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Abstract

A 96 channd printhead for smultaneous delivery of 96 different biochemicd substances in
nanoliter quantities was built and tested. The printhead condsts of two Pyrex layers that
sandwich a Slicon wafer. The dlicon was dructured usng Deep Reective lon Etching
(DRIE). Criticd points in the fabrication were identified and solutions presented. The find
reult is a printhead that works for a broad range of liquids and enables a far higher
throughput in the production of biochipgmicroarrays as compared to currently available

systems.
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1. INTRODUCTION

Micro-arays can be regarded as high
throughput  andyticd  indruments.  The
basc idea behind the concept of
microarrays is very smple many different
andytes ae placed (immobilized) in a
regular arangement on a subdrate. The
subsrate  with  the regular  aray of
immobilized andytes is cdled microaray,
biochip or DNA-chip. Depending on
goplication, some hundreds up to some
10.000 different andytes are used on one
sngle substrate. An  unknown sample
liquid is brought into contact with the
microarray. If there are ingredients in the
sample liquid which are complementary to
a catan immobilized andyte on the
microaray, these ingredients will bind to

that andyte. The absence or presence of
binding events can be detected by edg.
fluorescence. In this way an unknown
sample can be screened towards many
different potentid ingredients in one sngle
process.

Microarays ae dowly moving from a
drict research tools to mass-market
products. Connected with this is a risang
demand for indudriad scale production
tools. The currently available techniques
for fabrication of microarays can be
divided in contact and non-contact
techniques. From the gpplication point of
view the non-contact techniques have some
cler advantages over the contact
techniques. Therefore the non-contact
aray printer's are ganing popularity but



dso these have a number of limitations
The man draw-back in most systems is the
limited &bility to change from the wdl
plae forma (in which the probes ae
normdly ddivered) to the micro aray
format. The TopSpot technology presented
in this paper is one of the very few tools
that dlows high-throughput production of
low and medium densty microarrays (up
to some thousands of andytes per
subgtrate).

For some time we have been deveoping
the TopSpot technology for production of
micro-arrays [1,2]. The print technique
uses dlicon  micromachined  printheads
with many nozzles placed a the micro-
aray format. Recent developments include
a 96-channd printhead for high throughput
production. The TopSpot machine conssts
of a dlicon printhead, placed in module
that holds the actuator and a dider for
positioning the substrates.

2. DESIGN

The printheed conssgs of integrated
reservoirs which hold sufficient liquid for
1000 to several thousand prints (see Fig.
1). These reservoirs are connected with the
gection nozzles over capillary channds,
which aso provide the format change. For
ease of handling the reservoirs are placed
on the pitch of a conventiona wdlplates.

Fig. 1 View of the 96 channd
printhead.

This gives the posshility to fill the
resrvoirs  usng  commercidy  avalable
pipetting-robots. The nozzles are arranged
on the pitch of the microaray (typ.
500um). Currently chips hold ether 4x24
or 8x12 nozzlesin one array.

2.1. The Nozzles

The gection of droplets is comparable with
that used in ink-jet printers. A pressure
pulse is gpplied to the liquid on one Sde.
The pressure will give an impulse to the
liquid in the nozzle which in tun causes a
smal droplet to bresk through the surface
tenson The pressure pulse is generated on
the topsde of the nozzle channd (see
fig. 2) by compressng an ar chamber. To
guarantee  reproducible  and  uniform
droplets the nozzles need to be of the same
gze

Micro-fabrication techniques dlow for a
vay high geometric precison. The most
important dimenson is the nozzle diameter
which is defined with photo-lithogrgphic
techniques. This gives the highest possble
accuracy. The length of the actua nozzle
channd is less criticd, but dso here a
constant etch depth is guaranteed through
constant etch parameters.

2.2. The Capillary Channéd

The capillary channels have two functions.
Fird¢ and foremost the transport of the
liquids from the reservoirs to the nozzles

piston reservoir
- pyrex

silicon

/ - pyrex

nozzle O

capillary channel
Fig. 2 Schematic cross-section of the
printhead.



Fig. 3 Cut through afabricated chip.
Schemdicisgivenin Ag. 1

Not only with the filling but dso after
every droplet gection to refill the nozzle
channd. The driving force is the capillary
force of the liqud in the channd.
Characterigic for this is the contact angel
of the liquid with the materid of the
channel wadl. The smdler the contact angle
the higher the capillary pressure and thus
the capillay flow rae The second
function of the channes is the connection
and thus the format change of the 2.25mm
pitch of the reservoirs to the 500um pitch
of the gection nozzles. The maximum
complexity of a printhead is limited by the
space avalable to place and cross
channds.

The changes in diameter of the channd are
the criticd points in the sysem. Idedly
there are no sharp changes but due to the
limitations of dlicon micro-machining this
is not dways possble. At points where a
diangter change is necessay it s
important to guarantee that at lesst one
point of  continues-channd-wdl  [3].
Specia care needs to be taken here in view
of the fabrication tolerances. Either by
designing the connecting layers such that
the continues wall is dways possble or by
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usng criticad parts of the mask only from
one layer (seedso 2.4 Fabrication).

2.3. Actuation

Instead of separate actuators for each
channel we use only one actuator for al 96
channels. This improves the rdiability and
mekes a fa dmpler sysem. The actud
actuator is a piezo-sack of 80mm length.
This actuator moves a piston that is used to
dose off an ar volume above the nozze
channds. (see fig. 4) The o-ring tha is
used to close off the air volume works aso
as a sring to keep the piston in contact
with the piezo actuator.

