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The detectors ag? depl oyed i :ﬁartlcular to
detector for an intruder alarm system, with a structure- borne

sound microphone, which has a plezoelectric sensor for
structure-kborne sound vibrations and for converting these into
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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
pressure, 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
of the structure-borne sound by this, is not coatrollablie or
reproducible. - Added to this is the fact that the rescnance

frequency and sensitivity of the structure-borne sound
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fonitor vault walls and doors, safes and automatic teller machines. Their
nmode of operation is based on the fact that when hard materials such as
concrete or netal, for exanple, are disturbed, nass accel erations arise,
dere to whi ch nechanical vibrations are generated, which disperse in the
material as structure-borne sound. The %i ezoel ectric sensor picks up these
“vibrations and converts theminto electrical signals. The detector

el ect r omigraphonaitis tinfiepced weny teongiderably doyn the tthetal efilangean
.appr opr i fdfn 8| ikt Qe Mendl| deddor| dadiddict ure-borne sound detectors known

today, the sensor is fornmed by a piezoelectric wafer, which is glued to its
carrier. Due to this, the sensitivity of the
The known structure-borne socund 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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m crophone is influenced primarily by external paraneters such as contact
pressure, the thickness and quality of the |layer of adhesive, by the

. surroundi ng mechani cal conmponents and the like. This has the consequence
t hat each individual detector has to be adjusted, which increases
“production costs by a considerable anounB8. A second consequence of the
dependence of the m crophone on external paraneters consists in the fact
that the tomnettiochuersibtes betweenntbiephode the. dowele ppirtk ofp tired
transm ssjy t cture-borne sound, is not controll able or
feproduci%gﬁggégdgge@%hgﬁis Is the fact that the resonance frequency and
sensitivity of the structure-borne sound m crophone.is influenced very

consi der aphy BitveRe1BR! 3k bkpnaenk@r AhngrRateroletail 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. '



the sensor, casi ng. The known structure-borne sound detectors are now to be
I nproved by the invention in such a way that the sensitivity of the

m crophone depends prinmarily on nothing but the sensor characteristic and
no | onger on external paraneters, and thus no further -trinm ng or
adjustnent is required.” The transfer functign of the m crophone should al so
r epr-oduci bl e and control | abl e.

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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2 The .problem set is solved according to the invention in that the

pi.ezoel ectric sensor contains a defined vibrating bar, which is forned by a
bi mor ph el ement and attached by means of hybrid technology to a conductive
carrier. The sensor according to the invention has the principal advantage
that the resonance frequency of the vibrating bar depends al nost
exclusively on its dinmensions and only to %.very smal | extent on the flange
supporting the mcro sensiti nd resonance %rgﬁuenc of .the

i oF ophona HHE THEFShy L AcHS nEn SLaErREPhE: §"HR FREVE ke ok LEHERACY cRPd: fe
and no | ongetgons eshewiny aaraxkakrsecbivngand Rbgch4 ne tnosbesection

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.

T




adj ustfrent’ i s necessary and production is accordingly sinplified and
reduced in cost 15.20. Such binorph elenents consist of two thin wafers of
pl ezoceram ¢ material (denoted PXE wafers) joined together as a unit
operable in an oscillation node(e.g |ongitudinal oscillation with
transverse excitation). In a serial, bigorph the PXE | am nas are sw tched
in series wth the supply source, whereas in a parallel binmorph each PXE

| am na | sheeieveniny wj@ﬁumﬂm}sm tHen @de@mimmmm@f t he

ol ar | 22l ERAVGT E Rt R (P RREEE (LA e Ot PHap Sl SR b Thi's. nay
apply toFdg. 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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‘paraf’l el binmorph also, but the latter can also be driven in another way. In
t'his case both |l anminas are operated in the d|ectlOH_ET‘fﬁé“bﬁrarrza%%en and
in this way, changes of the material characteristics s aR O a bt |

effects are avoided, For aerial binorphs, the Ianlnaﬂ

t he hi ghest voltage and can depol ari ze? when a vol tage*i sc act| ®g gr

opposite direction. For parallel binorphs, both | am nas have the sane
vol tage, and depol arization is |nde€@ﬁé@ﬁt of the resistance. For actuator
applications, parallel binorphs are normally the nDst sui t abl e ones. Ser.i al

bi mor phs adyv tageousl shoul d $5¢$ed in s sor Ilqgtlon . _The

PTIE EPUS e oI *tHe2Hvant age of

system, w;tb a structure-borne sound micr@ph@ne (1),

fornnllﬁjn of

which has a piezoelectric senscor {(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).

