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[Fortsetzung auf der néichsten Seite]

(54) Title: DEVICE HAVING A MEMBRANE STRUCTURE FOR DETECTING THERMAL RADIATION, METHOD OF PRO-
DUCTION AND USE OF THE DEVICE

(54) Bezeichnung: VORRICHTUNG MIT MEMBRANSTRUKTUR ZUR DETEKTION VON WARMESTRAHLUNG, VER-
FAHREN ZUM HERSTELLEN UND VERWENDUNG DER VORRICHTUNG

FIG 1

(57) Abstract: The invention relates to a device for detecting thermal radiation, comprising at least one membrane on which at least
one thermal detector element for converting the thermal radiation to an electrical signal is arranged, and at least one circuit carrier
for carrying the membrane and for carrying at least one readout circuit for reading out the electrical signal, the detector element and
the readout circuit being electrically interconnected through the membrane through an electrical via. The invention also relates to
a method for producing said device by way of the following process steps: a) providing the membrane having the detector element
and at least one electrical via and providing the circuit carrier, and b) uniting the membrane and the circuit carrier in such a manner
that the detector element and the readout circuit are electrically interconnected through the membrane through an electrical via. The
production is preferably carried out on the wafer level: Functionalized silicon substrates are stacked, firmly interconnected and then
subdivided. The detector elements are preferably pyroelectric detector elements. The device according to the invention is used in
motion detectors, presence detectors and thermal imaging cameras.

[Fortsetzung auf der ndchsten Seite]
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TJ, TM), europdisches (AT, BE, BG, CH, CY, CZ, DE, DK, Erklirung gemif3 Regel 4.17:

EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, —  hinsichtlich der Berechtigung des Anmelders, die Priori-
MC, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, 1t einer fritheren Anmeldung zu beanspruchen (Regel 4.17
BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, Ziffer iii)
D, TG). Veriffentlicht:

—  mit internationalem Recherchenbericht

(57) Zusammenfassung: Die Erfindung betrifft eine Vorrichtung zur Detektion von Warmestrahlung, aufweisend mindestens eine
Membran, auf der mindestens ein thermisches Detektorelement zur Umwandlung der Wérmestrahlung in ein elektrisches Signal
angeordnet ist, und mindestens einen Schaltungstrdger zum Tragen der Membran und zum Tragen mindestens einer Ausleseschal-
tung zum Auslesen des elektrischen Signals, wobei das Detektorelement und die Ausleseschaltung iiber eine elektrische Durch-
kontaktierung durch die Membran hindurch elektrisch miteinander verbunden sind. Daneben wird ein Verfahren zum Herstellen
der Vorrichtung mit folgenden Verfahrensschritten angegeben: a) Bereitstellen der Membran mit dem Detektorelement und min-
destens einer elektrischen Durchkontaktierung und Bereitstellen des Schaltungstrdgers und b) Zusammenbringen der Membran und
des Schaltungstragers derart, dass das Detektorelement und die Ausleseschaltung iiber eine elektrische Durchkontaktierung durch
die Membran hindurch elektrisch miteinander verbunden sind. Das Herstellen erfolgt vorzugsweise auf Wafer-Ebene: Es werden
funktionalisierte Silizium-Substrate iibereinander gestapelt, fest miteinander verbunden und anschlieBend vereinzelt. Vorzugsweise
sind die Detektorelemente pyroelektrische Detektorelemente. Verwendung findet die Vorrichtung in Bewegungsmeldern, Présenz-
meldern und Wirmebildkameras.
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Device having a membrane structure for detecting thermal ra-

diation, method of production and use of the device.

Technical Field

The invention relates to a device for detecting thermal ra-
diation having at least one thermal detector element to con-
vert the thermal radiation into an electrical signal. In ad-
dition to the device a method of productioﬁ of the device and
a method of use of the device are provided.

Background Art

A device for detecting thermal radiation is known from, for
example, DE 100 04 216 A 1. This device is described as a
pyro-detector. The detector element is a pyro-electrical de-
tector element. It has a layer construction comprising two
electrode layers with a pyro-electrical layer having pyro-
electrical sensitive material arranged between the electrode
layers. This material is Lead Zirconate Titanate (PZT). The
electrodes comprise, for example, platinum or of a heat-
absorbing chromium/nickel alloy.

