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Th~ pre~~nt invention relates to a structure-borne ~ound 
d~t~ctor for an intruder alarm system, with a structure-borne 
~ound microphon~, which has a piezoelectric ~ensor for 
~tructur~=borne sound vibrations and for converting these into 
~l~etrical ~ignals, connected to an electronic evaluation 
unit. 

Th®s~ st:rueture~bo:rne sound detectors, also described as noise 
detector~, are used to detect attacks on protective objects 
made of gt,~el 0%' concrete and on safes with plastic=rei:nforced 
proteetiv~ coatings. The detectors a.re deployed in particular 
to monitor vault walls and doors, safes and automatic teller 
maehine~. Their mode of operation is based on the fact that 
when hard materials such as concrete or metal, for example, 
are worked, m«:u:ls accelerations a.rise, du.~ to which mechanical 
yibration~ are generated, which disperse in the material as 
~tructur~=borne sound. The piezoelectric sensor picks up 
th~~~ vibrations and converts them into electrical signals. 
The detector electronics evaluate the signals and trigger an 
ala:irm in the event of an appropriate evaluation result. 

In all ~tructure=borne sound detector~ known today, th~ sensor 
i~ formed by a piezoelectric wafer, which is glued to its 
earri~r. Du~ to this, the sensitivity of the microphone is 
inf luene~d primarily by external para~eters such as contact 
pre~~ur~, the thickness and quality of the layer of adhesive, 
by the surrounding mechanical components and the like. This 
ha~ th~ co~9equencie that each individu~l detector has to be 
~dju~ted, which increases production coate by a not 
incon~iderable amou..~t. 

A second eonsequenee of the dependence of the microphone on 
~xt~rnal parameters consists in the f aet that the transfer 
function of the microphone, i.e. the pick-up and tran~mission 
of the strueture=borne sound by this, is not controllable or 
reproducible. Added to this is the fact that the resonance 
frequency and sensitivity of the structure=born~ sound 
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microphon~ is influenced very considerably by the m~tal flange 
forming part of the sensor casing. 

Th~ known ~tructure-borne sound detectors are now to be 
improved by the invention. in such a way that th~ sen~itivity 
of the microphone depends primarily on nothing but the senaor 
characteri~tic and no longer on ext~rnal parameter~, and thus 
no furth~r trimming or adjustment is required. The transfer 
function of the microphone should also be reproducible and 
eontroll~bl0. 

Tll:u~ probl~m 1Jet is solved according to the invention in that 
th~ pi~~oelectrie sensor contains a defined vibrating bar, 
which i~ formed by a bimorph element and attached by means of 
hybrid technology to a conductive carrier. 

The ~en~or according to the invention has the principal 
advantage that the resonw.'"'lce f:t"equency of the vibrating !bar 
depend~ almost exclusively on its dimensions and only to a 
very ~mall extent on the flange supporting the microphone. 
The ~~n~itivity and resonance frequency of the microphone are 
thereby dep{mdent exclusively on the sensor characteristic and 
no long~r on external parameters, owing to which no further 
adju~tment is necessary and production is accordingly 
8implifi~d and reduced in cost. 

Bimorph ®laments consist according to the Philips component 
eatalogu~ of two thin PXE wafers joined together to form a 
unit, PXE denoting a piezoceramic material. The formation of 
the vibrating bar from a bimorph element has the advantage of 
creating a precisely reproducible connection between the 
bimorph ~lement and the conductive carrier, due to whiclh the 
manufacturing costs of the senso~ are further reduced. 

The c:minductive carrier for its part i~ attached to a base, 
preferably to a transistor header, so that an electrical 
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connection ~xists between this and th~ lower part of the 
bimo::rph element. 

Th~ inv~ntion i~ explained in greater detail below with 
refer~ne~ to a ~ractical example and the drawings. 

Fig. 1 

Fig. 2 

Fig. 3 
Fig. ~ 

~hows a block diagram C·f a structure-borne sound 
detector, 

sihows a section th.rough the part of the detector 
containing the microphone, 
shows a detail of the microphon~ in Fig. 2; and 
shows a section according to the line IV=IV in Fig. 
J. 

