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(57) Abstract

An interconnection device in the form of a programmable integrated crosspoint switch includes a matrix of first and
second pluralities of electrically conductive paths, e.g. an M line by N line matrix, and selectively permanently and affirm-
atively programmable switch elements for completing passive conductive circuit paths between one or more of the conduc-
tive paths of such first and second pluralities thereof. The programmable integrated crosspoint switch invention may be ut-
ilized in various hierarchical levels of interconnection. Each switch element is an irreversible semiconductor switching
element, for example of high resistivity polycrystalline material, that initially is a high impedance and, thus, effectively
presents an open circuit-like condition, and each may be programmed by applying an appropriate electrical input thereto
exceeding a given threshold level, whereupon the element permanently takes on a low impedance characteristic and effec-
tively becomes a closed or short circuit between a respective pair of conductive paths without the need for transistor driv-
ing, logic or other circuits for useful operation. Thus, the semiconductor elements provide selectable interconnection at
each crosspoint by application of programming voltage between the proper M line and N line of the matrix. The invention
also relates to a method for rerouting electrical signals for various purposes.




FOR THE PURPOSES OF INFORMATION ONLY

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

AT Austria FR  France ML Mali

AU  Australia GA Gabon MR Mauritania
BB Barbados GB United Kingdom MW Malawi

BE Belgium HU Hungary NL Netherlands
BG Bulgaria IT TItaly NO Norway

BJ Benin JP  Japan RO Romania
BR Brazil KP Democratic People’s Republic SD Sudan

CF Central African Republic of Korea SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzerland - LI Liechtenstein ) SU  Soviet Union
CM Cameroon LK Sri Lanka , TD Chad

DE Germany, Federal Republic of LU Luxembourg TG Togo

DK Denmark MC Monaco ' US  United States of America
FI  Finland MG Madagascar : :




WO 87/02827 PCT/US86/02295

-1-
PROGRAMMABLE INTEGRATED CROSSPOINT SWITCH

TECHNICAL FIELD

The present invention relates, generally, to electrical inter-
connection devices and, more particularly, as indicated to a programmable
integrated crosspoint switch. Moreover, the invention relates to the use of
a programmable polycrystalline silicon semiconductor switching element to
provide an irreversible interconnection pattern in an N by M line matrix.

BACKGROUND

Various devices and connection arrangements have been used in
the past to provide eleetrical interconnection between plural electrical
paths, circuits, devices, ete.

Hierarchical levels of interconnection may be identified, as
follows:

Level I. Component Level: At this level interconnection is
effected within an electrical or electronic component. Examples of the
component level of interconnection include metallization pattern on an
integrated (IC) chip, lead bonding of the IC, and wiring of components to
lead frames, terminals or component packages.

Level II. Cireuit Card Level: Interconnection is provided at this
level among components mounted to a rigid planar substrate. Examples
inelude printed wiring boards, wire wrap socket panels and other metallized
substrates.

Level . Subassembly Level: Interconnection at this level is
provided within an assembly produced for separate installation into a
system. Examples are interconnection within backpanels, power supplies,
keyboards, switehes, displays, component penels, and so on,

Level IV. Chassis Level: At this level interconnection is
provided of components, circuit cards, back panels or subassemblies within a
chassis.

Level V. System Level: This level includes interconnection of
different chassis at the system level. Examples of implementation of this
System Level of interconnection include wire and cable connections among
and/or between plural chassis external of the chassis.
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Several types of semiconductor circuits and devices are de-
pendent on switching elements which provide a one-time programmable
interconnection or open circuit. Examples are programmable read only
memory (PROM), programmable array logic (PAL) and field programmable
logic arrays (FPLA). The purpose of these cireuits is to store an unchanging
configuration of bits, such as a ecomputer pfo’gram or to connect a specific
configuration of logic from a general programmable form. The switching
elements used in practical devices of these types include diodes, transistors,
thyristors, and fuses of various materials.

In a fusible link PROM, for example, fuses made of silicon,
nickel chromium alloy or aluminum are incorporated into each cell or bit of
the PROM. In its unprogrammed state, all fuses are intact representing aill
bits set to the same logie state (1 or 0). Writing a bit pattrn into the PROM
consists of addressing each cell where it is desired to change the statie bit
pattern and blowing a fuse at that location. This changes the location from
a one to a zero or a zero to a one, depending on the definition of the
background or shorted pattern. Typieally, the fusing current is routed to the
proper cell via active addressing logic and/or current steering diodes. The
contents of the cell are read by active cireuitry in the PROM device and the
results are presented at the outputs of the memory.

In a zener diode type of PROM, the characteristics of the diode
are changed by reverse biasing the diode to breakdown and increasing its
power level to the point where a short circuit is formed across the diode.
The presence of a 5 volt to 7 volt reverse breakdown versus the short ecircuit
condition formed by programming is made use of in the memory to
diseriminate between ones and zeros.

A form of logic called programmable array logic (PAL) uses
fuses to reconfigure a general purpose logiec configuration into a specific
form. Programming consists of opening fuses to disconnect outputs or
inputs and to configure the desired logie form. A similar type of device is
the field programmable logic array (FPLA) which may be considered the
equivalent of a PROM without all address possibilities being decoded. In
this case, fuses are blown to configure desired output response to a given set
of input stimuli.