The thermal detector element is connected to a detector sup-
port made of silicon (silicon-wafer). To provide electrical
and thermal insulation between the detector element and the
detector support an insulating layer is arranged between the
detector element and the detector support. The insulating
layer has an evacuated cavity which extends over an area of
the detector element, & support layer for the cavity and a
cover over the support layer and the cavity. The support
layer comprises poly-silicon. The cover is made of a boron-
phosphorus-Silicate glass (BPSG). To read out, process and/or
further transmit the electrical signals produced by the de-
tector element a readout circuit is integrated in the detec-
tor support. The readout circuit is produced by the applica-
tion of CMOS (Complemer.tary Metal Oxide Semiconductors) tech-
nology.
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A comparable device for detecting thermal radiation is known
from DE 195 25 071 Al. The thermal detector element is also a
pyro-electrical detector element as described above. The de-
tector element is arranged on a multilayer detector support.
The detector element is applied to a silicon layer of the de-
tector support at one of its electrode layers. The silicon
layer is located on an electrically insulating membrane of
the detector support. The membrane comprises, for example, a
triple layer - namely S$i3;N,/Si0,/Si3;N,. Once again, the mem-
brane is applied to a silicon substrate of the detector sub-
strate. The silicon substrate has a radiation window (detec-
tion window) with an area which for all practical purposes
corresponds with an area of the pyro-electrical detector ele-
ment. The radiation window is an aperture in the silicon sub-
strate. Thereby, the support material (silicon) of the sub-
strate is removed down to the membrane. The thermal radiation
passes through the radiation window to the detector element
where it produces an electrical signal which can be evalu-
ated. In that respect the membrane distinguishes itself by
providing a suitable means of transmission of the thermal ra-
diation. In the silicon layer displaced laterally relative to
the detector element a readout circuit for the electrical
signal is integrated. The detector support also functions as
a circuit support for the readout circuit.

In the case of the known detectors a plurality of detector
elements may be provided (detector element array). In that
situation the electrical signal from each of the detector
elements is to be read out separately. Normally, electrical
contact with the electrode layers of each of the detector
elements is effected by bonding wires. However, this means
that considerable space is required for the wiring of the de-
tector elements which results in a limited, relatively low
packing density of the detector elements (number of detector
elements per unit area of the detector support).

It is a preferred objective of the invention to specify a
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compact device for detecting thermal radiation which, in com-
parison with prior art, has a lower space requirement.

Summary of the Invention

According to one aspect of the invention, there is provided a
device for detecting thermal radiation, the device comprising
- at least one membrane, on which at least one thermal detec-
tor element for the conversion of the thermal radiation into
an electric signal is arranged, and

- at least one circuit support for supporting the membrane
and with at least one read-out circuit to read out the elec-
tric signal,

- at least one cover to shield the detector element, which is
arranged on the membrane and facing towards the cover, where-
in the circuit support, the membrane and the cover are ar-
ranged in a stack such that the membrane is arranged between
the circuit support and the cover, wherein the stack has a
sandwich structure, wherein the circuit support and the mem-
brane are arranged next to each other such that between the
membrane and the circuit support at least one evacuated cavi-
ty is present facing towards the circuit and bounded by the
circuit support and the membrane, wherein the membrane and
the cover are arranged next to each other such that at least
one cavity facing towards the cover is present between the
membrane and the cover,

- the detector element and the read-out circuit are coupled
electrically conductive with each other via an electric
through contact through the membrane and a hermetically-
sealed permanent material bond comprising an electric conduc-
tive material and arranged between the electric through con-
tact of the membrane and the circuit support, wherein the
through contact and the circuit support are fixedly attached
to each other by the permanent material bond, so that an
electric wiring is provided for the detector element with the
read-out circuit, and wherein the hermetically-sealed perma-
nent material bond is formed such that the evacuated cavity
facing towards the circuit is formed and components of the
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device arranged inside the cavity are shielded by the hermet-
ically-sealed permanent material bond from the surroundings.

According to another aspect of the invention, there is pro-
vided method of producing a device as described the preceding
paragraph, the method comprising the following method steps:
- providing a membrane with a detector element and at least
one electric through contact and providing a circuit support
with a read-out circuit as well as providing a cover,

- Bringing together the membrane and the circuit support such
that the detector element and the read-out circuit are cou-
pled electrically conductive with each other via an electric
through contact through the membrane and a cavity facing to-
wards the circuit is present,

- bringing together the membrane and the cover such that the
detector element is facing towards the cover and is shielded
by the cover, wherein a stack is formed by the bringing to-
gether of the membrane and the circuit support and by the
bringing together of the membrane and the cover, wherein the
stack has a sandwich structure,

- fixedly attaching the membrane and the cover by making a
permanent material bond between the membrane and the cover
such that a cavity facing towards the cover is present,

