PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification © : . (11) International Publication Number: WO 97726665
HO1C 7/10 Al

¢ (43) International Publication Date: 24 July 1997 (24.07.97)

(21) International Application Number: PCT/US97/00781 | (81) Designated States: AU, CA, CN, JP, KR, MX, SG, VN,

(22) International Filing Date: 21 January 1997 (21.01.97)

(30) Priority Data:

08/589,355 22 January 1996 (22.01.96) us

(71) Applicant: SURGX CORPORATION [US/US]; 1100 Aubum
Street, Fremont, CA 94538 (US).

(72) Inventors: SHRIER, Karen, P.; 17660 Laurel Road, Morgan
Hill, CA 95037 (US). BEHLING, Gerald, R.; 15109 Nob
Hill Drive, San Jose, CA 95127 (US). INTRATER, James,
B., 592 Mill Creek Lane, #316, Santa Clara, CA 95054
(US). OLLA, Mike; 10709 Yucca Drive, Austin, TX 78759
(US). FELPS, Jimmie, D.;, 4862 Garden Place, Colorado
Springs, CO 80919 (US). JOSHI, Kailash, C.; 1593 Pebble
Beach Court, Milpitas, CA 95117 (US).

(74) Agent: DILLAHUNTY, T., Gene; Bums, Doane, Swecker &
Mathis, L.L.P., P.O. Box 1404, Alexandria, VA 22313-1404
(US).

European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB,
GR, IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: OVER-VOLTAGE PROTECTION DEVICE AND METHOD FOR MAKING SAME

(57) Abstract
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members (25, 27, 35) attached to an
electrically insulating substrate (1)
provides over-voltage protection to
an electrical device. In one aspect,
the electrical protection device is a
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surface mountable device. In another
aspect, the device has through-holes
for accommodating leads to an
electrical connector.  Methods are
provided also for making the electrical
protection device.

S

- -1 e /
g
A
v
"'. -\
\\ A 3
| {




AM
AT
AU
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international
applications under the PCT.

Armenia
Austria
Australia
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus
Canada

Central African Republic
Congo
Switzerland
Cadte d’Ivoire
Cameroon
China
Czechoslovakia
Czech Republic
Germany
Denmark
Estonia

Spain

Finland

France

Gabon

United Kingdom
Georgia

Guinea

Greece

Hungary

Ireland

Ttaly

Japan

Kenya
Kyrgystan

Democratic People's Republic

of Korea
Republic of Korea
Kazakhstan
Liechtenstein

Sri Lanka

Liberia

Lithuania
Luxembourg
Latvia

Monaco

Republic of Moldova
Madagascar

Mali

Mongolia
Mauritania

Malawi

Mexico

Niger

Netherlands
Norway

New Zealand
Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore
Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam




WO 97/26665 PCT/US97/00781

10

15

20

25

30

_..1...

OVER-VOLTAGE PROTECTION DEVICE
AND METHOD FOR MAKING SAME

FIELD OF THE INVENTION

The present invention relates generally to over-voltage protection devices

used to protect electronic circuits from overvoltage transients caused by
lightning, electromagnetic pulses, electrostatic discharges, ground loop induced
transients, or inductive power surges. The present invention relates particularly
to an electrical protection device capable of being mass produced cost-

effectively and utilized as a discrete component.

BACKGROUND OF THE INVENTION

Voltage transients can induce very high currents and voltages that can

penetrate electrical devices and damage them, either causing hardware damage
such as semiconductor burnout, or electronic upset such as transmission loss or
loss of stored data. The voltage transients produce large voltage spikes with
high peak currents (i.e, over-voltage). The three basic over-voltage threats are
electrostatic discharge, line transients, and lightning. However, electrostatic
discharge can result from metallic instruments brought into near contact with
devices, from vibrations created as the device moves along a conveyor or
assembly line, or from being vibrated in a carrier. Electrostatic discharge
occurs, for example, when static charge dissipates off the body of a person in
direct physical contact with an operating electronic system or integrated circuit
chip. Line transients are surges in AC power lines. Line transients can also
occur due to closing a switch or starting a motor. Lightning strikes can strike
stationary objects, such as a building, or mobile objects such as aircraft or
missiles. Such strikes can suddenly overload a system’s electronics. At peak
power, each of these threats is capable of destroying the sensitive structure of an
integrated circuit chip.

Various overvoltage protection materials have been used previously.
These materials are also known as non-linear resistance materials and are herein

referred to as such. In operation, the non-linear resistance material initially has
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high electrical resistance. When the circuit experiences an overvoltage spike,
the non-linear resistance material quickly changes to a low electrical resistance
state in order to short the overvoltage to a ground. After the overvoltage has
passed, the material immediately reverts back to a high electrical resistance
state. The key operational parameters of the non-linear resistance material are
the response time, the clamp voltage, the peak current and the voltage peak.
The time it takes for the non-linear resistance material to switch from insulating
to conducting is the response time. The voltage at which the non-linear
resistance material limits the voltage surge is called the clamp voltage. In other
words, after the material switches to conducting, the material ensures that the
integrated circuit chip, for example, will not be subjected to a voltage greater
than the clamp voltage. The voltage at which the non-linear resistance material
will switch (under surge conditions) from insulating to conducting is the trigger
voltage. These materials typically comprise finely divided particles dispersed in
an organic resin or insulating medium. For example, U.S. Patent No. 4,977,357
(Shrier) and U.S. Patent No. 4,726,991 (Hyatt et al.) disclose such materials.

Non-linear resistance materials and components containing non-linear
resistance materials have been incorporated into overvoltage protection devices
in a number of ways. For example, U.S. Patent No. 5,142,263 and 5,189,387
(both issued to Childers et al.) disclose a surface mount device which includes a
pair of conductive sheets and non-linear resistance material disposed between
the pair of conductive sheets. U.S. Patent No. 4,928,199 (Diaz et al.) discloses
an integrated circuit chip package which comprises a lead frame, an integrated
circuit chip protected by an electrode cover which is connected to ground on
one side, and a variable voltage switching device including the non-linear
resistance material connected to the electrode cover on the other side. U.S.
Patent No. 5,246,388 (Collins et al.) is directed to a device having a first set of
electrical contacts that interconnect with signal contacts of an electrical
connector, a second set of contacts that connect to a ground, and a rigid plastic
housing holding the first and second set of contacts so that there is a precise

spacing gap to be filled with the overvoltage material. U.S. Patent No.
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5,248,517 (Shrier et al.) discloses painting or printing the non-linear resistance
material onto a substrate so that conformal coating with non-linear resistance
material of large areas and intricate surfaces can be achieved. By directly
printing the non-linear resistance material onto a substrate, the non-linear
resistance material functions as a discreet device or as part of the associated
circuitry.