“y
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In the above-discussed circuits the switching elements generally
are used in rather low current configurations. Fuses typically used in
integrated circuit PROMs range from say about 50 to about 200 ohms in
their shorted condition. Even at these levels, considerable current, e.g. on
the order of from say about 20 to about 200 milliamps is required to blow
open a typical integrated circuit fuse. If lower impedances for the fuses are
attempted, the programming current rises correspondingly. In the case of
the shorted diode version of 2 PROM, the interconnection formed when the
junction is shorted consists primarily of a very fine string of aluminum
metallization. This metallization may be sufficient to give low impedances;
however, the sectional area of the condueting path is typieally too small to
provide for passage of large currents. In addition, both the fusible link type
PROMs and the shorted diode type PROMs require extensive current
steering within the structure of the deviee to allow blowing the proper link
or diode. Such circuitry then typically may be used as part of the sensing
cireuitry to read the contents of the memory, or in the cases of pro-
grammable logic families, may be part of the inherent structure.

When attempting to use the above switching elements in a
matrix configuration, current steered programming using active elements
may not be feasible. In the case of the fuse element, attempts to use a
simple array of fuses without current steering may result in non-unique
programming paths due to lack of uniformity of fuse impedances. Also, the
series resistance of the fuse may be too high to provide a good signal
interconnection path for high level signals.

Another type of irreversible semiconductor switching element
useful in semiconductor PROMs is diselosed in U.S. Patent No. 4,146,902.
This patent discloses a switching element employing a high impedance
polycz;ystalline silicon (sometimes referred to herein as polysilicon) resistor
which may be irreversibly switched from a high impedance state after being
once written on by the application of a programming level voltage above a
threshold voltage level. Such switching element is disclosed as a discrete
device or as part of a low level programmable biasing path within the
structure of a read only memory specifically determining whether a given
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memory cell will appear as a logic 1 or as a logie 0. Active circuitry is
required to steer the programming voltage to the proper cells and to read
the contents of the cells after programming. Thus, the switching element of
suéh patent is used as a memory cell, and a semiconduetor gate element for
controlling the current flowing through the semiconductor switching ele-
ment is combined with the former to complete a memory device. The entire
disclosure of U.S. patent No. 4,146,902 hereby is incorporated by reference.
Tanimoto "A Novel MOS PROM Using a Highly Resistive Poly-Si
Resistor", [EEE Transactions On Electron Devices, Vol. Ed. 27, No. 3, March
1980, presents another description of a memory cell like that of the '902

patent. The entire disclosure of such article also is hereby incorporated by
reference. 7 ' _

A semiconductor memory device that uses memory cells located
at cross positions of a plurality of bit lines and a plurality of word lines is
diselosed in U.S. patent No. 4,287,569. The memory cells include an active
element, e.g. a transistor, and a diode or fusible link., Such cells are
intended to be specifically written to either by overloading a diode to short
eircuit the same or by blowing a fusible link to open the same, and the
information in a given semiconductor memory device can be read out.

In commonly assigned, copending U.S. patent applications Serial
No. 471,280 filed March 2, 1983, abandoned in favor of Serial No. 719,638,
filed April 4, 1985, Serial No. 571,737 filed January 18, 1984, now U.S. Patent
No. 4,557,540, issued December 10, 1985, and Serial No. 614,275 filed May
25, 1984, are disclosed several devices and connection arrangements used,
for example, as programmed or programmable programmed interconnection
device. The entire disclosures of such application hereby are fully
ineorporated by reference.

One exemplary use of such programmed or programmable pro-
grammed device, as is deseribed in such patent applictions is to adapt the
pin out configuration of one integrated circuit device to a different
apparent pin out configuration to enable such device to be used in a
connection environment for which it may not originally have been intended.
Another exemplary use is as a shunt device to connect within the device one
or more circuit paths, contaects, ete. in the device.




WO 87/02827 PCT/US86/02295

5

In the '275 application is disclosed a device that may be
selectively programmed to determine which of plural cireuits, conductive
paths, or the like are to be electrically connected. In one embodiment there
is a matrix formed of plural conductive paths or groups thereof in the device
and "blowable" fuses, fused links, blown junctions or the like; the latter
interconnect each path with a plurality of, preferably all, the others in the
other groups in the matrix. The fuses, links, etc. may be blown to open
respective circuits while other cireuits are allowed to remain complete. As
was noted above, a disadvantage with such device is that it is possible that
the impedances of respective fuses may vary to such an extent that
accurate programming may not be possible or may be possible only with
great difficulty and with the result that some parts may have to be
scrapped. Various other disadvantages of such blown fuse, blown junction,
ete. types of devices are described in U.S. patent No. 4,146,902.

SUMMARY OF THE INVENTION

Briefly, the fundamental components of the programmable inte-
grated crosspoint switeh according to the invention include a matrix of first
and second pluralities of electrically conductive paths, on M line by N line

matrix, and selectively permanently and affirmatively programmable means
for completing passive conductive cireuit paths between one or more of the
conductive paths of such first and second pluralities thereof. The pro-
grammable integrated crosspoint switch of the invention may be utilized in
each of the above hierarchical levels of interconnection.

Representative aspects and objects of the invention follow.