2. 8tructure-borne sound detecter according to claim 1,
characterized in that the carrier (27) is formed by a
metal base.

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

4, Structure-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.

5. 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.

6. 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).

7. Structure-borne sound detector according to any one of
claims 1 to 6, characterized in that the vibrating bar
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creating a precisely reproduci bl e connection bet ween—the—bifrerph—eterent
and the conductive carrier, due to which the manufac

sensor are further reduced. The conductive carrier f}ﬁlﬂﬂglgmpﬁuﬂmw ached
to a base, preferably to a transistor header, so tha *
connection exists between this and the8 ower part of the binorph el enent.

(28) is 1 te 7 mm in length, preferably around § mm, and

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

i



“3.BREF DESCRI PTI ON OF THE DRAWNG FI GURES The i nvent i

greater detail belowwith reference to a practical exanp ‘

drawings. Fig. 1 shows a bl ock di agram of a structur}%ﬁ

detector, Fig. 2 shows a Cross-segw on through a par ]
containing the mcrphone, Fig. 3 gws a detail of the mcrophone I n
Fig. 2; and=fig._ 4 shows a cross-section according to the line V-1V In
Fig. 3.
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DETAI LED DESCRI PTI ON The noi se detector GM shown in Fig. 1 contains
accprding to the representation a m crophone 1 acting as a structure-borne
sound pick-up and an eval uation circuit AS. The m crophone 1 is used to
pitk up the vibrations which are generated by the nass accel erations
roduced when hard materials are disturl®d and to convert these vibrations

Into electrical signals. The evaluation circuit ASis known fromU. S. Pat
No. 4,290,058, for exanple, and is oAbgtraeBe described briefly here. The
out put signal of the m crophone 1 is supplied via an inpedance converter 2
to a preanplifier 3. The preanplified signal passes via a further anplifier
4 to a nbhkg detector contains a structure-borne scund microphone

connected toc an electronic evaluaticm unit with a

piezoelectric sensor {18) for structure-borne sound

vibrations. This sensor has a vibrating bar (28), which is

attached by means of hybrid technclogy tc a carrier (27). The

vibrating bar (28) is formed by a bimcrph element and the

carrier by an electrically conductive ceramic wafer.

Fig. 3
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gsound microphone, which has a piezocelectric sensor for
structure-borne scund vibrations and for converting these intc
electrical signals, connected te an eiectronic evaluation

unit.

These structure-borne sound detectors, alsc described as noise
detectors, are used to detect attacks on protective chiects
made of steel or concrete and on safes with plastic-reinforced
protective coatings. The detectors are deployed in particular
to monitor vault walls and doors, safes and automatic teller
machines. Their mode of operation is based on the £fact that
when hard materials such as concrete or wetal, for example,
are worked, mass accelerations arise, due to which mechanical
vibrations are generated, which disperse in the material as
structure-borne scund. The plezocelectric sensor picks up
these vibrations and converts them into electrical signals.
The detector electronics evaluate the signals and trigger an
alarm in the event of an appropriate evaluation result.

In all structure-borne gound detectors known today, the sensor
is formed by a piezcelectgic wafer, which is glued to its
carrier. Due to thig, the sensitivity of the microphone is
influenced primarily by external parameters such as ccecntact
pregsure, the thickness and guality ¢f the layer of achesive,
by the surrounding mechanical cowponents and the like. This
has the consequence that each individual detector has to be
adjusted, which increases production costs by a net
incongiderable amount.

A second consequence of the dependence of the microphene on
external parameters congists in the fact that the transfer
function of the microphone, i.e. the pick-up and transmission
of the structure-borne sound by this, is not controllable or
reproducible. Added to this is the fact that the resonance
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In the event of strong inpacts H1IgNn runﬁwa trigger circuit 15 is
acti‘'vated, which charges the i egrafﬁgﬁ apaekﬂdr 11 within a short tine
and causes an alarmto be trig ‘he t|n9r|nterval bet ween two
consecutive noises is greater than approx. bs, ”tﬁensuhmmme@eet F@1/8/96
capadtor 11 is swiftly discharged via a stage 16. Flg. 2 shows an .axi al

section through the m crophone 1 of the noise detector GMin 4
ABSTRACT

STRUCTURE-BORNE SOUND DETECTOR FOR
AN INTRUDER ALARM SYSTEM

The detector contains a structure-borne scund microphone

" connected to an electronic evaluation unit with a

- plezoelectric sensor (18} for structure-borne sound
vibrations. This sensor has a vibrating bar (28), which is

 attached by means of hybrid technology to a carrier (27). The
vibrating bar (28} is formed by a bimorph element and the
carrier by an electrically conductive ceramic wafer.

