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This invention relates to‘ piezoelectric" devices: 
employing a piezoelectric element. and more: par 
ticularly to a piezoelectric. device in. which parts 
customarily associated‘. in- assembly- with the 
piezoelectric element, as. for example electrodes: 
or electrodes and leads, are electrically inter 
connected. 
In the art of making piezoelectric transducers 

and other devices employing piezoelectric ele 
ments, it is often necessary tov provide an elec-> 
trical interconnection. between‘ electrodes or be 
tween electrodes and leads‘ in1 order to increase 
the voltage outputof the. device under given con 
ditions of applied force to the device, as is de 
scribed for example in the: serieseelectroded 
piezoelectric element comprising one of the 
modi?cations of my United States Patent No. 
2,388,279, issued October 9-,. Heretof'ore it 
has been attempted to accomplish this end? by 
means of external. connecting‘ leads; which. have 
proved inefficient, expensive, and? have resulted 
in an undesirable increase in the: bulk or effective 
mass of the assembled. piezoelectric: device. 

Objects of the present invention- are to, pro 
vide a device of the character described which 
eliminates the above. disadvantages, which ap 
preciably diminishes to: a. desired: compact and 
convenient‘ size the bulk. or e?ective mass» of the 
assembled piezoelectric device, and which insures 
an e?icient electrical interconnectionv between 
the electrodes or the electrodes and leads. 
Further objects of the invention’ are to provide 
a device of the character described ‘which is of 
simple and durable construction. and which is 
easy and inexpensive to produce‘. 
In one aspect, the invention involves a piezo 

electric device‘ comprising a plate of piezoelectric 
material having a. hole extending therethrough, 
electrodes mounted on opposite‘ facesoftheplate, 
the edge of an electrode on- one side ot‘the- plate 
being o?set from the edge‘ of the hole, and a 
conductor extending through said hole and into 
electrical contact with an- electrode on the other 
side of the plate. The conductor is formed of a 
plastic mixture of electrically conductive mate 
rial. 
In another aspect the conductor extends 

through said hole with one end in. electrical 
contact with an electrode on the other side of 
the plate, and a lead on the one side of the plate 
is in electrical contact with. the‘ opposite end of 
the conductor. 
In a more speci?c aspect the piezoelectric de 

vice comprises a pair of sed plates" of 
piezoelectric material, one of said plates having = 
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a hole extending therethrough, outer electrodes; 
mounted on. the outer faces of each plate, and 
an intermediate electrode mounted between the 
inner faces‘ of said: plates, the edge of an outer. 
electrode. on the one plate being offset from the‘ 
edge of the hole, and. a conductor extending 
through said hole with one end in electrical con 
tact with the intermediate electrode,v and’ a lead‘ 
on‘ the outer face of the one plate in electrical 
contact with the opposite end of the conductor. 
In still another aspect the invention: involves 

a piezoelectric device comprising a plateof piezo 
electric material having a hole extending: there 
through, electrodes. mounted on opposite; faces‘. 
of: the plate, the edges. of the electrodes being 
o?'set from the edges of the hole, and a con. 
ductor for electrically interconnecting an elec 
trode. on one face of the plate with an electrode 
on the opposite face of the plate, the conductor 
comprising a plug of conducting material ?lling 
the hole and integral portions of conducting ma, 
terial interconnecting the ends of the plug with 
said electrodes. The conductor. is formed of a 
plastic mixture of electrically conductive mate' 
rial and comprises a plug ?lling the hole: and in 
tegral portions interconnecting the endsv of‘ the 
plug, with said electrodes. 
For the purpose of illustration, typical‘ embodi 

ments are shown in the accompanying drawings‘, 
in which 

Fig. 1 is an. isometric View of a typical embodil 
ment of the invention; 

Fig. Z'isa section along the line 2-21 of Fig. 1;, 
Fig. 3 is an isometric view of a modified em— 

bodiment of. the invention; 
Fig. 4 is a section along the line 4'—-¢ of vFig. 3: 
Fig. 5 is an isometric view of still another 

modi?ed embodiment of the invention; and’ 
Fig. 6 is a section along the lines 6-6 of Fig. 5-. 
In. Figs. 1 and 2 of the drawings, l designates 

a plate or slab of piezoelectric material as for 
example Rochelle salt crystal, the plate’ having. 
opposed faces 2 and 3 and‘ having a hol‘ev 4‘ ex 
tending through the plate from- the face 2 to 
the opposite face 3. Spaced metal plates or 
electrodes 5 and 6 and ‘I and 8 are mounted‘ on 
the opposed faces 2 and 3 respectively, the edges 
of said electrodes adjacent the hole 4 being cut 
away thereby to off-set the electrodes from‘ the 
edge of the hole. ' 
A conductor 9 for electrically interconnecting 

the electrodes 6 and T on opposite faces of the 
plate comprises a body portion or plug I‘Uextend 
ing through and ?lling the hole 4 and integral 
extensions I211 and l‘!5 extending from" the ends 
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of the plug over the opposed faces of the plate 
and thence over and into electrical connection 
with the electrodes 6 and 1 respectively. 
The conductor 9 is formed of a plastic mixture 

of electrically conductive material as here speci 
?ed, by way of example, preferably as a colloidal 
suspension of graphite in alcoholic, aqueous or 
other suitable liquid, a colloidal suspension of 
silver in a suitable cement, or, if gold electrodes 
are not used, an amalgam of suitable metal such 
as tin or silver. The plastic mixture is of suffi 
cient viscosity to permit of controlled flow, that 
is, one which will not allow the material to capil 
lary over a greater surface than that to which 
it is originally applied. 
In applying the conductor the plastic mixture 

