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Electrical over stress device and connector.

@ A device (24) for protecting against electrical
over stress (EOS) of electrical components in-
cludes first contacts (50, 56) that interconnect
to signal contacts (18) of a connector (12) and a
second contacts (68) that connect to the ground
circuit (20) of the connector (12), with a rigid
plastic housing (26) holding the device contacts
so that ends (55, 65) have a precise spacing gap
(71), the gap being filled with a material matrix
(72) of insulating and conductive materials hav-
ing characteristics in conjunction with the gap
(71) to define transit voltage suppression by
grounding the signal contacts (18) of a connec-
tor (12). The device (24) is made bendable to fit
onto connectors and conform to the connector
geometry.
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This invention relates to an electrical over stress
device and electrical connector for protecting sensi-
tive electronic components.

Packaging of electronic components such as in-
tegrated circuits routinely finds hundreds of circuit
functions within a volume that heretofore was occu-
pied by a single element, such as a resistor, capacitor,
or inductor. As a result, the physical spacings of the
elements have become quite small, and the elements
themselves relatively fragile and susceptible to dam-
age from transient signals caused by a host of phe-
nomena met in the practical environment of use. In-
duced voltages from short circuits, lightning strikes,
static electric charges built up on individuals or equip-
ment, all may find their way into components and de-
stroy the elements thereof to cause a lack of function.
This failure, resulting from electrical over stress
(EOS) has led to a host of circuit protection devices,
typically mounted on the same circuit board upon
which the components are carried. These devices
have included electrical fuses that open up respon-
sive to IR heating, typically relatively slow in action,
as well as varistors, zener diodes, and a host of other
devices including spark gap devices, thin film devic-
es, and LC filters have been employed. U.S. Patent
Number 4,729,752 discloses a transient suppression
device in the form of a back-to-back diode mounted
on a substrate that fits within an electrical connector.
This device suppresses voltages outside a specified
level as they are conducted through the signal con-
ductors of the connector and incorporation into the
connector saves valuable board space.

With respect to the foregoing, all of the protection
devices require either a special installation and han-
dling or an alteration of existing designs of connectors
in order to accommodate the EOS devices. Many of
the prior art EOS elements are bulky, slow to re-
spond, and expensive to acquire and install to provide
protection to components upon boards. Accordingly,
it is an object of the present invention to provide an
EOS device that may be fitted onto electrical connec-
tors to provide board mounted component protection
against unwanted transients.

Itis a further object to provide an EOS device that
can be utilized with existing connector designs, with-
out significant alteration of such connectors.

It is an additional object to provide a cost effec-
tive, readily employed EOS device and connector to
provide component protection.

It is still a further object to provide, in combina-
tion, an EOS device and an electrical connector of im-
proved features.

The present invention achieves the foregoing ob-
jective through the provision of an EOS device of a
geometry to be fitted onto electrical connectors. The
device includes a plastic housing of a temperature
stable material containing first and second contacts
insert molded therein, each of the contacts having an
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end contained within an interior volume of the hous-
ing to define a precise spacing gap. That gap is filled
with a material matrix of insulating, conductive, or
semi-conductive particles of an extremely fine size
flowed into the volume of the housing and having
characteristics, taken in conjunction with the spacing
gap to provide EOS protection through a change in re-
sistance allowing unwanted transients to flow from
signal paths in a connector to a ground circuit of the
connector. The contacts of the device include first
contacts that attach to the signal contacts of a con-
nector and further contact that attach to the ground
circuit of a connector. The various contacts of the de-
vice are made of a thin conductive metal that is bend-
able to allow the device to be made to conform to a
portion of the geometry of the connector, to nest and
rest on portions of the connector. This allows a given
device to be made to conform to the geometries of dif-
ferent connectors to extend the utility of a given de-
vice part number.

A method of manufacture includes forming, as by
stamping or etching, thin conductive sheet stock to
define the conductive elements of the device to in-
clude carrier means such as holes in the stock allow-
ing a precise fixturing to define the spacing gap be-
tween contacts. Alternatively, a spring-loaded shim
may be used to define a precise gap. The fixtured
contact portions are then insert molded by a mold
clamping onto the sheet stock to mold around the sur-
faces of portions defining said contacts with the spac-
ing gap between the ends of the contacts being kept
clear by a shim. Once the insert molding step is ach-
ieved, the carrier portions of the sheet stock may be
removed and an interior volume formed in the hous-
ing filled under pressure with a material matrix of an
appropriate mixture of insulating, conductive, or semi-
conductive materials to fill the gap and establish a
precise dimension for the matrix that results in a pre-
cise voltage suppression, clamping voltage charac-
teristic for the device. The contact of the device are
readily bendable to conform to a variety of standard
connector formats and be applied thereto between
the signal contacts of such connector and the ground
circuits.