It is commonly known in the art that the thickness of the non-linear
resistance material and volume of the material are important to performance.
See U.S. Patent No. 4,977,357 issued to Shrier, U.S. Patent No. 4,928,199
issued to Diaz et al. and U.S. Patent No. 4,726,991 issued to Hyatt et al.
Likewise, it is known that the clamp voltage is reduced or the non-linear
resistance material can short out if put under pressure. See U.S. Patent No.
5,248,517 issued to Shrier et al.

U.S. Patent No. 5,262,754 (Collins) discloses an overvoltage protection
element that can replace discrete devices presently used in protecting electronic
circuits. The overvoltage protection element includes a layer of insulating
material having first and second spaced major surfaces spaced a predetermined
distance to determine the thickness of the element, a plurality of spaced holes
extending between the major surfaces, and a overvoltage protection material
contained within the holes formed in the layer of insulating material and
extending between the spaced major surfaces. The spaced holes are formed by
perforating the layer of insulating material by mechanical punching, laser
processing and cutting, chemical etching, etc. The holes are formed in a pattern
and should be wider than about one-half the width of the associated electrical
circuit to which the holes will overlay. The spacing of the holes is determined
by the spacing of the leads in the electrical circuit.

The above U.S. Patents referred to are incorporated herein by reference.

SUMMARY OF THE INVENTION

The present invention provides a mass-producible, cost-effective discrete

electrical protection device that utilizes a small gap between two electrically
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conductive members attached to a substrate to provide over-voltage protection to
an electrical device. In one aspect, the electrical protection device is a surface
mountable device. In another aspect, the device has through-holes for
accommodating leads on an electrical connector.

In one of its aspects, the present invention is an electrical protection
device comprising a substrate having a first surface and a second surface, a first
pad attached to the second surface of the substrate, a second pad spaced from
the first pad and attached to the second surface of the substrate, a third pad
attached to the first surface of the substrate and being in electrical
communication with the first pad, a fourth pad spaced from the third pad and
attached to the first surface of the substrate, the fourth pad being in electrical
communication with the second pad.

In another of its aspects, the present invention is a method for making at
least one electrical protection device, comprising the steps of providing an
electrically insulating substrate having electrically conductive layers on opposite
sides thereof, forming at least two through-holes in the electrically insulating
substrate and the electrically conductive layers, forming electrically conductive
paths between the electrically conductive layers through the through-holes, and
forming electrically conductive pads around the through-holes, the electrically
conductive pads being spaced from each other.

In another of its aspects, the present invention is a method for making at
least one electrical protection device, comprising the steps of providing an
electrically insulating substrate having electrically conductive layers on opposite
sides thereof, forming at least two through-holes in the electrically insulating
substrate and the electrically conductive layers, forming electrically conductive
paths between the electrically conductive layers through the through-holes,
forming electrically conductive pads around the through-holes, the electrically

conductive pads being connected by a trace, and forming a gap in the trace.
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BRIEF DESCRIPTION OF THE DRAWINGS

Many objects and advantages of the present invention will be apparent to

those of ordinary skill in the art when this specification is read in conjunction
with the attached drawings. The invention will now be described with reference
to the accompanying drawings wherein like reference numerals are applied to
like elements and wherein:

FIG. 1 is an exploded perspective view of one embodiment of the
electrical protection device;

FIG. 2 is an elevational view of the electrical protection device of FIG.

FIGS. 2A and 2B are elevational views of electrical protection devices
for contacting a plurality of leads in accordance with the present invention;

FIG. 3 is a cross-sectional view taken along line 3-3 in FIG. 4 of another
embodiment of the present invention;

FIG. 4 is a top plan view of the electrical protection device of FIG. 3:

FIG. 5 is a bottom plan view of the electrical protection device of FIG.
4

FIG. 6 is a cross-sectional view of another embodiment of the electrical
protection device;

FIG. 6A is a cross sectional view of yet another embodiment of the
electrical protection device;

FIG. 7 is a front elevational view of a chip resistor made according to
one embodiment of the present invention;

FIG. 8 is a plan view of an array of electrical protection devices
produced in accordance with one embodiment of the present invention before
being divided into discrete devices:;

FIG. 8A is a plan view of an array of devices produced in accordance
with another embodiment before being divided into discrete devices;

FIG. 9 is a diagrammatic elevational enlarged view of a portion of the
array of FIG. 8 illustrating one embodiment of producing the electrical

protection device in accordance with the present invention;
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FIG. 10 is an exploded perspective view of another embodiment of the
electrical protection device of the present invention utilized in a RJ connector;

FIG. 11 is a top plan view of one embodiment of a circuit pattern used
in the electrical protection device of FIG. 10;

FIG. 12 is a top plan view of another embodiment of the circuit pattern
for an electrical protection device for use in FIG. 10;

FIG. 13 is a bottom plan view of the electrical circuit of FIG. 12;

FIG. 14 is a cross-sectional view of one embodiment of the electrical
protection device for use in the electrical connector in FIG. 10; and

FIGS. 15, 16 and 17 are other embodiments of the circuit pattern used in
the connector of FIG. 10.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF
THE INVENTION

