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ABSTRACT OF THE DISCLOSURE 

Electro-mechanical resonator having a mechanically 
resonant beam which is bridged across the limb ends 
of a stiff U-member. The beam is vibrated by electro 
magentic or piezo-electric means at its resonant fre 
quency. Output is obtained from a piezo-electric device 
which is mounted on or deposited on the structure at 
a position on the structure, such as at one end of the 
beam or on the U-member at a vibration node, at which 
vibrations occur. 

This invention relates to electro-mechanical resonators 
and more speci?cally to electro-mechanical resonators 
of the kind in which an electrically driven mechanically 
resonant beam or bar is employed as a frequency deter 
mining element in an electrical circuit such as an oscil 
lator or ?lter. Such resonators are extensively used in 
tone signalling equipment utilising the voice channel 
spectrum in a telecommunication system. The resonant 
beam is generally electro-magnetically or piezo-electrical 
1y driven and, in present common practice, is ?tted with 
a make and break contact connected to open and close 
an associated electrical circuit as the beam vibrates res 
onantly. The frequency of vibration in such cases is usual 
ly somewhere in the range of 100 to 3000 c./s. and, be 
cause the best commercially available contacts have a 
distinctly limited useful life even at very low current 
rating (somewhere about 3 X 109 operations) the need for 
obtaining a long operational life (in terms of time) has 
led to thetone signalling systems using such resonators 
being con?ned to those in which only bursts of tone fre 
quency are employed. This is a most undesirable prac 
tical limitation since it precludes using a monitor tone 
to establish continuity of the communication link. Con 
siderable advantages would follow the adoption of con 
tinuous tone instead of bursts of tone but this is not 
satisfactorily practical with a resonator which operates 
contacts by its vibration. The present invention accord 
ingly seeks to provide improved electro-mechanical res 
onator devices in which make and break contacts are 
eliminated. . 

According to this invention an electro-mechanical res 
onator comprises a vibratory beam of pre-determined 
resonant vibration frequency, a U member of substantial 
stiffness relative to that of the beam and across the 
limb ends of which said beam is bridged and to which 
said beam is attached at its ends, electro-ma'gnetic or 
piezo-electric means for causing said beam to vibrate 
resonantly, and a piezo-electric device adapted to pro 
vide electrical output at the resonant vibration frequency 
when the beam vibrates said device being mounted on or 
deposited on‘ the beam-U member structure at a location 
at which vibration occurs when the beam is vibrating 
and having an electrode deposited on or otherwise bond 
ed to said structure at said location. 
The piezo-electric device providing the electrical out 

put may be mounted or deposited on any of a number 
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of different positions on the structure. One suitable posi 
t1on is on the beam near one end thereof. Another suita 
ble position is on the U member at a location which 
is a vibration node: e.g. if (the preferred case) the U 
member is a rectangular U consisting of two parallel 
limbs and a cross piece at right angles to the same, near 
one end of the cross piece. 

If the beam is to be piezo-electrically driven this may 
be achieved by a second piezo-electric device also mount 
ed or deposited on the beam-U structure and having an 
electrode deposited or otherwise bonded to the structure 
at a location at which vibration occurs when the beam 
is vibrating. This second device may also be mounted 
or deposited at any of a variety of different positions 
e.g. near one end of the beam or it may be mounted or 
deposited on the U member at a location which is not 
a vibration node. Thus, in the case of a U member of 
rectangular shape the second device may be mounted or 
deposited on the U member near one end of the cross 
piece of the U. 

If the beam is to be electro-magnetically driven this 
may be achieved by an electro-magnet upstanding from 
the middle of the U member and extending towards the 
middle of the beam with its free end spaced from said 
beam. 

In one embodiment of the invention the beam has 
electrical input and output pieZo-electric devices mount 
ed or deposited thereon, each with an electrode bonded 
or deposited thereon, one being over one end of the 
beam the other being over the other end of said beam. 

In another embodiment of the invention the beam is 
electro-magnetically driven by an electro-magnet up 
standing from the middle of the U member and having 
its free end adjacent but spaced from the beam and an 
electrical output piezo-electrical device is mounted or 
deposited on said U member near one end of the part 
thereof which joins the limbs thereof. 
Any of the embodiments of this invention may of 

course be arranged to operate as a self-maintaining res 
onant oscillator by amplifying output from the electrical 
output means thereof and feeding the ampli?ed output 
into the driving means for the beam. 