According to one aspect of the invention, the programmable
means is a plurality of irreversible semiconductor switching elements of the
type disclosed in U.S. patent No. 4,146,902. Each of such switching elements
initially is a high impedance and, thus, effectively presents an open circuit-
like condition, and each may be programmed by applying an appropriate
electrical input thereto to exceed a given threshold level, whereupon the
element takes on a low impedance characteristic and effectively becomes a
closed cireuit between a respective pair of conductive paths without the
need for transistor driving, logic or other ecireuits for useful operation.
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In accordance with another aspeet of this invention, there is
provided a semiconductor crosspoint matrix switching device having a
semiconductor element at each crosspoint in the matrix which may be

_ irreversibly programmed from the open to the short circuit condition by
application of proper programming voltage between the corresponding input
and output lines of the matrix.

According to a further aspect, there is provided a programmable
switching matrix device which through proper programmation allows N input
lines to be routed in any desired manner to M output lines thus changing the
order but maintaining the signal characteristies of the input.

According to still another aspect the integrated crosspoint
switeh, ineluding the matrix and the switching elements, is in a housing with
a lead structure of an integrated circuit package for use as a programmed
socket, programmed shunt or like device.

According to still a further aspect the integrated crosspoint
switch is used and usable to switch the, positions of inputs and outputs of
electrical connectors, sockets, printed circuit boards, chassis, and other
electrical and electronie parts and devices.

~ According to still an additional aspect the invention provides
means to unscramble leads, traces or signals on a multiple layer' printed
cireuit board. The integrated crosspoint switch also may be used as a cable
signal or trace unscrambler to interrupt a cable and reroute the lines (leads)
thereof without requiring special adaptations in the cable connector(s).
Indeed, the invention facilitates the redirecting of lines (leads, conductive
paths, ete.) in virtually any electrical multiple line system.

Another aspect of the invention is the ability of the pro-
grammable integrated crosspoint switeh to give a specific or personalized
signature to an integrated circuit chip or the like by establishihg a certain
lead functional pattern therefor; in fact the invention permits a given chip
to have multiple characteristics that can be selectively used depending on
the states/conductive paths of the programmable integrated crosspoint
switeh.

Exemplary objects of this invention include to provide a novel,
programmable crosspoint switch matrix; to provide a programmable matrix
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interconnection device using semiconductor technology; to provide a matrix
interconnection device utilizing switches capable of an irreversible change
of state upon application of proper programming voltages; to provide a
matrix switech capable of being manufactured utilizing known fabricating
processes for LSI (large scale integration) integrated circuits; to provide a
matrix switch requiring only passive elements for completing respective
eireuit paths; and effectively to use such programmable integrated cross-
point switch in electrical and electronic apparatus, such as, for example,
programmable sockets, programmable shunts, cable termination assemblies,
with logie strueture for signature, scrambling, and unscrambling purposes;
and to employ programmable interconnection functions for other purposes
and in other devices, as well.

These and other objects and advantages of the present invention
will become more apparent as the following deseription proceeds.

To the accomplishment of the foregoing and related ends, the
invention, then, comprises the features hereinafter fully described in the
specification and particularly pointed out in the claims, the following
description and the annexed drawings setting forth in detail a certain
illustrative embodiment of the invention, this being indicative, however, of
but one of the various ways in which the principles of the invention may be
employed.

BRIEF DESCRIPTION OF THE DRAWINGS

In the annexed drawings:

Fig. 1 is a schematic representation of the programmable inte-
grated crosspoint switch in accordance with the invention;

Fig. 2 is a partial isometric view, partly broken away in section,
of a programmable programmed socket employing the programmable inte-
grated crosspoint switch in accordance with the invention;

Fig. 3 is an isometrie view of the support, contacts, pro-
grammable device, and some printed circuit traces used in the pro-
grammable programmed socket of Fig. 2;

Figs. 4A and 4B are, respectively, top and bottom views of the
support of Fig. 3;
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Figs. 5A and 5B are, respectively, a partial view of the con-
ductor matrix and semiconductor switch elements array used in the pro-
grammable programmed socket and a table illustrating an exemplary trans-
position of pin configurations achievable by the programmable programmed
socket of the invention; '

Figs. 6-9 are, respectively, side elevation, top plan, bottom plan,
and end elevation views of the programmable programmed socket;

Fig. 10 is a schematic view of apparatus for programming the
programmable programmed socket or other programmable integrated cross-
point switeh according to the inventiori; '

Fig. 11 is a schematic representation of a programmable cable
termination assembly employing the programmable integrated crosspoint
switch of the invention;

Fig. 12 is a schematic view of a programmable integrated
erosspoint switech mounted on a printed ecircuit board with an integrated
cireuit;

Fig. 13 is a side elevation view of plural printed ecireuit boards
‘mounted on a common chassis and employing programmable integrated
erosspoint switches to facilitate bringing out the circuit connections of the
printed circuit boards; , '

Fig. 14 is a schematic representation of a programmable inte-
grated crosspoint switch used as a signature device; |

Fig. 15 is a schematic representation of a programmable inte-
grated crosspoint switch used as a circuit select device in an integrated
cireuit; -

Fig. 16 is an isometric view of a programmable programmed
shunt using the programmable integrated crosspoint switch of the present
invention; '

Fig. 17 is a diagramatie representation showing the basie con-
struction of the irreversible semiconductor switching element of this
invention; and _

Fig. 18 is a fragmentary cross sectional view of the matrix of
Fig. 1 showing one switching element of Fig. 17, and manufactured with
planar semiconduector techniques. '

PCT/US86/02295



WO 87/02827 PCT/US86/02295

-9-

DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring in detail to the drawings, wherein like reference
numerals refer to like parts in the several figures, a programmable
integrated crosspoint switch in accordance with the invention is schemati-
cally illustrated at 1 in Fig. 1. The programmable integrated erosspoint
switeh 1 includes a matrix 2 of two groups 3, 4 of M conduectors 3a, 3, . . .,

Jm, ete. and N conductors 4a, 4b, . . ., 4n, ete. preferably physically
oriented in orthogonal directions, as is shown, so that plural (preferably all)
of the conductors of one group cross without connecting to plural (prefer-
ably all) the conductors of the other group. The programmable integrated
crosspoint switch also includes plural semiconductor switches 5 that are at
the junctions of each of the M conductors 3 with the N eonductors 4 and are
selectively programmable to establish connections between respective pairs
of eonductors, one (or more) from the first (M) group and one (or more) from
the seeond (N) group.

