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ABSTRACT

The microbridge structure comprises a substrate layer
provided with two first electrical contacts; a microstructure
including a sensing area provided with two second electrical
contacts; and a micro support for suspending the
microstructure over and at a predetermined distance from the
substrate layer. The micro support has two electrically
conductive paths made of electrically conductive layers. The
two electrically conductive paths connect respectively the two
first electrical contacts of the substrate layer to the two
gecond electrical contacts of the microstructure. The micro
support extends generally underneath the microstructure,
between the microstructure and the substrate layer. The
invention also relates to a method for forming the microbridge

structure.
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MICROBRIDGE STRUCTURE AND A METHOD FOR FORMING THE
MICROBRIDGE STRUCTURE

FIELD OF THE INVENTION
The present invention is concerned with a microbridge
structure and a method for forming this microbridge structure.
The invention relates to various types of micro sensors for
environmental sensing including radiation, temperature, flow,
and chemical sensors. More particularly, the invention relates

to uncooled IR bolometric detectors.

BACKGROUND OF THE INVENTION

Known in the art, there is the US Patent No. 5,399,897 of
B.T. Cunningham and P.V. Richard, describing a microstructure
comprising a surface member and at least one leg, a proximate
end of the leg being connected to a substrate and the distant
end thereof being connected to the surface member. The leg is
a multi layer leg comprising at least one dielectric layer and
one electrically conductive layer.

Also known in the art, there are the US Patent No.
5,021,663 of L.J. Hornbeck and the US patent No. 5,288,649 of
W.F. Keenan. The supports described in these two patents are
made entirely of metal or metal alloy films.

The following US patents also describe microstructures:

US Patent Assue Date dnventor (g)
5,010,251 Apr. 23, 1991 Grinberg et al
5,286,976 Feb. 15, 1994 Cole

5,300,915 Apr. 5, 1994 Higashi et al
5,602,393 Feb. 11, 1997 Gerard

5,672,903 Sept. 30, 1997 Butler et al
5,688,699 Nov. 18, 1997 Cunningham et al

Referring now to Figure 1, there is shown a perspective
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schematic view of a typical microbridge structure of the prior
art. The microbridge structure shown in Figure 1 consists of
a microstructure 40 suspended over a substrate layer 41, and
two inclined legs 42. The microstructure 40 provides a
support for a sensing layer 43. The microstructure 40 is
equipped with slots 44 cut through its entire thickness in
order to elongate the path of heat conduction from the
microstructure 40 to the substrate layer 41, and thus
improving thermal isolation of this microstructure. The
microstructure 40 is also equipped with a reticulated metal
layer 45, The metal layer 45 partially overlapping the
sensing layer 43 provides an electrically conductive path
between the sensing layer 43 and the legs 42.

The legs 42 provide a support for the microstructure 40.
The proximate ends of each leg are connected to the substrate
layer 41 via electrical contact pads 46. The distant ends of
the legs are connected to the microstructure 40. Each leg 42
is a multi layer leg consisting of a reticulated dielectric
layer 47 and a reticulated electrically conductive layer 48
providing an electrically conductive path between the
substrate layer 41 via contact pads 46 and the electrically
conductive layer 45 of the microstructure 40 via contacts 49.

A drawback with the microbridge structures of the prior
art is that when several microbridge structures are mounted
side by side over a given area of the substrate layer 41 to
form the sensitive surface, a portion of the area is needed to
accommodate the legs of the microbridge structures. Such
portion of the area that is needed to accommodate the legs is
useless for sensing purposes and therefor limit the detecting
capabilities of the microbridge structures.

An object of the present invention is to provide a
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microstructure bridge that can be used in a detector array
made of several microstructure bridges mounted side by side
within a given area to obtain a detector array with
improved detecting capability.

Another object of the present invention is also to
provided a method for making a microstructure bridge that
can be used in a detector array made of several
microstructure bridges mounted side by side within a given
area to obtain a detector array with improved detecting

capability.

SUMMARY OF THE INVENTION

According to the present invention, there is provided

a microbridge structure comprising:

a substrate layer provided with two first electrical

~contacts;

a microstructure including a sensing area provided
with two second electrical contacts; and

a micro support for suspending the microstructure over
and at a predetermined distance from the substrate layer,
the micro support having at least one leg comprising two
electrically conductive paths each made of an electrically
conductive layer, the two electrically conductive paths
connecting respectively the two first electrical contacts
of the substrate layer to the two second electrical
contacts of the microstructure, said at least one leg
comprising dieiectric layers embedding the corresponding
electrically conductive layer, each leg having a lower foot
connected to the substrate layer and a lateral arm

extending upwardly from the lower foot to the
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microstructure for supporting the microstructure with
respect to the substrate layer.

