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(57) Abstract: The present invention concerns a method of manufacturing an electrode structure (100), the method comprising
providing an initial structure (101), the initial structure (101) comprising at least two elevated regions (102a, 102b) extending from a
substrate (104), wherein top portions (105a, 105b) of the two elevated regions (102a, 102b) are separated by a first lateral distance
(I,), depositing material (110) onto the elevated regions (102a, 102b) by means of physical vapor deposition such that adjacent top
portions (111a, 111b) of the deposited material (110) are separated by a second lateral distance (1,) that is smaller than the first later-
al distance (1), and applying electrodes (112) onto the top portions (111a, 111b) of the material (110).
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ELECTRODE STRUCTURE AND METHOD OF MANUFACTURING AN ELECTRODE
STRUCTURE

Embodiments of the present invention relate to a method of manufacturing an electrode
structure according to independent claim 1. Further embodiments of the present invention
relate to an electrode structure with the features of independent claim 15, and to a biosensor

comprising said electrode structure.

A biosensor is an analytical device that allows detecting a biological component. The device
consists of a sensitive biological element that interacts with the analyte, an element that
transfers the signal of the biological element into a more easily measured signal and a signal
processing unit that displays the result. The transfer of the biological interaction of an event
into measured signal is called transducer.

There are several types of transducers: electrochemical, optical, electronic, piezoelectric,
pyroelectric and gravimetric. One of the most common techniques to transfer the biological
event into a measurable signal is electrochemical. Electrochemical sensors have several
advantages: They are highly sensitive, rapid, inexpensive, and the sensor produces an
electrical signal that is proportional to the analyte concentration. Different detection methods
are possible to recognize the electrochemical changes and they can be classified into
amperometric, potentiometric, impedance and conductometric. This electrochemical
transducer contains three electrodes, a working electrode, a counter electrode and a reference

electrode.

To enhance the sensitivity of the conventional electrodes and to obtain low capacitive currents
and small resistance effects, interdigitated electrode arrays (IDA or IDE) also known as
microband electrodes or interdigitated array microelectrodes (IDAM) are mostly employed in
electrochemistry. The fabrication technique presented in this invention can also be applied to
produce different geometries for a device that can be used as surface acoustic wave (SAW)

or mechanical cantilever or to contact nanowires.

Different fabrication methods are used to fabricate these electrode arrays. If the electrode size
is in the micrometer range, screen printing, laminating and mask aligner lithography is reported
as an initial structuring method [1] to [5]. In this case, the electrode size is typically in the range
of 200 um down to 4 um. When the electrode size shrinks down to submicron and nanometer
sizes, more advanced technologies are required such as e-beam, focused ion beam, nano
imprint, deep ultra violet-, extreme ultra violet- or projection photolithography [6] to [16]. Even
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the provision of self-assembled monolayers (SAM) would be possible to generate the IDA

pattern but it requires a pattern transfer.

However, these conventionai processes are expensive, and some are time consuming and
place specific requirements on the substrate and photoresist. For all nano IDAs the fabrication
techniques (except focused ion beam) are a combination of a high resolution patterning
method and a subsequent lift-off process. In all these techniques the most critical step is the
lift-off process which has to be successful without any redeposition to obtain high yields. This
can be achieved when the profile of the pattern shows a negative flank (slope) angle, otherwise

the side slopes get coated with the conductive electrode material during evaporation.

Also double layer techniques are used to create an undercut. Consequently, specific
requirements regarding the photoresist profile are mandatory. It is even more difficult to get a
sufficient undercut when the finger patterns are in the nanometer range. The demands on
process reliability and stability are increasing with the shrinking gaps between the fingers.

Also an alternative method is mentioned by Shim [17], which is a combination of mask aligner
lithography and wet etching step. The lithography step acts as a wet etching mask as well as
a self- aligned mask for a subsequent metal evaporation step. In the wet etching step the under
etch rate is controlled, and as a consequence the gap between the two metal layers can be
controlled. He showed that gap sizes down to 250 nm with an electrode width of more than 10
um are possible but with low yield. He also showed that alternative substrate materials like
polymers are possible which makes it suitable for mass production. Unfortunately, the process
has some disadvantages. The line edge robughness is very high due to the fact that controlling
the wet etching step is difficult. The fabrication of gaps below 250 nm is rather critical.
Furthermore, the fabrication process includes a lift-off process which lowers the yield as well.

Thus, it is an object of the present invention to improve existing methods of manufacturing

electrode structures, and also to improve existing electrode structures.

According to the invention, the above mentioned problems are solved with a method of
manufacturing an electrode structure, the method comprising the features of independent
claim 1, and with an electrode structure comprising the features of independent claim 15.

According to the inventive method, it is possible to generate gaps between adjacent electrodes
in the nanometer range without any lift-off process. Thus, the present invention allows for mass
production of, e.g. interdigitated electrode arrays with adjustable nanogaps without any lift off
process. Therefore, very high yield and precision is possible. Furthermore, the initial structure
may be in the micrometer range and a variety of patterning techniques may be used to provide
the initial structure. The initial structure may be realized by lithography or any other structuring



10

15

20

25

30

WO 2016/202667 3 PCT/EP2016/063078

technique, for example injection molding with an appropriate stamp. Various substrate
materials may be employed, such as silicon, pyrex or polymers. Even a photoresist may be
used as initial structure. Another major advantage is that the electrode gap, i.e. the lateral
distance between the electrodes, can be controlled primarily by deposition thickness, and
adjusting the lateral distance between the adjacent top portions of the deposited material is
possible independently of the mask or stamp pattern. Therefore, different lateral distances of
adjacent top portions of the deposited material and, thus, different electrode gap sizes can be

produced with only one mask on a later state.

For example, the step of depositing material onto the elevated regions may comprise
sputtering material onto the elevated regions. A sputtering process is well controllable such
that the thickness of the deposited material, the related gap width, the electrode gap and the
Line Width Roughness may be adjusted as desired within the range of nanometers.

The material that is deposited onto an elevated region may comprise a first lateral width
adjacent to the elevated region and a second lateral width remote from the elevated region,
wherein the first lateral width is smaller than the second lateral width. Accordingly, the material
that is deposited onto each of the elevated regions may comprise a cone-like shape wherein
the lateral width decreases from top to bottom. In other words, on each of the elevated regions,
the material that is deposited onto the respective one of the elevated region forms an undercut.
Thus, a shadowing effect is provided such that less subjects can penetrate into a space
between the elevated regions compared to uncovered elevated regions, i.e. compared to a
case in which the elevated regions were not covered with deposited material. Furthermore,
said cone-shape prevents that the sloped side walls of the deposited material get coated with
conductive electrode material.

The elevated regions may be permanently maintained at the initial structure. That is, a lift-off
process can be omitted. Accordingly, the inventive concept may avoid the problems and
disadvantages of conventional methods using a lift-off process, as mentioned above.

The deposited material may be a dielectric. A dielectric is useful in order to provide a good
insulation of the electrodes against each other and against the surroundings, e.g. against the
elevated regions or parts of the underlying substrate.

The electrodes may be applied onto the top portions of the deposited material by evaporation
of conductive material. An evaporation step may provide an even distribution of the conductive
electrode material. Furthermore, a thin film or layer of the conductive electrode material can
be provided. This is particularly desirable as the top portions of the deposited material may

already comprise a small lateral distance between each other. Thus, by evaporating only a thin



10

15

20

25

30

WO 2016/202667 4 PCT/EP2016/063078

layer of conductive electrode material onto the deposited material, said conductive electrode
material may not clog the space or gap between the top portions of the deposited material. As
the conductive material is provided as a thin and evenly distributed film, the conductive
electrode material provided on top of a first elevated region may not come into contact with an
adjacent conductive electrode material provided on top of a second elevated region. Thus, a

short circuit may be prevented.

The elevated regions may comprise an aspect ratio of width to height of about 1:1. If the width
and the height of an elevated region are substantially the same, then the deposited material is
deposited on said elevated region in such a way that it comprises a narrow but high cone
shape. In other words, an aspect ratio of 1:1 provides a good undercut formed by the deposited
material.

The top portions of the elevated regions may comprise a lateral width of about 1 ym and the
first lateral distance between the top portions of the elevated regions may be about 1 um.
Accordingly, the top portions of the elevated regions may comprise substantially the same
lateral width as the lateral width of the gap between two adjacent elevated regions. Thus,
substantially equal distances may be created between adjacent electrodes. This may be
particularly useful when providing a plurality of elevated regions wherein each of the plurality
of elevated regions is substantially equally distanced from its neighbouring elevated region.
Thus, the inventive method provides a high yield.