The matrix 2 and switeches 5 of the programmable integrated
erosspoint switch are included preferably in the programmable integrated
crosspoint switch housing 6 of appropriate electrically non-conductive
material typically used, say, in the semiconductor/integrated circuit pack-
age industry. From the housing 6 are exposed plural electrical leads
designated input leads 7 and output leads 8 for convenience. The leads 7, 8
are coupled to respective circuits 9a, 9b. The programmable integrated
crosspoint switeh is intended to provide selected electrically econductive
paths between the two circuits 9a, 9b.

The circuits 9a, 9b may be a variety of different devices or
portions of devices. Fundamentally, the programmable integrated cross-
point switch may be used to provide connections between two electrical
circuits, devices, components, or the like which otherwise may have a
specifie incompatibility insofar as lead to lead, cireuit to cireuit or like
matehing is concerned. In the preferred embodiment and best mode of the
present invention, the ecircuits 9a, 9b represent printed circuit traces and
electrieal contacts of a programmable programmed socket type device, e.g.
as is illustrated in Figs. 2 and 3; in such case the circuits 9a, 9b may be,
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respectively, the lower contacts and traces and the upper contaets and )
traces used in the programmable programmed socket of Figs. 2-9.

Turning now to the details of the programmable integrated
erosspoint switeh 1 of Fig. 1, according to the preferred embodiment and
best mode of the present invention, the programmable integrated crosspoint
switeh 1 is formed using solid state integrated circuit technology. Most
preferably the methods and materials disclosed in U.S. patent No. 4,146,902
are employed in the programmable integrated crosspoint switech 1. Each
semiconductor switch element 5 may be formed of a high resistivity
polycrystalline silicon resistor. Such resistor physically separates the
terminal means or lead connections 5t which are electrically connected to
respective leads of the matrix 2, whereby the high impedance of the resistor
essentially makes the switeh element 5 appear initially as an open cireuit.

The semiconductor switeh element 5, on the other hand, has an
irreversible impedance characteristic. In particular, in response to applica-
tion thereto of a voltage of suitable magnitude exceeding a prescribed
threshold voltage, the impedance of such resistor changes dramatieally and
permanently to a low impedance level. For example, the ratio of th lower
and greater resistivity levels of the semiconductor switch element 5 may be
1:104,

According to the preferred embodiment and best mode of the
present invention, the switch elements 5 are of the passive type in that they
ordinarily do not require additional transistor or other components to
operate to complete respective electrical cireuits or to cause open circuits.
Therefore, the switech elements may be left alone in high impedance
condition to cause effectively an open circuit between a respective pair of
conductors of the matrix 2 or may be programmed to complete a circuit
between a respective pair of such conductors. '

The conductors 3, 4 of the matrix 2 and the switch elements 5
may be formed by conventional semiconductor and integrated ecircuit
manufacturing processes, e.g. as is described in the aforementioned applica-
tions and patents. For example, the eonductors 3, 4 and the switch elements
5 may be formed on a substrate, with the terminal or lead portions of the
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conductors 3, 4 being exposed for further electrical conneétion to another
device, circuit, contact, ete. Thereafter, appropriate packaging of the
matrix 2 and switeh elements 5 may be provided, e.g. in a conventional
integrated circuit package with the conductors 3, 4 being coupled to
contacts for use as a programmable programmed socket, as is described in
further detail below.

A programmable programmed socket embodying the pro-
grammable integrated crosspoint switch 1 of the invention is generally
indicated at 10 in Fig. 2. The programmable programmed socket 10 is in the
configuration of an integrated circuit package, integrated circuit socket,
ete., in the form of a dual in-line package 1l. The fundamental components
of the programmable programmed socket include a plurality of male pin
contacts 12 extending from the bottom 13 of the package 11 for connection,
for example, directly to the printed circuit traces on a conventional printed
cireuit board, say using wave soldering techniques to effect completion of
connections, by an integrated circuit socket, ete.; a plurality of female fork
type contacts 14 facing the top 15 of the package 1l to connect with the pins
of an integrated circuit device inserted into openings 16; a support 17 for
supporting the contacts; a programmable integrated crosspoint switeh 1 for
electrically connecting respective contacts; and printed cireuit connections
19 for connecting the contacts to the programmable integrated crosspoint
switeh 1. The contaets 12, 14 may be of a type other than those shown, e.g.
they both may be male, both female, or they may be of another configura-
tion altogether.