Fig. 3
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| = Nesch {;§,Ls elimedhg Lens gsentation of a m c op ongif ansgen to page

whi ch i @?(E‘éﬁ Eg g Q_b! Ie){’ag%mpe rotected, to bé ‘pPrevise smgbhdt, *d;tpgacg T
fits close Sed e gRpect t oot ﬁ .4 S bpttom surface | =heu~f~1“gur};eep¢\%e,35ﬁ&% -
18 is encaps ’Iffe)d gl"ij'é'd |pr‘if’o tHE M or ophone f | ande.4¥cciThe HeRSEr. d&uhsd -
seal ed at- the't ) Id‘fé v9m¢h s |likew se gluedtothe mcrophone N :
fl ange 17 and’ I‘--;" to the el ect LORI §-eyal-uatl on

AS (Fig. 1)2iskad T UDERALARMN MOYB’N

whi ch is cushi oned fromthe mcro hone flan e r ubber |nserts 21. The
nmounting plate 20 i s connect ecPA M@h% ‘é by screws 22. A shim

23, Wmch lies on the m)untln%epl ate 20 and is penetrated by the screws
The present invention relates to a structure-borne sound detactor for an intruder alarm

system, with a structure-bome sound microphone, which has a piezoelectric sensor for
structure-bome sound vibrations and for converting these into electrical signals,
connected to an electronic evaluation unit.

These structure-bormne sound detectors, also described as noise detectors, are used to
detect attacks on protective objects made of steel or concrete and on safes with
plastic-reinforced protective coatings. The detectors are deployed in particular to
monitor vault walls and doors, safes and automatic teller machines. Their mode of
operation Is based on the fact that when hard materials such as concrate or metal, for
example, are [ivorked] disturbed, mass accelerations arise, due to which mechanical
vibrations are generaied, which disperse in the material as structure-bome sound.
The piezoelectric sensor picks up these vibrations and converts them into electrical
signals. The detector electronics evaluate the signals and trigger an alarm in the
event of an appropriate evaluation result.

in all structure-borne sound detactors known today, the sensor Is formed by a
piezoelectric wafer, which is glued to its carrier. Due to this, the sensitivity of the
microphone Is influenced primarily by external parameters such as contact pressure,

- the thickness and quality of the layer of adhesive, by the surrounding mechanical
eomponents and the like. This has the consequence that each individual detector has
fo be adjusted, which increases production costs by a not inconsiderable amount.

A second conseguence of the dependence of the microphone on external parameters
consists in the fact that the transfer function of the microphone, i.e. the pick-up and
transmission of the structure-borme sound, is not controllable or reproducible. Added
to this is the fact that the resonance frequency and sensitivity of the structure-bome
sound microphone is influenced very considerably by the metal flange forming part of
the sensor casing.

The known structure-borne sound detsctors are now to be improved by the invention
in such a way that the sensitivity of the micmphdne depends primarily on nothing but
the sensor characteristic and no longer on extemnal parameters, and thus no further
trimming or adjustment is required. The transfer ﬂ nction of the microphone, should

also be reproducible and controliable.
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22. prevents the mcrophone flange 17 fromfalling out of the nounting
plate 20. The nounting plate 20 is provided with a fastening web 24 for the
el ectronic evaluation unit AS, which is held in a swivelling plastic Iid.
The nounting plate 20 also has fixing Brackets 25 for a solid casing lid,
which is secured by a sabotage sw tch agai nst unauthorized interference.

The pl astif,g @%Jb ot sbt18 sBived tab&ﬁﬂﬁg% %élm%nﬁfonqﬁ ithatASe pleRSais@nt BEnddrd and

t he sabot age are not essenti al he invention and are therefore

not shown.corfainhe @&n%vnbmmgmaamwh Lsrf@mﬂﬂw@! & bhirgorph flpment andatiacked and 4
Fig.3 by means of hybrid technology to a conductive carrier.