of electrically conductive material is preferably 
poured through a suitable nozzle, under con 
trolled flow, into the hole until the hole is sub 
stantially ?lled, after which the material is al 
lower to flow in a controlled direction onto the 
opposite faces of ‘the plate and thence onto the 
surface of the electrodes 6 and ‘l as shown in Fig. 
1. The material is then allowed to dry and the 
e?icient and durable electrical interconnection of 
the .electrodes is complete. 
To complete the electrical connection from the 

electrodes to an external circuit, leads [4 and i5 
of well-known electrically conductive material 
are mounted by suitable means to the electrodes 
5 and 8 respectively, as shown in Figs. 1 and 2, a 
small amount of the same plastic mixture as 
above described being flowed over the ends of the 
leads and onto the surface of the electrodes to 
insure an efficient electrical contact between said 
leads and electrodes. 
The embodiment illustrated in Figs. 3 and 4 is 

of similar construction to the embodiment of Fig. 
2~and illustrates‘ the interconnection in series of 
a plurality of electrodes on opposite faces of the 
piezoelectric plate I, the same reference numerals 
being used for identical corresponding parts. In 
this embodiment three holes H, M and ii] are 
provided in the plate I and each hole similarly ex 
tends through the plate from the face to the oppo 
site face 3. Spaced metal electrodes 20, 2|, 22 and 
23, and 24, 25, 2B, and 27 are similarly mounted 
on the opposed faces 2 and 3 respectively, the 
edges of said electrodes being offset from the 
edges of holes l1, l8, l9 respectively. Conduc 
tors 9 of similar electrically conductive material 
as above described and having identical body 
portions or plugs I 0 and integral extensions H 
and I2 are applied to the plate and electrodes in 
the same manner as above described thereby to 
electrically interconnect electrodes 24 and 2|, 25 
and 22, and 26 and 23 respectively, and the leads 
l4 and I5 are similarly mounted on electrodes‘ 
20 and 27 respectively to complete the electrical 
connection from the electrodes to an external 
circuit. 

Referring to Figs. 5 and 6 a third typical em 
bodiment of the invention comprises a pair of 
superposed plates or slabs 29 and 30 of similar 
piezoelectric material. Outer metal plates or 
electrodes 3! and 32 are mounted by suitable 
means to the outer faces 33 and 34 of the plates 
respectively, and an intermediate electrode 35 is 
mounted between the inner faces‘ of the plates 
29 and 30. The plate 29 has a hole 36 extending 
.therethrough from its outer face 33 to its inner 
face and the edge of the electrode 3| adjacent to 
the edge of the hole is cut away as at 37 thereby 
to offset said electrode from the edge of the hole. 
Conductor 38 of similar electrically conductive 

in 

10 

.. a) 

30 

40 

45 

50 

55 

60 

.65 

70 

75 

4 
material as above described and having a body 
portion or plug 39 is applied to the plate 29 in the 
same manner as above described and extends 
through the hole 36 with one end in electrical 
contact with the intermediate electrode 35. A 
lead 40 extends over the outer face 33 of plate 29 
and is mounted in electrical contact with the 
opposite endof plug 39,,a small amount of the 
same plastic mixture as above described being 
?owed over the connected end of said lead and 
onto said opposite end of plug 30 to insure an 
e?icient electrical contact between the lead and 
plug. From the foregoing it is evident that the 
intermediate electrode is thus electrically inter 
connected with the lead 4'0 thereby to eliminate 
the heretofore usual intermediate foil lead ce 
mented in position between the plates 2e and 38 
and in contact with the intermediate electrode 
35'. In a similar manner to that shown in the‘ 
other embodiments leads I 4 and I5 are similarly 
mounted on electrodes 3| and 32 respectively, to 
complete the electrical connection from the elec 
trodes to an external circuit. 

While‘ the. embodiments described above illus 
trate typical ways of interconnecting various op 
posed electrodes or electrodes and leads in ac 
cordance with my invention, it is to be understood 
that my invention is not to be so limited but may 
be used to connect or interconnect various ar~ 
rangements of electrodes and electrodes and leads 
as speci?c applications may require. 
Further, it should be understood that the pres~ 

ent disclosure is for the purpose of illustration 
only and that the invention includes all modi?ca 
tions and equivalents which fall within the scope 
of the appended claims. 

I claim: 
1. A piezoelectric device comprising a plate of 

piezoelectric material having a hole extending 
therethrough, electrodes mounted on opposite 
faces of the plate, the edges of the electrodes being 
offset from the edges of the hole, and a conductor 
for electrically interconnecting an electrode on 
one face of the plate with an electrode on the 
opposite face of the plate, the conductor com 
prising a plug of conducting material ?lling the 
hole and integral portions of conducting material 
interconnecting the ends of the plug with said 
electrodes. 

2. 'A piezoelectric device comprising a plate of 
piezoelectric material having a hole extending 
therethrough, electrodes mounted on opposite 
faces of the plate, the edges of the electrodes 
being offset from the edges of the hole, and a 
conductor for electrically interconnecting an 
electrode on one face of the plate with an elec 
trade on the opposite face of the plate, the con 
ductor being formed of a plastic mixture of 
electrically conductive material and comprising a 
plug ?lling the hole and integral portions inter 
connecting the ends of the plug with said 
electrodes. 
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