The programmable programmed socket 10 of the present inven-
tion provides an interface between cireuitry to which the male pin contacts
12 are connected and eircuitry to which the female contacts 14 are
connected. The male pin contaets 12 and the female contacts 14 preferably
are arranged in identical patterns on the support 17 so that the programmed
socket 10 requires minimum space, and the only electrical connections
between respective male pin contaets 12 and respective female contacts 14
is by means of printed circuit connections 19 in the form of traces generally
indieated at 20 on and plated through holes 21 through the support 17 and the
programmable integrated crosspoint switeh 1.
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The programmable integrated crosspoint switch 1 according to
the invention may be programmed to provide electrical connections between
respective pairs or more of electrical contacts. An example of such a
programmable integrated erosspoint switeh 1 is deseribed above.

The programmable integrated crosspoint switch 1 may be die
bonded to the surface of a printed circuit board material, such as that of
which the support 17 is made. Moreover, the leads of the programmable
integrated crosspoint switeh 1 may be wire bonded to respective pfinted
cireuit traces 20 formed on the support 17. The plated~through holes 21
enable the contaets on the side of the support 17 remote from the side on
which the programmable integrated crosspoint switch is mounted to be
connected to respective leads of the programmable integrated crosspoint
switeh. '

By programming the programmable integrated crosspoint switch
1, the apparent location of any given pin of an integrated circuit device
plugged in to the top of the programmable programmed socket 10 can be
programmed to appear at another selected location at the bottom of the
programmed socket. Thus, for example, one integrated circuit device
having pin number 28 as a ground may be replaced by another integrated
circuit device that uses pin number 1 as the ground with the programmable
programmed socket 10 of the present invention connecting contact location
number 1 on the top of the programmable programmed socket to contact
location number 28 on the bottom of the programmable programmed socket.

The support 17 preferably is a printed cireuit board of electri-
cally non-conductive material. The printed circuit traces 20 preferably are
formed on the support 17 in conventional manner. The support 17 has a
plurality of holes 21 therethrough, each of which preferably is plated through
to provide an electrically conductive path from the top side or surface 23 to
the bottom side or surface 24. (Reference to top and bottom or upper and
lower as well as to surfaces and sides herein are for convenience only and
are not intended to be limiting with respect to configuration or operation of
the programmable programmed socket 10). '

Each of the printed circuit traces 20 terminates in a terminal
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pad, such as those shown at 25 in Fig. 3. Each of the contaects 12, 14 has a
contact portion 26, 27 extending generally linearly in a direction to be
electrically connected to a member placed to engagement therewith and a
flat base portion 28, 29 extending generally perpendicularly to the contact
portion for electrical connection to respective terminal pads. Respective
contacts 12, 14, are soldered to such pads 25 for electrical and mechanical
connection thereto. Preferably the pads 25U (the suffix "U" indicating
upper) on the top 23 and those pads 25L ("L" for lower) on the bottom 24 of
the support 17 are arranged in an identical dual-in-line pattern, as is shown
in the drawings, and, accordingly, the contacts 12 are arranged in the same
configuration, layout, or pattern as are the contacts 14. Therefore, the pad
25U at contact location 1 on the top 23 is direetly over the pad 25L at
contact location 1 on the bottom 24 of the support 17. In the illustrated
embodiment there are 28 contact locations on each side of the support 17
corresponding in number and spacing to the pins of a conventional 28-pin
DIP integrated circuit device.

Methods for making the programmable programmed socket 10
are disclosed in the above copending patent applications. One step in such
methods may include the encapsulating of the support 17, programmable
device 18 and printed circuit traces 20 and plated-through holes 21 thereon,
and preferably at least a portion of each of the contacts 12, 14, for example
to a depth away from the surface of the support 17 that is adequate at least
to cover the respective bases 28, 29 of the contacts. Such enecapsulating
may be carried out in a plastic injection molding machine to provide the
encapsulating lower body 40 clearly seen in Fig. 2. The body 40 may be
formed of electrically non-conductive plastic or plastic-like material having
adequate strength securely to hold the male pin contacts 12 in relatively
rigid extending format seen in Fig. 2 and also to hold the female contacts 14
securely with respeet to the support 17, on the one hand, while permitting
resilient bending of the contact tines 41 (Fig. 3) to receive a male contact
inserted therebetween. In addition to providing the structural strength, the
encapsulating body 40 also preferably provides an hermetie seal enclosing
the junctions of the leads 19 (30) with respective traces 20 and of the
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terminal pads 25 with respective contacts 12, 14, which helps to prevent
oxidation or other chemical activity at the junctions that would tend to
reduce the eleetrical conductivity, for example, thereof. The encapsulating
body 40 also protects the electrieal integrity of the printed circuit traces 20
and plated through holes 21, for example helping to avoid damage thereto as
forces are applied to the contacts 12, 14 during use of the programmed
socket 10 and by preventing entry of foreign substances to various parts of
the programmable programmed socket 10 to avoid damage, short cireuiting,
ete. Such encapsulation rriay be used in the several embodiments of the
invention disclosed herein.

A cover 42 (Fig. 2) preferably of electrically non-conductive
plastic or plastic-type material is placed over the female contacts 14 to
protect the same and to guide male contacts, such as the pins of an
integrated cireuit device, through openings 16 to engage respective pairs of
tines 41 of the female contacts. Within the cover 42 may be a plurality of
discrete chamber areas 43 within which individual female contacts 14 are
located and preferably guided into alignment with respective openings 16. A
hollow space 45 formed in the cover provides resilieney thereof, minimizes
material required, tolerates imperfections in the encapsulating body, and
facilitates providing deformation space for the female contacts 14. The
cover 42 is ultrasonically welded at 46 to the encapsulating lower body 40;
alternatively, other means may be employed to secure together the cover
and encapsulating body. Further securing the cover to the encapsulating
body a weld tab 47 is formed on the bottom of the cover, and such weld tab
is ultrasonically welded directly to the body 40. To strengthen the area of
the cover 42 where each of preferably plural weld tabs 47 respeectively
depend are reinforced zones 48 comprising a relatively thick build-up of
material.