The noi~e detector GM shown in Fig. 1 contains according to 
th~ r~presentation a microphone l acting as a st:ructure~borne 
~ound piek=up and an evaluation circuit AS. The microphone 1 
i~ u~~d to piek up the vibrations which are generated by the 

ma~~ accelerations produced when hard materials are worked, 
~d to convert these vibrations into electrical signals. The 
@valuation circuit is known from US~A 4,290,058, for example, 
and i~ only to be described briefly here. 

The output signal of the microphone 1 is supplied via an 
impedance converter 2 to a preamplifier 3. The preamplified 
~ignal passes via a. further amplifier 4 to a mixer 5, whe?:"e 
the amplified signal is mixed with the signal of an oscillator 
7 ~w~pt by a slow-running sweep oscillator 6. The product of 

the ~ignal mix is supplied via a sensitivity controller 8 to 
an intermediate-freq~ency amplifier 9. The amplified IF 
~ignal acts on a voltage-controlled power source 10, which 
eha.rg~~ an integration capacitor 11. As soon as the voltage 
at the integration capacitor 11 surpasses the threshold of a~ 
alal!:'m comparator 12, an alarm is triggered by the drop-out of 
an alarm relay 13. 
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The alarm comparator is-wired as a Sc~mitt trigger. T~~ 

switching thresholds are selected ~uch that in the event of an· 

alarm due to the discharging of the integration capacitor 11 

vi.a the discharging network 14, the alarm self~holding time is 

around ls. 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 cause~ an alar~ to be 

triggered. If the time interval between two consecutive 

noi~es is greater than approx. 5s, then the integration 

capacitor ll is swiftly discharged via a stage 16. 

Fig. 2 shows an axial section through the microphone 1 of the 

noi~~ detector GM in Fig. 1. This consists according to the 

repr~sentation of a microphone flange 17, which is screwed to 

th~ object. to be protected, to be p:reeim~ eio th.at it fita 

clo~ely to the object with its bottom surface in the figure. 

A ~~n~or 18 is encapsulated or glued into the microphone 

flange 17. The sensor 18 is sealed at the top by a lid 19, 

whieh is likewise glued to the microphone flange 17 and has a 

t~:rminal contact to the electronic evaluation u..~it AS (Fig. 

1). Placed onto the microphone flange 17 is a mounting plate 

20e which is cushioned from the microphone fla..~ge by rubber· 

in~~rts 21. The mounting plate 20 is connected to the 

mierophone flange by means of screws 22; a shim 23, which lies 

on the mounting plate 20 and is penetrated by the screws 22, 

prev~nts the microphone flange 17 from falling out of the 

mounting plate 20. 

Th@ mounting plate 20 is provided with·a fastening web 24 for 

the ~leetronic evaluation unit, which is held in a swivelling 

pla~tic lid. The mounting plate 20 also has fixing brackets 

25 for a ~olid casing lid, which is s~cured by a sabotage 

switch against unauthorized interference. The plastic lid for 

the electroit1ic evaluation unit, the casing lid and the 

~abotage switch are not essential to the invention and are 

the~efor~ not shown. 
----. ··-·-··-------
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The ~ensor 18 of the microphone 1 is ~hown in Figures 3 and 4, 
Fig. 3 showing an axial section and Fig. 4 a cro~~~section 
aceording to the line IV-IV in Fig. 3. The s~n~or 18 consists 
ae_cording to the representation of a tranaistor header 26, a 
small conductive carrier plate 27 attach~d to this, a 
pie~oelectric vibrating bar 28 attached to the plate, a 

eov~ring cap 29 and three terminals 30 and 31, of which the 
two t~rminal8 30 are routed to the terminal contact in the lid 
19 {Fig. 2) and the terminal 31 drawn.in as a dotted and 

daBh~d line is used for earthing purposes. 

Th~ 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 co:nnection 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; 

how~v~rs the carrier plate may also be formed by a metal base. 

Th~ v:Llbrating bar 28 is formed by a so~callred bimorph. element, 
which according to the Philips pie~oceramic component 

catalogue i8 two thin PXE wafers joined together to form a 
unit. Bimo:rph elements are operated in series or parallel, 
~~rie~ operation of the PXE wafers being recommended for 

~enoor applications. 