- providing a sacrifice support with sacrifice material,

- arranging the membrane on a surface section of the sacri-
fice support and bringing together the membrane and the cir-
cuit support,

- removing of sacrifice material such that the membrane is at
least partially exposed,

- generating a bore in the membrane,

- filling the bore with electric conductive material so that
the electric through contact is formed, and

- fixedly attaching the membrane and the circuit support by
making a hermetically-sealed permanent material bond between
the electric through contact of the membrane and the circuit
support, wherein a method chosen from the group of gluing,
brazing and/or bonding is carried out for making the material
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bond, and wherein the cavity facing towards the circuit sup-
port is formed by the formation of the hermetically-sealed
permanent material bond so that components of the device ar-
ranged inside the cavity are shielded by the hermetically-

sealed permanent material bond from the surroundings.

The membrane which functions as the detector support compris-
es one layer of membrane or a plurality thereof. In this con-
text, a plurality of inorganic or organic materials may be
used. For example, the membrane layer may be made of silicon
dioxide (SiO,) or silicon nitride (SiN,). Moreover, a com-
pound structure of several of the mentioned layers is con-
ceivable. The special advantage of layers of these materials
lies in their electrical and thermal-insulation properties.
These materials function as electrical and thermal insula-
tors.

According to embodiments of the invention a compact, space-
saving multilayer structure comprising the membrane and the
circuit carrier can be realised. The evaluation circuit can
be directly integrated into the circuit support by, for exam-
ple, CMOS-technology. It is also conceivable that the circuit
support provides only one wire connecting with the detector
element. This wire electrically connects the detector element
with an internal ASIC (Applied Specific Integrated Circuit)
arranged in the circuit support or with an external ASIC. The
external ASIC can be bonded. It is advantageous if contact
with the external ASIC is made by means of “Flip-Chip” tech-
nology (see below).

The thermal radiation to be detected has a wave length of
more than 1 pm. Preferably, the wavelength is selected from
the range between 5 and 15 uym. The thermal detector element
is based on, for example, the Seebeck Effect. Preferably, the
thermal detector element is a pyro-electrical detector ele-
ment. As described initially, the pyro-electrical detector
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element comprises a pyro-electrical layer with a pyro-
electrically sensitive material with electrode materials ap-
plied to either side. The pyro-electrically-sensitive materi-
al is, for example, a ceramic such as Lithium Niobate

(LiNbO;) or Lead Zirconate Titanate. A conceivable alterna-
tive is a ferro-electrical polymer such as Polyvinylidene
Fluoride (PVDF). The electrode materials for the electrode
layers can be, for example, platinum or a platinum alloy. A
chrome-nickel electrode is also conceivable as is an elec-
trode of an electrically-conductive oxide. Typically, the de-
tector element has a rectangular area with an edge length of
25 pm to 200 pm.

In accordance with a particular embodiment the at least one
cavity is located on the circuit side. Typically, the cavity
thermally decouples the circuit support and the membrane from

one another.

Advantageously, The cover protects the detector element from
harmful environmental influences. A typical environmental in-
fluence could be, for example, dust, moisture, a corrosive
chemical which could attack a component of the detector ele-
ment or adversely affect the function of the detector ele-
ment.

Advantageously, the cavity on the cover side serves to ther-
mally decouple the membrane or the detector element on the
membrane and the cover from one another.

In order to improve the degree of thermal decoupling the cav-
ities on the circuit side and/or cover side may be evacuated
or capable of being evacuated. In that context the cavities
may be evacuated independently of one another. Preferably the
cavity on the circuit side and the cavity on the cover side
are connected together through an opening in the membrane.
The opening is, for example, a slit in the membrane. Then
evacuation of one cavity then results in automatic evacuation
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of the other cavity.

Independent of the effect which is used to detect the thermal
radiation, it is necessary in every instance for the thermal
radiation to be absorbed by a thermally-sensitive material
forming the detector element which releases the relevant ef-
fect. The absorption is effected directly by the thermally
sensitive material. However, it is also conceivable that the
thermal radiation is absorbed by an electrode or electrode
layer of the detector element. Furthermore, it is also possi-
ble that the thermal radiation is absorbed by an absorption
object immediately adjacent to the detector element after
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which a quantity of heat picked up in this way is transferred
by convection or conduction to the thermally sensitive mate-
rial. The absorption object acts as an energy transmitter.
For example, the absorption object is applied directly to the

detector element in the form of a coating.