The sensor according to the invention has the principal advantage that the resonance
frequency of the vibrating bar depends almost exclusively on its dimensions and only
i0 a very small extent on 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 extemal parameters, owing to which no further
adjustment is necessary and production is accordingly simplified and reduced in cost.

@5 20. guch bimorph [Bimerph

talogue} of two thin [FXE]

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 to a base, preferably to a transistor
header, so that an elect lween this and the lower part of the

bimorph element REPLACEMENT SHEET
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shews an axial section and Fig. 4 a cross-section according ,
V-1V in Fig. 3. The sensor 18 consists in the representation"
transistor header 26 and a small conductive carrier plate 2_7

the plate 27, and a covering cap 29 covers the structure.

Lo the erm el cont apRIEIDRSERIFION O DRAVING Ficy e.r n.
as a dot t e¢natedash i néiﬁ‘ed R péﬁ Qﬂaﬂ%ﬁW\ﬁM&b&%wW@gm@%ﬂ@gh{p 1

plate 27 is used to create a s tweenthev ratin
t ransi st or ahé fedragdngso t hat the vibrating bar 28 can. vibrate freely. The

carrier plgkey ~ shows a black diagram of a structure~bome sound detector,
Fig. 2 shows a grass-section through [the] a part of the detector containing the
microphone,
Fig. 3 shows a 'detaiﬁ of the microphone in Flg. 2; and
Fig. 4 shows a ¢ross-section according to the line V-V in Fig. 3.
DETAILED DESCRIPTION

The noise detector GM shown in Fig. 1 contains according to the represenrtéﬁon é
microphone 1 acting as a structure-borne sound pick-up and an evaluation clrcuit AS.
The microphone 1 is used to pick up the vibrations which are generated by the mass
accelerations produced when hard materials are [werked] disturbad, and fo convert
these vibrations into slectrical signals. The evaluation circuit AS is known from U.S.

Al Pat. No. 4,280,058, for example, and is only to be descﬁbed briefly here.

The output signal of the microphone 1 is supplied via an impedance converter 2 fo a
preamplifier 3. The preamplified signal passes via a further ampﬂiﬁer 4 to a mixer 5,
where the amplified signal is mixed with the signal of an osciliator 7 swept by a slow-
running sweep oscillator 6. The product of the signal mix is supplied via a sensitivity
controller 8 to an intermediate-frequency amplifier 8. The amplified IF signal acts on a
voitage-controlled power source 10, which charges an integration capacitor 11. As
soor as the voltage at the integration capacitor 11 surpasses the threshold of an
alarm comparator 12, an alamm is riggered by the drop-out of an alarm relay 13.

The alarm comparator is wired as a Schmitt trigger. The switching thresholds ars
selected such that in the event of an alarm dus to the discharging of the integration
capacitor 11 via the discharging network 14, the alarm self-holding time is around is.
In the event of strong impacts or an explosion, 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 two consecutive nolses Is greater than approx.
s, then the integration capacitor 11 is swiftly discharged via a stage 16.

Flg. 2 shows an axial section through the microphone 1 of the noise detector GM in



27-al so fornms an electrical connection between the |ower part of the

vi brating bar 28 and the transistor header 26. Ceramc is preferably used
as-the material for the carrier plate 27; however, the carrier plate nmay
al so be formed by a netal base. The vi#érating bar 28 is forned by a
so-cal | ed bi norph el ement which according to the Philips piezoceramc

component ©al 4l fgytondists Wecdrding 15 te Wphdedtatioh 'b?ﬁ nhi@%haﬁé ﬂéﬁgb F i t

Bi norph el eitents are operated rn series or paral , Series eration of

the PXE wdf &ceewsditadhe sbieshiorhroprotasted; énbe p@@ﬁ s&ﬁm B fits. closely to the.

object with its botiom surface in the figure. A sensor 18 is encapsulated or glued into
the microphone flange 17. The sensor 18 is sealed at the top by a lid 19, which is
likewise glued to the microphone flange 17 and has a terminal contact (C) to the
electronic evaluation unit AS (Fig. 1). Placed onto mfe'miémphone flange 17 is a
mounting plate 20, which is cushioned from the microphone flange by rubber inserts
21. The mounting plate 20 is connected fo the microphone flange by means of screws