The first lateral distance between the elevated regions is between about 3 um and about 1 um,
preferably between about 1 um and about 800 nm, and more preferably between about 800
nm and 500 nm. In other words, the space or gap formed between two adjacent elevated
regions may comprise these dimensions. Accordingly, the size of the gaps can be adjusted to
achieve good results depending on the choice of the material and the thickness of the material
that is to be sputtered onto the elevated regions.

The electrode structure may comprise electrodes that are separated by an electrode gap, the
electrode gap comprising a lateral distance that is less than about 100 nm, preferably less than
about 50 nm and more preferably between about 50 nm and 20 nm. The inventive method
allows a mass fabrication with reproducible results which provides electrode structures
comprising electrode gaps in the range of nanometers.

The deposited material may comprise a thickness between about 400 nm and about 700 nm.
This particular selection of a value range provides surprisingly good results. The deposition
process, and in particular a sputtering process, .can be precisely controlled, wherein the
deposited material covers the elevated regions particularly advantageous within the claimed
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value range. The gap or the lateral distance between the top portions of the deposited material
can be adjusted within tolerances of 10 nanometers and less, when the deposited material
comprises a thickness within the claimed range. As mentioned, by varying the thickness of the
deposited material, the gap between the electrodes can be adjusted. The thicker the layer of
deposited material, the thinner the distance of adjacent electrodes gets. It is a further
advantage that the electrode gap adjustment can all be done without changing the mask
design, only by changing the conditions of the deposition process. For example longer or
shorter sputtering times lead to thicker or thinner layers of deposited material. Thus, the
fabrication process according to the inventive method is very flexible when it comes to
fabrication of electrode structures with different electrode distances.

The inventive method may further comprise providing a material layer that is arranged between
the elevated regions and the deposited material. Accordingly, it may be possible to provide a
material layer, e.g. a conductive material, that provides an undercut, followed by depositing a
material, e.g. a dielectric, that covers the material layer at least partially. Accordingly, the
deposited material may take the shape of the underlying material layer which may already

comprise an undercut shape.

The initial structure may be formed by injection molding, or by hot embossing, or by
nanoimprinting, or by dry etching, or by wet etching. Different substrate materials like silicon,
pyrex or any polymers can be employed. Compared to conventional methods using silicon,
glass, ceramics or the like as a substrate and initial structure, the inventive provision of an
initial structure that is formed by one of injection molding, hot embossing or nanocimprinting is
more time- and cost-effective. This allows for a commercial mass production of electrode
structures and biosensors.

Adjacent areas of top portions of deposited material may provide a Line Width Roughness of
about 20 nm. Such a Line Width Roughness may enable a good and clearly defined (physical
and electrical) separation between two adjacent electrodes. Conventionally, lithography
techniques are used for the fabrication of critical dimension in the sub-micron or nanometer
range. However, these conventional fabrication techniques may not provide the necessary line
width roughness (LWR) to realize structures in ranges smaller than 100 nanometers [17].
According to the present invention, the initial structure that may, for instance, be fabricated by
mask aligner lithography and a subsequent dry etching step, has a quite high LWR of about
50 nm. Due to the fact that the sputtering process smoothens out the initial structures LWR, a
still better LWR can be realized for the gaps between adjacent electrodes. For example, the
LWR for an initial 520 nm structure with an initial LWR of about 50 nm shows a LWR of about
20 nm after the step of depositing material thereon.
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According to a further aspect of the invention, an electrode structure is provided which
comprises an initial structure, the initial structure comprising at least two elevated regions
extending from a substrate, wherein top portions of the two elevated regions are separated by
a first lateral distance, a material deposited onto the elevated regions, wherein adjacent top
portions of the material are separated by a second lateral distance that is smaller than the first
lateral distance, and electrodes applied onto the top portions of the material.

According to a further aspect of the invention, a biosensor chip is provided which comprises
the aforementioned electrode structure.

In the following, embodiments of the present invention are described in more detail with
reference to the figures, in which

Fig. 1A shows a partial side view of an initial structure according to an embodiment of
the invention,

Fig. 1B shows a partial side view of an initial structure after depositing material thereon
according to an embodiment of the invention,

Fig. 1C shows a partial side view of an initial structure after depositing material thereon

and after applying electrodes according to an embodiment of the invention,

Fig. 1D shows a further partial side view of an initial structure after sputtering material
thereon and after applying electrodes according to an embodiment of the
invention,

Fig. 2A shows a perspective view of an initial structure according to an embodiment of
the invention,

Fig. 2B shows a top view of the initial structure of Figure 2A,

Fig. 3A shows a top view of an initial electrode structure according to an embodiment
of the invention,

Fig. 3B shows a top view of an initial electrode structure after applying electrode
material thereon according to an embodiment of the invention,

Fig. 4 shows an exemplary process with different process steps according to an
embodiment of the invention,

Fig. 5A shows an SEM image of an electrode structure according to an embodiment of
the invention,
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10B
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11B

11C

shows a further SEM image which is a close up of a part of Figure 5A,
shows a further SEM image which is a close up of a part of Figure 5B,

shows a picture of a die comprising two biosensor chips according to an
embodiment of the invention,

shows a close up of a part of Figure 6A,
shows a further close up of a part of Figure 6B,

shows a diagram representing the relation between etched gap size and lateral
gap distances at top and bottom areas of elevated regions,

shows an SEM image of a part of an electrode structure according to an
embodiment,

shows a further SEM image which is a close up of a part of an electrode
structure according to an embodiment,

shows a further SEM image which is a close up of a part of an electrode

structure according to an embodiment,

shows an SEM image of a part of an electrode structure according to an

embodiment with additional assistant features,

shows a diagram representing the intensity distribution versus y-distance during
lithography without assistant features,

shows a diagram representing the intensity distribution versus y-distance during
lithography with assistant features,

shows an SEM image of an electrode structure according to an embodiment,

shows an SEM image showing a close up of a part of the electrode structure of
Figure 1A,

shows a further SEM image which is a close up of a part of Figure 11B,

shows an SEM image of an electrode structure according to an embodiment in
which a photoresist is used as elevated regions, and

Figures 13A to 13E  show a conventional lift-off process of the prior art.
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Equal or equivalent elements or elements with equal or equivalent functionality are denoted in

the following description by equal or equivalent reference numerals.

Initially, a conventional prior art electrode fabricating step including a lift-off process shali be
described with respect to Figures 13A to 13E.

Figure 13A shows a substrate 1301 and a sacrificial layer 1302 deposited on top of the
substrate 1301. The sacrificial layer 1302 may be a photoresist that can be structured as
desired by applying a respective mask.

Figure 13B shows the structured sacrificial layer 1302 after a photolithography step.
Accordingly, an initial structure 1300 has been provided which comprises cone-shaped
protrusions 1302a, 1302b, 1302¢, 1302d, 1302e. Each of the protrusions comprises a
chamfered or sloped portion 1303 at its lateral sides.

Figure 13C shows a next process step in which target material, i.e. a conductive electrode
material 1304a has been applied onto the initial structure 1302. Furthermore, between
adjacent protrusions 1302a to 1302e, a gap 1305 is formed through which target material
1304b penetrates and aggregates on the substrate 1301. Only this target material 1304b is
desired as it provides the final electrode structure, as shown in Figure 13E. The target material
1304a on top of the protrusions 1302a to 1302d is instead not desired and will therefore have
to be removed.

Figure 13D shows a next process step in which the protrusions 1302a to 1302d and the
undesired target material 1304a, that is arranged thereupon, are removed. The protrusions
1302a to 1302d and the target material 1304a may, for instance, be removed by a conventional
etching process, as indicated by reference numeral 1306. The chemical used for etching
dissolves the protrusions 1302a to 1302d and the remaining target material 1304a is detached,
as indicated by the arrow 1307.

Figure 13E shows the last process step in which the desired parts 1304b of the target material
remain and form the desired final electrode structure 1304 on the substrate 1301.

The above described conventional lift-off process may provide an easy and efficient way of
producing electrode structures 1304 wherein each electrode 1304b may comprise a lateral
width in a micrometer range. Also, the gaps 1308 between adjacent electrodes 1304b may
comprise a lateral width in the micrometer range. However, certain defects may more or less
regularly occur during the lift-off process. For example, during the etching step as shown in
Figure 13D, detached target material 1304a may deposit on the substrate 1301 and/or on the
electrodes 1304b. Other defects, such as burrs due to remaining target material and/or
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remaining connections between undesired parts 1304a and desired parts 1304b of the target
material may occur. Remaining parts of target material may lead to contamination and to
formation of unevenness of the otherwise even surface of the electrode structure. It may further
cause the problem of short circuitry due to undesired connections between remaining electrode

material.