According to the present invention, there is also
provided a method for forming a microbridge structure
comprising microstructure suspended from a substrate layer
by a micro support, the method comprising steps of:

(a) providing the substrate layer with two first
electrical contacts;

(b) covering the substrate layer with a first
temporary layer, patterning and etching first cavities in
the first temporary layer to provide accesses to the two
first electrical contacts of the substrate layer, covering
the layers of the previous steps with a first dielectric
layer, and patterning and etching the first dielectric
layer to provide accesses to the first electrical contacts
cf the substrate layer;

(c) covering the layers of the previous steps (a) to
(b) with a first electrically conductive layer; patterning
and etching the first electrically conductive layer to
provide two first electrically conductive paths extending
respectively from the two first electrical contacts, the
two first electrically conductive paths being parts of the
micro support; covering the layers of the previous steps
with a second dielectric layer; and patterning and etching
the first and second dielectric layers to embed the first
electrically conductive layer except for contacts with the
two first electrical <contacts, the first and second
dielectric layers being parts of the micro support;

(d) covering the layers of the previous steps (a) to
(c) with a second temporary layer, patterning and etching

second cavities in the second temporary layer to provide
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accesses to the two second -electrical contacts, and
covering the layers of the previous steps with a third
dielectric layer;

(e) covering the layers of the previous steps (a) to
(d) with a sensing layer, patterning and etching the
sensing layer to define a sensing area extending generally
over the first electrically conductive paths, and
patterning and etching the second and third dielectric
layers to provide accesses to the two second electrical
contacts;

(f) covering the layers of the previocus steps (a) to
(e) with a second electrically conductive layer; patterning
and etching the second electrically conductive layer to
provide two second electrically conductive paths extending
respectively from the two first electrically conductive
paths to two electrical contacts of the sensing area, the
second electrically conductive paths being parts of the
micro support; covering the layers of previous steps with a
fourth dielectric layer to embed the sensing area and the
second electrically conductive layer except for contacts
with the two second electrical contact; and patterning and
etching the third and fourth dielectric layers to shape the
microstructure and upper parts of the micro support; and

(g) removing the first and second temporary layers to
reveal the micro support which extends generally underneath
the microstructure, between the microstructure and the

substrate layer.

BRIEF DESCRIPTION OF TRE DRAWINGS
Figure 1 1s a schematic perspective view of a typical

microbridge structure according to prior art.
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Figure 2 1s a schematic perspective view of a
microbridge structure according to the present invention.

Figure 3 is a partial cross section view along lines
A-A of figure 2.

Figure 4 1s a perspective view of a preferable
embodiment of the micro support.

Figure 5 is a side view of the micro support of figure
4 with respect to the microstructure and the substrate
layer.

Figure 6 1is a perspective view of another preferable
embodiment of the micro support.

Figure 7 1s a side view of the micro support of figure
6 with respect to the microstructure and the substrate
layer.

Figure 8 1is a top view ¢f a preferable embodiment of
the cantilever arms of the middle portions of a micro
support according to the present invention.

Figure 9 is a top view of another preferable
embodiment of the cantilever arms of the middle portions of
a micro support according to the present invention.

Figure 10 1s a top view of another preferable
embodiment of the cantilever arms of the middle portions of
a micro support according to the present invention.

Figures 11 to 22 are side elevational views along
lines A-A of the microbridge structure of figure 2 as it is

being formed.
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DETAILED DESCRIPTION OF THE DRAWINGS

Referring again to Figure 1, there is shown an embodiment
of the prior art where the legs 42 supporting the suspended
microstructure 40 are set apart from the microstructure 40.
Such a positioning of the supporting legs increases
significantly the total surface occupied by the microbridge
structure and thus limits the total number of the microbridge
Structures that can be mounted side by side on the surface
available for a detector array. Moreover, the positioning of
the legs reduces the fill factor of the microbridge structure
defined as a ratio of the surface of the sensing layer 43 to
the surface covered by the microstructure 40 and the legs 42.
Typically, the fill factor of the microstructure schematically
shown in Figure 1 does not exceed 60%. More the fill factor
is low, more the performance of the detector using such
microbridge structures is low. Also, the miniaturization of a
detector using such microbridge microstructures is directly
dependant upon the fill factor thereof, higher is the fill
factor more the detector can be miniaturized.

Referring now to Figures 2, 3 and 22, we will now
describe a preferable embodiment of the microbridge structure
according to the present invention, having a fill factor
higher than that of the microbridge structures of the prior
art. The microbridge structure according to the present
invention comprises a substrate layer 1 provided with two
electrical contacts 2, a microstructure 22 including a sensing
layer 13 that forms a sensing area provided with two
electrical contacts 50, and a micro support 23 for suspending
the microstructure 22 over and at a predetermined distance
from the substrate layer 1.