- 22; a shim 23, which lies on the mounting pﬂate 20 and is penetrated by the SCrews
22, pf@vemé the microphone flange 17 from fa!ﬂmg 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 25 for a solid casing lid, which is secured by a sabotage switch
against unauthorized interference. The plastic lid for the electronic evaluation unit, the
casing [id and the sabotage switch are not essential to the invention and are therefore
not shown. ' |

The sensor 18 of the microphone 1 is shown In Figures 3 and 4, Fig. 3 fshewing]
shgufg an axial section and Fig. 4 a cross-section according to the line IV-IV in Fug 3.
The sensor 18 consists f*»‘ in the representation of a transistor header 26 K
and a small conductive carrier plate 27 attached to fihis] the transistor header 28. A
faf pnezeelectm vibrating bar 28 is attached fo the plate, and a covering cap 29 covers
ure. The sensor includes fand} three terminals 30 and 31, of which the two
terminals 30 are routed to the terminal contact in the lid 19 (Fug 2) and the terminal
31 drawn in as a dotted and dashed line is used for jearthing] grounding 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 also forms an electrical connection 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 to the
Philips plezoceramic component catalogue is two thin PXE wafers joined together to
form a unit. Bimorph elements are operated in series or parallel, series operation of
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the PXE wafers being recommended for sensor applications.
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The vibrating bar 28, which is Immto 7mmin | ength has jairectangle
cross-section of 1.5 by 0.5nm which provides a cross-seqtijonglg APR4998
than 1nmmierr](e.g.,0.75m{err]) The resonance frequency joff the vibratin
bar 28 lies in the range fromroughly %2 to 22 kHz. The \vi g par
gold plated like the carrier plate 27 and is bonded to t
usi ng hybr
i nt erconne

he carrier plate 2

€$S

\IU)

(Xl 7= s of aXalq IaTa L AT Y 1 fie th ed to
%'15 cb%géa %mﬂ ﬁéj, and | ncrudes dattachi ngwsz{/me@a le|§nnﬁ‘Zgrat ed

ngpiar m&@g@ﬁpﬂ of 1.5 [tmes} by 0.5
yhich provides a cross-sectional area of less than 1 mm? (e.g., 0.75 mm®). fand-thej
mg resonance frequency of fwhick} the v h ar 28 lies in the range from roughly
12 to 22 kHzE}. The, vibrating bar 28 is gotdlupﬂated like the carrier plate 27The
ibrating-bar-28] @q_ggis bonded fo the carrier pllate 27 usmg hybﬂd technoﬂogy By

techn@ ogy advantageousﬂy pmvndes for improved precision and accuracy in
agsembling the vibrating bar 28 to the carmier plate 27.

fhasel 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 25pm. fAccording-to-the-representatien] As shown in the
figure, two bonds 32 are provided on the same side of the vibrating bar 28, making it
possible to detect fracturing of the vnbmhng bar 28 as a result of explosion 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
together using electrically conductive epoxy resin, so that the lower part of the
vibrating bar 28 is electrically connected to the transistor header 26. Structure-bome
sound recelved by the microphone 1 is fransmitied by the transistor header 26 {o the
acoustically hard-coupled vibrating bar 28 and exclies [this] the vibrating bar 28. The
electrical signal obtainable at the output of the sensor 18 provides information
regarding the nature and intensity of this excitation.

The structure-borme sound detector according to the invention is not restricted to the
practical exampﬂe described, in particular, the invention is not restricted to the
electronic evaluation unit AS shown in Fig. 1 and not restricted to the microphone 1

AT




bondi ng t he chlps toget her, which saves space and reduces noi se and
interferences. The semniconductor chips may be glued, soldered or

wi rre- bonded.: Bonding in turn describes the creation of electrical
connections wi thin senmiconductor conporfents by neans of thin gold wires.
Because the binorph elenents fit exactly on the carrier, and because this
type of procedure is done with the aid of a mcroscope, hybrid technol ogy
advant ageously prOV|des for |nproved preC|S|on and accuracy in assenbling

the connectiam T BRoPS Batiren of o RADolsbE bond el ore

t he connectlon

descri bed pesertigl toéﬁheynven@on af@he me ﬁ‘@pﬂﬁhﬁ usrpof a peagisehrdafised sensor in the
form of a vibrating bar, and the manufacture and assembiy of this in hybrid '
technology, and on the other hand the use of a bimorph element as a vibrating bar.