Resonators in accordance with this invention may con 
veniently be mounted by mounting means carrying the 
U member at vibration nodes thereon. In the case of a 
rectangular U member such nodes occur on the limbs 
of the U. In such a case the resonator may be convenient 
ly carried by means of brackets attached to the U mem 
ber at these nodes. 
The invention is illustrated in the accompanying draw 

ings in which FIGURE 1 illustrates diagrammatically a 
preferred form of beam-U member structures: FIGURES 
2 to 5 show various embodiments diagrammatically; and 
and FIGURE 6 illustrates diagrammatically one way in 
the beam-U member structure can be carried by means 
of brackets attached to the U member at vibration noles. 
Like references denote like parts in all the ?gures. 

Referring to FIGURE 1 the beam-U member struc 
ture therein shown comprises a resonant vibratory beam 
1 of metal or other suitable material which is bridged 
across and attached at its ends to the ends of the limbs 
2 of a rectangular U member also having a cross piece 
3 which is integral with the limbs. The beam, limbs and 
cross piece are of rectangular cross section. The U mem 
ber constrains the beam 1 and is of substantially greater 
stiffness than that of the beam. 

In the embodiment shown in FIGURE 2 two piezo 
electric crystals 4, 5 one serving as an electrical input 
or driving means and the other as an electrical output 
means, are mounted near the ends of the beam, extend 
ing over those ends and the adjacent ends of the limbs 
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of the U member. In the case illustrated 4 is the driving 
crystal, 6 being the electrical input terminals and 7 the 
electrical output terminals. Each crystal has an electrode 
?rmly bonded to e.g. deposited on, the beam where it is 
located. The bonding is represented by the thick lines 4A 
and 5A. When the driving crystal is energized at the fre 
quency of resonance of the beam and, of course, suitably 
polarised, the said beam vibrates as conventionally indi 
cated in broken lines in FIGURE 2. If A.C. output from 
the output crystal (also suitably polarised) is ampli?ed 
and fed in to the input crystal, the device becomes a self 
maintaining oscillator and the beam will vibrate continu 
ously at its resonant frequency. Such an oscillator is 
shown in FIGURE 3 in which 8 is the ampli?er. 

If two resonators as illustrated in FIGURE 2, are 
located at opposite ends of and are connected by a com 
munication channel they may be subjected to different 
ambient temperatures and, when the operating Q, values 
are high (around 1000) care will usually have to be 
taken to ensure that the difference, due to temperature 
differences, between their resonant frequencies shall not 
be too much to be acceptable. In many cases satisfaction 
of this requirement will involve mounting the resonators 
in thermostatically controlled housings. 
The amplitude of beam vibration is related to the A.C. 

input amplitude applied to the driving crystal, the prop 
erties of the piezo-electric device, the dimensions of the 
beam and the material of which it is made. If a multi 
plicity of frequencies is applied to the driving crystal the 
device will act as a ?lter and provide a selected output 
frequency determined by the resonant frequency of the 
beam. It will be seen that the device, like other embodi 
ments of this invention, has no contacts so that it may be 
used satisfactorily in signalling systems using continuous 
tones. Moreover the power requirements as respects the 
driving signal are low—considerably lower than those of 
a resonator which has to operate make and break con 
tacts—the Q value is high, and the frequency stability is 
good. 

If a device as illustrated by FIGURE 2 is used as an 
oscillator at one end of a communication channel to 
supply electrical oscillations over that channel to a 
frequency selective resonator, also as illustrated'by FIG 
URE 2, at the other end of the channel, then, as already 
stated, di?iculties may arise if the temperature to which 
the two devices are subjected are materially different 
since different temperatures will produce different reso 
nant frequencies. This is due to the liability for the exist 
ence of substantial temperature coef?cients caused by 
possible variations in coefficients of expansion between 
the beam, the crystals and the bonding agents but more 
particularly caused by large changes in Young’s modulus 
of the crystals with temperature in crystals as at present 
commercially available. The use of thermostatically con 
trolled housings for the devices will, at least to a large 
extent, solve these difficulties but such housings are 
costly. The dif?culties can be reduced, but not eliminated, 
by reducing the areas of contact between the beam and 
the crystals. This expedient is, however, obviously 
severely limited as to its applicability, since it results in 
reduction of transducer e?iciency. FIGURE 4 shows 
a very simple and effective way of reducing these 
dif?culties. . 

