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RECEIPT .................... ,

The present invention relates tc a structure-borne sound

Cerbarus 26, CH-8708 Mﬁmmedorf

detector for an intruder alarm system, witk a structure-borne
sound microphone, which has a plezoelectric sensor for |
structure-kborne sound vibrations and for converting these into
electrical signals, ccnnected to an electronic evaluation
unit.

These structure-borne sound detectors, also described as noise
detectors, are used to detect attacks on protective cbjects
made of steel or concrete and on safes with plastic-reinforced
protective caatings. The detectors are deployed in particular
to moniter vault walls and doors, safes and automatic teller
machines. Their mcde of operation is based on the fact that
when hard materials such as concrete or metal, for example,
are worked, mass acceleraticons arise, dve to which mechanical
vibrations are generated, which disperse in the material as
structure-borne sound. The piezcelectric senscr picks up-
these vibrations and converts them into eliectrical signals.
The detector electronics evaluate the signals and trigger an
alarm in the event of an appropriate evaluation result.

In all structure-borne sound detectors kncwn tocday, the sensor
is formed by a piezocelectriec wafer, which is glued to its
carrier. Due to this, the sensitivity of the microphone is
influenced primarily by external parameters such as contact
resgure, the thickness and quality of the layer of adhesive,
by the surrounding mechanical components and the like. This
has the consequence that each individual detector has to be
adjusted, which increases production costs by a not
ineonsiderable amount.

A second consequence of the dependence of the microphone on
external parameters consists in the fact that the transfexr
function of the microphone, i.e. the pick-up andéd transmission
not controllabie or

£ the structure-borne sound by this,
reproducible. - Added to this is the fact that the rescnance
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frequency and sensitivity of the structure-borne sound
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microphone is influenced very comsiderably by the metal flange
forming part of the sensor casing.

The knowrn structure-borne sound detectors are now to be
improved by the invention in such a way that the sensitivity
of the micrecphone depends primarily on nothing but the sensor
characteristic and no longer on external parameters, and thus
ne further trimming or adjustment is required. The transfer
funetion of the microphone should alsc be reproducible and
controllable. :

The pr@bl@m set is solved according to the invention in that
the piezoelectric senscr contains a defined vibrating bar,
which is formed by a bimorph element and attached by means of
hybrid technology to a conductive carrier.

The sensor écc@rding to the invention has the principal
advantage that the rescnance frecuency of the vibrating bar
depends almost exclusively on its dimensions and bnly to a
very small extent omn the flange supporting the microphone.

The sensitivity and resonance frequency of the microphone are
thereby dependent exclusively on the sensor characteristic and
no longer on external parameters, owing to which nc further
adjustment ls necessary and producticn is accordingly
simplified and reduced in cost.

Bimorph elements consist according to the Philips component
catalogue of twe thin PXE wafers joined together to form a
unit, PXE denoting a piezocceramic material. The formation of
the vibrating bar from a bimorph element has the advantage of
creating a precisely reproducible connection between the
bimorph element and the conductive carrier, due to which the
manufacturing costs of the sensor are further reduced.

The conductive carrier for its part is attached tc a base,
preferably to a transistor header, so that an electrical
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connection exists between this and the lower part of the

bimorph element.

The invention is explained in greater detail below with
reference to a practical example and the drawings.

Fig. 1 shows a block diagram cf a structure-borne socund
detector, | _

Fig. 2 shows a section through the part of the detector
containing the microphone,

Pig. 3 shows a detail of the microphone in Fig. 2; and

Fig. 4 shows a section according to the line IV-1IV in Fig.
3.

The noise detector GM shown in Fig. 1 contains according to
the representation a microphome 1 acting as a structure-borne
gound pick-up and an evaluation circuit AS. The microphone 1
is used to pick up the vibrations which are generated by the
mass accelerations produced when hard materials are worked,
and to convert these vibrations intoc electrical signals. The
evaluation circuit is known from US-A 4,290,058, for example,
and is only te be described briefly here. '

The ocutput signal of the micrcophone 1 is supplied via an
impedance converter 2 to a preamplifier 3. The preamplified
signal passes via a further amplifier 4 tc a mixer 5, where
the amplified gignal is mixed with the signal of an oscilliator
7 swept by a slow-running sweep oscillator 6. The product of
the signal mix is suppliied via a sensitivity controller 8 to
an intermediate-frequency amplifier 9. The amplified IF
signal acts on a veoltage-controlled power source 10, which
charges an integration capacitor 11. As soon as the voltage
at the integration capacitor 11 surpasses the threshold of an
alarm comparator 12, an alarm is triggered by the drop-out of
an alarm relay 213. '
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The alarm comparator is wired as a Schmitt trigger. The
switching thresholds are selected such that in the event of an
alarm due to the discharging of the integraticn capacitor 11
via the discharging network 14, the alarm self-holding time is
around 1s. In the event of strong impacts or an explosicn, a
trigger circuit 15 is activated, which charges the integration
capacitor 11 within a short time and causes an alarm to be
triggered. If the time interval between twc consecutive
noises is greater than approx. 58, then the integration
capacitor 11 is swiftly discharged via a stage 16.