The method according to the present invention proposes a solution to these problems. Figure
1A shows a step of the inventive method of manufacturing an electrode structure 100, wherein
at least a part of the electrode structure 100 is depicted in a side view. First, an initial structure
101 is provided. The initial structure 101 comprises at least two elevated regions 102a, 102b.
The elevated regions 102a, 102b extend or protrude from a substrate 104.

The elevated regions 102a, 102b each comprise a top portion 105a, 105b, a bottom portion
106a, 106b, and a first and a second side portion 107a, 107b, 108a, 108b or a left side portion
107a, 107b and a right side portion 108a, 108b, respectively. The right side portion 108a of the
first elevated region 102a faces the left side portion 107b of the second elevated region 102b.
One or both of the opposing surfaces 108a, 107b (here it is exemplarily the left side portion
107b of the second elevated region 102b) may comprise a sloped portion 103.

The adjacent two elevated regions 102a, 102b are separated from each other by a certain
lateral distance, i.e. by a lateral distance between the opposing portions 108a, 107b. A lateral
distance between the opposing portions 108a, 107b may vary over the height h of the elevated
regions 102a, 102b, for instance due to the provision of a sloped portion 103. In other words,
the top portions 105a, 105b of the two elevated regions 102a, 102b may be separated by a
first lateral distance I1. The bottom portions 106a, 106b of the two elevated regions 102a, 102b
may be separated by a lateral distance |, that may differ from the first lateral distance 5. In the
embodiment of Figure 1A, the lateral distance |; is smaller than the lateral distance l.. In
particular, I+ is the minimum lateral distance between the first and the second elevated regions
102a, 102b.

However, regarding the ratio of the distances |1 to |, it may also be possible that the lateral
distance |1 is equal to the lateral distance lu. It may further be possible that the lateral distance
l1 is slightly, e.g. up to about 15%, larger than the lateral distance I,.

A gap 109 is formed between the first and the second elevated regions 102a, 102b. The lateral
distance |1 between the top portions 105a, 105b defines an opening of the gap 109. In this
case, the minimum lateral distance |1 defines the minimum size of the opening of the gap 109.

Figure 1B shows a further step of the inventive method of manufacturing an electrode structure
100, wherein at least a part of the electrode structure 100 is depicted in a side view. A material
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110 is deposited onto the elevated regions 102a, 102b. As can be seen, portions of the material
110 may also be deposited on the substrate 104, such as beside and between the elevated
regions 102a, 102b.

The material 110 that is deposited onto the elevated regions 102a, 102b comprises a top
portion. In particular, the portion of the material 110 that is deposited on the first elevated
region 102a comprises a first top portion 111a. The portion of the material 110 that is deposited

on the second elevated region 102b comprises a second top portion 111b.

The first top portion 111a and the second top portion 111b of the deposited material 110 are
separated by a second lateral distance |.. The second lateral distance I, is smaller than the
first lateral distance |1 between the top portions 105a, 105b of the first and second elevated
regions 102a, 102b.

A gap 119 is formed between the first and the second top portions 111a, 111b. The lateral
distance I; between the top portions 111a, 111b defines an opening of the gap 119. In this
case, the minimum lateral distance I, defines the minimum size of the opening of the gap 119.
The lateral distance I, i.e. the gap 119, between the top portions 111a, 111b of the deposited
material 110 is smaller than the lateral distance |4, i.e. the gap 109, between the top portions
105a, 105b of the elevated regions 102a, 102b. Accordingly, by depositing the material 110
onto the elevated regions 102a, 102b, the opening of the respective gap 109, 119 between
these adjacent elevated regions 102a, 102b decreases.

The deposited material 110 is preferably a dielectric.

Figure 1C shows a further step of the inventive method of manufacturing an electrode structure
100, wherein at least a part of the electrode structure 100 is depicted in a side view. At this
step, electrodes 112a, 112b are provided onto the top portions 111a, 111b of the material 110.

More particularly, a first electrode 112a is provided at the top portion 111a of the portion of the
material 110 that is deposited onto the first elevated region 102a. A second electrode 112b is
provided at the top portion 111b of the portion of the material 110 that is deposited onto the
adjacent second elevated region 102b. The electrodes 112a, 112b are preferably applied onto
the respective top portions 111a, 111b by evaporating a conductive material 112, such as gold

for instance.

During the evaporation process, some parts 116 of conductive material 112 will penetrate
through the gap 119. However, due to the small lateral distance I, between the top portions
111a, 111b of the deposited material 110, only a small amount 112¢ of conductive material
112 will aggregate on a bottom portion 113 of the deposited material 110.
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As can be seen, the conductive material 112, and particularly the electrodes 112a, 112b, 112c,
do not come into contact with each other. This is due to the fact that the cone shape of the
material 110 that is deposited onto the elevated regions 102a, 102b provides a shadowing
effect which prevents that the electrode material 112 may cover the chamfered or sloped side
walls 114, 115. Said shadowing effect will be described in more detail below with respect to
Figure 1D.

Furthermore, if the deposited material 110 is a dielectric, the electrodes 112a, 112b, 112c have
no common connected conductive area. Thus, they are physically and electrically insulated
from each other.

In an embodiment, the step of depositing the material onto the elevated regions 102a, 102b
comprises sputtering the material onto the elevated regions 102a, 102b. For the following
discussion of the several embodiments as depicted in the Figures, it is assumed that material
has been deposited by sputtering, even though other processes of applying or depositing
material onto the elevated regions 102a, 102b may be possible. For example, the material may
be deposited onto the elevated regions 102a, 102b by means of physical vapor deposition
(VPD). The above mentioned sputtering process, for example, belongs to said physical vapor
deposition, i.e. sputtering is one kind of a physical vapor deposition process.

The material 110 sputtered onto an elevated region 102a, 102b comprises a first lateral width
W, adjacent to the top portion 105a, 105b of the elevated region 102a, 102b and a second
lateral width W, remote from the top portion 105a, 105b of the elevated region 102a, 102b.
The first lateral width W, is smaller than the second lateral width W..

Though these widths Wi, W, are only exemplarily shown in Figure 1C with respect to the
sputtered material portion 110 that is provided at the first elevated region 102a, the same width
ratio applies to the material 110 that is sputtered onto the second elevated region 102b and
onto any remaining elevated regions which are not shown here. However, an exemption may
occur at the outermost elevated regions, as will be described later with reference to Figure 9
below.

As the width Wy is smaller than the width W;, the material 110 that is sputtered onto the
elevated region 102a comprises a cone shape with chamfered or tapered side walls 114, 115.
In other words, the material 110 may comprise the shape of a truncated reverse cone.

The elevated regions 102a, 102b are permanently maintained at the initial structure 101. As
mentioned above with reference to Figures 13A to 13E, a conventional electrode
manufacturing method may comprise a lift-off process step in which the elevated structures or
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protrusions 1302a to 1302e are removed or dissolved after an electrode material 1304a, 1304b

has been applied.

Contrary thereto, the method of the present invention does not comprise such a method step
of removing the elevated regions 102a, 102b. Instead, the elevated regions 102a, 102b are
permanently maintained on the initial structure 101. Thus, any problems that may be
associated with conventional lift-off processes may be advantageously avoided by the method

according to the present invention.

Still with reference to Figure 1C, the elevated regions 102a, 102b comprise an aspect ratio of
width to height of about 1:1. That is, the lateral width X; of the elevated region 102a
substantially corresponds to the height Y of the elevated region 102a. This aspect ratio of 1:1
leads to the effect that the sputtered material 110 is deposited on the top portion 105a of the
elevated region 102a in such a way that the material 110 comprises a narrow but high cone
shape, as shown in Figure 1C. An aspect ratio of width to height of about 2:1 and even about
3:1 would still be sufficient to provide the desired cone shape, i.e. to provide an undercut in
order to physically and electrically insulate the electrodes from each other.

Furthermore, the lateral width W, of the material 110 may equal or may be smaller than the
height Y. of the material 110. This may also lead to a narrow but high cone shape.

This particular cone shape arises because the atoms of the sputtered material 110 aggregate
during sputtering such that both the height Y and the lateral width W of the material 110
increases during sputtering. However, due to the limited space in the lateral direction, which is
dictated by the lateral width X of the top portion 105a of the elevated region 102a, the atoms
of the material 110 aggregate to a great extent into the height direction Y. Accordingly, the
material 110 grows upwardly, i.e. in a height direction Y, such that a narrow and high cone is
formed. The material 110 may grow such that the lateral width W; of the upper cone portion is
substantially the same as the height Y of the entire cone.