In one embodiment of the present invention, electrical protection device

1 (FIGS. 1 and 2) comprises a substrate 3 having ground pad 5 and pad 7
attached to a lower surface. Attached to the top of substrate 3 are conductive
pads 9 and 11. Located on top of pad 9 is conductive element 13 and on top of
pad 11 is non-linear resistance material 15. Pad 9 is in electrical
communication with ground pad 5 through plated or filled via or through-hole
35. Likewise, pad 7 is in electrical communication with pad 11 through plated
or filled via or through-hole 37. As one of ordinary skill in the art will
recognize the conductive element 13 and the non-linear resistance material 15
can be switched and device 1 will operate the same. Device 1 of FIGS. | and 2
1s a discrete, surface-mountable device that is attached to a printed circuit board
or other device having leads or traces. The device | overlays exposed printed
circuit leads such as a signal lead and a ground lead. An overvoltage spike in
the signal lead immediately passes from pad 7 through-hole 37 to pad 11,
activates non-linear resistance material 15 and passes through ground plane 23
to conductive element 13 and on to the ground lead through pad 9, through-hole
35 and pad 5.
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In one embodiment of the present invention, electrical protection device
1 is produced from separate layers of material laminated together. For example,
substrate 3 is 0.03 inch thick bismaleimide triazine, fire retardant grade 4
laminate printed wiring board material, polyimide or high temperature epoxy.
Substrate 3 typically is in large panels (e.g., 3 feet by 4 feet) such as shown in
FIG. 8. Pads 5,7, 9 and 11 are 1 ounce copper sheets that are stamped out of
large sheets as well, like is generally done with lead frames. The conductive
ground plane 23 can be any of a variety of electrically conductive materials
known to one of ordinary skill in the art such as copper, nickel-plated copper,
brass, beryllium copper, etc. Substrate 3 is prepared for lamination a in manner
similar to the production of printed circuit boards and the copper sheets
containing pads 5, 7, 9 and 11 are laminated to the substrate. A plurality of
through-holes 35 and 37 are then made through the substrate 3 and copper
sheets. The through-holes can be make by drilling, laser micromachining or
other methods recognized by those of ordinary skill in the art. The size of the
through-holes varies depending on design requirements. Typically, the through-
hole diameter is 0.012 inches. The through-holes and outer surfaces of pads 9
and 11 are copper-plated with known techniques. The through-holes can also be
filled instead of plated (e.g., conductive epoxy). Outer surfaces of pads 5 and 7
are gold-plated with standard techniques. Non-linear resistance material 15 is
then applied to pad 11, for example, by screen-printing. A conductive epoxy,
solder or other conductive material 13 is applied to pad 9. Then ground plane
23 is applied across the conductive material 13 and non-linear resistance
material 15. As one of ordinary skill in the art will appreciate, the levelness of
each of the materials and components of the device substantially improves the
yield when producing the device. A passivation layer can be applied to the
device | to protect it, as will be recognized by one of ordinary skill in the art,
such as epoxy or standard molding compound. The plurality of devices 1
making up the large panel are then divided out of the large panel along cutting
lines 39 and 40, for example, and repeated across and down the board to form a-

plurality of discrete, surface-mountable devices 1 for attachment to a ground
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lead and a signal lead of a device to be protected. In another embodiment, the
panel can be divided into discrete devices having three or more conductive pads
on each side of the substrate (FIG. 2A). In such an embodiment, any number of
pads can have non-linear resistance material with only one ground pad. In
another such embodiment, any number of pads can have non-linear resistance
material with any number of ground pads (FIG. 2B). These devices can be used
for application across multiple leads of a device to be protected. The device can
be produced in any standard and non-standard package sizes,

In another embodiment of the present invention (FIG. 6), an electrical
protection device 1 can be produced more cost-effectively by using fire retardant
grade 4 laminate (as it is commonly referred to FR-4) comprising an electrically
insulating substrate with copper foil layers on either side. The resulting
electrical protection device 1 (FIG. 6) has the same resulting structure
comprising pads 5, 7, 9 and 11, ground plane 23, conductive material 13, and
non-linear resistance material 15 as shown in either FIGS. 2-2B. In the
embodiment of FIG. 6, the pads 5, 7, 9 and 11 are produced by the standard
photolithographic method of photo-resisting portions of the copper foil layers on
each side of the large panel of FR-4 laminate. Imaging a pattern of pads on the
surface of the copper layers. Developing and etching the pattern of pads into
the copper layers. Then removing the photoresist. A plurality of devices are
then produced by the same steps described previously. This embodiment
eliminates the steps of laminating the copper sheets to the substrate as described
previously. As one of ordinary skill will recognize, other methods of producing
the pads can be used particularly when very small dimensions are needed for the
size of the pads and the resulting device 1. For example, ultra-violet laser
projection imaging, x-ray and electron-beam lithography can be used. In the
embodiment shown in FIG. 6, the through-holes are shown copper-filled with,
for example, conductive epoxy but as one of ordinary skill in the art will
recognize, the through-holes can be plated. In another embodiment, a plurality
of devices making up the large panel are then divided out of the large panel

along cutting lines 42,44 (FIG. 8A), for example, and repeated across and down
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the board to form a plurality of discrete surface mountable devices (FIG 6A).
This embodiment has particular cost-saving and manufacturing advantages in
that fifty percent fewer holes need to be made in the panel. As before, the
device is not limited to only two pads on the top and bottom. The device can
comprise multiple pads (signal or ground) for application to multiple leads.

The manufacturing advantages achieved with using and dividing the FR-
4 laminate as described above can be applied to produce another embodiment of
the present invention (FIGS. 3-5). In this embodiment, an electrical protection
device 1 is comprised of substrate 3 having pad 19, pad 21, ground pad 25 and
pad 27. Pad 21 and pad 27 have extensions 29 and 31, respectively. A
precisely spaced gap or space 33 exists between extensions 29 and 31.

As shown in FIGS. 3 and 4 the gap 33 is filled with non-linear resistance
material 15. However, the gap could be filled with a vacuum (in that case, it
would be capped), air (in that case, it may be covered with tape or capped for
protection from the environment) or any dielectric such as will impede the flow
of electrical current from extension 29 to 31 until there is an over-voltage
condition. The non-linear resistance characteristics of the electrical protection
device 1 are determined by the non-linear resistance material used and/or the
width of gap 33. The wider the gap the higher the clamp voltage. If a clamp
voltage between about 20 to 30 volts is desired a typical width for the gap 33
would be 0.8 to 1.0 mils. If a clamp voltage between about 30 to 40 volts is
desired a typical width would be 1.0 to 2.0 mils. If a clamp voltage between 40
to 70 volts is desired a typical width would be 2.0 to 3.0 mils.

