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METHOD OF MAKING AN ENCAPSULATED
‘ ASSEMBLY. =

- REFERENCE TO RELATED APPLICATION

_ This application is a division of copending applica-
tion Ser. No. 231,311, filed Mar. 2, 1972.

' BACKGROUND OF THE INVENTION

This invention relates generally to an encapsulating
method and article formed thereby, and more particu-
larly to a method of encapsulating a plurality of series
connected electronic components. Specifically, the in-
vention is concerned with encapsulating a plurality of
series connected diodes of the type used for high volt-
age rectification in television sets or the like.

Heretofore, ‘high voltage power supplies for televi-
sion receivers have been relatively expensive in that
they utilize high voltage rectifiers, either of the tube
type or of the solid state type, which are themselves rel-
atively expensive and which require much apparatus
and insulation to prevent arcing between various com-
ponents in the vicinity. Such high voltage rectifiers are
generally connected to the flyback transformer of a
television circuit and produce the ultor anode voltage
for the picture tube. This may be in the order of 20 to
30 kilovolts. With such high voltage circuits arcing be-

comes a serious problem, and any elimination or reduc-
~ tion of elements in the vicinity of the circuit will reduce

the possibility of arcing of high voltage to other compo-
‘nents. Therefore, the sockets or other connecting ter-
minals utilized in the high voltage circuits are also a
source of trouble and should, if at all possible, be elimi-
nated.

When utilizing vacuum tube rectifiers to produce the
high voltage for the picture tube anode it is possible to
utilize a single rectifier element, as vacuum tubes gen-
erally have a high voltage characteristic. However,
when utilizing solid state rectifier units it is often neces-

- sary to connect a plurality of solid state rectifiers in se-
ries so that they act as a voltage divider network to dis-
_tribute evenly the high voltage among the various indi-
vidual rectifier components. Therefore, a solid state
rectifier having a peak inverse voltage capability of 200
to' 400 volts can be connected in series with ten other
such devices and. thereby provide a peak inverse volt-
age capability of 2,000 to 4,000 volts. Similarly, high
voltage rectifiers having a peak inverse voltage of 1,000
to 2,000 volts can be connected in series to produce a
total assembly having a peak inverse characteristic ca-
- pable of withstanding 20,000 to 30,000 volts when ten
or more of such units are used. '

Briefly, the invention disclosed herein includes a
method of manufacturing a rectifier structure having a
length of wire connected to the anode and cathode
electrodes thereof and wherein adequate encapsulation
is provided about the diode structure to provide a mois-
ture barrier having an extremely high electrical dielec-
tric constant so as to substantjally minimize the possi-
blilty of electric arcing. The diode structure, when en-
capsulated in accoardance with this invention, is me-
chanically superior at the connecting joint means
where the interconnecting wires are fastened because
of the added strength obtained by the encapsulating
material. The rectifier assemblies can be used for high
voltage systems ranging in the order of about 20,000 to
30,000 volts.
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Assembly of the series connected rectifiers is accom-
plished by fastening the interconnecting wires to the
anode and cathode leads extending from the rectifier.
The interconnecting wires have “insulation formed
thereon which is substantially the same size as the recti-
fier body. The wire connection formed between the
rectifier and the interconnecting lead or between adja-
cent rectifiers can be accomplished by any one of sev-
eral means such as stapling, soldering, or welding or the’
like. The rectifier and wire assembly can be made on
a continuous basis with a relatively long length of such
assembly wrapped on a spool for storage until ultimate
encapsulation of the assembly is necessary.

For encapsulation, the rectifier and wire assemblies
are fed into an extruding die which has an input end to
receive the series connected assembly, a central por-
tion which receives a quantity of encapsulating mate-
rial, and an output end from which a continuous line of
encapsulated rectifiers are extracted. The quantity of
insulating material that remains.on the components is
determined by the size of the output member of the ex-
truding die. By maintaining the diode body and size of
interconnecting wires substantially the same and of the
same configuration, they can be fed through the encap-
sulating die efficiently and at relatively high speed.

After the series connected components and associ-
ated interconnecting wires are encapsulated they can
be respooled for storage and subsequent processing or
they can be processed into discrete units at that time.
The electrical component of this invention can then be
assembled into a piece of electronic equipment. For ex-
ample, if the component is a rectifier, it can be soldered
into position by utilization of the interconnecting wires
and thus eliminate the use of a connecting socket.

Means can be.used to locate the precise position of
the rectifier element within the longitudinal encapsu-
lated assembly. Such means can take the form of, for
example, ultrasonic, magnetic, or sensing compressibil-
ity when the encapsulating material is a relatively soft
rubber or plastic material. Once the actual diode posi-
tion is located, the adjacent interconnecting wires fas-
tened thereto can be severed and metallic end portions
thereof exposed for soldering into a circuit.

Many objects, features and advantages of this inven-
tion will be more fully realized and understood from
the following detailed description when taken in con-
junction with the accompanying drawings wherein like
reference numerals throughout the various views of the
drawings are intended to designate similar elements or
components.