Preferably, the device for detecting thermal radiation is de-
signed so that the thermal radiation impinges directly on the
detector element. With that in mind, in a particular embodi-
ment the membrane, the circuit support and/or the cover have
at least one radiation window with a particular transmission
performance allowing the thermal radiation to irradiate the
detector element. The radiation window is integrated in the
cover, in the detector support and/or in the circuit support.
The detector element and the radiation window are arranged
with respect to one another so that the irradiation of the
detector element is effected by a front face of the detector
element turned away from the detector carrier (front face ra-
diation) and/or from a rear face of the detector element
turned towards the detector element (rear face radiation).
The radiation window has a particular transmission capacity
in the direction of the detection element. The transmission
rate is as high as possible and, for example, amounts to at

least 50% and in particular to between 70% and almost 95%.

Any preferred material may be used for the circuit support or
the cover. Semiconducting materials, for example, elementary
germanium or different semiconducting compounds are particu-
larly suitable because of the possibility of the integration
of electrical circuits or components. In accordance with a
particular embodiment the circuit support and/or the cover
comprises silicon. In each case a silicon substrate is used
as a cover and/or as a circuit support. CMOS-technology can
be employed to integrate chosen structures and functional-
ities into the substrate. Since silicon has a low absorption
coefficient with respect to the thermal radiation the radia-

tion window can, moreover, be very easily integrated in a
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silicon substrate: the silicon-substrate itself forms the ra-
diation window. By means of a suitable arrangement of the

corresponding functionalities in the silicon substrate it is
possible for the thermal radiation to impinge upon the detec-

tor element in an unhindered manner, i.e. free from shadow.

The transmission performance does not depend solely upon the
absorption coefficient of the material of which the radiation
window is made. Another decisive factor is the thickness of
the radiation window. It is advantageous if the radiation
window forms a thinned area of the detector support or cir-
cuit support. In a particular embodiment, the detector ele-
ment is arranged to be opposite an aperture in the cover.
This aperture in the cover is an area of the cover which has
a relatively low thickness. In this area the cover thickness
is particularly thin, as a result of, for example, the re-
moval of material. The aperture in the cover forms the radia-
tion window which is integrated in the cover and through
which the thermal radiation impinges upon the detector ele-
ment. Preferably the detector element is distanced somewhat
from the aperture in the cover. The aperture in the cover is
a constituent part of the cavity between the membrane and the
cover and located on the cover side.

In a particular embodiment the membrane and the circuit sup-
port and/or the membrane and the cover and/or the through-
connection and the circuit support and/or the through-
connection and the cover are firmly joined together by a per-
manent material bond and in particular, a hermetically-sealed
permanent material bond. To achieve firm bonding a permanent
material bond is manufactured. Firm bonding between the mem-
brane and the circuit support is achieved by manufacturing a
permanent material bond between the through-going electrical
contact of the membrane and the circuit support. Firm bonding
between the membrane and the cover is achieved by manufactur-
ing a permanent material bond between the membrane and the

cover.
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The permanent material bond between the different constitu-
ents of the device can be produced simultaneously or consecu-
tively. The permanent material bonds are designed in such a

5 way that cavities (cover-side located or switch-side located)
capable of being evacuated are formed. Components of the de-

vice which find themselves in cavities, for example, the de-

tector element in the cover-side located cavity are protected

from the environment by the hermetic permanent material bond.
10 No exchange of material with the surrounding environment can

take place. This allows the device to be used in an aggres-

sive environment.

Each permanent material bond can be formed of a preferred ma-

15 terial, for example, an adhesive. It is particularly advanta-
geous to insert an electrically-conducting connection between
the electrode layers and the readout circuit at the same time
that the permanent material bond is put in place. To that end
the permanent material bond in a particular embodiment has an

20 electrically-conductive material. This relates particularly
to the permanent material bond between the through-going
electrical contact integrated into the membrane and the cir-
cuit support or the readout circuit integrated into the cir-
cuit support. However, a permanent material bond with conduc-

25 tive capability can be advantageous when located between the
cover and the membrane or the detector element on the mem-
brane if wiring components for the detector elements are in-
tegrated into the cover.