In another embodiment of the invention which comprises as the variable
voltage protection material a thin layer of a neat dielectric polymer, glass,
ceramic or composites thereof, it has been found that an electrical protection
device is surprisingly effective at a desired range of clamping voltages provided
that the layer of neat dielectric polymer, glass, ceramic or composites thereof is
sufficiently thin. It has been found that for some polymers a gap of less than
about 0.8 mil will provide effective overvoltage protection under various

cbnditions, while for other polymers a gap of less than about 1.6 mils provides
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the desired performance characteristics. It is preferable in many applications
that the gap be less than about 0.5 mil and more preferably less than about 0.2
mil. Similarly, when the gap is filled with a glass layer it is preferred that the
gap be less than about 0.8 mil, but for some glasses in certain applications a
thickness of up to about 3.8 mils is appropriate. As will be appreciated by one
skilled in the art, the actual thickness of the neas dielectric polymer, glass,
ceramic or composites thereof layer employed in a particular over-voltage
protection function will vary depending on the type of polymer or glass used,
the operating conditions of the device in which the variable voltage protection
element is employed and the performance properties required of the protection
device.

As used in the disclosure and description of the present invention, the
term "neat dielectric polymer, glass, ceramic or composites thereof" refers to a
polymeric, glass, ceramic or composite thereof material which can act as a
dielectric or insulating material under the normal voltage and current conditions
of intended use and which is unfilled, i.e., does not contain conductive or
semiconductive particles such as those typically used in binders or otherwise
associated with variable voltage protection materials of the prior art. However,
"neat dielectric polymer, glass, ceramic or composites thereof” is intended to
include polymeric, glass, ceramic or composites thereof materials which fulfill
the above criteria, but which may contain or have added to them insulative or
inert particles or materials that are inactive or do not interfere with the desired
dielectric/over-voltage protection properties of the polymer or glass layer as
used in the present invention.

The polymers and glasses useful in this aspect of the invention can be
selected from polymers known in the art to be useful as binders in conventional
non-linear resistance materials to the extent that such polymers are known to
have high resistance to tracking and high resistance to arcing. In addition, other
polymers and glasses not previously suitable for or used as such binders are also

useful in the present invention if they exhibit sufficient dielectric properties,
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sufficient resistance to tracKing and sufficient resistance to arcing under the
operating conditions selected for a device according to this invention.

In general, the types of polymers useful in the present invention include
silicone rubber and elastomer, natural rubber, organopolysiloxane, polyethylene,
polypropylene, polystyrene, poly(methyl methacrylate), polyacrylonitrile,
polyacetal, polycarbonate, polyamide, polyester, phenol-formaldehyde resin,
epoxy resin, alkyd resin, polyurethane, polyamide, phenoxy resin, polysulfide
resin, polyphenylene oxide resin, polyvinyl chloride, fluoropolymer and
chiorofluoropolymer. These and other useful polymers can be used by
themselves or can include various substituent groups and can be mixtures,
blends or copolymers thereof, wherein the final polymer is selected in
accordance with the criteria described above. A particularly preferred polymer
is a conventional and commercially available General Electric "615" silicone,
and it is also particularly preferred to cure this polymer for about 15 minutes at
about 200°C to obtain properties better suited for use in this invention. It has
been found that this polymer provides good performance in a thickness of about
0.2 mil. Another form of polymer useful in this invention is woven or
nonwoven polymer fibers compressed into a mat of desired thickness. For
example, a polymer fiber material useful in the present invention is a layer of
nonwoven aramid (aromatic polyamide) fibers, commercially available as
"KEVLAR" or "NOMEX" nonwoven fiber mat from E.I. Du Pont de Nemours
& Company. The nonwoven aramid fiber mat of about 1.6 mils has been found
to provide good performance when compressed to a thickness of 0.8 mils.

The glass materials useful in this invention are likewise glass materials
which have been used as binders in variable voltage materials such as sodium
silicate. The dielectric glass, such as a sodium silicate is generally useful in this
invention in thicknesses similar to those outlined above for the polymer
materials. Further, glass fibers can be used to form the dielectric glass in
accordance with this invention.

As will be appreciated by one skilled in the art, various dielectric

polymers and glasses can be used in this invention following the teachings



WO 97/26665 PCT/US97/00781

10

15

20

25

30

- 12 -

contained herein with respéct to the gap that must be maintained for the neas
dielectric polymer, glass, ceramic or composites thereof to exhibit the desired
clamping voltage and other desired properties. Examples of polymers which can
be employed in this invention include those disclosed in U.S. Patent Nos.
4,298,416, 4,483,973, 4,499,234, 4,514,529, 4,523,001, 4,554,338, 4,563,498,
4,580,794, the disclosures of which are incorporated herein by reference. As
indicated, other resins may be selected for use in accordance with this invention.

In another aspect of this invention, it has been found that the above
described neat dielectric polymer, glass, ceramic or composites thereof layer can
be used in combination with a non-linear resistance material to modify and
enhance certain properties and performance characteristics of the non-linear
resistance. As referred to as part of this invention, the non-linear resistance
material can be a conventional variable voltage material which comprises a
binder containing conductive particles and/or semiconductive particles and/or
insulative particles. As used in this invention, the non-linear resistance material
may also include other novel, modified and improved non-linear resistance
materials or over-voltage components such as disclosed in this specification and
as disclosed in commonly assigned co-pending U.S. application Serial
No0.08/275,947 filed on 14 July 1994 with U.S. application Serial No.
08/275,174.

The non-linear resistance material 5 used in accordance with the present
invention can be any non-linear resistance material known in the art, for
example those disclosed in either U.S. Patent No. 4,977,357 (Shrier) or U.S.
Patent No. 4,726,991 (Hyatt et al.), which are incorporated herein by reference.
Generally, the non-linear resistance material comprises a binder and closely
spaced conductive particles homogeneously distributed in the binder and spaced
to provide electrical conduction. In addition, various material such as that
disclosed in U.S. Patent No. 4,103,274 (Burgess et al.) can be used in
accordance with the present invention.