The vibrating bar 28, which. is 5.33 mm long in total and has a 
ero~~~~~et.ion of 1.5 times 0.5 uu2 , a.nd the resonance 
f requ@ncy of which lies in the range from roughly 12 to 

22 lld!z, is gold-plated like the carrier plate 27. The 
vibrating bar 28 is ~ended to the carrier plate ~7 using 
hybrid technology. By hybrid technology circuit integration 
is understoodu in which the semiconductor chips are glued, 
9oldered or wire~bonded. Bonding in turn describes the 
er~ation of ~lectrica.l connections withir.. ~emiconductor 
components by means of thin gold wires. 
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These thin wire~, which form the connection between the 
vibrating bar 28 and the two contact~ 30, are described in 
Fig. 4 by the reference symbol 32. Th~y consist of gold and 
have a diameter of 25µm . .According to t.he.rep~esentation, two 
bond~ J2 are provided on the same side cf the vibrating bar 
28, making it possible to detect fracturing of the vibrating 
bar 26 a~ a result of explosion or hard impact. 

If th~ carrier plate 27 is formed by a ceramic waf~r, then 
both the transistor header 26 and this ceramic wafer, and the 
c~ramic wafer and the vibrating bar 28, are glued together 
ul\Jing ~lectr:i.cally conductive epoxy resin, so that the lowe:r 
part of the vibrating bar 28 is electrically connected to the 
tran~i~tor header 26. Structure-borne sound received by the 
microphone l i~ transmitted by the transistor header 26 to the 
~cou~tieally hard~coupled vibrating bar 28 and excites this. 
Th~ ~l~ctrical aigna.1 obtainable at the output. of the sensor 
18 provid~s information regarding the nature and intensity of 
thi~ ~xeitation. 

'1'he ~tdt'Uct.ure~borne sound detector according to th.e invention. 
i~ not restricted to the practical example described, in 
particular not to the electronic evaluation unit AS shown in 
Fig. 1 and not to the microphone 1 shown·in Fig. 2 either. 
Two f~~tur~s of the piezoelectric sensor are essential to the 
invention: on the one hand the use of a precisely d~fined 
~ensor in the form of a vibrating bar, and the manufacture and 
assembly of this in hybrid technology, and on the other hand 
th~ U8e of a bimorph element as a vibrating bar. 
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l. Strueture~lborne sound detector for an intruder alarm 
sy~t~mu with a structure~borne sound microphon~ (l}, 

wlhieh has a piezoelectric sensor 0.S) for stru.cture-lborne 
~mund. vibrations and for converting t!lese into electrical 
~ignals, connected to an electronic evaluation unit 
(AS), characterized in that the piezoelectric ser..sor 
contains a defined vibrating bar (28), which is formed by 

a lbimorph element and attached by means of hybrid 
t~chnology to a conductive carrier {27) • 

2. Strueture=bonne sound detector according to claim 1, 

characteri~ed in that the carrier {27) is formed by a 
m~t.al base. 

3. Structure-borne sound detector aecordling to claim 1, 
characterized in that the carrier (27) is formed by a 
eeramie wafer. 

~. St:rueture-born.e sound detector according to claim 3, 
eha.ra.cteri~ed in that the vibrating bar (28} and the 
c~ramic wafer are gold-plated, and that bonding is 
performed directly onto the vibrating bar. 

5. Strueture~bor:ne sound detector according t.o claim 4, 

characterized in that the ceramic wafer is supported by a 
tran~i{it:or header {26l·and is glued to this using 
conductive epoxy resin. 

6. Strueture~bo:rne sound detector according to claim 4, 
characterized. in that two bonds {32} are provided on the 
s~m~ ~ide of the vibrating bar {28} . 

7. Structure-borne sound detector according to any one of 
claim~ l to 6, characterized in th~t the vibrating bar 
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{28) i~ 1 to 7 mm in length, preferably around 5 _mm, and 

ha~ a ~ross=section of less than 1 mm2 •· 


