the beads to
be rinsed towards the nozzles. Since the specific weight of
the particles exceeds that of the solvent, particles reaching
the nozzle accumulate precisely at the meniscus of the fluid.
Using the z-dial of the microscope drive, the distance between
the bottom surface of the fluidic chip and the meniscus may be
determined by first focussing on the nozzle rim and afterwards
on the particles. The 2 µm particles used in this study enabled
a precision of position measurement of <±3 µm.

3. Results and discussion
3.1. Solution based procedure
Silicon slides (2 cm × 1 cm) with 500 nm oxide layer
were used in coating experiments to determine optimum
process parameters, namely (1) duration of treatment, (2)
concentration of silylating agent and—in the case of coating
of printing heads only—(3) the inert gas pressure during
immersion in the reaction solution. Layer thickness was
determined by ellipsometry and surface properties were
assessed by contact angle measurement.
3.2. Duration of treatment and concentration of silylating
agent
A typical measurement of contact angle and thickness
determined by ellipsometry as a function of time is shown
in figure 6. In each experiment a number of slides was
immersed into the well-stirred reaction solution under inert
gas conditions and retrieved consecutively after a reaction
time varying from 10 s to 180 min, rinsed in pure solvent
and dried. The concentration of the silane in the reaction
solution varied from 0.02% to 0.5% (vol) and was 0.08% in
case of figure 6. With all samples, even for the smallest
reaction time, a high contact angle of >100◦ is observed,
indicating rapid and almost complete coverage of silane
molecules. According to ellipsometry, the thickness reaches
a plateau after only a few minutes. There are, however, also
indications of additional deposition upon prolonged exposure
500

Figure 6. Typical result of a coating experiment, using PFTCS
(0.08% in hexane) on oxidized silicon showing contact angle and
layer thickness as a function of treatment time. A set of substrates
was pre-treated and immersed in the solution at t = 0. Samples were
consecutively retrieved from the coating solution and subsequently
contact angle and thickness of the layer were measured. Dotted
lines are intended as guides for the eye and indicate a plateau in the
thickness after only a few minutes of treatment.