The electrical protection device 1 and gap 33 (as shown in FIGS. 3-5)

can be formed in many ways such as, beginning with a commercially available
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FR-4 laminate printed wiring board material in a large panel as discussed
previously and using the standard techniques discussed above to etch the pads
21 and 27 with extension 29 and 31 respectively into the copper layer leaving
gap 33. In another embodiment, the pads, extension and resuiting gap can be
formed by applying a layer of liquid photo-resist over the copper layer on the
upper surface of the substrate 3. Imaging a pattern in the liquid resist so as to
leave a small area of liquid resist to form a gap 33 and a pattern for the pads
and extensions. Electrolytically forming a nickel trace over the imaged pattern
area to form a nickel coating (not shown) over the pads 21, 27 and extensions
29 and 31. Removing the liquid resist from the copper so as to form gap 33
between the nickel coating over each extension 29 and 31. Then etching gap 33
in the upper copper layer of the laminate below the gap already formed in the
electrically formed nickel coating. The nickel coating (not shown) is optional.
The advantage of the nickel is that is provides an oxidation resistant surface on
the inside of the gap which prevents metallic migration shorting between the
extensions across the gap. The nickel also provides a more solderable surface
that the copper. Liquid resist is preferable because it allows for fine image
resolution in the micron dimension range, however, for some gaps (e.g., in the 3
micron size) an electron beam can be used to image the resist. For the
embodiment utilizing the nickel coating, typically the copper layer is 1/8 to 1/4
ounce and the nickel coating thickness is 250 microinches.

In another embodiment, the gap and pads are formed by applying a dry
film resist layer over the top layer of copper. Using standard resist imaging to
form an open area in the resist without a small area of liquid resist to form a
gap as was done in the previous embodiment. Electrolytically forming a nickel
coating (not shown) in the open area with no gap present. Removing the resist
from the copper layer leaving a nickel coating. Laser notching a gap in the
electrolytically formed nickel coating. Then photo-etching gap 33 in the upper
copper layer of the FR-4 laminate below the gap already formed in the nickel

coating. As before, the nickel coating (not shown) is optional.
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In another embodiment, the method just described is used except that
instead of only laser notching through the nickel-coating, the laser is used to
notch through the nickel coating and copper layer on the FR-4 substrate. In this
embodiment, preferably the nickel-coating is at least 100 microinches thick in
order to compensate for slight taper in the gap. In addition, post-etching of the
copper layer might be required in order to compensate for differential gap width
between the nickel layer and the width of the gap at the bottom of the gap in
the copper layer. This can be accomplished with, for example, an ultra-violet
mask protection step and repeat process.

In another embodiment, the copper layer on the FR-4 substrate can be
etched with conventional techniques to form pads 19 and 25 on the bottom of
the substrate 3 and pads 21 and 27 having their respective extensions 29 and 31
joined. Then, the gap 33 can be cut through the upper copper layer to separate
the extensions.

There are generally three laser options: CO,-based lasers with typical
wavelengths of 10.6 pm; ultraviolet excimer lasers with typical wavelengths of
approximately 200 to 350 nm; and Nd:YAG lasers operating at a wavelength of
266 nm. Preferably, the laser notching is accomplished using an ultraviolet
excimer laser.

In another embodiment, a chip resistor 41 as shown in FIG. 7 can be
produced with a similar manufacturing method as described previously. An FR-
4 laminate 3 or another substrate consisting of an aluminum oxide body and
conductive layers on the top and bottom thereof can be used to form chip
resistor 41 or form other electrical protection devices such as shown in FIG 3.
As discussed previously, the laminate substrate comes in large panels shown in
FIG. 8. A plurality of through-holes 35, 37 are formed in substrate 3 as shown
in FIG. 8 and either plated or filled with conductive material. Instead of
dividing laminate 3 along lines 39 and 40 as discussed previously, the laminate
3, in this embodiment, is divided along line 43 through the through-holes 35 (as
shown in FIG. 9) and 37 to produce a chip resistor 41 having metallization 45

and 46 around the ends as shown in FIG. 7. Metallization 45 puts pads 25 and
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27 in electrical communication and metallization 46 puts pads 21 and 19 in
electrical communication. Resistive ink or thin film 47 is placed between the
pads prior to dicing. As one of ordinary skill in the art will appreciate, the
devices described with respect to FIGS. 3-6A can also be divided through the
through-holes to have metallization on the ends. Likewise, the chip resistor of
FIG. 7 can be divided along dividing lines 39 and 40 so as to have metallization
in the through-holes instead of around the ends.

In another embodiment, the manufacturing steps described previously of
producing and dividing a plurality of discrete devices out of a large panel can be
used to produce a through-hole electrical protection device 49 for use with any
of a variety of electrical connectors, for example, a RJ (i.e., telephone)
connector 51, D-Sub connector (i.c., multiple pin computer cable connectors),
etc. The electrical protection device 49 is essentially the same in all of the
electrical connectors except for variations in the shape/size and circuit pattern as
described below. For each connector, the design of the device 49 will be
essentially the same in that when the device is installed in the connector there
will be at least one connector pin passing through a through-hole in the device,
at least one ground pin passing through at least one ground through-hole in the
device, and the ground through-hole(s) in the device will be electrically isolated
from the other through-hole(s) until an over-voltage condition is experienced.
Therefore, only the RJ connector 51 and corresponding embodiments for a
through-hole electrical protection device 49 will be described for illustrative
purposes.

The RJ electrical connector 51 (FIG. 10) is comprised of insulating
housing 53 having a mating connector opening (not shown) for receiving a
mating connector, such as a telephone jack. The insulating housing 53 also has
a plurality of electrical leads 55 (e.g, six, at least one of which is a ground lead)
extending from the insulating housing 53. The electrical protection device 49 is
placed in the connector 53 by inserting the leads 55 through-holes 57 with the
ground lead of the connector corresponding to the ground through-hole of the

device 49. In one embodiment, the device is then soldered to the leads of the
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connector. Any overvoltage spikes which enter the electrical connector 51
through any of the leads 55 is immediately passed through the device 49 to the
ground lead to be shunted off to ground.