30 The so-called ’'Flip-Chip’ technology is predestined for the
manufacture of the permanent material bond. By this is under-
stood an assembly method associated with construction and
connection technology (AVT), which above all else in the
field of electronics has proved itself effective for produc-

35 1ing contacts with semiconductor microchips or integrated cir-
cuits in non-housed form. Using Flip-Chip technology a chip

without any connecting wires is mounted directly on the sub-
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strate with an active contact side facing downwards (circuit
support) . Permanent fixing is effected by means of so-called
‘bumps’ made of electrically-conductive material. This re-
sults in very short lead lengths. This is exploited by the

5 present invention: it results in a compact device built.
Moreover, as a consequence of the very short lead lengths un-

desirable scatter inductivity and capacitance effects which

interfere with the electrical signals to be read out are re-
duced to a minimum. This influence operates in a particularly

10 advantageous manner when there are a relatively small number
of detector elements to be connected up. With the help of the
Flip-Chip technology, moreover, a number of electrical con-
nections can be made simultaneously which results in enormous
savings in cost and time.

15
Different techniques can be employed to implement the ‘Flip-
Chip’ technology and, as a consequence, the manufacture of
the permanent material bond. In a particular embodiment one
of the group comprising adhesion, soldering and/or bonding

20 methods can be selected for use. In that context adhesive
bonding or eutectic bonding are both conceivable. In the case
of soldering, solder bumps (soldering spheres) are applied to
one or both of the support features or components of the de-
vice to be joined together. The named methods are preferred

25 1in comparison with adhesion since when an adhesive is used
out-gassing of organic substances (solvents, adhesive mate-
rial,...) can occur. Particularly in relation to the evacua-
tion of the cavities this is a factor to be borne in mind.
Nevertheless, it can be necessary or advantageous to have re-

30 course to the use of an adhesive.

When using an adhesive a number of different options are
available: adhesion can be effected by using an adhesive

which is not electrically conducting. In that situation,

| 35 Dbumps are applied to the contact areas of the appropriate
’ support features. The bumps comprise, for example, aluminium

or gold. After that a layer of the adhesive is applied and
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the appropriate element arranged on the adhesive layer. As it
dries, the adhesive shrinks and forms the electrical con-

tacts.

Equally, an isotropic conductive adhesive can be used. Con-
ductive adhesive material is applied to the contact surfaces
of a support feature. Then the object with its contact areas
is placed on the points provided with adhesive. The adhesive
can be hardened thermally or by using UV-radiation thereby

causing the electrically-conducting material bond to be made.

Alternatively, an anisotropic conductive adhesive can be
used. An anisotropic conductive adhesive is a bonding mate-
rial which comprises an electrically non-conductive adhesive
with a low content of electrically-conductive particles. The
anisotropic conductive adhesive is placed upon the contact
areas of the support feature (circuit support, membrane). As
a result of the low content of electrically-conductive parti-
cles they are not in contact with one another after the adhe-
sive has been applied. No electrically-conductive contact is
made. When the object is placed in position the non-
electrically-conductive adhesive is compressed until the par-
ticles between the contact areas of the support feature and
the contact areas of the applied object are forced together
thereby producing an electrically-conductive join between the

contact areas.

To provide the membrane the following method steps in par-
ticular are to be taken: d) providing of a sacrificial sup-
port element using sacrificial material, c) the arrangement
of a membrane on a section of the surface of the sacrificial
support element and bringing together the membrane and a mem-
brane support element to carry the membrane and e) removal of
the sacrificial material so that the membrane is at least
partially released. Preferably, the sacrificial support ele-
ment comprises silicon. The membrane support element serves,

for example, as the temporary support for the membrane. How-
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ever, the membrane support element can later be used as the
cover for the detector element. The arrangement of the mem-
brane on the sacrificial support and the bringing together of
the membrane and the membrane support feature can take place
simultaneously or consecutively. In this respect, the removal

of the material means, for example, eroding away the reverse

face of the silicon down to the membrane. Furthermore, the
membrane remains on the membrane support with the through-

connection which is connected to the circuit support.

Creating the through-connection can be achieved using a vari-
ety of steps method steps. In accordance with a particular
embodiment the following further method steps are carried out
before the arrangement of the membrane on the sacrificial
support or after the arrangement of the membrane on the sac-
rificial support: f) drilling a hole in the membrane and g)
filling the hole with an electrically-conductive material, so

that the electrical contact is made.

In accordance with a particular embodiment of the method the
cavity on the cover side and/or the cavity on the circuit
side are evacuated while and/or after the firm connection is
being made. For example, the manufacture of the permanent ma-
terial bond between the components of the stack takes place
under vacuum. Each cavity is evacuated with the formation of '
the permanent material bond. It is also conceivable that the
cavities are formed first and evacuated later. It is to be
remembered here that the cavities may be evacuated consecu-
tively or simultaneously. In the case of simultaneous evacua-
tion the cavities may be connected in an isobaric manner.
This means that the pressure in the two cavities in the stack
is the same and the cavities are connected by, for example, a

hole in the membrane.