. gold and have a dianeter of 25[err]m As shown in the.figure, tw bond
wires 32 are provided on the sane side of .the vibrating bar 28, making it

possi ble to detect fracturing of the vi br at i ng bar 28 mmm MM
expl osion or hard inpact. If the carridr plate 27 is m m
wafer, then both the transistor header 26 and this cer&mit vaf ér, sane the

ceram c WajyRkt @hineg 18t brating bar 28, are glued together using
el ectrically conductive epoxy resin, so that the | ower part of the

vibrating par %ﬁumamewmé's@ahaue@%mﬁaﬁﬂn éu%ﬁﬁéﬁémt% il
; ﬁf he

Structure- borne sound recei ved EﬁZﬂth mcrop onel 7 ransmtte

transi st or heiqiee spgnd micreghone , phone includi
piezoslectric sensor §4)] for sensing structure-bome sound vnbiratﬁons and for

converting these vibrations info electrical signals, whe

connected o an electronic evaluation unit {(AS)], fcharacterized-in-thaf]

the plezoelectric sensor contains a [defined] vibrating bar ﬁﬁaﬂ which Is formed
by a bimorph element and js attached by [means-ef] hybrid teclhmﬂogy foa
conductive spacer member carrier {24).

2. A structure-bome sound detecior according to claim 1, {ehareterizeddn-that]
the conductive carrier [(27)] is formed by a metal base.

3.

4,
wherein the ceramic wafer is supported by a tmnsﬁstor headerﬁ%@ﬂ and m@
ceramic wafer is glued to fthis-using]
resin. B

8.

7.

thad] wherein the vibrating bar (28) is 1 to 7 mm in fength §
aen] and has a cross-section ares of less than 1 mm?

8. A sfructure-bome sound detector according fo claim the vibrating bar is

generated.
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acoustically hard coupl ed vibrating bar 28 and exeites—the—vibrati ng bar
28. The electrical signal obtainable at the output 8

provi des information regarding the nature and inte g‘ ] ,];“,1
The structure-borne sound detector accé& ding to th }[‘u
restricted to the practical exanple described, in particular, the I nvention

I's not res@d' Ct RSehék béﬁnfémwwmmsamés and

is not restrictedto

bonded to said bar member eanwnginfomatnon mdncatmg the nature and

intensity of vibrations experienced by said bar member.

11.

' fg@ a hx_bﬁd comgonent
12. The sensor of claim 10, wherein said at least two wires are bondled to a same
side of said bar member.

T
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6.shown in Fig. 2. At least two features of the piezoelectric sensor are

I nportant to the invention: on the one hand, the use of a precisely defined
sensor in the formof a vibrating bar,and the manufacture and assenbly of
this in hybrid technol ogy, and on the ®ther hand,the use of a binorph

el ement as a vibrating bar. 7 :

ABSTRACT

STRUCTURE-BORNE SOUND DETECTOR FOR AN INTRUDER ALARM SYSTEM

The detector contains a structure-bome sound microphone connected to an electronic
evaluation unit with a piezoelectric sensor (18) for structure-bome sound vibrations. -
This sensor has a vibrating bar (28), which is attached by means of hybrid technology
to a carrler (27). The vibrating bar (28) is formed by a bimorph element and the
carrier by an electrically conductive ceramic wafer. '

(Figure 3)

06 APR 198




Wjat is clainmed is: 1. A structure-borne sound detect
alarm system wth a structure- bqrmne:sound mni crophong,
i-ncl uding a plezoelectric sensor for sensing structurerb
vi brations and for converting these vibrations into el
wherdin said sensor is connected to ahffel ectronic eval

the pi ezoel ectric sensor contains a vibrating bar whi &h—-s Formed™ iy a

bi norjph el e

L_and is attached by hybrid technol ogy to a conductive s

nmenber carri
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P UERT Fi0 S
2. . A:structure-borne sound detector according to claim1l1, wherein the
conductive carrier is forned by a netal base. 3 A structure-borne sound
detector according to claim1, the conductive carrier is forned by a-
ceramic wafer. 4. A structure-borne souhd detector according to claim 3,
wherein the vibrating bar and the ceram c wafer are gold-plated, and the
ceram c waf er |s:bonded_d|rectl onto the vibrati bar

structure-b i SHIEGPR FOR AN st g@ﬁ@@’@@ﬁ% c
waf er is supported by a tran&g&gk ReoﬂgﬁlAﬁ%lfMWRY

The present invention relates o a structure-bome sound detector for an intruder alarm

system, with a structure-borme sound micmphéneg which has a piezoelectric sensor for
structure-bome scund vibrations and for converting these into electrical signals,
connected to an electronic evaluation unit.