The through-holes 57 can be made by drilling, laser micromachining or
other methods recognized by those of ordinary skill in the art. The size of the
through-holes varies depending on the diameter of the leads extending from the
particular connector. For example, the through-hole diameter can range from 2
mils to 30 mils, but more typically are 12 mils in diameter.

FIGS. 11-17 illustrate possible embodiments for electrical protection
device 49. Each of these embodiments can be manufactured using the processes
describe above, as well as other processes known by those of ordinary skill in
the art. For example, the metallization patterns can be etched in the copper
layers on a FR-4 laminate and the gaps 33 can be laser-etched in selected traces
in the metallization patterns. The embodiments shown in FIGS. 11-13 and 15-
17 are shown without an outer protective coating, such as a passivation layer,
but as will be recognized by one of ordinary skill in the art a protective coating
such as epoxy or molding compound can be applied to these embodiments to
protect the device.

In the embodiment shown in FIG. 11, a metallization pattern 59 is shown
comprised of a plurality of pads 61 (corresponding to the number of through-
holes 57 in the substrate 3) and a plurality of traces 63. Each of the pads 61
shown on the top of the substrate 3 is connected to a corresponding pad on the
bottom of the substrate by metallization in the through-holes 57. Pad 65 is
designated the ground. In this particular embodiment, trace 67 extends out from
the pad 65 and then a portion 68 extends along the length of the substrate 3
between each of the pads 61. A trace 69 extends from each of the pads 61
toward the portion 68 of trace 67. A gap 33 exists between the distal end of
each trace 69 and portion 68 of trace 67. In this way, the electrical protection
device 49 operates as discussed above by electrically isolating the leads attached
to pads 61 from the lead attached to pad 65 until an over-voltage situation is

encountered.
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In another embodimient, traces 69 can be eliminated. In such an
embodiment, a layer of non-linear resistance material is applied to portion 68 of
trace 67 and an electrical connection is made between the top of the layer of
non-linear resistance material and each of the pads 61 (e.g., by evaporating
copper onto the device to form a connection from the pads to the non-linear
resistance material or applying a conductive epoxy that extends from each pad
61 to the non-linear resistance material).

Other embodiments for the metallization pattern 59 include, but are not
limited to, the embodiments shown in FIGS. 15-17. In addition, it will be
recognized that the metallization patterns can be changed to accommodate more
than one ground lead by extending another one of the traces to the metallization
attached to the designated ground. Likewise, the gaps 33 can be filled with
polymer, polymer-metal composite, glass, ceramic, polymer-glass composite,
polymer-ceramic composite, air, gas (in which case it would be capped),
dielectric, non-linear resistance material, etc. as discussed previously.

In the embodiment shown in FIGS. 12-13, pads 61 and corresponding
traces 63 are formed as tear-drop shaped pads 71. Pads 71 on the upper surface
of device 49 are connected to corresponding pads 73 on the bottom of the
substrate 3 by metallization in the through-holes 57. Pad 75 is designated the
ground. In this particular embodiment, non-linear resistance material 15 is
applied to each of the pads 71 and conductive material 13 is applied to pad 75.
As discussed previously with respect to the surface-mountable devices, the
conductive material 13 can be applied to each of the pads 71 and the non-linear
resistance material can be applied to pad 75. A ground bar (not shown) can
then be attached across each of the patches of non-linear resistance material 15
and the conductive material 13. In the embodiment shown in FIG. 14, an
addition nickel coating 77 can be formed (as described above) on each of the
conductive pads 71 and 75. A layer 79 of non-linear resistance material is
applied down the pattern of pads to connect each of the nickel coated patches on
the pads, then a ground plane 81 is attached to the layer 79 of non-linear

resistance material. Conductive epoxy (or other conductive material) is used to
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connect pad 75 to the ground plane 81. A coating 83 (i.e., passivation layer)
can be applied for protecting the device.

The foregoing has described the principles, preferred embodiments and
modes of operation of the present invention. However, the invention should not
be construed as being limited to the particular embodiments discussed. Thus,
the above-described embodiments should be regarded as illustrative rather an
restrictive, and it should be appreciated that variations and different
combinations may be made in and with those embodiments by workers skilled
in the art by following the overall teachings of the entire disclosure without
departing from the scope of the present invention as defined by the following

claims.
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WHAT IS CLAIMED IS:

1. An electrical protection device comprising:

a substrate having a first surface and a second surface;

a first pad attached to the second surface of the substrate;

a second pad spaced from the first pad and attached to the second
surface of the substrate;

a third pad attached to the first surface of the substrate and being in
electrical communication with the first pad;

a fourth pad spaced from the third pad and attached to the first surface of
the substrate, the fourth pad being in electrical communication with the second

pad.

2. The electrical protection device of Claim 1, wherein the space

between the third pad and the fourth pad is 3.0 mils or less.

3. The electrical protection device of Claim 1, wherein the space

between the third pad and the fourth pad is 12 microns or less.

4 The electrical protection device of Claim 1, wherein the space
between the third pad and the fourth pad is in a range not greater than 3.0 mils

and not less than 3 microns.

5. The electrical protection device of Claim 1 further comprising a

non-linear dielectric in the space between the third pad and the fourth pad.

6. The electrical protection device of Claim | further comprising an
non-linear resistance material in the space between the third pad and the fourth

pad.
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7. The electrical protection device of Claim 6 further comprising a

passivation layer extending over the non-linear resistance material and at least a

portion of the third pad and the fourth pad.

8. The electrical protection device of Claim | further comprising a

resistive ink in the space between the third pad and the fourth pad.

9. The electrical protection device of Claim 1 further comprising:
a ground extending over at least a portion of the third pad and the fourth
pad, the ground being connected to the third pad by a non-linear resistance

material and to the fourth pad by a conductive material.

10. The electrical protection device of Claim 1 wherein the electrical
communications between the first pad and the third pad and the second pad and

the fourth pad are through-holes in the substrate.

11. The electrical protection device of Claim 10 wherein the through-

holes are plated.

12. The electrical protection device of Claim |1 further comprising:
a trace extending from the fourth pad toward the third pad, a distal end

of the trace being spaced from the third pad.