Embodiments of the present invention will now be
described by way of example with reference to the ac-
companying drawings in which:

Figure 1 is a perspective view taken from the rear
of a multi-contact electrical connector, showing an
EOS device spaced therefrom preparatory to applica-
tion thereto.

Figure 2 is a view taken from the left-hand side
of the connector as shown in Figure 1 with the rear-
wardly projecting fastener portions removed and with
the EOS device shown applied and, in phantom, posi-
tioned prior to application.

Figure 3 is a side view similar to that of Figure 2
with an alternative embodiment of the device shown
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applied to the connector.

Figure 4 is a plan view of the sheet metal blank,
profiled prior to the application of a housing thereon
to form a device.

Figure 5 is a plan view of the elements shown in
Figure 4 following application of a hosing to such ele-
ments.

Figure 6 is an end, elevational and sectional view
taken through lines 6-6 of Figure 5 including a sec-
tioning view of a mold preparatory to closure shown
in phantom.

Figure 7 is a view of the device shown in Figure
6 following removal of carriers and formed into one
configuration.

Figure 8 is a perspective view in partial section of
the device shown in Figure 7.

Figure 9 is a side, elevational, and sectioned view
of the EOS device following insert molding and mold-
ing of the matrix material within the housing.

Figure 10 is a voltage, time plot of a characteristic
response of the EOS device of the invention.

Figure 11 is a sectional view of an alternative em-
bodiment of the EOS device.

Referring now to Figure 1, an electrical connector
assembly 10 is shown to include the connector 12 and
an EOS device 24 preparatory to assembly. The con-
nector 12 is representative of board mounted connec-
tors that serve input, output functions to boards con-
taining a variety of components that define computer,
communication, and business machine functions.
Typically, such boards contain arrays of integrated
circuits that are interconnected through conductive
traces within the board and connected to drive and be
driven by circuits through the connector, cables, and
other connectors attached to such connector. Con-
nectors such as 12 typically include plastic and insu-
lating housing 14, fasteners such as 16 that attach the
housing to a printed circuit board, fitting through holes
therein. Signal contacts 18 are shown extending from
the rear face of hosing 14, the forward ends being
contained within the housing to mate with posts or re-
ceptacles of a mating connector, not shown, that en-
gages connector 12. Also typical of connectors such
as 12 is the provision of a grounding shield 20, made
of metal that extends around the periphery of the
housing 14 and, as indicated, joins an integral metal
shell 22 projecting forwardly, note the shell in Figures
2 and 3. Signal contacts 18 typically include post por-
tions ended as at 19 that fit through holes or aper-
tures in boards and are soldered thereto to join the
traces of such boards and be interconnected to the
components on the board.

Signals to and from these components pass
through the contacts 18, and it is these signals that
can, on occasion, cause EOS problems. A lightning
strike, for example, not proximate to the equipment
served by the connector and the components on a
board upon which the connector is mounted may nev-
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ertheless induce voltages and cause a surge in tran-
sient currents to flow coupling the cable to which the
connector is connected too induce transients on such
cable that are conducted through the connector, onto
the board, and into the components to destroy them.
Static charges can build up on individuals and can
readily exceed 15,000 volts and be discharged by
touching a piece of equipment, cable, a keyboard, or
other object interconnected by the cable and connec-
tor to a board and component. Frequently, these tran-
sient voltages are of short duration, having rise times
on the order of nanoseconds and durations well under
a millisecond. They nevertheless carry energy levels
quite sufficient to destroy the fragile, closely-spaced
traces within electronic components such as integrat-
ed circuits. The problem is complicated by the fact
that high speed data transfer, typically digital pulses,
typically includes fast rise time pulse configurations,
but these are generally of finite voltage levels, well
below those levels that can destroy or damage com-
ponents.

In Figure 10, a voltage spike labeled T, with arise
time as indicated, and an actual level indicated in
phantom following the rise time. The energy con-
tained within the envelope of T, may very will be suf-
ficient to damage or destroy electronic components.
With respect to Figure 10, the scale for time and vol-
tage may vary considerable from application to appli-
cation with the ordinate units ranging from hundreds
of volts to thousands of volts, and with the time units
ranging from picoseconds to hundreds of nanosec-
onds per division. An EOS device should have a func-
tion that follows the solid curve, sensing the fast rise
time and excessive voltage, operating to cause a con-
duction between a signal path where the transit is lo-
cated to a ground circuit to in essence clamp the vol-
tage in the manner shown by the portion of the curve
labeled C, for clamping voltage. In this way, a circuit
component will be protected by virtue of not having to
experience a continuation of the high fields associat-
ed with the higher voltages of T, and additionally, the
joule energy of the transient voltage, noting the re-
duction of energy associated with the difference be-
tween T, and C, in Figure 10.