Furthermore, the height Y. of the material 110 that has been sputtered onto the elevated
regions 102a, 102b defines the thickness of the material 110. A thickness of the deposited
material 110 between about 400 nm and 700 nm may be particularly advantageous for an
initial structure 101 comprising top portions 105a, 105b with a lateral width X of about 1 um
and a lateral distance |1 between adjacent top portions 105a, 105 of about 1 um, according to
some embodiments. If the lateral distance |1 is smaller than 1 um, it may be possible to deposit
material 110 onto the elevated regions 102a, 102b, said material 110 having a thickness of

between about 400 nm and 100 nm or even less than 100 nm.
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As mentioned above, the cone shape of the deposited material 110 forms an undercut that
provides a shadowing effect. The undercut helps to avoid an unwanted coverage of adjacent
side walls 114, 115 of the deposited material 110 with electrode material. If the side walls 114,
115 were covered with electrode material 112, this may cause a short circuit if such unwanted
electrode material 112 comes into contact with each other.

The shadowing effect shall be described in more detail with reference to Figures 1B, 1C and
1D. The shadowing effect may be comparable to the effect of the constricted area of an hour
glass. As can be seen, the two adjacent cones of material 110 also comprise the shape of an
hour glass.

The lateral distance | between adjacent top portions 111a, 111b of the deposited material 110
is smaller than a lateral distance |; between adjacent bottom portions 113a, 113b of the
deposited material 110. In other words, the adjacent top portions 111a, 111b of the deposited
material 110 may be separated by a gap 119 having a gap width l.. As the deposited material
110 comprises a cone shape, the gap width between the deposited material 110 increases
from Iz to I3 as the lateral width of the cones 110 decreases from W, to W4, when viewed from
top to bottom. Accordingly, the gap 119 is smaller or narrower at top portions 111a, 111b of
the deposited material 110 than at bottom portions 113a, 113b of the deposited material 110.

Thus, parts 116 of electrode material 112 may only penetrate into the space between two
adjacent elevated regions 102a, 102b through the narrow gap 119 at the top portions 111a,
111b. Accordingly, the parts 116 aggregate underneath the narrow gap 119 and form a pile
112c of aggregated electrode material 112. The lateral width |4 of the pile 112¢ of aggregated
electrode material 112 is determined by the gap width I, and may substantially correspond to
the gap width I,.

However, as can be seen in Figure 1D, electrode material 112 may also aggregate, at least
partially, along upper lateral portions 130a to 130d of the deposited material 110. In other
words, electrode material 112 may at least partially extend into the gap 119. However, as the
lateral side walls 114, 115 of the cones are chamfered or tapered inwardly, the electrode
material 112 is not able to adhere to these tapered side walls 114, 115 and to entirely cover
the sidewalls 114, 115. Thus, the undercut formed by the cone shape of the material 110 helps
to avoid that electrode material 112 covers the opposing sidewalls 114, 115 of the cones 110
which may otherwise lead to a short circuit.

Furthermore, the gap 119 between the adjacent top portions 111a, 111b of the deposited
material 110 becomes narrower as the electrode material aggregates into a lateral direction.
In other words, the lateral distance |, between the adjacent top portions 111a, 111b of the
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deposited material 110 decreases as adhering electrode material 112 increases within the gap
119. As a consequence, a narrower gap 129 is formed between electrode material 112 that
has aggregated along two adjacent upper lateral portions 130b, 130c. The lateral distance I»
(Figure 1C) between the top portions 111a, 111b of the deposited material 110 decreases to
the smaller lateral distance Is between the electrode material 112 that has aggregated along
the two adjacent upper lateral portions 130b, 130c.

For the following discussion, this gap 129 formed between the electrode material 112 that has
aggregated along the two adjacent upper lateral portions 130b, 130c is also referred to as
electrode gap 129.

Summarizing, the undercut formed by the cone-shaped deposited material 110 helps to avoid
that conductive electrode material 112 covers the side walls 114, 115 of the deposited material
110. Furthermore, the narrow gap width I, of the gap 119 ensures that only a small amount of
parts 116 of conductive material 112 penetrates into the space between adjacent elevated
regions 102a, 102b, and that the lateral width 1 of the pile 112c of aggregated electrode
material 112 may be determined by the gap width I> such that the lateral width | of the pile
112¢ of aggregated electrode material 112 is smaller than the lateral width Is of the lower
portions 113a, 113b of the deposited material 110.

Figure 2A shows a perspective side view and Figure 2B shows a top view of a part of an
electrode structure 100. The electrode structure 100 comprises an initial structure 101
comprising a first elevated region 102a and a second elevated region 102b. The first elevated
region 102a comprises a first top portion 105a. The second elevated region 102b comprises a
second top portion 105b.

Each of the top portions 105a, 105b of the elevated regions 102a, 102b comprises a lateral
width X;, Xz that may be about 1 ym in an embodiment. Each of the elevated regions 102a,
102b comprise a height Y1 that may be about 1 um in an embodiment. The first lateral distance
l1 between the adjacent top portions 105a, 105b of the elevated regions 102a, 102b may also

be about 1 uym in an embodiment.

Figure 3A shows a top view of an embodiment of an electrode structure 100 according to the
present invention before a material has been deposited, for example by sputtering, onto the
elevated regions 102a, 102b. The electrode structure 100 comprises an initial structure 101.
The initial structure 101 comprises a plurality of elevated regions 102a, 102b extending from
a substrate 104.

A first electrode initial structure 200a comprises a plurality of elevated regions 102a. A second
electrode initial structure 200b comprises a plurality of elevated regions 102b.
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Each of the first elevated regions 102a comprises a lateral width Xi. Each of the second
elevated regions 102b comprises a lateral width X.. Between two adjacent elevated regions
102a, 102b, a gap 109 is provided, the gap 109 comprising a lateral width |1. As mentioned
above, each of the lateral widths X1,X: of the elevated regions 102a, 102b and the lateral width
I+ of the gap 109 may have the same dimension, for example 1 um.

The elevated regions 102a, 102b are arranged in an interdigitated manner, i.e. the
arrangement of Figure 3A shows an interdigitated electrode array. That is, the elevated regions
102a of the first electrode initial structure 200a form fingers that alternatingly interdigitate with
the elevated regions 102b or fingers of the second electrode initial structure 200b.

Figure 3B shows a top view of an embodiment of an electrode structure 100 according to the
present invention after a material has been deposited onto the elevated regions 102a, 102b.
As material 110 has been deposited onto the elevated regions 102a, 102b, only the top
portions 111a, 111b of the covering deposited material 110 are visible in the top view of Figure
3B. The elevated regions 102a, 102b are covered by the deposited material 110 and are

therefore not visible in the top view of Figure 3B.

Thus, the dimensions of the lateral widths that are visible in the top view of Figure 3B have
altered compared to the previous state shown in Figure 3A. In particular, the top portions 111a,
111b of the deposited material 110 comprise a lateral width W», as previously described with
reference to Figure 1C. The top portions 111a, 111b are separated by a lateral distance .. In
other words, a gap 119 is formed between the top portions 111a, 111b wherein the gap 119

comprises a lateral distance ..

When comparing the top view of Figure 3B with the top view of Figure 3A, it can be seen that
the lateral width W: of each of the plurality of fingers, i.e. the lateral width W, of each of the top
portions 111a of the material 110 deposited onto the first electrode initial structure 200a, is
increased compared to the lateral width X1 of each of the plurality of elevated regions 102a of
the first electrode initial structure 200a. The same applies to the second electrode initial
structure 200b. The lateral width W, of each of the plurality of fingers, i.e. the lateral width W»
of each of the top portions 111b of the material 110 deposited onto the second electrode initial
structure 200b, is increased compared to the lateral width X2 of each of the plurality of elevated
regions 102b of the second electrode initial structure 200b.

The lateral distance |, between the visible fingers 111a, 111b is decreased compared to the
lateral distance |1 between the visible fingers 102a, 102b shown in Figure 3A.

This is the result of the deposition step according to the present invention.
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Still with reference to Figure 3B, it can be seen that in a further step, electrode material 112
may be applied onto the fingers, i.e. onto the top portions 111a, 111b of the deposited material
110, as exemplarily shown at the left finger portion in Figure 3B. Furthermore, as previously
described with reference to Figure 1C, parts 116 of electrode material 112 may penetrate
through the gap 119 into the free space between adjacent elevated regions 102a, 102b. As a
conseguence, these parts 116 accumulate underneath the gap 119 and form an accumulated
pile 112c of electrode material, as is also exemplarily shown at the left finger portion in Figure
3B. However, due to the undercut and the shadowing effect of the cone shape of the deposited
material 110, the space between the adjacent elevated regions 102a, 102b is not entirely filled
with electrode material 112. Accordingly, the pile 112c of electrode material 112 is not
connected to electrode material 112 on top of the deposited material 110. Thus, a short circuit

is prevented.