(>1 h) to the coating solution, presumably through the builtup of siloxane multilayers. Advancing contact angles of up
to 122◦ were measured while receding angles were about
60–90◦ . Interestingly, the hysteresis between advancing and
receding angles decreased with decreasing concentration of
silane. Generally, such hysteresis is indicative either for
roughness [31, 32] or for chemical inhomogeneity of the
surface [33]. Since polished silicon wafers were used as
samples, a chemical inhomogeneity of the coating due to threedimensional polymerization of silane when supplied in high
concentration is considered the most probable explanation of
the observed hysteresis. According to Brzoska et al low
hysteresis is also related to high stability against chemical
attack [33]. While after 30–60 min peak values of the
advancing contact angle are reached, receding contact angle
increases further. In summary, samples exposed to relatively
low concentration of silane for prolonged duration (24 h)
yield the most homogeneous coatings as is indicated by low
hysteresis and high chemical stability. Results are summarized
in table 1.
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3.3. Chemical stability of coatings, backfilling with small
molecules and horizontal polymerization using mixtures of
small and long-chain silane derivatives
Silane derivatives bind to oxide surfaces via siloxane bonds
(Si–O–Si), which may be hydrolyzed in aqueous solution at
acidic or basic pH values. Accordingly, shielding these bonds
from hydrolytic attack by introducing hydrophobic moieties is
expected to enhance the chemical stability of the monolayer
coating [34]. Wirth et al reported enhanced stability in
monolayers backfilled with small molecules or deposited from
a mixture of molecules of different sizes and discussed their use
as chromatography stationary phases [14, 27]. In particular,
they used poly-functional silane derivatives in order to utilize
their cross-linking capability.
Our goal in this study was to develop a coating for
micro-fluidic components with enhanced stability in both
acidic and basic aqueous solutions. Considering the relatively
high cost of micro-fluidic systems fabricated from silicon or
glass, multiple uses of such devices with repeated intermediate
cleaning cycles are desirable. Ideally, the user of such a system
should not have to apply a fresh coating frequently but rather
be able to use the initial coating over the entire life span of the
micro-system. However, some of the more efficient cleaning
procedures involve basic or acidic aqueous solutions. We
therefore focussed on this aspect of chemical stability in this
study.
Four different types of experiments were performed.
Firstly, the coatings of the pure compounds, PFTCS and
TPT, were applied and their stability upon immersion in
hydrochloric acid (c = 32%) and sodium hydroxide solution
(c = 1 M) was investigated (figures 7(a)–(d )). Secondly,
mixed monolayers were prepared by subsequent deposition of
the long chain derivative, PFTCS, and the small derivative,
TPT (figures 7(e), ( f )). In a third set of experiments, at first
TPT and subsequently PFTCS was deposited (figures 7(g),
(h)). Finally, samples were immersed in mixtures of PFTCS
and TPT (90% : 10%) to obtain co-adsorbed monolayers
(figures 7(i), ( j )). The layer quality and stability was assessed
by contact angle measurements. Each point corresponds to
a sample that has been immersed in either acidic or basic
solution for the given duration. Deterioration of the coating
was quantified by fitting an exponential decay curve with
offset to the data. Decay times as well as offset values are
summarized in table 2.
All types of coating investigated here show some degree
of deterioration when brought in contact with basic or acidic
solutions. Generally, the effect of the basic solution is more
pronounced than that of HCl. Even with the pure PFTCS
monolayer, the advancing contact angle remains above 105◦
after 60 min in 32% HCl (figure 7(b)), while considerable
deterioration is observed in NaOH (figure 7(a)). When
comparing these results with TPT (figures 7(c), (d )), it is
apparent that chain length plays a significant role in shielding
the siloxane bonds from chemical attack. The TPT layer
shows much lower contact angle initially and decay times are
considerably smaller in both NaOH and HCl. Interestingly,
however, the surfaces do not become completely wettable but
attain a certain final offset value of the contact angle.
Coatings obtained by either backfilling or co-deposition
show enhanced stability when compared to coatings consisting

Table 2. Contact angles obtained with pure and mixed silane
coatings after deposition and stability of these coatings versus
chemical attack by 1 M NaOH and 32% HCl, respectively.
Silane

Medium

τ adv

Offset

τ rec

Offset

PFTCS

NaOH
HCl

16.6
7.2

70 ± 5
105 ± 2

13.2
3.8

43 ± 4
86 ± 2

TPT

NaOH
HCl

2.4
1.2

27 ± 2
46 ± 2

2
1.3

16 ± 3
28 ± 2

PFTCSbf

NaOH
HCl

10.2
11.6

92 ± 2
104 ± 3

18.6
18

52 ± 3
64 ± 5

TPTbf

NaOH
HCl

15.8
2.0

85 ± 3
105 ± 2

44
7.5

33 ± 13
74 ± 2

HP:TPT/PFTCS

NaOH
HCl

25
22

94 ± 5
101 ± 5

20
15

60 ± 4
60 ± 3

PFTCSbf: backfilling of a TPT coated surface by immersing in a
PFTCS solution.