The micro support 23 has two electrically conductive
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paths. In the present preferable embodiment, each of the
electrically conductive path is made of two electrically
conductive layers 8 and 15. However, in an alternative
embodiment, each electrically conductive path can be made of
a single electrically conductive layer. The two electrically
conductive paths connect respectively the two electrical
contacts 2 of the substrate layer 1 to the two electrical
contacts 50 of the microstructure 22. The micro support 23
extends generally underneath the microstructure 22, between
the microstructure 22 and the substrate layer 1. Preferably,
the micro support extends substantially entirely underneath
the microstructure.

Preferably, the microbridge structure forms an uncooled
infrared VO, based bolometric detector. The microstructure 22
is a suspended microstructure with sensing layer 13 such as an
embedded VO, film. The sensing layer has characteristics for
sensing a radiation with a given wavelength. Although the
description is basically in terms of an individual microbridge
structure, the invention equally applies to uni- and bi-
dimensional multi-element arrays of such microstructures, for
example arrays of the bolometric detectors.

The microbridge structure according to the present
invention comprises a suspended microstructure 22 which is a
planar micro platform supported by a single or a plurality of
micro supports placed generally underneath the sensing area of
the microstructure 22. This positioning of the micro supports
maximizes the fill factor of the microbridge structure. In
the case of the bolometric detectors, this fill factor is
defined as a ratio of the sensing area actively participating
in the infrared radiation absorption to the total surface of

the bolometer microstructure. Due to the fact that the micro
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support 23 is generally located underneath the microstructure,
bolometric detectors with the fill factors approaching 100%
can be produced. This maximizes the bolometric detector

performance and permits their miniaturization. While standard

bolometric detectors have typically a surface of 50 x 50 pm?,

the microbridge structure according to the present invention

permits to reduce the bolometer surface down to 25 x 25 pm?
without much sacrifice in the device performance. The reduced
surface bolometric detectors may be used to build uni-
dimensional bolometric detector arrays consisting of up to 512
X 1 pixels and bi-dimensional bolometric detector arrays
consisting of up to 480 x 640 pixels.

Preferably, the substrate layer 1 is a planar silicon
wafer with a bolometer readout circuit (not  shown)
manufactured using conventional integrated circuit fabrication
processing. This substrate layer 1 has electrical contacts 2
such as metal surface contact pads providing electrical
connection between the electronic readout circuit (not shown)
and the sensing layer 13 which forms a bolometric detector.

Preferably, the micro support 23 has two legs 52 and 54
each including lower, middle and upper portions 56, 58 and 60.
The lower portions 56 of the legs 52 and 54 project
respectively upwardly from the two electrical contacts 2 to
first intermediate positions between the substrate layer 1 and
the microstructure 22. The upper portions 60 of the legs 52
and 54 project respectively downwardly from the two electrical
contacts 50 to second intermediate positions between the
substrate layer 1 and the microstructure 22. The middle
portions 58 of the legs 52 and 54 extend between the first and
second intermediate positions as cantilevers 26 to connect

respectively the corresponding lower and upper portions 56 and
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60. The two legs 52 and 54 comprise respectively the two
electrically conductive paths. Each of the electrically
conductive paths is made of two electrically conductive layers
8 and 15.

Preferably, each of the legs 52 and 54 further comprises
dielectric layers 6, 9, 12 and 16 embedding the electrically
conductive layers 8 and 15 that connects the corresponding
electrical contacts 2 and 50. Preferably, the lower and upper
parts of each leg 52 or 54 are substantially shaped as an
upside down hollow truncated pyramid.

The micro support 23 is placed generally underneath the
microstructure 22. Each leg 52 or 54 of the micro support 23
comprises lower portion 56 which is a lower post connected to
the substrate layer 1, upper portion 60 which is an upper post
connected to the microstructure 22, and middle portion 58
which is a cantilever arm 26 connected between the
corresponding lower and upper posts. Preferably, the two legs
52 and 54 support diagonal opposite corners of the
microstructure 22.

Preferably, each of the dielectric layers 6, 9, 12 and 16
is made of a material selected from the group consisting of
Si;N, and 8i0,, and has a thickness of about a fraction of 1 Hm
to a few ums. Preferably, each of the electrically conductive
layers 8 and 15 is made of a material selected from the group
consisting of Al, Au, Ti and V, and is formed of patterned
metal films having a thickness of about 0.1 um. Preferably,
the predetermined distance between the microstructure 22 and
the substrate layer 1 is of about 1 to a few ums.

The microstructure 22 has an underside 27, a top side 28

opposite to the underside 27 and a sensing layer 13 lying
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between the underside 27 and the top side 28. The sensing
layer 13 is responsive to temperature changes caused by
absorbed infrared radiation. The upper dielectric layer 16
lies over the sensing layer 13 and the lower dielectric layer
12 lies wunder it. The lower dielectric layer 12 in
combination with the upper dielectric layer 16 embeds the
sensing layer 13.

The sensing layer 13 is made of a material exhibiting a
substantially high temperature coefficient of resistivity.