Reference is hereby made to three U.S. Patent
Numbers 4,331,948 and 4,726,991 drawn to electrical
over stress protection materials and U.S. Patent Num-
ber 4,977,357 drawn to an over voltage protection de-
vice and material; the three of which are incorporated
by reference herein with respect to defining types of
material matrices useful in EOS protection. In these
patents, materials are taught, including an insulating
material combined with conductor or semi-conductor
particles coated with insulating material in a matrix
that results in a rapid response to high energy elec-
trical transients and controls resistance as between
ground and signal circuits to provide transient protec-
tion. In the description hereinafter to follow, matrix
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materials are referred to in use and method of man-
ufacture with respect to EOS devices and connectors
like that shown in Figure 1, the materials of the
above-mentioned patents being preferred in certain
applications due to the fast rise time responses; but
it also being understood that in the broad application
of transient protection, other materials having matrix
constituents varying to accommodate different vol-
tages of transients of different characteristics are fully
contemplated. As mentioned in the patents, the par-
ticle size, the choice of insulating film or insulating
material, the choice of semi-conductor materials, can
all have an effect on the response characteristic of
the device utilizing such matrix.

An additional parameter that regulates voltage
transient response is the gap between electrodes at-
tached to signal and ground circuits, such gap defin-
ing a spacing in which the matrix material resides and
defining the chains of conductive or semi-conductive
particles existing in such matrix and their character-
istic response to voltage transients, the spacing of the
gap helping to determine response characteristics.
Satisfactory performance has been found in the
range of 0.001 inches to 0.010 inches, preferably in
the range 0.002 inches to 0.004 inches.

Referring back to Figure 1, an EOS device 24 in-
cludes a plastic housing 26 with a series of first con-
tacts 50 and 56 extending from one side thereof and
a series of further or second contacts 68 extending
from the other side thereof, connected together by a
commoning bar 76. The device 24 is shown in a con-
figuration to be applied to the connector 12 with the
body of housing 26 resting on a surface of housing 14
of the connector in the manner shown in Figure 2. As
can be seen, the portion 76 rests against the ground-
ing shield 20 and is joined thereto as by soldering or
other means as known in the art. The first contacts
50 and 56 end in portions that fit over contact 18.
Contact 50 thus includes a rounded portion 52 having
an aperture 54 that slips over a post portion of contact
18 and is interconnected thereto as by soldering or
other means; with the contact 56 having a rounded
portion 58 having an aperture 60 to fit over contact 18
and be interconnected thereto as by solder or other
means. As shown in Figure 2, the EOS device 24 fits
closely to the connector 12, piggybacks on a surface
thereof with the various contacts made to conform to
the geometry of connector 12.

In Figure 3, and alternative embodiment 12’ of
the connector includes a housing 14’ , signal con-
tacts 18’ ended as at 19’, a grounding shield 20’ ex-
tending forwardly as at 22’. The essential difference
between connector 12’ and 12 is that 12’ includes
right angle posts 19 as part of signal contacts 18’,
which are intended to extend through the holes of a
printed circuit board and be soldered thereto, with the
device 24’ nested beneath the connector 12’, be-
tween the connector and a circuit board (not shown)
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to be joined to the signal and grounding shield as in-
dicated in Figure 3.

As can be appreciated from Figures 1-3, the in-
vention contemplates an EOS device package that is
conformable to reside within different connector pro-
files and configurations.