The inventive deposition step allows a precise adjustment of the width of the electrode gap
129. The inventive method allows to provide electrode gaps 129 in the range of nanometers,
in particular providing electrode gaps 129 of 100 nm or less is possible. While the first lateral
distance |, between the elevated regions 102a, 102b may be in the range of microns or down
to nanometers, the lateral distance Is of the electrode gap 129 may be in the range of
nanometers. In some embodiments, the first lateral distance |1 may be between about 3 ym
and 1 um, preferably between 1 um and 800 nm, more preferably between about 800 nm and
500 nm, and still more preferably between about 500 nm and 100 nm. In some embodiments,
the lateral distance Is of the electrode gap 129 may be less than 100 nm.

With reference to Figure 4, an example of an inventive method shall be described in detail.

According to the invention, an electrode structure can be provided on different substrates, like
silicon, glass, plastic or any metal. According to the described example, the first step is to
define the initial sensor electrode structure 101 by photolithography or any other patterning
technique (e-beam, ion beam, injection molding, hot embossing, nano-imprint, inkjet printing,

lamination, screen printing...).

For example, as shown at the right hand side of STEP 1 and STEP 2, a plastic substrate 104p
may be provided, wherein a stamp 401 comprising a negative profile of the initial structure 101
may imprint the positive initial structure 101 onto the substrate 104p. Aspect ratios of 1:1 (width
to height) or higher, for example up to 3:1, are advantageous for a desired undercut.

In the alternative example shown on the left hand side of STEP 1 and STEP 2, silicon is used
as a substrate 104 and the initial structure 101 is defined by photolithography. The pattern of
the initial structure 101 is etched 1 um deep into silicon by dry-etching and a photoresist 400
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is removed by O plasma. It is not necessary to etch the pattern into the substrate 104, also
the masking material (for instances photoresist 400) can already be used as an initial structure
101, as will be described later with respect to Figure 12.

The structured silicon 101 is then prepared for forming the undercut profile during a deposition
step, as shown in STEP 3. In an embodiment, the deposition step may comprise sputtering the
material 110 onto the elevated regions 102a, 102b. Different materials can be used for defining
the undercut during the sputtering process. It is also possible to sputter a metal, which forms
the undercut, followed by a dielectric layer, which covers the metal completely.

In this example, a SiO; layer with a thickness of 400 nm was used as sputtering material 110.
Due to the fact that the elevated regions 102a, 102b, 102¢c, 102d are close to each other
(around 1 um or less) and the substrate 104 is rotating in the sputtering chamber (not
mandatory), a shadowing effect is generated which forms the undercut profile during
sputtering.

In this example, the material distribution in the sputtering chamber is well defined. For instance
a SiO; layer of 400 nm and a lateral distance |, of 500 nm between the elevated regions 102a
to 102d results in a gap 119 between adjacent elevated regions 102a, 102b of 150 nm before
electrode material 112 is applied. In an embodiment, electrode material 112 is applied by

evaporation of conductive material.

To maintain an efficient undercut, the elevated regions 102a to 102d have to be close to each
other. A sufficient undercut is particularly formed between two nearby structures. Accordingly,
the outermost lateral side walls of the outermost elevated regions 102c, 102d may not

comprise an undercut.

By a correct choice of the lateral distances and heights of the elevated regions on the initial
electrode pattern 101, a separation between the evaporated electrodes 112a to 112d can be
achieved, as can be seen in STEP 4. A subsequent evaporation step with the desired metal
layer creates these conductive electrodes 112a to 112d.

As shown in STEP 5, a final isolation layer 402, in this example SU-8 3005, defines the
measuring areas of a biosensor, i.e. electrode pairs 112a to 112d, reference electrode 403
and counter electrode 404. For example, for an on-chip reference electrode, the wafer is
electroplated with silver (Ag) and then a layer of silver chloride (AgCl) is formed. At last step
(not shown here), the wafer is diced by a wafer dicer or by a laser.

Silicon is not well suited for biosensors in mass production as substrate material, because the
biosensors are mostly disposable products and therefore it is expensive compared to plastic.
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As mentioned above, the lithography step can be replaced by using, for instance, injection
molding (or hot embossing) for producing pre-structured substrates, i.e. initial structures 101
for mass production. The only requirement is to produce the master stamp 401 with the desired
(negative) electrode and chip pattern.

Figures 5A, 5B and 5C show SEM pictures showing an undercut profile after evaporation. In
other words, the SEM pictures have been taken after the step of applying electrode material
112 onto the deposited material 110. Thus, only the electrode material 112 applied on top is
visible in these SEM pictures shown in Figures 5A to 5C.

Figure 5A shows a partial overview of some finger pairs, i.e. of electrodes 112a, 112b, of an
interdigitated electrode array 500. The electrode array 500 comprises a first electrode 112a
and a second electrode 112b. As the electrode array 500 has been provided as described
above, for example by sputtering a material 110 onto elevated regions 102a, 102b, the
electrode array 500 comprises an upper structure 502 and a lower structure 503.

Figure 5B shows a close up of a finger end of the electrode array 500. As can be seen, the
dark area 501 between upper structure 502 and lower structure 503 indicates that there is no
metal, i.e. no conductive electrode material 112, existent and a successfully separation

between the electrodes 112a, 112b is achieved.

Figure 5C shows a further close up of a finger end from another angle (opposite side than in
Figure 5B). It can be seen that between upper and lower level structures 502, 503 no electrical

connectivity is given.

With the inventive method, a biosensor chip was manufactured which is shown in Figures 6A
to 6C. Said biosensor chip and the method steps for obtaining said biosensor chip shall now
be described with respect to Figures 6 to 8.

Figure 6A shows the design of the entire chip with two separate measurement units 601, 602.

Figure 6B is a close up of the main part of unit 601 with a reference electrode 604 on the left
side, a counter electrode 605 on the right to top side and an IDA finger pattern 603 in the
middle.

Figure 6C shows a detail of the IDA finger pattern 603 with assistant features 606a, 606b on
the top, wherein the depicted three lines and spaces 606a belong to the counter electrode 605
and the depicted three lines and spaces 606b are provided to separate the finger structures
603 from the surrounding area.



10

15

20

25

30

WO 2016/202667 19 PCT/EP2016/063078

As shown in Figures 6A to 6C, the actual die includes two fully functional IDA chips 601, 602.
The size of the die is 20 x 5.5 mm?2, The large size of the chip 601, 602 allows a good handling
and the implementation of microfluidics is comfortable. The initial structure for the finger pattern
603 comprises elevated regions 102a, 102b with a lateral width X4, X2 of about 1 pym. The
lateral distance |y, i.e. the width of the gap 109, between adjacent elevated regions 102a, 102b
is also about 1 ym.

There are 300 finger pairs with a respective finger length of 149 um, which results in an
effective electrode area of 0,175 mm?. Furthermore, for each chip 601, 602 (two on a die), a
reference electrode 604 with an area of 0,258 mm? is implemented as well as a counter
electrode 605. Assistant features 606a, 606b provide a separation of the electrodes 603, 604,
605.

The dark shaded areas 603, 604, 605, 607, 609 show the openings or gaps after insulation,
all other areas are covered with SU-8. At the bottom of the die, contact pads 609 for each chip
601, 602 are visible, i.e. for the reference electrode 604, the two interdigitated finger electrodes
603 and the counter electrode 605.

For the chip fabrication, and in particular for providing an initial structure, silicon was used as
a substrate. As a masking layer for the dry etching of silicon the photoresist AZ 701 MiR with
a thickness of 760 nm was used. The soft-bake was performed at 90 °C for 60 seconds on
hotplate in contact mode. Then the wafer was exposed with 160 mJ/cm? (i-line) at a mask
aligner in vacuum contact mode. A post exposure bake of 60 seconds at 110 °C was carried

out on a hotplate in contact mode.

For the development, the developer AZ726 MIF was used and 60 seconds are sufficient to
dissolve the exposed areas. The wafer was rinsed with DI water and spin-dried. The initial
structure comprised elevated regions with a lateral width of about 1 yum and a 1 ym gap
between the elevated regions. The gaps were etched 1 ym into silicon by dry etching with gas
chopping technique (SFs, C4Fs). The photoresist was then removed by O. plasma.

A 700 nm SiO; layer was sputtered (Oerlikon LLS EVO) onto the initial structure. Due to the
effect of shadow masking during the deposition step, an inhomogeneous distribution of the

oxide layer was realized.