The device can have a single detector element. With regard to
the device being used as a presence detector or, in particu-

lar, as a heat-sensitive camera it is however, desirable and




10

15

20

25

30

35

PS0037, Pyreos

12

even necessary that several detector elements are provided.
In a particular embodiment, therefore, at least one array
with several detector elements is provided. This means one
detector element represents a pixel in the array. The detec-
tor array is characterised by, for example, a columnar and/or
cellular arrangement of the detector elements. In the case of
a cellular or a columnar arrangement the detector elements
are distributed in one dimension in a particular direction.
In the case of a columnar and a cellular arrangement the dis-
tribution is of a two-dimensional nature. The detector array
comprises, for example, 240 x 320 individual elements. This
corresponds to the relatively low resolution standard QVGA.
It is also conceivable to choose an area-type distribution of
the detector elements. A radiation window can be provided for
each detector element. It is advantageous, however, that the
device has a single radiation window for several or all of
the detector elements. This allows the manufacture of the de-

vice to be simplified.

In accordance with a further embodiment the device has a cas-
ing. From the firm attachment of the membrane and the circuit
support and from the firm attachment of the membrane and the
cover there results a stack, around which a casing is ar-
ranged. This casing protects the stack and its component
parts against harmful environmental influences, for example,
moisture - and also against mechanical damage. The one point
to be ensured here is that the radiation falling on the de-
tector element is not adversely affected by the casing. To
that end, a radiation window permitting a high rate of trans-

mission of thermal radiation is integrated into the casing.

The casing may comprise a housing made of any chosen mate-

rial. Preferably, the housing is a casting compound. To pro-
vide the casing one of the group of injection moulding meth-
ods or moulding methods may be used. These methods are par-
ticularly advantageous on cost grounds. The method involves

applying non or partially cross-linked synthetic material to
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the stack. Then the synthetic material is thermally induced

or hardened by exposure to UV light. To integrate the radia-

tion window a mask is used, for example, which is removed

once the synthetic material has been put in place or after !
5 that material has been hardened. This is achieved by using, |

for example, transfer moulds fitted with a spring-loaded in-

sert. It is also conceivable to employ a radiation window

fabricated from a material which has a higher transmission

rate for thermal radiation which remains in the casing after

10 the synthetic material has been put in place and hardened.

The described method may be used to manufacture a single de-
vice for detecting thermal radiation. It is advantageous,
however, if several devices are manufactured at the same time
15 in parallel. In a particular embodiment, therefore, a number
of devices for the detection of thermal radiation are manu-
factured at wafer-level. When manufacture is complete the de-
vices or the stacks are separated. Wafers are used for the
circuit supports and possibly the covers and, in particular,
20 silicon wafers each of which is provided with a number of
relevant components and functionalities which are brought to-
gether as described above. The stacks are separated from one
another, preferably before the application of the casing. The
separation or division takes place by, for example, sawing,
25 erosion, or similar methods. When separation is complete a
casing is applied to each of the stacks of the devices.

In accordance with a further aspect of the invention the de-
vice is used as a motion detector, a presence detector and/or
30 as a thermal image camera. For a movement reporter a device
with a single detector element can be adequate. For a pres-
ence reporter the device can be fitted with several detector
elements. For the thermal imaging camera, the device needs a
large number of detector elements, for example, 240 x 320 de-
35 tector elements (to qualify for the QVGZ standard). This can
be achieved by using the simple and space-saving wiring tech-

nique for the detector elements.
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Summarising, the following advantages of embodiments of the
invention may be identified:

- The device for detecting thermal radiation is compact.

- Because of the sandwich construction a number of detector
elements can be connected in a space-saving manner.

- The electrical leads between the electrodes of a detector
element and the assigned readout circuit or readout element
are short. Inductive and capacitance-effects which lead to
interference which affect the detection capability of the de-
tector elements are clearly reduced by comparison with bonded

wires.

- By virtue of the way in which contacts are made it is pos-
sible to introduce a high degree of parallelisation into the
manufacturing operatior:.

- Because of the hermetic permanent material bond, access is

easy to the cavities which are capable of being evacuated and
lead to improved sensitivity of the device and to protection

of the detector elements.

Brief Description of the Drawings

By making reference to a number of embodiments and the asso-
ciated figures there follows a presentation of a device for
detecting thermal radiztion. The figures are of a schematic

nature and are not to scale.

Figure 1 shows a device for detecting thermal radiation in

cross-section.