In FIGURE 4 the driving crystal is dispensed with 
and instead the beam is driven electro-magnetically by 
an electro-magnet 9 having a winding 10 and upstanding 
from the middle of the cross piece 3 towards the middle 
of the beam 1 from which its free end is suitably spaced. 
The magnet is fed from input terminals 6A at the appro 
priate resonant frequency. The magnet is suitably polar 
ised either electrically or magnetically i.e. either by super 
imposing -D.C. on the A.C. input or by making the core 
inside the winding 10 a permanent magnet. The output 
piezo-electric crystal 5 is mounted on the U member at 
other than a vibration node—-as shown it is mounted 
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4 
near one end of the cross-piece 3 where it detects vibra 
tion due to the beam vibration. The vibration movement 
at this location of the crystal is relatively low compared 
with that at the ends of the beam but adequate move 
ment can be obtained by increasing the power input to 
the electro-magnet. From the viewpoint of temperature 
frequency coe?icient, the embodiments of FIGURE 4 
has considerable advantages over that of FIGURE 2 
since the electro-magnetic drive is mechanically divorced 
from the beam and the crystal 5 is so loosely coupled 
to the beam that its effect on resonant frequency with 
temperature variation is quite small—normally insigni? 
cant. With an arrangement as shown in FIGURE 4 a 
frequency-temperature stability determined substantially 
only by the beam material is readily achievable. Known 
materials of substantially zero temperature coe?icient 
and stable values of Young’s modulus with respect to 
temperature are available and may be used with advan 
tage for the beam and U member structure. 
FIGURE 5 shows a modi?cation of FIGURE 4 in 

which another crystal 11 is mounted, more or less sym 
metrically with the crystal 5, at the other end of the cross 
piece 3. The crystal 11 may be used to provide a second 
output or the device illustrated by FIGURE 5 may be 
used as a resonant ?lter of low temperature/frequency 
coefficient but large insertion loss. 
The arrangement of FIGURE 4 has the advantage that 

it will only respond at the fundamental frequency of 
the beam but of course the said beam will respond at this 
frequency if the magnet is energised at a suitable mul 
tiple or sub-multiple of the fundamental. 
Nodal points exist at points N on the limbs of the U 

member and any of the embodiments illustrated can 
therefore be conveniently mounted by carrier brackets or 
the like attached at these points. Such carrier brackets 
are exempli?ed at B in FIGURE 6‘. 

Although in the particular embodiments described, the 
piezo-electric devices are constituted by piezo-electric 
crystals, the present invention is not limited, of course, 
to the use of such crystals. Instead of using piezo-electric 
crystals in carrying out this invention, any or all of the 
piezo-electric devices may be formed by a vapour depo 
sition process known per se, for example, by the vapour 
deposition of cadmium sulphide (CdS) or zinc sulphide 
(ZnS). By this process the piezo-electric device may be 
formed directly at the desired position on the device 
thereby eliminating the bonding operation normally 
required when a piezo-electric crystal is used. 
We claim: 
1. An electro-mechanical resonator comprising a vi 

brator beam of pre-determined resonant vibration fre 
quency in a ?exual mode, a U member of substantial 
sti?ness relative to that of the beam and across the limb 
ends of which said beam is bridged and to which said 
beam is attached at its ends forming a beam-U member 
structure, electro-magnetic means coupled to said beam 
between said ends for causing said beam to vibrate res~ 
onantly in a ?exual mode, and at least one piezo-electric 
device adapted to provide electrical output at said reso 
nant vibration frequency when the beam vibrates in a 
?exual mode, said device being mounted or deposited on 
the beam-U member structure at a-location at which 
vibration occurs when the beam is vibrating in said ?ex 
ual mode and having an electrode deposited on or other 
wise bonded to said beam-U member structure at said 
location. 

2. A resonator as claimed in claim 1 wherein said 
piezo-electric device providing the electrical output is 
mounted or deposited on the beam near one end thereof. 

3. A resonator as claimed in claim 1 wherein said 
piezo-electric device providing the electric output is 
mounted or deposited on the U member at- a location 
which is a vibration node. 
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4. A resonator as claimed in claim 1 wherein the U 
member is a rectangular U consisting of two parallel 
limbs and a cross piece at right angles to the same and 
the piezo-electric device providing the electrical output 
is mounted or deposited near one end of said cross piece. 

5. A resonator as claimed in claim 1 wherein said 
electro-magnetic means is an electro~magnet upstanding 
from the middle of the U member and extending toward 
the middle of the beam with its free end spaced from 
said beam. 

6. A resonator as claimed in claim 1 wherein said elec 
tro-magnetic means is an electro-magnet upstanding from 
the middle of the U member and having its free end ad 
jacent but spaced from the beam and said piezoelectric 
device is mounted on said U member near one end of 
the part thereof Which joins the limbs thereof. 

7. A resonator as claimed in claim 1 including mount 
ing means carrying the U member at vibration nodes 
thereon. 

8. A resonator as claimed in claim 1 wherein the 
piezo-electric device is deposited by a vapour deposition 
process. 

9. A resonator as claimed in claim 8 wherein the 
said device is formed by vapour deposition of cadmium 
sulphide (CdS). 

10. A resonator as claimed in claim 8 wherein the 
said device is formed by vapour deposition of zinc sul 
phide (ZnS). 
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