The use of the weld tabs 47 and reinforcing zones 48 strengthen-
ing the cover 42 enables the cover as a whole to be of relatively low or thin
profile, thereby reducing the space requirements for the programmable
programmed socket 10. The encapsulating lower body 40 not only provides
the above deseribed encapsulating function, but also provides the lower
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exterior of the programmable programmed socket 10, thus further reducing
the number of components required for the socket and the space require-
ments. Additionally, the strengthening ability of the encapsulating body 40
enables use of minimum size contacts and minimum thickness of the printed
circuit board support 17, even further reducing the overall space require-
ments for the programmable programmed socket 10. The positioning of the
contacts 12, 14 in identical patterns such that each respective pair of
contacts 12, 14 on the top and bottom of the support 17 is directly aligned
minimizes surface space requirements for the programmable programmed
socket 10, too.

Turning to Figs. 4A, 4B and 5, the interconnection technique for
coupling respective pairs of contacts 12, 14 is illustrated. Fig. 4A shows a
top view of the support 17, and Fig. 4B shows a bottom view of the support
17 with several representative printed circuit traces 20, plated through holes
21 and terminal pads 25, but without any of the contaets 12, 14. Pin location
numbers 1-28 are shown along the edges of the top and bottom views of the
support 17 with letters "U" designating upper and "L" designating lower
surfaces of the support 17, respectively, in Figs. 4A and 4B.

As is seen in Figs. 4A and 4B, then, each of the terminal pads
25U and 25L is electrically connected via a respective printed circuit trace
20 to a respective lead 30 of the programmable integrated crosspoint switch
1. In Fig. 5A there is illustrated schematically part of the array 50 of
eleetrical connections existing initially in the programmable integrated
crosspoint switech 1. Each of the leads 30 shown in Fig. 5A of the
programmable integrated crosspoint switch is labeled with a respective pin-
out number corresponding to the intended terminal pad 25 to which such
lead is intended for electrical connection via a respective printed circuit
trace 20. For example, lead 30 which is designated "U" is intended for
electrical connection to terminal pad 25 designated "LU" shown at the upper
right hand portion of Fig. 4A. Similarly, lead 30 designated "L" in Fig. 5A
would be connected to the terminal pad 25 designated "IL" in the lower right
hand portion of Fig. 4B. Line 51 represents an effective electrical
connection to lead 1U of Fig. 5A, and line 52, for example, represents an
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electrical connection to lead 4L in Pig. 5A. A circuit connection 53,
including a switching element 54 of the invention, e.g. of polyecrystalline
material, electrically connects the lines 51 and 52. Similar circuit connec-
tions also are provided in the array 50 for connecting other respective pairs
of electrical lines. For example, an electrical connection 55, including a
switech element 56, connects line 57 with line 51 in the arfay 50. The array
50 provides selected programmed electrical connections between each of
the leads 30 identified with a number and suffix "U" with all of the leads
designated by a number and a suffix "L", for example, as is represented in
Fig. 5A. Such connections are at high impedance and appear effectively as
‘open cireuits unless specifically programmed as is deseribed herein.

To program the programmable integrated crosspoint switeh 1,
for example, to assure that the lead 1U is connected only to lead 4L, then,
the circuit connection 53 including switeh element 54, would receive a
signal above a preseribed threshold level, e.g. as is disclosed in the above-
mentioned patent, reducing the impedance of the switch element 34 to
provide a substantially complete closed low impedance path therethrough.
Moreover, by providing appropriate isolation paths and connection paths, a
lead designated with the suffix "U"™ may be connected to another lead
designated by the suffix "U", and the same is true for leads with suffixes
designated "L". '

In view of the foregoing, then, it will be appreciated that by
appropriately programming the programmable integrated crosspoint switeh
1, the programmable integrated crosspoint switch may be used ordinarily to
effect connection of the contacts on one side of the support 17 to contacts
on the other surface of the suppért 17. Those connections may be such that
a contact in the first position on one surface of the support is connected to
a contact at a different position on the opposite surface, or the connections
may be provided between respective contacts in the same positions on
opposite surfaces of the support. _

Thus, for example, in the first row of the chart in Fig. 5B, there
is indicated an electrical connection between terminal pad 25U at location
number 1 on the upper surface 23 with terminal pad 25L at location number
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28 on the lower surface 24 of the support 17. Such connection is provided by
a printed circuit trace 58, the programmable integrated crosspoint switeh 1,
printed eircuit trace 59, plated through hole 60, and printed circuit trace 61.
The traces 58, 59 are on the upper surface 23, and the trace 61 is on the
lower surface 24 of the support 17; the plated through hole 60 is an
electrically conductive path between the traces 59, 61 between the upper
and lower surfaces of the support 17. The second line in the chart of Fig. 5B
indicates the connection between terminal pad 25U at location number 28
and terminal pad 25L at location number 5. Such connection is effected by
the printed ecircuit trace 62 on the upper surface 23, programmable
integrated crosspoint switeh 1, printed cireuit trace 63, plated through hole
64, and printed circuit trace 65 on the lower surface 24 of the support 17.
Other exemplary connections also are shown in the chart of Fig. 5B, which is
representative only and is not intended to show, necessarily, all of the
connections between contacts. It is noted that at lines 4 and 5 of the chart
the contact at position 19 on the lower surface of support 17 is connected to
both contacts at positions 10 and 19 on the upper surface, and a double
connection also is shown in the last line of the chart. It will be appreciated
that more than a double connection may be provided, or even an open eircuit
may intentionally be effected.