Preferably, this sensing layer 13 has a thickness of about 0.1

to 0.5 um. Preferably, the material exhibiting a
substantially high temperature coefficient of resistivity is
selected from the group consisting of VO, V,0, and a-Si,
whereby the microbridge structure forms an uncooled infrared
bolometric detector.

Preferably, a radiation-reflecting mirror 3 is provided
on the substrate layer 1. The mirror 3 is a thin film
infrared-reflecting mirror located on the substrate layer 1
directly beneath the microstructure 22. This mirror 3 serves
to reflect infrared radiation which is not absorbed on its
first passage through the wuncooled infrared bolometric
detector back into the microstructure 22 for additional
absorption. The microstructure 22 with the embedded sensing
layer 13 which is a VO, thermistor may be ideally spaced from
the mirror 3 by one-quarter of the wavelength of the centre of
the infrared spectral band of interest, to gain resonant
performance. In more practical cases, however, the spacing
may be determined by processing or other concerns.

Preferably, the micro support 23 is generally a multi
layer structure. The lower portion 56 and the cantilever arm

26 of each leg of the micro Support 23 comprise the two
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dielectric layers 6 and 9 and the electrically conductive
metal layer 8. The upper portion 60 of each leg of the micro
support 23 comprises the two dielectric layers 12 and 16 and
the electrically conductive layer 15. Each of the leg of the
micro support 23 is provided with an access 7 etched in the
dielectric layer 6 to provide electrical connection between
the electrically conductive layer 8 and the corresponding
contact 2 of the substrate layer 1. Each of the leg of the
micro support is also provided with an access 14 etched in the
dielectric layers 9 and 12 to provide electrical connection
between the electrically conductive layers 8 and 15. The
electrically conductive layer 15 of each leg is connected to
the corresponding electrical contact 50 the microstructure 22.
The electrically conductive metal layers 8 and 15 of each leg
of the micro support constitute an electrically conductive
path between the substrate layer 1 and the microstructure 22.

The dielectric layers s, 9, 12 and 16 provide good
thermal isolation to the microstructure 22 due to a relatively
low thermal conductivity of the dielectric materials. These
dielectric layers 6, 9, 12 and 16 can be optimized to provide
a solid support for the microstructure 22 and to isolate the
microstructure thermally. They may also be chosen to be
optimally compatible with manufacturing methods used. They
protect the encapsulated metal layers 8 and 15 which provide
an electrical contact between the sensor layer 13 and the
electrical contacts 2 of the substrate layer 1. Since the
dielectric layers 6, 9, 12 and 16 provide sufficient
mechanical support for supporting the microstructure 22, the
metal layers 8 and 15 can be optimized strictly from
electrical and thermal points of view.

In a different embodiment, the micro support 23 may only
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consist of electrically conductive layers. However, in this
case, the material of these layers not only have to be
optimized strictly from electrical and thermal points of view,
but also from the mechanical point of view. In this case, the
electrically conductive layers must provide a mechanical
Support to the microstructure 22. The material of the layers
must also be fully compatible with the microstructure
fabrication process. Other combinations of dielectric and
electrically conductive layers are also possible to form the
micro support.

Referring now to Figures 4 and 5, there is shown a
preferable embodiment of the micro support 23. It has a
generally V-shaped body with a given width. The V-shaped body
has a lower foot 71 connected to the substrate layer 1 and two
lateral arms 70 and 72 extending upwardly from the lower foot
71 to the microstructure 22 for supporting it with respect to
the substrate layer 1. Each of the lateral arms 70 and 72 is
shaped as a staircase.

Referring now to Figures 6 and 7, there is shown another
preferable embodiment of the micro support 23. It has a
hexagonal shaped body with a given width. The hexagonal
shaped body having a lower foot 73 connected to the substrate
layer 1 and two lateral arms 74 and 76 extending upwardly from
the lower foot 73 to the microstructure 22 for supporting it
with respect to the substrate layer 1.

Referring now to Figures 8, 9 and 10, there are shown top
views of different preferable embodiments of the cantilever
arms 26 of the middle portions of a micro support different
from the one shown in figures 2, 3 and 22.

In the embodiment shown in Figure 8, each cantilever arm

26 has an elongated straight section 30 terminated by enlarged
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ends 31 and 32 which form pads. The pads provide bases for the
corresponding lower and upper portions of the micro support.

In the embodiment shown in Figure 9 each cantilever arm
26 has a section 33 following the contour of a square
microstructure (not shown) and is terminated by enlarged ends
31 and 32 which form pads. In the present case the sections
33 are L-shaped sections 33 that are longer than the straight
sections 30 shown in Figure 8 which provides a longer thermal
path and thus a better thermal isolation to the
microstructure.