Figure 2 shows a detector element on a detector support in
cross-section.
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Detailed Description oii Preferred Embodiment (s)

The device 1 for the detection of thermal radiation has a
stack 10 with a membrane 11 with a detector array 110 of de-
tector elements 111 for the conversion of thermal radiation
into electric signals, an circuit support 12 with a readout
circuit 121 for reading-out the electric signals and at least
one cover 13 to cover the detector elements, wherein the mem-
brane and the cover are so arranged with respect to one an-
other that between the detector elements of the detector sup-
port and the cover there is on the cover side a cavity 14 in
the stack bounded by the detector support and the cover while
the circuit support and the are so arranged with respect to
one another that between the detector support and the circuit
support there is at least one cavity 15 on the circuit side
bounded by the circuit support and the detector support and
that the cavities are evacuated. The cavities are connected
together by slits in tl.e membrane.

The detector elements are pyro-electrical detector elements
of a thin-layer construction with two electrode layers 112
and a pyro-electrical layer 113 arranged between the elec-
trode layers (Figure 3). The pyro-electrical layer is a layer
of P2ZT about 1 um thick of a pyro-electrically-sensitive na-
ture. The electrode layers are made of platinum and a
chromenickel alloy about 20 nm thick.

The membrane is a triple layer of Si;N,;/Si0,/Si;N,. A readout
circuit is integrated into the circuit support for the detec-
tor elements.

The circuit support and the cover comprise a silicon sub-
strate. The detector elements are arranged within the first
stack cavity to be oppcsite a non-illustrated aperture in the
cover. In the area of the aperture is arranged a common ra-
diation window 17 through which the radiation impinges upon
the detector elements. The radiation passes through from the
front side.
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The membrane, the cover, the detector support and the circuit
support are all firmly bonded together by a hermetic perma-

nent material bond 16. In accordance with a first embodiment
the permanent material bond comprises a solder material. The
supports (silicon substrates) are soldered together. Alterna-

tively, the permanent material bond is produced by bonding.

Provision is made for an electrical connection 123 to the de-
tector elements to be made between the circuit support and
the membrane. The electrical signals are read out from the
detector elements by means of the wiring or the readout cir-
cuit. The permanent material bond between the cover and the
membrane also comprises electrically-conductive material.
Note that in each case here an element of electrical insula-
tion 161 is provided.

To provide the membrane the following steps are taken: the
preparation of a sacrificial support made of silicon, ar-
rangement of a membrane with a through-connection to a sec-
tion of the surface of the sacrificial support and removal of
the sacrificial material so that the membrane is at least
partially released. To remove silicon, it is eroded away from
the back as far as the membrane. This leaves the membrane
with the through-connection which is then connected to the

circuit support.

The through-connection can be produced by a chosen series of

method steps. In accordance with a particular embodiment be-

fore the arrangement of the membrane on the sacrificial sup-

port or after the arrangement of the membrane on the sacrifi-
cial support the following method steps are taken: f) a hole

is drilled in the membrane and g) the hole is filled with an

electrically-conductive material so that the electrical

through-connection is made effective.

During the manufacture of the permanent material bonds vacuum

is applied so that an under-pressure develops in the cavities
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being created. The cavities in the stack are evacuated while
they are being formed. Alternatively, the cavities in the
stack are evacuated after the permanent material bonds have

been produced.

Once the stack has been produced it is provided with a casing
20. A non-cross-linked synthetic material is applied to the
stack by a spray-casting technique and subsequently cross-
linked. Alternatively, a moulding technique can be used. In
that context care must be taken to ensure that the radiation
window in the cover remains free, i.e. that window is not

covered up.

To manufacture the device the membrane with the detector ar-
ray, the circuit support with the readout circuit and the
cover are provided and firmly connected together as described
above. The next stage of manufacture is carried out at wafer
level. Silicon wafers are provided with a number of appropri-
ate functionalities (readout circuits and possibly cover ap-
ertures). The circuit support with the membrane and the cover
are prepared at wafer-level. These functionalised silicon wa-
fers are firmly connected together as described above. A wa-
fer stack containing a number of individual stacks is pro-
duced. After the connection activity has been concluded the
individual stacks are isolated by sawing through the wafer

stack and each of them then provided with a casing.

The device finds application in a motion detector or a pres-
ence detector. For application in a thermal imaging camera a

plurality of stacks or of devices is provided, each device

having one stack.
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The term “comprise” and variants of that term such as “com-
prises” or “comprising” are used herein to denote the inclu-
sion of a stated integer or integers but not to exclude any
other integer or any other integers, unless in the context or
usage an exclusive interpretation of the term is required.