Flg. 2 shows an axial section through the microphome 1 of the
noise detector GM in Fig. 1. This consists according to the
representation of a microphone flange 17, which is screwed to
the object teo be'protected, te be precise so that it fits
closely to the cbject with its bottom surface in the figure.
A sensor 18 is encapsulated or glued into the microphore
flange 17. The sensor 18 is sealed at the top by a lié 19,
which is likewise glued to the microphone flange 17 and has a
terminal contact to the electromic evaluation unit AS (Fig.
1) . Placed onto the microphone flange 17 is a mounting plate
20, which is cushioned from the microphone flange by rubber
inserts 21. The mounting plate 20 is connected to the
microphone flange by means of screws 22; a shim 23, which lies
on the mounting plate 20 and is penetrated by the screws 22,
prevénts the microphone flange 17 from falling out of the
mounting plate 20.

The mounting plate 20 is provided with a fastening web 24 for .
the electronic evaluation unit, which is held in a swivelling
plastic lid. The mounting plate 20 also has fixing brackets
28 for a solid casing lid, which is secured by & sabotace
switch against unauthorized interference. The plastic lid for
the electronic evaluation unit, the casing 1ié and the
sabotage switch are not essential to the invention and are

therefore not shown.
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The sensor 18 of the microphone 1 is showi in Figures 3 and 4,
Fig. 3 showing an axial secticn and Fig. 4 a cross-section
according te the line IV-IV in Fig. 3. The sensor 18 consists
according to the representation of a transistor header 26, a
small cenductive carrier plate 27 attached to this, a
piezoelectric vibrating bar 28 attached to the plate, a
covering cap 29 and three terminals 3¢ and 31, of which the
two terminals 30 are routed to the terminal contact in the 1id
18 (Fig. 2) and the terminal 31 drawn in as a dotted and
dashed line is used for earthing purposes.

The carrier plate 27 is used to create a space between the
vibrating bar 28 and the transistor header 26 so that the
vibrating bar 28 can vibrate freely. The carrier plate 27
alsc forms an electrical comnection between the lower part of
the vibrating bar 28 and the transistor header 26. Ceramic is
preferably used as the material for the carrier plate 27;
however, the carrier plate may also be formed by a metal base.

The vibrating bar 28 is formed by a so-called bimorph element,
which according tc the Philips piezocceramic component
catalogue is two thin PXE wafers joined together to form a
unit. Bimorph elements are operated in series or parallel,
series operation cf the PXE wafers being recommended for
sensor applications.

The vibrating bar 28, which is 5.33 mm long in total and has a
eross-section of 1.5 times 0.5 mm®, and the resonance _
frequency of which lies in the range from roughly %2 to

22 kHz, is gold-plated like the carrier plate 27. The
vibrating bar 28 is bonded tc the carrier plate 27 using
hybrid technolegy. By hybrid technology circuit integration
is understood, in which the semiconductor chips are glued,
soldered or wire-bonded. Bonding in turn describes the
creation of electrical connections withir semiccnducter
components by means of thin geld wires.
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These thin wires, which form the connection between the
vibrating bar 28 and the two contacts 30, are described in
Fig. 4 by the reference symbol 32. They consist of gold and
have a diameter of 25um. According to the representation, two
bends 32 are provided on the same side of the vibrating bar
28, making it possible to detect Iracturing of the vibrating
bar 28 as a result of explosicn or hard impact.

If the carrier plate 27 is formed by a ceramic wafer, then
both the transistor header 26 and this ceramic wafer, and the
ceramic wafer and the vibrating bar 28, are glued tcgether
using electrically cconductive epoxy resin, so that the lowexr
part of the vibrating bar 28 is electrically comnnected tc the
transistor header 26. Structure-borne scund received by the

- microphone 1 is transmitted by the transistor header 25 to the
acoustically hard-coupled vibrating bar 28 and excites this.
The electrical signal obtainable at the cutput of the sensor
18 provides information regarding the nature ané intensity of
this exeitation.

The structure-borne sound detector according te the invention
is net restriected toc the practical example described, in
particular not to the electronic evaluation unit AS shown in
Fig. 1 and not to the microphone 1 showr in Fig. 2 either.

Two features of the piezoelectric sensor are essential to the
invention: ocn the one hand the use of a precisely defined
gsensor in the form of a vibkbrating bar, and the manufacture and
assembly of this in hybrid technology, and on the other hand
the use of a bimorph element as a vibrating bar.
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Claima

Structure-borne scund detector for an intruder alarm
system, with a structure-borme sound micrcphone (1),

which has a piezoelectric sensor (18) for structure-borne

gound vibrations and for converting these into electrical
signals, connected to an electronic evaluation unit
(As), characterized in that the piezocelectric semnsor
containg a defined vibrating bar (28), which is formed by
a bimorph element and attached by means of hybrid
technelogy to a conductive carrier (27).

8tructure-borne sound detecter according to claim 1,
characterized in that the carrier (27) is formed by a
metal base.

Structure-borne scund detector according to claim 1,
characterized in that the carrier (27 is formed by a
eeramic wafer.

Struecture-borne sound detector accerding to claim 3,
characterized in that the vibrating bar (28) and the
ceramic wafer are gold-plated, and that bonding is
performed directly conto the vibrating bar.

Structure-borne sound detector according to claim 4,
characterized in that the ceramic wafer is supported by a
transistor header (26) and is glued to this using
conductive epoxy resin.

Struecture-borne socund detector according to claim 4,
characterized in that two bonds (32} are provided con the
same side of the vibrating bar (28).

Structure-borne sound detector according to any one of
claims 1 to 6, characterized in that the vibrating bar
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(28) is 1 te 7 mm in length, preferably around § mm, and

has a cross-section cf less than 1 mme .,