In the embodiment shown in Figure 10 each cantilever arm
26 has a zigzag section 34 terminated by enlarged ends 31 and
32 which form pads. The zigzag sections are adjacent, are
separated by an elongated gap that is smaller than the
wavelength of the radiation to be detected, and form a
reflecting surface for reflecting the radiation back toward
the sensing layer. In this embodiment, the cantilever arms 26
consist of sections 34 that are longer than the ones shown in
Figures 8 and 9. In addition to providing a better thermal
isolation to the microstructure, the cantilever arms 26 of
Figure 10 may serve as a reflecting surface for infrared
radiation, providing that the width of slots 35 is smaller
than the wavelength of radiation, thus replacing the thin film
infrared reflecting mirror 3 shown in Figure 22. As does the
substrate mirror 3, the reflecting cantilever arms 26, shown
in figure 10, may serve to reflect infrared radiation which is
not absorbed on its first passage through the bolometric
detector back into the microstructure for additional
absorption.

By selecting a proper distance between the cantilever

arms and the microstructure, the resonant performance can be
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gained for a spectral band of interest. Contrary to the
substrate mirror 3 shown in Figure 22 which planarity and thus
the performance strongly depend on the surface topography of
the substrate layer onto which the mirror is mounted, the
planarity of the reflecting cantilever arms 26 of Figure 10
shows a much smaller dependence on the topography of substrate
layer 1 shown in Figure 22.

Referring now to Figures 11 to 22, we will now describe
a preferable method for forming the microbridge structure
shown in Figures 2 and 3. Figures 11 to 22 are side
elevational view along lines A-A of the microbridge structure
of Figure 2 as it is being formed. One will understand that
even though only one side of the microbridge structure is
shown in Figures 11 to 22 as it is being formed, the same
process occurs on the other side of the microbridge structure.
Also, the following method is preferable in that, among other
aspects, the micro support comprises dielectric layers. Such
layers are not essential in that the micro support can be made
only of electrically conductive material.

Referring now to Figure 11, the method comprises the step
(a) of providing the substrate layer 1 with two electrical
contacts 2. Preferably, the substrate layer 1 is also
provided with a radiation-reflecting mirror 3. The radiation-
reflecting mirror 3 has a reflecting surface that faces the
underside of the microstructure 22 as shown in figure 2. The
radiation reflecting mirror 3, which is an infrared reflecting
layer, is deposited and then reticulated in order to define a
geometrical form. The two electrical contacts 2 are connected
to readout electronics (not shown) embedded in the substrate
layer 1.

Referring now to Figure 12, there is illustrated step (b)
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of the method which includes covering the substrate layer 1
with a temporary layer 4, and patterning and etching cavities
5 in the temporary layer 4 to provide accesses to the two
electrical contacts 2 of the substrate layer 1.

In this step (b), preferably, a polyimide temporary layer

4 with a thickness of one to three pms is deposited on the
substrate layer 1 by means of a spin coating method. The
polyimide temporary layer 4 is subsequently baked to ensure
its stability at elevated temperatures. Different materials
for the temporary layer 4, such as glass, $i0, and Si may be
used. The temporary layer 4 can be removed by means of an
isotropic wet or dry etching which should not cause any damage
to microstructure to be built in future steps. The cavities
5 are also for containing lower portions 56 of the legs of the
micro support 23 shown in Figure 3. Each of the cavities 5§
has a lower end opened out onto the electrical contacts 2 of
the substrate layer 1. The cavities 5 have perpendicular or
sloped walls with proper dimensions and are fabricated in the
polyimide temporary layer 4 by means of a combination of a
standard photolithographic process and a reactive ion etching
process known as the RIE process.

Referring now to Figure 13, there are illustrated
preferable actions of step (b), which comprises, after the
patterning and etching of the first cavities 5 in the
temporary layer 4, a step of covering the layers of the steps
(a) to (b) with a dielectric layer 6, and patterning and
etching the dielectric layer 6 to provide accesses 7 to the
electrical contacts 2 of the substrate layer 1. Preferably,
the dielectric layer 6 is deposited by means of a plasma
enhanced chemical vapour deposition technique known as the

PECVD technique. The dielectric layer 6 will be part of the
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lower and middle portions 56 and 58 of the legs of the micro
Support 23 shown in Figure 3. The accesses 7 to the
electrical contacts 2 of the substrate layer 1 are made in the
dielectric layer 6 by means of the combination of a standard
photolithographic process and the RIE process.

Referring now to Figure 14, there is illustrated step (c¢)
of the method which includes covering the layers of the
previous steps (a) to (b) with an electrically conductive
layer 8, and patterning and etching the electrically
conductive layer 8 to provide two first electrically
conductive paths extending respectively from the two
electrical contacts 2 to the two electrical contacts 80. The
electrically conductive layer 8 is also a part of the lower
and middle portions of the legs of the micro support 23 shown
in Figure 3. This layer 8 is deposited by means of vacuum
evaporation or sputtering. It ig reticulated by means of a
lift-off process or by means of a dry or wet etching
processes.