Referring now to the construction of the EOS de-
vice, reference is made to Figures 4-9. In Figure 4, a
profile including flat conductive metal blanks 40 and
62 are shown separated by edges as at 55 and 65, re-
spectively. The blank 40 includes a carrier edge por-
tion 42 having carrier holes 44, and the blank 62 in-
cludes an outside carrier 63 having carrier holes 64.
Additionally, interiorly of the blanks are further holes
46 and 66 and the separation edge surfaces 55 and
65 of the blanks. Blank 40 further includes a series of
first contacts 50 and 56 joining carrier 42 through ter-
minal portions, such as the terminal portion 52 having
aperture 54 connected to first contact 50; shorter first
contacts 56 having terminal portions 58 having aper-
ture 60. The first contacts 50 and 56 and the remain-
ing corresponding first contacts of blank 40 are ar-
ranged in a pattern so that the apertures 54 and 60
are on centers complimentary to the contact centers
of the connector, the post portions of signal contacts
18. The blanks 40 and 62 are preferably stamped and
formed out of copper sheet material that is readily
bendable. The blanks may be formed for prototype
purposes by etching, but if this technique is utilized,
the end surfaces 55 and 65 are preferably electropol-
ished to provide a precise finish of constant surface
dimension. The formed shape of an EOS device 24
can be seen in Figures 1, 2, 7 and 8 wherein the first
contacts of 50 and 56 are bent, essentially at a right
angle to the body of the device with the portion 76,
oppositely bent to facilitate an interconnection of the
device to a connector 12. In the embodiment of Figure
3, the first contacts 50’ and 56’ are left unbent and
straight, with the portion 76’ being bent to be attach-
ed to the grounding shield 20’ in the manner indicat-
ed.

Following a blanking as shown in Figure 4, with
the blanks 40 and 62 separated, a further step of
manufacture is accomplished with the blanks being
precisely positioned within a mold having an interior
configuration to provide a molding of a cross-
sectional configuration as shown in Figures 6, 7, and
9. There, as indicated, a housing 26 of plastic material
30 having an interior channel 28, including a flat base
32, is molded around the first contacts 50 and 56 and
the second contacts formed out of blank 62. As can
be discerned from Figures 5 and 9, the plastic mate-
rial of housing 26 is caused to flow through the aper-
tures 46 and 66 to lock the contacts to the housing.
Housing 26 is preferably molded onto blanks 40 and
62 of appreciable length, containing more contacts
than would typically be used in a connector with sub-
sequent cutting off of the appropriate length to define
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the numbers of contact required.

In a preferred method of manufacture, the mold
utilized to form a housing 26 has two parts of a cross-
sectional configuration indicated in Figure 6, the up-
per part 80 including a pair of cavities 82 that form the
walls 30 of the housing and a lower part 86 having a
cavity 88 that forms the bottom half of the housing.
Centered in thee upper part 80 of the mold is a piece
of shim stock 84 that extends down into the cavity and
against which the end surfaces 55 and 65 of the
blanks are forced to define through the shim stock
thickness a precise gap 71 therebetween. The mold
utilized to mold housing 26 has a plan profile discern-
ible from Figure 5 with various projections extending
down between the contacts 560 and 56 and down
against the surfaces of stock 62, the material forming
the housing is caused to flow through the apertures
46 and 66 as indicated. A thermoset material having
thermally stable characteristics to maintain the gap
spacing of the device in use and to withstand solder-
ing temperatures when the device is soldered to the
contacts and grounding shield is to be preferred. Cer-
tain other types of plastics capable of withstanding
the higher temperatures of soldering, such as certain
liquid crystal polymers or high temperature thermo-
plastics, may also be employed. As part of the inven-
tion method, the use of shim stock allows a precise
dimensioning of the gap in that shim stock is available
to extremely close thickness tolerances and in micro-
finishes allowing a very close placement of the end
surfaces 55 and 65 to define the necessary gap con-
trol.

With a length of stock molded in the manner
shown in Figure 5, the invention contemplates a next
step of method which is the filling of the cavity 28 in
housing 26 in the manner indicated in Figure 9 by a
matrix material 72 forced therein under substantial
pressure to flow within the gap 71. A number of the
matrix materials have a rather doughy consistency
and require substantial screw pressure in order to bee
made to flow within the narrow confines of gap 71,
but experience has shown that this is readily achiev-
able.

Following the operation indicated in Figure 9 and
the filling of gap 71 with matrix material 72, the blank
and housing may be cut off to length to fit a given con-
nector application and then left straight for an appli-
cation in the manner shown in Figure 3 or bentin the
manner shown in Figure 2 and as shown in Figures 1
and 8 to conform to the geometry of the connector.

Figure 11 discloses an alternative embodiment
124 of the device having housing 126 with a channel
128. In this embodiment, the first and second con-
tacts 150, 168 extend into channel 128 such that they
overlap one another and form a gap 171 between the
surfaces of the overlying contacts and in which the
matrix material is disposed. The housing 126 is made
by overmolding the respective contacts in subse-
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quential operation.