- ‘BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic illustration of a plurality of
series connected electronic components to be encapsu-
lated in accordance with the principles of this inven-
tion;

FIG. 2 illustrates an encapsulating die used to encap-
sulate the series connected components of FIG. 1;

FIG. 3 is an enlarged partially sectional view showing
the series connected units after encapsulation; and

FIG. 4 is a schematic showing of a plurality of series
connected diodes.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENT

Referring now to FIG. 1 there is seen an assembly 10
of a plurality of serially connected electronic compo-
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nents 12, 13 and 14, etc. The electronic components
12, 13 and 14 are of a predetermined,size and configu-
ration. Preferably, the configuration is cylindrical but
any configuration such as square, triangular or rectan-
gular can be used. In the illustrated embodiment the
electronic components 12, 13 and 14 are a plurality of
series connected diodes having their anodes connected
to the cathode of the next diode and so on to provide
a series of low resistance elements in one current direc-
tion and a series of high resistance elements in the
other current direction. :

Each of the electronic components 12, 13 and 14
may be separated by an interconnecting wire 16 which
is fastened to the lead wires thereof. The fastening is
formed by a joint connecting means 17 which can be
a stapling or crimping device. However, soldering or
welding can be utilized also. The diameter of the inter-
connecting wire 16 is substantially the same as the di-
ameter of the electronic components 12, 13 and 14,
Should the electronic components have a square, rect-
angular or other configuration so also will the intercon-
necting wire have an outer configuration correspond-
ing to that of the electronic components. After the
electric components are connected in series, as shown
in FIG. 1, they can be stored on a spool, not shown, for
future use. However, they can be encapsulated in ac-
cordance with this invention immediately after con-
necting them in series as shown.

Referring now to FIG. 2 the series assembly 10 is fed
into an encapsulating apparatus 20 which includes a
quantity of encapsulating material 21. The encapsulat-
ing material 21 may be stored in any suitable extrusion
apparatus providing the necessary temperature and
pressure for feeding the material into the interior
chamber of an extruding die 22 via a conduit 21a.

The extruding die 22 has an inlet portion 22a into
which the electronic components are fed, a central por-
tion 22b into which a quantity of encapsulating mate-
rial in a somewhat fluid state is supplied, and an outlet
22¢ from which the encapsulated series connected
components are extracted. The series connected com-
ponents are then covered with a homogeneous layer 23
of sufficient electrical dielectric strength so as to pre-
vent moisture or other low dielectric constituents from
coming into contact with the diode or electrical leads
extending therefrom. When the assembly 10 consists of
series connected diodes it can be used as high voltage
rectifier component in a television set, or the like.

Referring now to FIG. 3 an enlarged detailed showing
of the encapsulated assembly is illustrated. Here the
electronic component 13, which is a diode, has the lead
wires 13a and 13b thereof extending toward the inter-
connecting wires 16 and fastened to the uninsulated
portions 164 by means of a connector 17. As men-
tioned above the connector 17 can be of any suitable
type.

FIG. 4 illustrates schematically a series of diodes 26
which can be separated in pairs. as indicated by the
sever line 27. It will be understood that more than two
diodes per assembly can:be incorporated. To insure
that the diodes are severed at locations between the di-
odes, i.e. through the interconnecting wire 16, appro-
priate means such as ultrasonic, magnetic or sensing
compressibility of the resilient outer layer 23 can be
used. The diode units are then prepared at the ends
thereof by stripping the encapsulating material and the
insulation off of the interconnecting wires 16 to expose
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the ‘metal conductor passing therethrough for connec-
tion into the circuit. '

What has been described is a simple and efficient
means. for providing a plurality of series connected
electronic components, such as diodes or the like, and
encapsulating such components by passing them
through an elongated extruding die apparatus. While
only a specific embodiment of the invention is dis-
closed, it will be understood that variations and modifi-
cations of this invention can be effected without de-
parting from the spirit and scope of the novel concepts
disclosed and claimed herein.

.The invention is claimed as follows:

1. A method of making encapsulated electronic com-
ponents comprising the steps of: selecting an electronic
component including a central body of given, uniform
cross-sectional size and shape and a pair of lead wires
respectively extending axially from the opposite ends of
said body; selecting interconnecting wire members hav-
ing a cross-sectional size and shape closely correspond-
ing to the cross-sectional size and shape of said central
body; joining a said interconnecting wire member sub-
stantially end-to-end with each -of said lead wires
closely adjacent the central body corresponding re-
spectively therewith to produce a serially connected
assembly of substantially uniform, cross-sectional size
and shape; temporarily locating said assembly in an en-
capsulation die having a central body portion of sub-
stantially uniform internal corss-section; and, during
the residence of said assembly in said die, forming a
quantity of encapsulating material of substantially uni-
form thickness over the exterior of said assembly in in-
timate contact therewith, whereby to provide an encap-
sulated electronic unit of substantially uniform cross-
sectional size throughout its length.

2. A method according to claim 1 wherein said cen-
tral body and said interconnecting wire members are
cylindrical.

3. A method according to claim 1 wherein the form-
ing of said encapsulating covering is applied by passing
said assembly through an extruding die which has an
entrance portion to receive said assembly, an interme-
diate portion to receive encapsulating material and
transmit said assembly, and an exit portion for passing
said assembly; and wherein the encapsulating material
is introduced into said intermediate portion in a semi-
fluid state.

4. A method according to claim 3 wherein said as-
sembly is passed through said die at relatively high
speed.

5. A method according to claim 1 wherein said as-
sembly comprises additional ones of said electronic
components and said interconnecting members joined
into a serially connected chain.

6. A method according to claim 5 wherein the form-
ing of said encapsulating covering is applied by passing
said assembly through an extruding die which has an
entrance portion to receive said assembly, an interme-
diate portion to receive encapsulating material and
transmit said assembly; and an exit portion for passing
said assembly; and wherein the encapsulating material
is introduced into said intermediate portion in a semi-
fluid state.

7. A method according to claim 6 wherein said as-
semlzjly is passed through said die at relatively high
speed.
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8. A method according to claim 1 wherein said elec-  encapsulating die and wherein said assembly is intro-

tronic component is a solid state electronic component. duced into and removed from said die in a relatively

9. A method according to claim 1 wherein said en-  Short period of time.
capsulating material is applied to said assembly in an 5 L
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