These structure-bome sound detectors, also described as nolse detectors, are used to
detect attacks on protective chiects made of steel or concrete and on safes with
plastic-reinforced protective coatings. The detectors are deployed in pariicular to
. . monitor vault walls and doors, safes and automatic teller machines. Their mode of
- operation is based cn the fact that when hard materials such as concrete or metal, for

example, are fwerked; disturbed, mass accelerations arise, due to which mechanical

vibrations are generated, which disperse in the material as structure-bome sound.
The plezoelectric sensor picks up these vibrations and converts them into electrical
signals. The detector electronics evaluate the signals and trigger an alarm in the
event of an appropriate evaluation result.

In all structure-bome sound detectors known today, the sensor is formed by a
piezecelectric wafer, which is glued to its carier. Dus 1o this, the sensitivity of the
microphone is influenced primarily by external paramelers such as contact prassurs,
the thickness and quality of the layer of adhesive, by the surrounding mechanical
components and the tke. This has the conseguence that each mdnb{duaﬂ detector has

¢onsi der e
W to be adjusted, which increases production costs by a netircensicerable amount.

A second consequence of the dependence of the microphone on extermnal parameters
consists in the fact that the transfer function of the microphone, i.s. the pick-up and
transmiseion of the structure-borne sound, is not controllable or reproducible. Added
to this is the fact that the resonance frequency and sensitivity of the structure-bome
sound microphoene is influenced very considerably [bg} the metal flange forming part of
the sensor casing.

The known structure-borme sound detectors are now to be improved by the invention
in such a way that the sensitivity of the microphone depends primarity on nothing but
the sensor characteristic and no longer on external parameters, and thus no fusther

/ Sshould.._ ..

tﬁm@@@g or adjustment is required. The transfer functi




cerarnic wafer is glued to the transistor header with conductive epoxy
resin. 8. A structure-borne sound detector according to claim4, wherein
two bond wires are provided on the sane side of the vibrating bar. 7. A
st fuct ure-borne sound detector according to claimi1 wherein the vibrating
bar (28), is 1to 7 mmin length and has a cross-section area of |ess than
1 i err] . The plotsiélsst iy SoNasd & tbmetﬁmén%n%mtﬂié‘ﬁei&ééw Snkor

wherein t hg@w\{tla%rsaa Jdgtﬁmeda\!abmang é?rlf whd%r{énféﬂ%%d byga bimorph element and attached

by means of hybrid technology to a conductive carrier.

The sensor according to the invention has the principal advantage that the resonance
frequency of the vibrating bar depends almost exclusively on its dimensions and only
o a very small extent on the flange supporiing 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 no further
adjustment is necessary and production is accordingly simplified and reduced in cost.

18.20, S Such bsm@@E
isleguet of two thin {PXEF

resista actuator abn el &@a& the most suitable
MMMHE@WSU@ d be used in sensor applications,

The formation of the vibrating bar from a bimorph eﬁ@mem has the advantage of
creating a precisely reproducible connection between the bimerph element and the

conductive camier, due to which the manufacturing costs 6f the sensor are further
reduced.

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

bimorph element. REPMCEMENT SH@ET
24 JUL 1998




9. A’'structure-borne sound detector according to claiml1, wherein said
evaluation unit conprises nmeans for receiving said electrical signals from
sai d m crophone and evaluating said electrical signals to determ ne whether
an” al arm shoul d be gener at ed. 10. A 4ensor for sensing vibrations,

i ncl udi ng: a bi norph bar er which vibrates when disturbed; a carrier

menber  af f im@d1.tThi® BSndte.a Agdo B refRiERRIaticA of a microphone flange 17, which
Is screwed fo the object to be protected, fo be precise so that it fits closely to the

object with its boltorn surface in the figure. A sensor 18 is encapsulated or giued into
the microphone flange 17. The sensor 18 Is sealed at the top by a lid 18, which is
Tkewise glued to the microphone flange 17 and has a terminal contact (C) fo the
electronic evaluation unit AS (Fig. 1). Placed onto the microphone flange 17 is a
mounting plate 20, which is cushioned from the mncmphone flange, by rubber Enserts
21. The mounting plate 20 ls connected fo the mscmph@ne flange by means-ef
é' "$him 23, which lles on the mounting plate 20 and is penetrated by the screws
22 prevents the microphone flange 17 from falling cut of the mounting plate 20.