Referring now to Figure 15, there are illustrated
preferable actions of step (c¢), which comprises, after the
patterning and etching of the electrically conductive layer 8,
a step of covering the layers of the steps (a) to (c) with a
dielectric layer 9, and patterning and etching the dielectric
layers 6 and 9 to embed the electrically conductive layer 8
except for contacts with the two electrical contacts 2. The
lower and middle portions 56 and 58 of the legs of the micro
Support 23 shown in Figure 3 include the dielectric layers 6
and 9. The second dielectric layer 9 is deposited using the
PECVD technique and the dielectric layers 6 and 9 are etched
using the RIE technique.

Referring now to Figure 16, there is illustrated step (d)



10

15

20

25

30

CA 02275863 1999-06-22

17

of the method which includes covering the layers of the
previous steps (a) to (c) with a temporary layer 10, and
patterning and etching cavities 11 in the temporary layer 10
to provide accesses to the two electrical contacts 80. For
the moment complete accesses to the contacts 80 are not
possible because of the presence of the dielectric layer 9 but
this layer will be eventually etched to provide complete
accesses. Each of the cavities 11 has a lower end opened out
onto a section of the dielectric layer 9. The cavities 11 are
also for containing upper portions 60 of the legs of the micro
Support 23 shown in Figure 3.

Referring now to Figure 17, there are illustrated
preferable actions of step (d), which comprises, after the
patterning and etching of the cavities 11 in the temporary
layer 10 of Figure 16, a step of covering the layers of the
steps (a) to (d) with a dielectric layer 12. This layer 12
will be part of the upper portions 60 of the legs of the micro
support 23 shown in Figure 3, and part of the microstructure
22 as shown in Figure 22. The dielectric layer 12 ig
deposited by means of the PECVD technique.

Referring now to Figure 18, there is illustrated step (e)
of the method which includes covering the layers of the
previous steps (a) to (d) with a sensing layer 13, and
patterning and etching the sensing layer 13 to define a
sensing area extending generally over the electrically
conductive path. Preferably, the éensing layer 13 is a Vo,
layer deposited by means of a reactive sputtering technique
and then reticulated to define the sensing area by means of
the combination of a standard photolithographic process and
RIE process. However, any other material with appropriate

sensing properties such as V;0, or a-silicon can be used.
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Referring now to Figure 19, there are illustrated
preferable actions of step (e), which comprises, after the
patterning and etching of the sensing layer 13, a step of
patterning and etching the dielectric layers 9 and 12 to
provide accesses 14 to the two electrical contacts 80. The
accesses 14 are made by means of the RIE technique combined
with the standard photolithographic process.

Still referring to Figure 19, there is illustrated step
(f) of the method which includes covering the layers of the
previous steps (a) to (e) with an electrically conductive
layer 15, and patterning and etching the electrically
conductive layer 15 to provide two second electrically
conductive paths extending respectively from the two first
electrical paths via the two electrical contacts 80 to
electrical contacts 50 of the Sensing area. The second
electrically conductive paths are forming upper portions 60 of
the legs of the micro support 23 shown in Figure 3. The
electrically conductive layer 15, in combination with the
electrically conductive layer 8, provide through each leg of
the micro support an electrically conductive path from the
sensing layer 13 to the corresponding electrical contact 2 of
the substrate layer 1. The second electrically conductive
layer 15 ig deposited by means of vacuum evaporation or
sputtering. It is reticulated by means of a lift-off process
Oor by means of a dry or wet etching processes. The
electrically conductive layer 15 is at the same time part of
the microstructure 22 shown in Figure 2 and of the micro
Support 23 shown in Figure 3.

Referring now to Figure 20, there are illustrated a
preferable action of step (f), which comprises, after the

patterning and etching of the electrically conductive layer
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15, a step of covering the layers of steps (a) to (f) with a
dielectric layer 16 to embed the sensing area and the
electrically conductive layer 15 except for contacts with the
electrical contacts 80. The dielectric layer 16 is deposited
by means of the PECVD technique.

Referring now to Figure 21, there ig illustrated
preferable actions of step (f), which comprises patterning and
etching the dielectric layers 12 and 16 to shape the
microstructure 22 and the upper portions 60 of the legs of the
micro support 23 as shown in Figures 2 and 3. The dielectric
layers 12 and 16 are reticulated down to the polyimide
temporary layer 10. This is done by combining a standard
photolithographic process with the RIE technique.

Referring now to Figure 22, there ig illustrated step (g)
of the method which includes removing the temporary layers 4
and 10 shown in Figure 21 to reveal the micro support 23 which
extends generally underneath the microstructure 22, between
the microstructure 22 and the substrate layer 1 as shown in
Figure 2. The temporary polyimide layers 4 and 10 are removed
by an oxygen plasma etching process.