The invention contemplates a wide range of per-
formance characteristics in terms of voltage transient
suppression by selecting different gap dimensions
and selecting different matrix materials for use there-
with. In prototype applications utilizing matrix materi-
als similar to those taught in the aforementioned pa-
tents and a gap dimension on the order of between
0.0020 and 0.0030 inches, a voltage suppression of
a transient pulse on the order of 15,000 volts was
clamped to a level of 18 volts within a period of 5
nanoseconds.

The electrical over stress device has the advan-
tage that it can be added to existing electrical connec-
tors to protect the electrical circuits on a circuit board
on which the electrical connector is to be mounted.
Another advantage is that when an electrical connec-
tor having electrical contacts to which are electrically
connected first contacts of the electrical over stress
device with second contacts of the electrical over
stress device electrically connected to a shield mem-
ber of the connector, surfaces of the first and second
contacts are separated by a gap in which a matrix ma-
terial is disposed such that the characteristics of the
matrix material is selected to permit voltages above
a given level to pass from a signal contact of the con-
nector through the contacts of the electrical over
stress device to the shield member.

Claims

1. Adevice for use with an electrical connector (12)
for use in transmitting signals to and from elec-
tronic components of a type having a sensitivity
to voltages above a given level to require electri-
cal over stress protection and a protection device
(24, 124) therefor, the connector having at least
one signal contact (18) and at least a shield mem-
ber (20) with a plastic housing (14) carrying said
signal contact, said device (24, 124) having a
plastic housing (26, 126) with means (76, 176, 50,
150) mounting the device on the connector, char-
acterized in thatthe device further includes a first
contact (50, 150) connected to the signal contact
(18) of the connector and a second contact (68,
168) connected to the shield member (20) there-
of, the device first and second contacts each in-
cluding a surface (55, 65) held by the housing
(26, 126) of the device spaced apart by a given
gap dimension (71, 171) with a matrix material
(72) extending between the surfaces (55, 65) of
the first and second device contacts (50, 150, 68,
168) and with the device and the characteristics
of the matrix material selected to permit voltages
above a given level to pass from a given signal
contact through the contacts of said device to the
shield member for circuit protection.
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The device of claim 1 wherein the device housing
includes a channel (28, 128) with a matrix mate-
rial (72) extending into said channel.

The device of claim 1 wherein the said signal con-
tact includes a post portion (18) and the first con-
tact (50, 150) of the device includes a portion (52)
engaging said post portion.

The device of claim 3 wherein the first contact
(50, 56) includes a bendable portion extending
between the device housing and the post portion
adapted to be formed to conform to the connector
housing shape.

The device of claim 1 wherein the connector in-
cludes a plurality of signal contacts (18) arranged
in a given pattern and the device includes a like
plurality of first contacts (50, 56, 150), one for
each signal contact and positioned in said pattern
with at least one ground contact (76, 176) com-
mon to the first contacts of the second contacts
of the device.

The device of claim 1 wherein said gap (71) is lo-
cated between respective ends of said first and
second contacts (50, 56) disposed in said hous-
ing (26) contacts.

The device of claim 1 wherein a portion of said
first contact (150) overlies a corresponding por-
tion of said second contact (168) and said gap is
located between said overlying portions.

In a method of manufacturing electrical over
stress devices (24, 124) of a type to be fitted onto
an electrical connector (12) having a plastic hous-
ing (14) carrying signal contacts (18) in a given
pattern and a shield member (20) of a given con-
figuration, characterized by the steps compris-
ing:
a. forming a first flat sheet (40) of conductive
material to define first contacts (50, 56, 150)
having first ends (55) in the given pattern of
the connector held dimensionally by a com-
mon carrier portion of (42) the sheet material,
b. forming a second flat sheet (62) of conduc-
tive material to define second contacts (76,
176) adapted to be connected to the shield
member (20) having second ends (65) carried
dimensionally in a common carrier (63)
formed from said sheet,
¢. positioning the first and second ends (55,
65) apart to define agap (71, 171) therebetw-
een
d. molding a plastic housing (26, 126) over
portions of said first and second contacts
while leaving said gap between the ends open
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9.

10.

1.

10

and fixing said gap between said first and
second contacts,

e. filling said gap (71, 171) with a matrix ma-
terial (72) having characteristics in conjunc-
tion with the said gap to provide voltage pro-
tection.

The method of claim 8 wherein said first and sec-
ond sheets (40, 62) are formed of a common
sheet.

The method of claim 8 wherein the said housing
(26, 126) is provided with a channel (28, 128) with
the said material (72) flowed in said channel un-
der pressure to fill said gap (71, 171).

The method of claim 8, including the step of in-
serting a shim (84) to define said gap (71).
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