Figure 7 shows the relation between dry etch distance to the minimum distance between the
elevated regions. It shows a measurement data for a 1um deep dry etched structure and the
minimum gap width that is formed by depositing 400 nm SiOa.
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The dots 701 around the upper line 700 represent the measured distance at the bottom of the
initial structure with the largest distance. The dots 702 around the lower line 703 represent the
measured distance on the top of the initial structure. The axis of abscissa shows the different
lateral distances between adjacent elevated structures. For example, if a lateral distance
(etched gap 109 size) of about 500 nm is provided between two elevated regions, a minimum
distance (gap 119) of 150 nm can be created that shows a distance of 400 nm on the bottom.
Accordingly, an undercut of about 125 nm ((400 nm — 150 nm)/2) on each side could thereby
be created.

The characteristic formation of an undercut is used to obtain a separation of the top and bottom
structures 502, 503 (see figure 5) during the subsequent evaporation step in which electrode
material is applied onto the previously deposited material. A 100 nm thick layer of goid (Au)
was chosen to define the electrodes.

Figures 8A to 8C show further SEM pictures of samples that have been prepared with the
method according to the present invention, wherein the material has been deposited on the

elevated regions by means of sputtering.

Figure 8A shows a close up view of a 700 nm I/s etched initial structure that has been sputtered
with 700 nm SiO; material 110. That is, the thickness t1 of the sputtered material 110 is about
700 nm. The minimum lateral distance |, between adjacent top portions 111a, 111b of the
sputtered material 110 is about 43 nm. The minimum lateral distance Is at the bottom 113 is
about 300 nm. Accordingly, an undercut has been formed by sputtering the material 110 onto
elevated regions 102a, 102b.

Figure 8B shows an SEM image of a further sample that comprises an undercut 800 that has
been formed after sputtering 700 nm SiO.. The initial structure had a lateral distance between
adjacent elevated structures of about 750 nm and a period of about 1,6 um.

Figure 8C shows an SEM image of a further sample wherein the lateral width of the elevated
regions was about 1 ym. This sample has been deposited with 500 nm SiO.. The lateral width
le of an electrode 112 is about 1,7 uym. A period |, between adjacent electrodes 112 is about 2
pum. The gaps 119 between adjacent electrodes 112 comprise a lateral distance I of about 380

nm.

As mentioned above, an undercut may only be sufficiently formed between two nearby
structures. Thus, the outermost surfaces of the outermost finger structures may not be able to
provide an undercut.
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To overcome this problem with the outermost finger structures not showing any undercut
profile, assistant features were added. These assistant features allow a separation of the
electrode areas and their bonding pads to each other in order to prevent a short-circuit. These
assistant features are shown in Figure 9.

Figure 9 shows a part of an interdigitated electrode array 900. The array 900 comprises first
and second electrode finger structures 112a, 112b, wherein the first electrode finger structure
112a is an outermost finger structure. In this example, three additional 1 ym lines 901 (1 ym
lateral width and separated by 1 um from each other) were added in the design, surrounding
the complete electrode array 900 (one electrode plus the interconnection and the bonding
pad). More particularly, the assistant features 901 face the outermost finger structure 112a.

Theoretically, only one assistant feature 901 would be sufficient to separate the electrode array
900 from the surrounding. Nevertheless, to make sure that no short circuit is generated
between the outer circumference and the electrode array 900, two additional 1 um lines were
added.

The size of the assistant features 901 depends on the desired deposited material, e.g. the
desired dielectric layer. If the thickness of a SiO; layer is larger than 700 nm, then the distance
and feature size of the assistant features 901 should be selected larger than 1 um but not more
than 3 um (especially the gap between the structures should be larger). The large distance
prevents a short circuit of the assistant features 901 because the distance between the
assistant features 901 will be less than 50 nm before evaporation step, i.e. after the deposition
step. The assistant features 901 should not be too large, otherwise the shadowing effect is not
existent and no undercut is formed.

The assistant features 901 also have an additional functionality. The continuation of the
periodic finger structure 112a, 112b of the array 900 by means of the assistant features 901
helps to overcome the intensity distribution shift which is generated due to Fresnel diffraction.

To get a better critical dimension (CD) uniformity at the outermost finger structure 112a, the
three assistant features 901 help obtaining equal intensity distributions for the complete array
900. A customization of the outermost finger structure 112a on the mask would also be
possible, but due to the fact that a gap between the mask and wafer during exposure is more
dominant, the better choice is to create same conditions for all finger structures.

Simulations of the outer finger structures 112a are shown in Figures 10A and 10B. The diagram
1000 of Figure 10A and the diagram 1010 of Figure 10B show the intensity distribution versus
y-distance at the outermost finger structure 112a of the IDA pattern array 900. The different

curves are the intensity values for different gap distances between mask and wafer.
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The diagram 1000 of Figure 10A shows the intensity distribution of an array comprising finger
structures with a lateral width of about 500 nm and with gaps therebetween, the gaps having
a lateral distance of about 500 nm. The biack bars 1003 on the top show the chromium areas
of the mask. The different curves in the diagram 1000 indicate the influence on intensity by
varying the gap between mask and wafer.

A first curve 1001 indicates a perfect contact between mask and wafer (gap 0.0 ym). A second
line 1002 shows a gap of 0.1 um and is more realistic to the actual exposure situation. The
black bars 1003 on the top indicating the chromium layer of the mask, where the light is blocked
during exposure.

By analyzing the diagram 1000, it can be seen from line 1002 (gap of about 0.1 ym) that the
intensity distribution of the outermost first finger 112a is 15 mJ/cm? higher than of the adjacent
(more inner) second finger 112b. It can also be seen from line 1001 (gap of about 0.0 ym) that
the intensity distribution of the outermost first finger 112a is even higher (60 mJ/cm?).

Furthermore, the intensity at the edges of the unexposed sectors is 20 mJ/cm? higher than the
sectors in the finger array. This results in an enlargement of the CD of about 30 nm. For nano
IDA structures this circumstance would result in a short-circuiting of the outer finger.

Figure 10B shows a diagram 1010 of intenéity distribution with assistant features. It can be
seen that a homogeneous intensity distribution can be obtained by adding three assistant

features (two features are showing still some intensity differences).

As mentioned before, the lateral width of the gap, i.e. the gap width, between top portions of
the deposited material can be controlled by varying the thickness of the deposited material.
For example, the thicker the layer of deposited material, the thinner the gap width gets.

For the fabrication of critical dimension of the gap width in the sub-micron or nanometer range,
lithography techniques are used in the prior art. However, such conventional methods do not
provide the necessary line width roughness (LWR) to realize structures in the range of 100

nanometers or even less.

According to the invention, the initial structure (e.g. fabricated by mask aligner lithography and
subsequent dry etching step) already has a quite high LWR of about 50 nm. Due to the fact
that the deposition process, for example a sputtering process, further smoothens out the initial
structures, a better LWR can be realized for the electrode structures. For example, an initial
520 nm structure that comprises a LWR of about 50 nm shows a LWR of about 20 nm after

sputtering.
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Figures 11A, 11B and 11C show SEM pictures of an electrode array 900 and magnified details
of the electrode array 900. o

The electrode array 900 shown in Figure 11A comprised elevated regions (not visible) with a
lateral width of about 520 nm and gaps therebetween, the gaps having a lateral distance of
about 520 nm. The electrode array 900 is depicted after deposition of 500 nm SiO.. As a result,
a nearly defect free area with gaps 119 of 100 nm width is achieved.

Figure 11B shows a detail view of two line ends. As Figures 11A to 11C show a top view, only
top portions 111a, 111b of the deposited material 110 are visible, as well as a gap 119 formed
between adjacent top portions 111a, 111b.

Figure 11C shows a further close up view of one line end. As can be seen, the gap 119 formed
between adjacent top portions 111a, 111b of deposited material 110 comprises a lateral width
of about 100 nm. Furthermore, the above mentioned smoothening of the lateral edges due to
the deposition step can be seen. Adjacent areas, i.e. the lateral edges 1120 and 1130 of the
adjacent top portions 111a, 111b comprise a LWR of about 20 nm after the deposition step.

After depositing the material, the array 900 was provided with electrodes by evaporation of
conductive electrode material. After evaporation the wafer was spin-coated with SU8-3005
with a final thickness of 5 um. The soft bake was performed at 95 °C for 3 minutes on a hotplate
in contact mode. Then the wafer was exposed for 90 seconds on a mask aligner in hard contact
mode (i-line filter for illumination). The utilized mask defines the measurement areas and the
contact pads. After exposure a post exposure bake of 2 min at 95 °C was performed. For
development PGMEA was used and 1 min is sufficient to dissolve the unexposed areas. The
rinsing was done with IPA and DI water. The contact and measurement areas are defined and
an on-chip reference electrode is prepared by electroplating of Ag and AgClI (reference). The
final step for providing a biosensor is to dice the individual chips by a dicing saw or laser.