13.  The electrical protection device of Claim 12, wherein the space

between the distal end of the trace and the third pad is 3.0 mils or less.

14. The electrical protection device of Claim 12, wherein the space

between the third pad and the distal end of the trace is 12 microns or less.
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15. The electrical protection device of Claim 12, wherein the space

between the third pad and the distal end of the trace is in a range not greater

than 3.0 mils and not less than 3 microns.

16.  The electrical protection device of Claim 12 further comprising a

dielectric in the space between the third pad and the distal end of the trace.

7. The electrical protection device of Claim 12 further comprising an
non-linear resistance material in the space between the third pad and the distal

end of the trace.

18.  The electrical protection device of Claim 11 further comprising:
a first trace extending from the third pad;
a second trace extending from the fourth pad, a distal end of the second

trace being spaced from the first trace.

19.  The electrical protection device of Claim 18, wherein the space
between the first trace and the distal end of the second trace is in a range not

greater than 3.0 mils and not less than 3 microns.

20.  The electrical protection device of Claim 18 further comprising a
non-linear resistance material in the space between the first trace and the distal

end of the second trace.

21.  The electrical protection device of Claim 11 further comprising:

an electrical connector having at least one lead and a ground pin, the at
least one lead extending through the through-hole between the second pad and
the fourth pad, the ground pin extending through the through-hole between the
first pad and the third pad.
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22.  The electrical protection device of Claim 17 wherein the electrical

connector comprises a RJ connector.

23.  The electrical protection device of Claim 10 wherein the through-

holes are filled.

24.  The electrical protection device of Claim 10 wherein the substrate
is an electrically insulating material from the group consisting of aluminum
oxide, fire retardant grade 4 laminate, polyimide, bismaleimide triazine, high

temperature epoxy or polyester.

25.  The electrical protection device of Claim 10 further comprising:
a ground extending over at least a portion of the third pad and the fourth
pad, the ground being connected to the third pad by a non-linear resistance

material and to the fourth pad by a conductive material.

26. A method for making at least one electrical protection device,
comprising the steps of:

providing an electrically insulating substrate having electrically
conductive layers on opposite sides thereof:

forming at least two through-holes in the electrically insulating substrate
and the electrically conductive layers;

forming electrically conductive paths between the electrically conductive
layers through the through-holes; and

forming electrically conductive pads around the through-holes, the

electrically conductive pads being spaced from each other.

27.  The method of Claim 26 further comprising filling the space
between the electrically conductive pads on one side of the electrically

insulating substrate with a dielectric.
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28.  The method of Claim 26 further comprising filling the space
between the electrically conductive pads on one side of the electrically

insulating substrate with a non-linear resistance material.

29.  The method of Claim 26 further comprising filling the space
between the electrically conductive pads on one side of the electrically

insulating substrate with a resistive ink.

30.  The method of Claim 27 further comprising forming a passivation
layer over at least one side of the electrically insulating substrate having the

electrically conductive pads thereon.

31.  The method of Claim 27 further comprising dividing the
electrically insulating substrate having electrically conductive pads thereon into
discrete devices having at least two electrically conductive paths between the

electrically conductive layers.

32.  The method of Claim 31 wherein the electrically insulating
substrate having electrically conductive pads thereon is divided between two

adjacent through-holes.

33. The method of Claim 31 wherein the electrically insulating

substrate having conductive pads thereon is divided through the through-holes.

34.  The method of Claim 27 further comprising:

placing an electrically conductive material over at least one of the
electrically conductive pads;

placing a non-linear resistance material over at least one other of the
electrically conductive pads; and

connecting a ground between the electrically conductive material and the

non-linear resistance material.
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35.  The method of Claim 34 further comprising forming a passivation

layer over at least the side of the electrically insulating substrate having the

ground thereon.

36.  The method of Claim 34 further comprising dividing the
electrically insulating substrate into discrete devices having at least one ground
connecting the electrically conductive materiai and the non-linear resistance

material.

37.  The method of Claim 26 further comprising:

forming a ground lead extending from at least one of the electrically
conductive pads on one side of the electrically insulating substrate;

placing a non-linear resistance material on the ground lead; and

forming an electrically conductive path from each of the other

electrically conductive pads to the non-linear resistance material.

38.  The method of Claim 37 further comprising forming a passivation

layer over at least the non-linear resistance material.

39.  The method of Claim 37 further comprising dividing the
electrically insulating substrate having electrically conductive pads thereon into
discrete devices having at least two electrically conductive paths between the

electrically conductive layers.

40. A method for making at least one electrical protection device,
comprising the steps of:

providing an electrically insulating substrate having electrically
conductive layers on opposite sides thereof:

forming at least two through-holes in the electrically insulating substrate

and the electrically conductive layers;
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forming electrically conductive paths between the electrically conductive
layers through the through-holes;
forming electrically conductive pads around the through-holes, the
electrically conductive pads being connected by a trace; and

forming a gap in the trace.

41.  The method of Claim 40 wherein the gap is formed in the trace
with a laser to produce a gap in a range not greater than 3.0 mils and not less

than 3 microns.

42.  The method of Claim 40 further comprising filling the gap with a

dielectric.

43.  The method of Claim 40 further comprising filling the gap with a

non-linear resistance material.

44.  The method of Claim 40 further comprising forming a passivation
layer over at least one side of the electrically insulating substrate having the

trace thereon.

45.  The method of Claim 40 further comprising dividing the
electrically insulating substrate having electrically conductive pads thereon into
discrete devices having at least two electrically conductive paths between the

electrically conductive layers.

46.  The method of Claim 40 further comprising forming a ground bar

wherein the gap is formed in at least one trace connected to the ground bar.

47.  The method of Claim 46 wherein the gap is formed in the trace
with a laser to produce a gap in a range not greater than 3.0 mils and not less

than 3 microns.
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48.  The method of Claim 46 further comprising filling the gap with a

dielectric.

49.  The method of Claim 46 further comprising filling the gap with a

non-linear resistance material.

50.  The method of Claim 46 further comprising forming a passivation
layer over at least one side of the electrically insulating substrate having the

trace thereon.