of only one type of silane. The backfilled layers show the
same initial contact angles regardless of the deposition order,
indicating that predominantly PFTCS is the main constituent
at the interface to the solution. However, long-term stability
and final contact angle of TPT/PFTCSbf (figures 7(g), (h)) is
slightly but significantly higher than in the case of the opposite
deposition order (figures 7(e), ( f )).
Quite similar results were obtained by co-deposition of
TPT and PFTCS (figures 7(i), ( j )). Due to its lower molecular
weight and related higher mobility, it is to be expected that TPT
to a large degree will form the initial coating of the surface
while PFTCS molecules may fill in gaps and provide for a high
contact angle and enhanced shielding of siloxane bonds. The
behaviour of a monolayer obtained from co-deposition of TPT
and PFTCS should thus be comparable to that of a TPT layer
back-filled with PFTCS, which in fact it is.
In summary, a considerable improvement in the stability
of silane coatings with respect to basic solutions was achieved
by employing backfilling or co-deposition from mixtures of
different silane derivatives. The deposition processes are
applicable to the coating of micro-fluidic devices such as the
TopSpot system.
3.4. Analysis of nozzle coating versus inert gas pressure
The degree of undesired coating of inner surfaces adjacent
to the nozzle outlet was assessed using fluorescent microbeads and an inverted fluorescence microscope. Thus, the
distance between the rim of the nozzle (visible due to residual
fluorescent contaminants) and the relative position of the fluid
meniscus within the nozzle could be determined. An example
is displayed in figure 8. In the micrograph in figure 8(a) the
focus was adjusted to the rim of the nozzle while figure 8(b)
shows the focus adjusted such as to image the fluorescent
micro-beads which accumulate at the fluid/air interface
(figure 4).
Clearly and as expected, the gas flow applied during the
deposition process has a pronounced influence on the position
of the meniscus as can be seen in figure 8(c). The higher the
pressure and accordingly the velocity of the inert gas stream
the smaller the penetration depth of the reaction solution into
the nozzle. In the case of the TopSpot chips considered
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PFTCS in 1M NaOH

PFTCS in 32% HCl

(a )

(b)

TPT in 1M NaOH

(c)

TPT in 32% HCl

(d )

PFTCS/TPTbf in 1M NaOH

PFTCS/TPTbf in 32% HCl

(e)

(f )

TPT/PFTCSbf in 1M NaOH

TPT/PFTCSbf in 32% HCl

(g )

(h)

TPT/PFTCSHP in 32% HCl

TPT/PFTCSHP in 1M NaOH

(i )

(j)

Figure 7. Stability of coatings versus acidic (32% HCl) and basic (1 M NaOH) solutions as a function of time for various compositions and
fabrication processes. (a), (b) pure PFTCS, (c), (d ) pure TPT, (e), ( f ) PFTCS backfilled with TPT, (g), (h) TPT backfilled with PFTCS, (i),
( j ) co-deposition from a mixture of PFTCS (90%) and TPT (10%) at a total silane concentration of 0.02%.
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Figure 8. Micrographs of nozzles filled with aqueous solution containing fluorescent micro-beads: (a) focus on rim of nozzle, (b) focus on
beads accumulated at air/solution interface. (c) Distance between nozzle rim and meniscus of fluid as a function of inert gas pressure during
the coating process. As pressure increases, the depth to which solvent may enter into the nozzle causing undesired deposition of a
hydrophobic silane layer decreases.

here (nozzle diameter: 50 µm) saturation is approached for
a pressure level above approx. 0.5 bar with a minimum
penetration depth of 4 µm.

microchannels

3.5. Micro-contact printing
3.5.1. Printing procedure results. Micro contact printing
was performed using the same reaction solution of PFTCS in
hexane. It proved, however, very important to have the stamp
dry very thoroughly after adding reaction solution prior to
printing. Otherwise, residual solvent will creep into the open
channels and cause undesired deposition of coating agent and
render the channels more or less hydrophobic as well. During
the printing process, pressure applied must be high enough
to ensure perfect contact between stamp and surface over
the entire surface area. Since the elastomer is transparent,
this may easily be monitored visually. During approach of
the elastomer surface towards a planar and smooth surface,
firstly interference colours appear followed by homogeneous
dark appearance of the interface when both surfaces come into
contact.
The surfaces were kept in contact for at least 30 s in order
to allow some degree of diffusion of silane molecules in order
to form a monolayer as complete as possible.
3.5.2. Channel filling. Apart from the contact angle
measurement on the bottom surface the spontaneous filling
of the channels is the critical criterion for proper function of
the TopSpot device. In figure 9, a micrograph of the bottom
side of a TopSpot chip with open channels is shown. Four
of six channels whose respective micro-cuvettes located on
the opposite side of the chip had previously been filled with a
coloured aqueous solution show spontaneous delivery of fluid
along the open channels and into the nozzles. At the same time,
no overflow or cross-contamination towards adjacent channels

nozzle

Figure 9. Micrograph of bottom face of TopSpot chip showing open
micro-channels connecting to nozzles. Micro-cuvettes located on
the opposite side of the chip had previously been filled with a dye
stained aqueous solution. Spontaneous filling and proper
containment of fluid within the channels is observed in four
channels appearing dark in the micro-graph. In contrast, two of the
channels appearing bright do not contain any fluid.