Furthermore, an additional fabrication process without dry etching was analyzed which is
shown in Figure 12. Figure 12 shows an SEM cross section of a Photoresist SPR 9555 CM
with a thickness of 600 nm with a deposited 400 nm thick SiO- layer. The gap |1 between the
photoresist is 870 nm at a period of 1.64 um (1:1).

Instead of transferring the photolithography pattern into the silicon substrate, the pattern itself
serves as initial structure. This approach is similar to the mass production process flow where
a plastic substrate is used. Both methods contain temperature sensitive materials, which have
to withstand the temperatures during the deposition and the evaporation process. After the
deposition process, the photoresist did not show any degradation or profile deformations and
the undercut was formed correctly. The deposited SiO. layer protects the photoresist
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underneath in further process steps (evaporation step and lithography steps for insulating the
electrodes).

Figure 12 shows an electrode structure 100 comprising an initial structure 101. The initial
structure 101 comprises two elevated regions 102a, 102b. The elevated regions 102a, 102b
comprise the photoresist SPR 9555 CM with a thickness of 600 nm, as mentioned above.
Particularly, the elevated regions 102a, 102b may be made of the photoresist structure that
has been applied onto the substrate 104.

At least top portions 105a, 105b of the two elevated regions 102a, 102b are separated by a
first lateral distance |y, which is 870 nm in this example. ‘

Material 110 has been deposited onto the elevated structures 102a, 102b of photoresist.
Accordingly, a gap 119 is formed between adjacent top portions 111a, 111b of the deposited
material 110. The gap comprises a second lateral width |, of 352 nm.

In a last step, electrodes (not shown) are applied onto the top portions 111a, 111b of the
deposited material. The electrodes may be applied by evaporating conductive material.

Summarizing, conventional fabrication methods define the critical structures by
photolithography. According to the invention, the critical dimension (gap between the
electrodes) is defined not primarily by photolithography, but by a precise and easy controllable
deposition process, such as sputtering or the like. The thickness of the deposited layer (e.g.
by sputtering) can be controlled in the nanometer range (or even less than a nanometer). This

fact allows a very precise adjustment of the gap between the electrodes.

Furthermore, as already mentioned, the spacing between the electrodes is defined by the
deposition process. This allows a variation of the gap without a change in mask design by
adjusting the thickness of the deposited layer. With the traditional fabrication method, where
photolithography defines the electrode distance, a new mask has to be designed. This requires
time for designing and costs arise for the mask fabrication.

Another advantage of this fabrication process is the elimination of a lift-off process. The lift-off
process is one of the critical steps in nano-electrode fabrication. If there is a short-circuit, then
it is most probably generated in this step because metal residue is unintentionally deposited
and the device is useless. By completely eliminating the lift-off process, no metal residue is
generated and therefore no short-circuit can be created.

The inventive method is a combination of providing an initial structure and two deposition
processes. The initial structure can be provided by lithography or any other structuring
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technique. For mass production, the initial structure can be fabricated with injection molding
with an appropriate stamp. The substrate material is relatively uncritical, i.e. it only has to
provide temperature stability in a deposition process, this allows polymers to be used as a
substrate. The first deposition process is done in short distances between substrate and target
to generate the undercut profile. The deposited material may be a dielectric to prevent
conduction between the electrodes. The second deposition process is an evaporation step
where substrate and target are positioned at rather large distance. The evaporation step is
used for forming the electrodes.

SiO; is mentioned within this document only as an example, i.e. the provision or use of SiO;
for the depositing step is not mandatory.

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the context of a method step also represent a description of a corresponding block

or item or feature of a corresponding apparatus.
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CLAIMS

A method of manufacturing an electrode structure (100), the method comprising:

providing an initial structure (101), the initial structure (101) comprising at least
two elevated regions (102a, 102b) extending from a substrate (104), wherein top
portions (105a, 105b) of the two elevated regions (102a, 102b) are separated by a first
lateral distance (l1),

depositing material (110) by means of physical vapor deposition onto the
elevated regions (102a, 102b) such that adjacent top portions (111a, 111b) of the
deposited material (110) are separated by a second lateral distance (I,) that is smaller
than the first lateral distance (I1), and

applying electrodes (112) onto the top portions (111a, 111b) of the material
(110).

The method according to claim 1, wherein the step of depositing material (110) onto
the elevated regions (102a, 102b) comprises sputtering material (110) onto the
elevated regions (102a, 102b).

The method according to one of claims 1 or 2, wherein the material (110) deposited
onto an elevated region (102a) comprises a first lateral width (W,) adjacent to the
elevated region (102a) and a second lateral width (W) remote from the elevated region
(102a), wherein the first lateral width (W) is smaller than the second lateral width (W5).

The method according to one of the preceding claims, wherein the elevated regions
(102a, 102b) are permanently maintained at the initial structure (101).

The method according to one of the preceding claims, wherein the deposited material
(110) is a dielectric.

The method according to one of the preceding claims, wherein the electrodes (112) are
applied onto the top portions (111a, 111b) of the deposited material (110) by

evaporation of conductive material.

The method according to one of the preceding claims, wherein the elevated regions
(102a, 102b) comprise an aspect ratio of width to height of about 1:1.

The method according to one of the preceding claims, wherein the top portions (105a,
105b) of the elevated regions (102a, 102b) comprise a lateral width (X4) of about 1 ym
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and the first lateral distance (l1) between the top portions (105a, 105b) of the elevated
regions (102a, 102b) is about 1 um.

The method according to one of ciaims 1 to 7, wherein the first iateral distance (I1)
between the elevated regions (102a, 102b) is between about 3 ym and about 1 pm,
preferably between about 1 ym and about 800 nm, and more preferably between about
800 nm and 500 nm.

The method according to one of the preceding claims, wherein the electrode structure
(100) comprises electrodes (112a, 112b) that are separated by an electrode gap (129),
the electrode gap (129) comprising a lateral distance (ls) that is less than about 100
nm, preferably less than about 50 nm and more preferably between about 50 nm and
20 nm.

The method according to one of the preceding claims, wherein the deposited material
(110) comprises a thickness between about 400 nm and about 700 nm.

The method according to one of the preceding claims, wherein the method comprises
providing a material layer that is arranged between the elevated regions (102a, 102b)
and the deposited material (110).

The method according to one of the preceding claims, wherein the initial structure (101)
is formed by injection molding, or by hot embossing, or by nano-imprinting, or by dry-
etching, or by wet-etching.

The method according to one of the preceding claims, wherein adjacent areas (1120,
1130) of top portions (111a, 111b) of the deposited material (110) provide a Line Width
Roughness of about 20 nm.

An electrode structure (100) comprising:

an initial structure (101), the initial structure (101) comprising at least two
elevated regions (102a, 102b) extending from a substrate (104), wherein top portions
(1053, 105b) of the two elevated regions are separated by a first lateral distance (1),

a material (110) deposited onto the elevated regions (102a, 102b) by means of
physical vapor deposition, wherein adjacent top portions (111a, 111b) of the material
(110) are separated by a second lateral distance (I,) that is smaller than the first lateral
distance (l4), and

electrodes (112) applied onto the top portions (111a, 111b) of the material (110).
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16. A biosensor chip comprising the electrode structure (100) according to claim 15.