51.  The method of Claim 46 further comprising dividing the
electrically insulating substrate having electrically conductive pads thereon into
discrete devices having at least two electrically conductive paths between the

electrically conductive layers.



WO 97/26665 PCT/US97/00781
1/8

S
ST
o

5@@7

Fils. |
[ [
17
13 ( /|5
| fe—
3

Flls. 2



WO 97/26665 PCT/US97/00781
2/8

15

]
|

Fils. 2A

FlLs. 28



WO 97/26665

PCT/US97/00781
3/8
\9
3\ 23
“:)6 /7.'\ ( / / 29 20
|
/_»‘. i 77 —— .;
: \\-.'éi\/
NE =N Flta. 3
A V{ - /.‘ \
= 31 11
-3

/ﬂ/ﬁ I"\ ( ‘/1—0‘ (1 2\

(0]
-
&—_
2
@ |
N

w

3
1 - Fléa. &
/
L s
3 %51
/4’6 I/ 7 / // a
Fit.. 5
ZgN\
VD /23 / \ s
q '
sy~ -'.‘:
Q\\\\\\\\\\* Flls.
W 2
SN ST
7 (



PCT/US97/00781

WO 97/26665

4/8

3

/23

Lo A

Fl&s. A

Flb&. ga



PCT/US97/00781

¢

_/.
3 g
i iy 2intalalalalala alalE

-
()

21

/4-'1

5/8

R ST

WO 97/26665

45 —

Flta, 9



PCT/US97/00781

WO 97/26665

6/8

Fils. 10



WO 97/26665 ‘ PCT/US97/00781

L | _i T
57) -KS“’ ’



WO 97/26665

PCT/US97/00781

61—

Fila. o
‘\q-ﬂ
[
/m
Fl, (7




INTERNATIONAL SEARCH REPORT

International application No. ~
PCT/US97/00781

A.  CLASSIFICATION OF SUBJECT MATTER -

IPC(6) :HOIC 7/10
US CL :338/21; 29/621

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

U.S. : 338/21, 20, 312; 29/621; 623, 612; 337/276

Minimum documentation secarched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data basc consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*®

Citation of document, with indication, where appropriate, of the reicvant passages

Relevant to claim No.

Please See Continuation of Second Sheet.

@ Further documents are listed in the continuation of Box C.

D Sce patent family annex.

. Special categories of cited documnents: T Intor document published afier the intemational filing dase or priority
. ) dats and not i conflict with the appilication but cited o understand the
A* d defining the gemoral stade of the art which is not considered
1 be of " principle or theory underlying the imveation
- . . . . X document of pasticular relevance; the claimed inveation cannot be
E’ earkier document published on or afier the international filing date ocoasidered forc be sderod 10 imvolve an i jve step
L document which may throw doubts on priority claina(s) or which is when the document is taken alone
cited 0 establish the publication date of apother citation or other R §
special reason (ss specified) Y document of p the d cannot be
comsidered 0 imvoive sn nv&-hd«un
0 dm:d-rh.nnunld’-uh-uu.m.c:hi’duor* combincd with one or more ather such & such combinats
being obvious 10 a person skilled in the ant
P MMWUUMMMMMM % i
o o o & documnecnt member of the same patent family

Date of the actual completion of the intcrnational search

Date of mailing of the international search report

26 MARCH 1997 14 MAY 1997°

Name and mailing address of the ISA/US Authorized officer /)7/
Commissioner of Pateats and Trademarks
Weshingwoa, D.C. 2021 KARL EASTHOM

Facsimile No. _ (703) 305-3230 Telephone No.

Form PCT/ISA/210 (second sheet)(July 1992)x _




INTERNATIONAL SEARCH REPORT International application No.
PCT/US97/00781

Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet)

This intcrnational report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:
D because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.:
D bwauaedwyuedepmdauchimmdmmdnﬂcdinmxﬂuxxwihlhcwcondmdﬂ:irdlm(amoflluleﬁ.‘(s),

Box II Observations where unity of invention is lacking (Cootinuation of iem 2 of first sheet)

This International Scarching Authority found multiple inventions in this international application, as follows:

Group |, claim(s)1-25, drawn to a circuit protection device.
Group II, claim(s) 26-39, drawn to a method of making a circuit protection device.
Group U, claim(s) 40-51, drawn to drawn to & method of making a circuit protection device.

—

. @ As all required additional search fecs were timely paid by the applicant, this international search report covers all searchable
claims.

2. As all scarchable claims could be searched without effort justifying an additional fec, this Authority did not invite payment
of any additional fee.
3. As only some of the required additional scarch fees were timely paid by the applicant, this international search report covers

only those claims for which fecs were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricied to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest D The additional scarch fces were accompanied by the applicant’s protest.
E No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first le)XJuly 1992)»



INTERNATIONAL SEARCH REPORT International application No.

PCT/US97/00781

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

US A 4,788,523 (ROBBINS) 11 November 1988, col. 3, lines 5-
10, 60-65, Figs. 1-7.

US A 5,340,641 (XU) 23 August 1994, col. 6, lines 21-45, figs.
3-6.

US A 4,486,738 (SADLO et al) 4 December 1984, fig. 2.

JP A 405036341 (HIROYAMA) 12 February 1993, abstract, figs.

1-7.

US A 5,216,404 (NAGAI et al) 1 June 1993, figs. 1-4, col. 5,
lines 12-35, col. 6, lines 23-55.

US A 3,648,364 (ENDO) 14 March 1972, figs. 1-4.

1,5, 8, 10-12,
16, 18, 23-24,
26-27, 29-32,
24, 67,9 12-
22, 19, 25, 28,
34-51

6-7, 9, 12-22,
25, 28, 34-51

1, 8, 10-11, 23-
24, 26-27, 29,
31,33

2-7,9, 12-22,
25, 28, 30, 32,
34-51.

1, 6, 26, 28.

1, 5-12, 17-18,
20, 23, 25-30,
34-35, 37-38
34, 13-16, 19,
21-22, 24, 31-33,
36, 39-51

1,5, 8, 10-12,
16, 18, 23-24,
26-27, 29-31
6-7, 9, 12-22,
25, 28, 32-51

Fprm PCT/ISA/210 (continuation of second sheet)(July 1992)»




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