According to the preferred embodiment and best mode of the
present invention, the particular programmed interconnection of terminal
pads 25U with terminal pads 25L can be selected as desired or required for
particular circumstances. The configuration illustrated herein for the
interconnection pattern only is intended to be exemplary. Preferably each
of the electrical contacts 12 is electrically isolated from the other and from
those electrical contacts 14 on the opposite side of the support 17, and the
same is true for the contacts 14; and the only interconnection between
respective electrical contacts is via the programmable integrated crosspoint
switch 1 and printed cireuit traces and/or plated through holes. In the usual
case some of the respectively aligned contacts 12, 14, i.e. at the same
contact locations, will be connected together and some of the respectively
not aligned contacts 12, 14 will be connected together. To minimize the
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space requirements and to maximize the integrity of electrical connections
provided by the programmable programmed socket 10, it is preferred that
plated through holes be used to complete circuits from one side or surface
of the preferably planar electrically non-conductive support 17 to the other
side or surface thereof.

In some cirecumstances a hole may be formed in the support 17 to
pass an electrical contact therethrough, whereby a single integral electrical
contact is provided at the given location, such as location number 14, for
both the lower contact 12 and upper contact 14 there when the upper and
lower contacts at location number 14 are intended to be connected. This is
not preferred for the sake of uniformity of manufacturing technique,
facility of manufacturing, and strength of the programmed socket 10.
Alternatively, the strapped contact approach mentioned above may be used,
but such approach may require larger space requirements of the package Il
to accommodate disconnected strap portions that overhang edges of the
support 17.

Briefly referring to Figs. 6-9, the external layout of the pro-
grammed socket 10 is illustrated. The aligned pattern orientation of the
contacts 12, 14 is seen in Fig. 6 protruding in parallel directions. The
orientation of openings 16 in the top 15 of the socket 10 to guide respective
pins into electrical connection with the female contacts 14 is seen particu-
larly in Figs. 6 and 7. The protruding male pin contacts 12 at the bottom 13
of the socket 10, and spacer bumps 80 are seen particularly in Figs. 6, 8 and
9.

- Turning to Fig. 10, an apparatus 90 fbr programming the pro-
grammable programmed socket 10 of the invention is shown. The apparatus
90 includes, for example, a keyboard 91 which may be operated manually, for
example to input information for effecting the application of appropriate
programming signals above threshold level to selected switch elements of
the programmable integrated crosspoint switch 1. The apparatus 90 may be
a conventional one of the type used, for example, to program a PROM or an
EPROM. _

| In view of the foregoing, it will be appreciated that the
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programmable programmed socket 10 in accordance with the present inven-
tion may be programmed insofar as the connections of respective contacts
therein are concerned, and the socket then may be used to interface
between an integrated circuit device (or, as was mentioned earlier, virtually
any dual in line package type device or the like), and a socket, connector,
circuitry, ete. to which such integrated circuit device is to be econnected
but otherwise would not be directly connectable because of an unfavorable
or unmatehed pin output/connection configuration. For example, a 28 pin
integrated circuit that has pin 1 used as ground and pin 28 used as a Vee
input may be substituted in an electrieal circuit that ordinarily uses a
different integrated circuit that has pin 1 used as Vee and pin 28 as ground,
all other pins of both integrated circuit being the same or having the same
function, ete., by connecting the substituting integrated ecircuit in a
programmed socket 10 that connects contact 14 at location 1 to contact 12 at
location 28 and contact 14 at location 28 to contact 12 at location 1 and
connecting the programmable programmed socket to such electrieal circuit.

Importantly, it will be appreciated that the programmable pro-
grammed socket 10 according to the invention may be manufactured
essentially in a generic form, i.e. without any commitment being made to
what the final programming thereof will be - the connections or pro-
gramming of the programmable integrated crosspoint switch 1 being un-
disturbed. An inventory of such programmable programmed sockets then
may be maintained and provided to customers or used by a customer for any
particular job requirement to effect specifie pin adaptations. Accordingly,
just prior to use of the programmable programmed socket 10 for a particular
application, then, the socket may be programmed, as aforesaid.

Another embodiment of the invention is in the form of part of a
cable assembly or cable termination assembly, e.g. as is illustrated in Fig. 11,
wherein the programmable integrated crosspoint switch provides a specific
adaptation of the cable conductors/connector contacts. Still another
example of the present invention is the combination of a programmable
integrated crosspoint switch 1 with or on a printed cireuit board, or the like,
to scramble, unscramble or otherwise re-locate signal traces or conduetors,




WO 87/02827 PCT/US86/02295

=20~

as is shown, for example, in Fig. 12; and in Fig. 13 such ability to change the
effective loction of conductors on a printed circuit board is utilized to
facilitate connections of the printed circuit boards to a common chassis
therefor. Furthermore, as is illustrated in Figs. 14 and 15 the programmable
integrated crosspoint switech may be employed in a device, such as an
integrated circuit or separate from but in conjunction with an integrated
circuit package to give a specific signature to the such integrated ecircuit
and/or associated circuitry and to select a specific integrated circuit or
integrated circuit operation. Also, as is shown in Fig. 16, the programmable
integrated crosspoint switch may be used in a programmable programmed'
shunt device to shunt certain signals from one pin to another of such device.