The m@umm% plate 20 is provided with a fastening web 24 for the electronic
evaﬂuatﬁ@ﬂﬁyﬁﬁmﬂch is held in a swivelling plastic lid. The mounting plate 20 also

has fixing brackets 25 for a solld casing lid, which is secured by a sabotage switch L
against unauthorized interference. The plastic lid for the electronic evaluationusit, the
casing lid and the sabotage swiich are not essential to the Invention and are therefore -

net shown. 4

The sensor 18 of the microphone 1 Is shown in Figures 3 and @ Fig. 3 [showing]
shows an axial section and Fig. 4 a cross-section according to the line V-V in F‘g 3.
The sensor 18 consists [aecording-te] in the repﬂesemation of a fransistor header 26 £}
and a small conductive carrier plate 27 attached o 7‘;1:;;»\1 istor header 26. A
{a] plezoelectric vibrating bar 28 s attached to :‘ ) a covering cap 29 covers
churg, The sensor includes fend] three tarminals 3@ and 31, of which the twe
temmnais 30 are routed to the terminal contact in the lid 18 (F'g 2) and the terminal
31 drawn In as a dofted and dashed line is used for fearthing] grounding purposes.

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

The vibrating bar 28 is formed by a so-called bimorph element, which according to the
Philips piezoceramic component catalogue is two thin PXE wafers joined tegether fo
form a unit. Bimorph elements are operated In serles or parallel, series eperation of
the PXE wafers being recommended for sensor applications.
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beader nmenber, onto which said carrier nenber is secured;at |east two wires

bonded to said bar nenber carrying information indicating the nature and

intensity of vibrations experienced byggaid bar menber. 11. The sensor of
said carrier members and said

cl aim 10, wherein said bar-Ilike nenber,
header nenber are assenbl ed using hybrld
hybri d corr%@eﬂbmﬂﬁ@bar 28, vitlich lsdB38-mmiong

wres are Whggg

mfesanama frequency of Ewhtehi thumn bar 28 lies in the range from roughly

ting bar 28 is goﬂdaplated like the carrier plate 27{;:%3

— semiconductor chips may he glued soldered or wire«»b@nded Icndﬁng in turn
describes the creation of electrical c@mectnons within semiconductor components by
means of thin gold wires. Because the bimorph eleme iy on 4

ihese] thin wires, which form the connection between the vibrating bar 28 and the
two contacts 30, are described in Fig. 4 by the reference symboil 32. They consist of
goid and haveda diameter of 25um. [Accearding-lo-the-representation] As shown In the

snds 32 are provided on the same side of the wbratmg ban’ 28, making it
possible to detect fracturing of the vibrating bar 28 as a result of explesicn or hard
W impact. ’

if the carrier plate 27 is formed by a ceramic wafer, then both the transistor header 28
and this ceramic wafer, and the ceramic wafer and the vibrating bar 28, are glued
together using electrically conductive epoxy resin, so that the lower part of the
vibrating bar 28 is electrically connected fo the transistor header 26. Structure-bome
sound recsived by the microphone 1 is transmitted by the transistor header 26 to the
acoustically hard-coupled vibrating bar 28 and excites [his] the vibrating

electrical signal obiainable at the output of the sensor 18 provides information
regarding the nature and intensity of this excitation.

The sfructure-bome sound dstector according to the invention is not restricted to the
practical example described, in particular, the invention is not restricted

lectronic evaluation unit AS shown In Fig. 1 and‘i%ot resiricted
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: sr—Twe] At least two features of the piszoelectric sensor are

5 "o the ﬁnvenﬁan on the cne hand the use of a precisely defined sensor in the
f@fm of a vibrating bar..and the manufacmfe and assembly of this In hybrid
technelogy. and on the other hand,the use of a bimerph element as a vibrating bar.
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10. A sensor for sensing vibrations mcﬂ ding: a bimorph bar member which vibrates
hen disturbed: & gmgr membe r affixed to one end of said bar member; a

11.

12.