The parameters of the microstructure described herein may
be further optimized. For example, the arrangement of some
layers in the microstructure may well be revised so that, for
a particular application, the fabrication brocess can be
simplified or the performance of the microstructure can be
improved. While this invention has been described with
reference to illustrative embodiments, this description is not
intended to be construed to a limiting sense. Various
modifications or combinations of the illustrative embodiments,
as well as other embodiments of the invention, will be

apparent to persons skilled in the art upon reference to the
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description. It is therefore intended that the described

invention encompasses any such modifications or embodiments.
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WHAT IS CLAIMED IS:

1. A microbridge structure comprising:

a substrate layer ©provided with two first
electrical contacts;

a microstructure including a sensing area
provided with two second electrical contacts; and

a micro support for suspending the microstructure
over and at a predetermined distance of 1 to a few ums from
the substrate layer, the micro support having at least one
leg comprising two electrically conductive paths each made
of an electrically conductive layer, the two electrically
conductive paths connecting respectively the two first
electrical contacts of the substrate layer to the two
second electrical contacts of the microstructure, said at
least one leg comprising dielectric layers embedding the
corresponding electrically conductive layer, each leg
having a lower foot connected to the substrate layer and a
lateral arm extending upwardly from the lower foot to the
microstructure for supporting the microstructure with

regpect to the substrate layer.

2. A microbridge structure according to claim
1, wherein said at least one leg comprises two legs each
including lower, middle and wupper portions, the lower
poertions of the legs grojecting respectively upwardly from
the two first electrical contacts to first intermediate
positions between the substrare layer and the
microgtructure, the upper portions >f the legs projecting
respectively downwardly £from the twc second electrical
contacts to second intermediate pogitions between the

substrate layer and the microstructure, the middle portions
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of the legs extending between the first and second
intermediate positions as cantilevers to connect
respectively the corresponding lower and upper portions,
the two legs comprising respectively the two electrically

conductive paths.

3. A microbridge structure according to claim
2, wherein each of the middle portions has an elongated

straight section terminated by enlarged ends.

4. A microbridge structure according to claim
2, wherein each of the middle portions has a section
following a contour of the microstructure and is terminated

by enlarged ends.

5. A microbridge structure according to claim
2, wherein each of the middle portions has a zigzag section

terminated by enlarged ends.

6. A microbridge structure according to any one
of claims 2 to 5, wherein each of the legs further
comprises dielectric layers embedding the electrically
conductive layer that connects the corresponding first and

second electrical contacts.

7. A microbridge structure according to claim
2, wherein the lower and upper parts of each leg are
substantially shaped as an upside down hollow truncated

pyramid.

8. A microbridge structure according to any one
of claims 2 to 7, wherein the two leygs support diagonal

opposite corners of the microstructure.
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9. A microbridge structure according Do any one
of claims 1 to 8, wherein each of the dielectric layers is
made of a material selected from the group consisting of

Si3Ng and SiOy, and has a thickness of about a fraction of

1 pum to a few ums.

10. A microbridge structure according to any one
of claims 1 to 9, wherein each of the electrically
conductive layer is made of a material selected from the
group consisting of Al, Au, Ti and VvV, and is formed of a

patterned metal film having a thickness of 0.1 um.

11. A microbridge structure according to claim
1, wherein said at least one leg cowprises two legs forming
a generally V-shaped body with a given width, the V-shaped
body having a lower foot connected to the substrate layer
and two lateral arms extending upwardly from the lower foot
to the microstructure for supporting the microstructure

with respect to the substrate layer.

12. A microbridge structure according to claim
1, wherein sald at least one leg comprises two legs forming
a hexagonal shaped body with a given width, the hexagonal
shaped body having a lower foot connected to the substrate
layer and two lateral arms extending upwardly from the
lower foot to tnhne microstructure for supporting the

microstructure with respect to the substrate layer.

13. A microbridge structure according to any one
cf claims 1 to 12, further comprising a radiation-

reflecting mirror provided on the substrate layer.
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14. A microbridge structure according to any one
of c¢laims 1 to 13, herein the micro support extends
underneath the microstructure, between the microstructure

and the substrate layer.

15. A microbridge structure according to any one
claims 1 to 14, wherein the sensing area includes a sensing
layer made of a material selected from the group consisting

of VO3, V203 and a -Si, and having a thickness of about 0.1

to 0.5 um, whereby the microbridge structure forms an

unceoled infrared bolometric detector.

16. A microbridge structure according to claim
5, wherein:

the sensing area includes a sensing layer having
characteristics for sensing a radiation with a given
wavelength; and

the zigzag sections are adjacent, are separated
by an elongated gap that is smaller than the wavelength of
the radiation, and form a reflecting surface for reflecting

the radiation back toward the sensing layer.

17. A microbridge structure according to claim
11, wherein each of the lateral arms is shaped as a

staircase.