Reference to prior art disclosures in this specification is
not an admission that the disclosures constitute common gen-

eral knowledge in Australia.
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Claims:

1. A device for detecting thermal radiation, comprising

- at least one membrane, on which at least one thermal
detector element for the conversion of the thermal radiation
into an electric signal is arranged, and

- at least one circuit support for supporting the membrane
and with at least one read-out circuit to read out the
electric signal,

- at least one cover to shield the detector element, which is
arranged on the membrane and facing towards the cover,
wherein the circuit support, the membrane and the cover are
arranged in a stack such that the membrane is arranged
between the circuit support and the cover, wherein the stack
has a sandwich structure, wherein the circuit support and the
membrane are arranged next to each other such that between
the membrane and the circuit support at least one evacuated
cavity is present facing towards the circuit and bounded by
the circuit support and the membrane, wherein the membrane
and the cover are arranged next to each other such that at
least one cavity facing towards the cover is present between
the membrane and the cover,

- the detector element and the read-out circuit are coupled
electrically conductive with each other via an electric
through contact through the membrane and a hermetically-
sealed permanent material bond comprising an electric
conductive material and arranged between the electric through
contact of the membrane and the circuit support, wherein the
through contact and the circuit support are fixedly attached
to each other by the permanent material bond, so that an
electric wiring is provided for the detector element with the
read-out circuit, and wherein the hermetically-sealed
permanent material bond is formed such that the evacuated
cavity facing towards the circuit is formed and components of
the device arranged inside the cavity are shielded by the
hermetically-sealed permanent material bond from the
surroundings.

2. The device according to claim 1, wherein the cavity facing

towards the cover is evacuated.
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3. The device according to claim 1 or 2, wherein the cavity
facing towards the circuit and the cavity facing towards the
cover communicate through an opening in the membrane.

4. The device according to any one of claims 1 to 3, wherein
the membrane, the circuit support and/or the cover comprise
at least one irradiation window with a determined
transmission for the thermal radiation for irradiating the
detector element with the thermal radiation.

5. The device according to any one of claims 1 to 4, wherein
the circuit support and/or the cover comprise silicon.

6. The device according to any one of claims 1 to 5, wherein
the detector element is arranged opposite to a cover recess
of the cover.

7. The device according to any one of claims 1 to 6, wherein
the membrane and the circuit support and/or the membrane and
the cover and/or the through contact and the cover are
fixedly attached to each other by the permanent material
bond.

8. The device according to any one of claims 1 to 7, wherein
at least one detector array with multiple detector elements
is present.

9. A method for making a device according to any one of the
preceding claims with following steps:

- Providing a membrane with a detector element and at least
one electric through contact and providing a circuit support
with a read-out circuit as well as providing a cover,

- Bringing together the membrane and the circuit support such
that the detector element and the read-out circuit are
coupled electrically conductive with each other wvia an
electric through contact through the membrane and a cavity
facing towards the circuit is present,

- bringing together the membrane and the cover such that the
detector element is facing towards the cover and is shielded
by the cover, wherein a stack is formed by the bringing
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together of the membrane and the circuit support and by the
bringing together of the membrane and the cover, wherein the
stack has a sandwich structure,

- fixedly attaching the membrane and the cover by making a
permanent material bond between the membrane and the cover
such that a cavity facing towards the cover is present,

- providing a sacrifice support with sacrifice material,

- arranging the membrane on a surface section of the
sacrifice support and bringing together the membrane and the
circuit support,

- removing of sacrifice material such that the membrane is at
least partially exposed,

- generating a bore in the membrane,

- filling the bore with electric conductive material so that
the electric through contact is formed, and

- fixedly attaching the membrane and the circuit support by
making a hermetically-sealed permanent material bond between
the electric through contact of the membrane and the circuit
support, wherein a method chosen from the group of gluing,
brazing and/or bonding is carried out for making the material
bond, and wherein the cavity facing towards the circuit
support is formed by the formation of the hermetically-sealed
permanent material bond so that components of the device
arranged inside the cavity are shielded by the hermetically-
sealed permanent material bond from the surroundings.

10. The method according to claim 9, wherein the cavity
facing towards the cover is evacuated during the fixedly
attaching.

11. The method according to any one of claims 9 to 10,
wherein a multitude of devices for detecting thermal
radiation is made on wafer-level and after said making a
separation of the devices is carried out.

12. A device for detecting thermal radiation, the device
being substantially hereinbefore described with reference to
the accompanying drawings.
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13. A method of producing a device, the method being
substantially as hereinbefore described with reference to the

accompanying drawings.
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