A gmdl hole is provided in the pigon to
equilibrate the pressure after the actuation.
When the piston moves back too fast a
vacuum might be crested in the pressure
chamber. This could cause smal droplets
to be gected indde the pressure chamber
(@milar to the gection mechanism a the
front Sde), causng cross-contamination.
Sowing the pisgon on the backwards
motion together with the equilibrium hole
prevent this from happening. The actud
sze of the ¢gected droplets can be
influenced by the initid height of the
pressure chamber and the dynamics of the
piezo actuator.



2.4. Fabrication

The printhead congsts of three layers (see
Fig. 3 and 4). The two Pyrex layers are
sructured usng ultrasonic machining. The
dlicon layer, that holds dl the rdevant
fluidic dructures, is structured using Deep
Reactive lon etching (DRIE) (See fig. 5).
From both sdes of the wafer two etch
steps are necessary to arrive at the desired
geometry. Both sdes use a combination of
a dglicon-oxide and a photoresst masking
layer.

Fird, from the nozzle sde the second
etching mask is trandfered in an oxide
layer. The oxide thickness is caculated
from an eching sdectivity agang S of
60. Secondly the photoresist is gpplied and
structured, for the first etch step.

In this firgt etch step the nozzles, via's and
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Fig. 5 Processng of the slicon wafer,
|eft the cross section right, the different masks.

O

Fig. 4 The piezo actuator and the piston with
equilibrating hole

1) An oxide layer is grown and
structured.

2) Photo resst is removed and the
second etch step

3) Oxide protection layer is
structured. Photoresist covers those
pats that ae only etched in the
second step.

4) Reds is removed and the
connection to bottom side is made.

5) Find resut.



jon of actua

Fig. 6 Cross
and right the nozzle.

reservoir connections are etched for 50um.
After ashing the remaning ress, the
second etch step is made (100pum deep), to
arive & connection channds of 100pum
deep and nozzles, vids and reservoir
connections of 150um deep.

All oxide is dripped and a new protection
layer of oxide is thermdly grown. This
oxide layer sarves dso as masking layer
for the second etch step from the top sde.
The firg etch mask is agan a photoress.
In the fird step the connection channds,
the nozzle topsdes and  reservoir
connections are etched. The second step
includes adso the dicing marks and the text
on the chip. At bresk through the oxide
layer protect the backsde cooling gas from
entering the process chamber. The wafer is
now cleaned and the oxide dstripped. To
improve the hydrophilic properties a find
oxide layer is grown (100nm). The
bonding is done a wafer leve after which
chips are diced.

Findly the chips get cleaned in an oxygen
plasma and the nozzle sSde of the chip
receives a hydrophobic coating.

inthe image)

3. RESULTSAND DISCUSSION

The connection of the different layers to
eech other is cucd for the fluidic
properties of the printhead. To check the
etching results severd printheads were cut
to get a view of the cross-section. These
etch results were compared with the filling
properties to gain indght into the defect
tolerance of the system.

3.1. Micromachining Results

The connection of the firs to the second
layer of the nozzle sde etching turned out
to be crucid. In some misdignment cases a
rim occurs that hinders the fluid meniscus
during filling (see fig. 6). By usng the
oxide layer for both etch steps we hope to
improve on this Stuation.

Also the nozzle dightly suffered from this
dignment problem. Also here
improvements can be expected by using
the oxide layer for both etch steps.

3.2. Self-filling Properties
Wae has a high surface tendgon, this

means tha smdl perturbations in  the
channd geometry could cause the filling of
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Fig. 7 The print module that guarantees
congtant printing conditions.

one channd to stop. From a representative
batch of chips (60 chips) we measured the
«f filling properties and got the following
results. Only 4% of the chips showed
minor problems with the filling. We expect
this number to improve with the mentioned
changesin the masking.

3.3. Printing

Printing was tested not only with water but
with a number of other liquids. To get
reproducible print results a print module
was built . The printmodule hold a kind of
drawer that pogtions the printhead (See
fig. 7). The pigon with its bearing is
connected to this drawer such that after
each chip change the postion of the piston
is guaranteed. To minimize the evgporaion

Fig. 8 Typica print results, top to bottom:
96 channd print with water, 24-channds
with DM SO, 24-channds with NaCl buffer.

of liquid from the chip the drawer can be
cooled. A dider is used to podgtion the test
substrates under the print head.

For brevity only some typicd print results
are shown (Fig 8). Apat from water we
dispensed a  wide vaiety of liquids
DMSO, NeaCl Buffer, but aso
glycerol/water mixtures (up to 50% by
weight).

From printing tests with water we found an
in aray (sdection of the 96channds)
dandard deviation of 3um with a spot
diameter of 210um (see fig. 9). The
dandard deviation of the average Sizes
between different runs was found to be
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much smdler then the '‘inrun’ deviation
(1.4 pm).

208 210 212 214 216 218 220 222
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Fig. 9 Plot of the measured spot diameters.

An other good messure for the dable
operation of the printheed is the
observation of the droplet detachment.
Different parameters of the printmodule
influence  the droplet detachment.

Optimum paranegter give sadlite free
operation (seefig. 10)

k.

Fig. 10 Drop detachment.

4. CONCLUSIONS

We managed to bulld a 96 channd
printhead that has a high rdigbility and
repeatability. Minor problems in the filling
were locdised to the connections of the
different etch steps.

The printing result showed that it is
possible to ddiver a wide variety of liquids
without problems. With this system it is for
the firg time possble to produce micro-
araysa anindusrid scde.
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