00000000000000000000




22222222222222222222




CA 02275863 1999-06-22

¢ Ol

ﬂ _ \

cz \\N\\\K\\\A\\\\\\\\\\“«\\ /00 /e e/ Y/ '
; % |
¢t 7 T 9z
P2
\‘l
L




CA 02275863 1999-06-22

23

o

70
£ 72
71/
FIG. 4

22

\

L _ |
71 23
70 \ﬁ \/\7

FIG. S




CA 02275863 1999-06-22

23

4

74

FIG. 6

FIG. 7




CA 02275863 1999-06-22

26

:

V W/ /e
30

32 31

31 32

30 %,
%////////\////// ////

;

26
FIG. 8

32—

2}6
7 T T T T LT
31»73 <4
/]
33 ;
32~@ 32
%

33

ENNENTRNNN

NN

N

31

N

—
TTT7TTTZTH L)

;

26

FIG.

9

34

31

/‘35



11

FIG.

CA 02275863 1999-06-22




12

FIG.

CA 02275863 1999-06-22

AN
-

AN NN

SO SN
rd /

N

AN
//’/ //

7

2




CA 02275863 1999-06-22

—/ 4

)

\\\q\\\\\\\\\\\\»\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
@@@@@@@@@@@@@&@@@@
- 7

N D - AR LR

/ \ \E\Ln\
ZLZLLTTLZZLZLLLZZLY, \\\\\\x\ /I a
g

9

N

¢ "Old




CA 02275863 1999-06-22

—./ [4

)
\ \\ \\ \\ \\ \\ \\ I \\ 7 \\ \\ \\ V4 s \\ rd
% \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ N 9

N 7

"l N SRR

Dl

¥1 "Old




15

FIG.

CA 02275863 1999-06-22

SNSRI NNNND

S S A

s

7

7
/.

\///{

Z
7

DA SRSSISY

A

Z
7

7
7

7
i
/
3




m
) [ §

\\\\\\\ \\\\\\ \\\\\\‘\\\\M\\\\\\\\M\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\
s

5,0
S ,\,\,\\ \,\A/\,\,\,\/\\\\\\\\\\\\ \\\\\\\\\\ //‘

T T T T AT LTI R L A § | AAANERRNY

/s

CA 02275863 1999-06-22

I/ /e v/ v/ /4

* 08 J
0l / /
////III/(\\\\\\ 9 8 6

b

91 "Old



CA 02275863 1999-06-22

m _ N
q w )
0
A A
A N ) L i,
It s it \ s i,

7 P

7%

\\\
“Z
W,

\\\\\ \\

£
SO

AN AN "

//////////

. —

Y/ o/ /e A/ /4 /) O/ e/ e/ /e / v/, 7

6
Ol z1 9 g

Ll "Old




CA 02275863 1999-06-22

£ 1

) 4

§

2%
2%
224

A7
7

7

7

Z
7

Z
Z
Z

e

77

7
Z

7

W\\\\\

7

7,

\ 4
e

,
s \\\\\\

//////////

AN

SN CTHLESEKRSOSSNY

| SRR

ﬁv

N
N
N

0l

cl

81l

Ol




CA 02275863 1999-06-22

08 g } r4
)

[ } )

A 7

7 7
7 7 7

v, v, v,
000000

0
24

0
\\\\\\\\\\\\\ 7L

(N T K
\®®@&N@s®®s®®®®®®§\

\\ 7
74
o /|
2
7

Z

R 5 SIS I N

/////// Sy N,

7 \,\,\/\,\/A

. _@

\«\\\\\\\ ¢ \\\\\\\\

¥l 7 AL /4 /e 7/

oV zi
0Ss

61 "Old



CA 02275863 1999-06-22

Yy
- V [ i

S SN AT
A0
4

s i (SIS 7,
0 7%

i i
S Qs i\ 5%

<% <% N <
.v\+ :
T/

9l 0S 9 g 6 Gl el

0¢ "9ld




£ I rA
)

) )

4 Vd

s
7007
A

vy

4% \\\\\\w\\\\\\\\\\\\\\@\\\ 7
A

I I NI I NI
\\\»\\\\\\\\\\\\\\\\\\\\ 7 Z

PN

1999-06-22

Z
Ty < T AR AN

/s O O/ /e O/ 17 4

CA 02275863

AMMITHLIMTHETTTTTLTITAT AT AT TR TR SRS, cl
/4 7/ O/ G/ /I N/ /e /O, S/ e/ /e

a4 VT T
0S 9 ¢ 6 Sl

Ol



CA 02275863 1999-06-22

7 77, 7
A A A I I 1,
7 \\\\ £ \\\\\ \\\A\%\,\/\/\Aﬁ\/\/\a;\/\/\/A//\,\,AA//\/\/\/AA\,AA/M\AAA\/\%W\ PAY RN\ IS/ 705
~¢
o~}
m\ oz ~LT Tl
8 LZ7 S e S DD 7
0s” gz 1 /m , L

¢¢ Old