is observed, indicating proper function of the hydrophobic
coating.
In summary, these results show the feasibility of
controlling the wettability of micro-fluidic devices with open
channels by micro-contact printing.
3.6. Spotting performance of selectively coated TopSpot chips
Selectively coated TopSpot print-heads exhibit superior
homogeneity and reliability with respect to formation and
dispensing of nano-droplets.
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nozzle

droplet
(a )

500µm

(b )

Figure 10. (a) Micrographs of droplet dispensing from a coated TopSpot chip obtained using a high speed camera. Note that the droplet is
moving on a trajectory precisely perpendicular to the bottom surface of the chip and that no satellite droplets are formed. (b) Dispensing of
nanolitre-droplets by a TopSpot dispenser having selectively coated outer surface. The coating prevents intermixing of solutions from
different outlets and ensures long-term stable and well-defined dispensing properties of the device.

As an example, figure 10(a) shows a typical image
sequence of the droplet formation indicating the formation of a
single droplet. The selective hydrophobic coating effectively
prevents formation of satellite droplets and leakage of fluid
towards the outer surface of the print-head.
The image sequence displayed in figure 10(b) shows
parallel operation of 24 nozzles (4 rows of 6 nozzles, only
front row visible) and demonstrates homogeneity of droplet
formation from a coated print-head. The distance between
adjacent nozzles is 500 µm, droplet volume is about 1.2 nl.
Particularly with DNA-containing aqueous solutions,
multiple printing operations may be performed without
deterioration of spotting performance.
In contrast, proteins exhibit quite diverse properties and
composition of printing solutions has to vary accordingly.
Especially additives such as glycerol and amphiphiles which in
some cases are required to stabilize proteins in solution render
control of wettability and printing performance difficult.
In these applications, purely hydrophobic coatings are
insufficient to provide long-term control of wettability, since
proteins tend to adsorb onto hydrophobic surfaces. Even
though this process cannot be fully prevented from proceeding,
the time scale on which print-head performance deteriorates
may be extended by advanced coatings employing 3D microand nano-structures in combination with hydrophobic and
protein-repellent coatings. Studies in this direction are
currently under way in our laboratories.

4. Summary and conclusions
Procedures for selective chemical surface modification
applicable to a wide range of fluidic microsystems including
micro-pipettes, nanotiter plates have been devised and coatings
formed thereby have been characterized. Mixed layers
from backfilling and especially from co-deposition of silane
derivatives have shown enhanced stability with respect to
acidic and particularly also basic solutions.
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Selective chemical surface modification was shown to
greatly enhance liquid handling performance of complex
fluidic microsystems. Particularly, droplet dispensing from
selectively modified micro-nozzles is reliable and long-term
stable. Coated TopSpot systems have been cleaned and reused
up to 60-fold.
Mostly due to cost considerations there is a trend
towards the use of polymeric materials for the fabrication
of micro-fluidic systems. However, many polymers exhibit
hydrophobic surfaces which results in the task to devise
procedures to render fluid channels wettable.
With the move from DNA-microarray technology to the
fabrication of protein micro-arrays in addition to controlling
the wettability of fluidic microsystems the issue of protein
adsorption gains increasing importance. While DNA may
be deposited from simple aqueous solutions, proteins exhibit a
wide range of properties requiring equally diverse composition
of printing solutions. Particularly amphiphilic compounds
and glycerol as well as the tendency of proteins to adsorb
on hydrophobic surfaces pose a considerable challenge to
arrayer technology. To this end, ultra-hydrophobic surfaces
and coatings with protein repelling properties are currently
under development.
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