WO 2016/202667 PCT/EP2016/063078

1/20

~
o 2 =¥
M S e
=
B X
—
<o (e [ann]
R R L
\ ) o
=
k / L
=
_Qf
[Kep] g
L) Y
ot
y <
. S
o .
=
= o
_ LR L
S
o
= =
- v/
¥ ) 4
o
o ) —
/ )
Y N /
<o 4
s
[enn ] o
o A [
=
AN

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

2/20

110

Fig. 1B

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/063078

WO 2016/202667

3/20

I

CHE 6H Al

BZL) BL] 00

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/063078

WO 2016/202667

4/20

Vol

al b

e

POE}

QLLl

0EL 6L

e201

T
o

BG0 | O

"

eill Qogl 001

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

5/20

104

101
/

10@

X
)
102b

Fig. 2A

|
)
102a

£ 3
k4

Y

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667

101
(//

6/20

\\\“~104

PCT/EP2016/063078

102b

Fig. 2B

P
g/
P
S
=

102a

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078
7/20
o
— et )
o~ =~
\ o o
T—i T
/ o \
o / N g
— >3
x
o
=)
/ (e
N
;_.—//
s L7
S
N

/ |
qq-
(e}

SUBSTITUTE SHEET (RULE 26)

Fig. 3A



WO 2016/202667

8/20

PCT/EP2016/063078

\
102a

~
T2
N o
—

\ o
s e

=

L

S
T

SUBSTITUTE SHEET (RULE 26)

Fig. 3B



WO 2016/202667 PCT/EP2016/063078

_—104p

9/20
400
\ uj
\\\\\\ \\\ffm104
STEP 1 ML
102¢ 1022 lmzb 1024 l
RN
/f”104 <
N N
STEP 2

102d
[z
STEP 3
112 112b | 112¢ 112
. lxiixf”ﬂ/
STEP 4
STEP 5

Fig. 4

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/063078

WO 2016/202667

10/20

503

502

um

 I——

FKV

15.0kV LED REM WD 10.3mm

Fig. 5A

x6.500

112b

\\\

501
./

112a

N

NN

N

(

DA

'

9502
\

R

S

N ———

N

L

FKV

WD 10.3mm

REM

15.0kV LED

Fig. oB

SRR

um

x16.000

1 NN

502
~
N

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

11/20

\ Y

/

—903

{ 1 1/.1m FKY
x23.000 15.0kV LED REM WD 10.3mm

Fig. 5C

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

12/20

606a
-606b

/jﬂ/“/‘fw ey
/’ 7 %’ //’

| >
l’ i m @
;"’ ; % ]
l; i 9
l”' g "u_
g E%///’/ //7/ ;r;///// é
© ; \\&\\\\\\\\ | E
i e ;
o §%~&\~ ==
g
= m&*&\\\\\\
oI
| o
B
<C
do
v <
"\f ?xﬁwm' 2z wil..mrﬂl’,rmm% = - T
>
o]
3

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/063078

13/20

WO 2016/202667

/ "Bl

€0/ ¢0!
[wu] 9z1s deb payoe
0001 006 008 00/ 009 008 00v oow
=== == 00}
R 00¢ o
==——-"-= e
¢8'092-%8608 0=/ === — =+ e 00 &
= ; f 008 W
m..ahu.qﬁ\md}m‘ 009 =
: 00,
| ,_M 008
004 10/

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

14/20

110
102

100nm  FKV
WD 4.3mm

; //(
7 7

742777
/

REM

[

i

P

=

(]

Lo

o
L2
=

E D

J— o

S

L

(el

>
(4]

—

A
A

SUBSTITUTE SHEET (RULE 26)

Fig. 8A



WO 2016/202667 PCT/EP2016/063078

15/20

8007

=

l\&\\\gix

m— fum  FKV
x11.000 15.0kV LED REM WD 7.8mm

Fig. 8C

SUBSTITUTE SHEET (RULE 26)



16/20

@ 9”_

a3t Mo's

§\ \\\\\\“\\
7 \

T )
7

Ll

(L

02hbomee_
L)
S e S

IR

WS

oSS




1000
S

1003

—

PCT/EP2016/063078

|
1010
/

WO 2016/202667

17/20

without assistant features

1003

O v N e =y i 3 v ON OO =r
OO 7 - Lo Y ol o B o 3 e
&)
wonon ¢ Lk o
o W o Nl on Wi oo W o A [T e Wi e W oo T o
& o g i © OO
o Th O O O - DI o D
i m P b o o o e e [ FL N B
i i H i H
m i 1o éf} Yy — i _ _
[ I B ~ww < | N B
T
il E o N L e e
R B g +=
;wﬂ
i
‘‘‘‘‘ : o -
n.Elr-\Exw @
IWM. w
b a - = i
5, L0 [g]
i, = < =
~— 1@ =
ssssssssssssssssssssssssssssss T e © O O Moo
; o e bt
e — 3] .m\|.w
i 5 v
?:, .nb - A
e o 08
.&m i BN ._|||_ e — m
£ = S
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn N —
e
py ofrm=
n“..nl-._ R e e ek o e o s e o s A 5 e e s i e s
S L
b 2t h\.ra.__a
G =
v
/.wﬁ. .
<2
v o -
[ b
[SUU N S TS T © i T i T S i ol wheution wheonl Bt ohsedes Bl sl hndh ks el Sl el
faw [ [ame] fan] o
(] < (] [ [
[d®) =i oJ brad F

ﬁw

w/pw} Ansusyul

[ w/rw] Aysuajul

y-distance [um]

Fig. 10B

SUBSTITUTE SHEET (RULE 26)



PCT/EP2016/063078

WO 2016/202667

18/20

JIRE

a1 MosL

000°06%

aib

bi4

0CH—

1.
BLLE™

o:\

a3 st

e o o o

000°€ex

Y o
e o e

Vi DY

331 mMo'stE

008°1%

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667

~—110

__102b

19/20

PCT/EP2016/063078

111b
3
0%
X5
2

oy :

SR
R

A

Pavia e

101
\'

50
= B

S
ey

(o—
15.0kV LED

x40.000
Fig. 12

1104
FKV
WD 6.0mm

100nm

REM

SUBSTITUTE SHEET (RULE 26)



WO 2016/202667 PCT/EP2016/063078

20/20

e : < pa e

B ST SISO
R RIS
{',d‘*»’»‘0’4&1’4‘%’#0’4"0*4?0’#4’0’##’4’4‘#&&'4’#&&'&@#’#@&#& 302 F | 1 3 A

_I>-1301 (PRIOR ART)

X

.

~1301 Fig. 13C

1304a
1
B
. __Tr301 Fig. 13D
1304
1308
1304D 1304b ?f94b 1304b
4 Mk 2o Ay

- — a0 Fig. 13E

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/063078

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. GOINZ27/30
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GOIN HOIL

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, INSPEC, COMPENDEX

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X PARTEL S ET AL: "Novel fabrication
process for sub-micron interdigitated
electrode arrays for highly sensitive
electrochemical detection",

SENSORS AND ACTUATORS B: CHEMICAL:
INTERNATIONAL JOURNAL DEVOTED TO RESEARCH
AND DEVELOPMENT OF PHYSICAL AND CHEMICAL
TRANSDUCERS, ELSEVIER BV, NL,

vol. 205, 29 August 2014 (2014-08-29),
pages 193-198, XP029071055,

ISSN: 0925-4005, DOI:
10.1016/J.SNB.2014.08.065

A abstract; figures 1-4

page 194, left-hand column, paragraph 2 -
right-hand column, paragraph 3

page 195, left-hand column, paragraph 2 -
right-hand column, paragraph 3

1,2,5,6,
8,9,
11-13,
15,16

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

9 August 2016

Date of mailing of the international search report

18/08/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gangl, Martin

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

Fabrication Approach for Periodic
Structures with Tunable Nano Gaps for
Interdigitated Electrode Arrays",
ACS NANO,

vol. 10, no. 1,

1 December 2015 (2015-12-01), pages
1086-1092, XP055293491,

I

ISSN: 1936-0851, DOI:
10.1021/acsnano.5b06405

the whole document

PCT/EP2016/063078
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2009/008787 Al (WENHAM STUART ROSS [AU] 15
ET AL) 8 January 2009 (2009-01-08)
A claim 1; figures 43,44,45,47 1-14
paragraphs [0005], [0201]
A DE 198 19 200 Al (FRAUNHOFER GES FORSCHUNG 1-16
[DE]) 11 November 1999 (1999-11-11)
figure 6
column 7, Tine 46 - line 66
A US 5 137 817 A (BUSTA HEINZ H [US] ET AL) 1-16
11 August 1992 (1992-08-11)
figure 4D
column 10, line 19 - Tine 38
A US 20127098144 Al (KIM GYU-TAE [KR] ET AL) 1-15
26 April 2012 (2012-04-26)
figures 1-8
paragraph [0028] - paragraph [0035]
T STEFAN PARTEL ET AL: "Lift-Off Free 1-16

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/063078
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2009008787 Al 08-01-2009 AU 2006317517 Al 31-05-2007
EP 1958242 Al 20-08-2008
KR 20080091105 A 09-10-2008
US 2009007962 Al 08-01-2009
US 2009008787 Al 08-01-2009
WO 2007059577 Al 31-05-2007
WO 2007059578 Al 31-05-2007

DE 19819200 Al 11-11-1999 AU 739818 B2 18-10-2001
AU 4600599 A 16-11-1999
DE 19819200 Al 11-11-1999
EP 1075708 A2 14-02-2001
EP 1091420 A2 11-04-2001
JP 2002513212 A 08-05-2002
US 6423567 Bl 23-07-2002
WO 9956324 A2 04-11-1999

US 5137817 A 11-08-1992  NONE

US 2012098144 Al 26-04-2012 KR 20120042359 A 03-05-2012
US 2012098144 Al 26-04-2012

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