In Fig. 1, the programmable cable termination assembly 110
employing the programmable integrated crosspoint switeh 1 of the invention
includes a multiconductor cable 111 having conductors 112 and insulation 113, a
printed circuit board 114 having two groups of plural traces 115, 116 thereon, a
programmable integrated erosspoint switch 1 mounted on the printed cireuit
board, output contaets 117 electrically connected to traces on the printed
eireuit board 114, and an electrically non-eonductive housing 118 for support-
ing the other components of the eable termination assembly 110. A plurality
of the traces 115 are not electrically connected to a plurality of the traces
116; however, the programmable integrated crosspoint switch 1 is conneeted
to such traces and is intended selectively to make such connections upon
being so programmed as aforesaid. The cable conduectors 112 are connected
to respective traces 115 and the contacts 117 are connected to respective
traces 116. Therefore, according to the programming of the programmable
integrated crosspoint switeh 1, the conductors 112 effectively m'ay be brought
out electrically to any one or more of the contacts 117.

As is shown in Fig. 12 both a programmable integrated crosspoint
switeh 1 and an integrated circuit package 120 may be mounted on a printed
cireuit board 121. The programmable integrated crosspoint switech may be
used to seramble, to unseramble, to relocate, ete. the effective location of
signals or signal traces 12;2 on the printed circuit board 121. Serambling and
unserambling may be provided for various security purposes. Moreover, the
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relocating function is particularly useful to facilitate the layout and
manufacturing of the printed circuit board and components thereof so that
the need for plated through holes, jumper wires, ete. to move one signal
trace over across for connection to another component, contact, ete. is
avoided or minimized.

An example of one use of the programmable integrated cross-
point switch 1 on printed circuit boards 130, 131 is shown in Fig. 13 wherein
such plural printed ecircuit boards are mounted on a common chassis 132. '
The programmable integrated crosspoint switches 1 on such printed circuit
boards 130, 131 facilitate bringing out the circuit connections of the printed
cireuit boards to appropriate locations for convenient conneection, for
example, to the circuit bus 133 of the chassis.

An integrated circuit package 140 having a programmable inte-
grated crosspoint switch 1 to provide a specific signature to the device is
shown schematically in Fig. 14. The programmable integrated crosspoint
switeh 1 is located in the integrated circuit housing 141 to determine what
connections are made between the respective leads, terminals, contacts,
ete. 142 of the integrated circuit package 140 and the integrated circuit
structure 143 within the package housing 141. Thus, the integrated circuit
structure 143 may be a device useful in plural applications depending, for
example, on the connections made to the ecircuits thereof; and such
connections can be made selectively and permanently by the programmable
integrated crosspoint switch. One example of such signature condition may
be to provide a particular type of RAM (random access memory device) that
can be used in several different computers, depending on which of the lines
is connected to ground, which to Vee power, ete. In the past, such RAM
may have been useful in only one type of computer, but with the present
invention, such RAM can be configured for use in plural different com-
puters.

In Fig. 15 is a schematic representation of a programmable
integrated crosspoint switch 1 used as a ecircuit select device in an
integrated circuit package device 150. Specifically, the integrated ecircuit
package 150 may have plural integrated ecircuits 151, 152 therein with
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respective lead structures connected to the programmable integrated cross-
point switeh 1. The leads of the programmable integrated crosspoint switch
1 are coupled to such integrated' cirecuits 151, 152 and to the terminals,
contacts, ete. of the integrated circuit package 150. Therefore, according
to the programming of the programmable integrated crosspoint switeh 1, the
terminals, contacts, ete. of the integrated circuit package 150 will be
coupled to one or the other of the integrated cireuits 151, 152; or in any
event, only one of such integrated ecircuits will be activated. It will be
appreciated that the present invention, then, enables two different inte-
grated circuits 151, 152 to be incorporated in a single integrated circuit
package device 150 that can be manufactured on a relatively high volume
scale, e.g. at the volume required to meet demand for both of the integrated
eircuits, and such volume manufacturing ordinarily would decrease manu-
facturing costs. Subsequently, the integrated ecircuit packages may be
programmed to identify only one of the integrated cireuits therein that will
be operative. '

Turning briefly to Fig. 16 a programmable programmed shunt 160
is illustrated. The shunt uses the programmable integrated ecrosspoint
switeh 1 of the present invention. Specifically, the shunt 160 includes a
programmable integrated crosspoint switch 1 mounted in an integratéd
cireuit type or other type of package or housing 161. The electrical contacts
or leads 162 of the shunt 160 are exposed from the housing to make electrical
connections with circuits, contacts, ete. externally of the housing 161. For
example, contacts 162 may be male pin type contacts that are intended to be
inserted into the female type contacts of an integrated circuit socket to
effect a preseribed electrical connection pattern or arrangement of such
contacts. In this way the programmable programmed shunt 160 of the
present invention may be used to set up certain circuits, for security or
other purposes.

Referring to Figs. 17 and 18, a polyerystalline silicon switching
element 5 used in the programmable integrated crosspoint switeh 1 of the
present invention for selectively connecting circuit paths between respec-
tive conductors in the matrix 2 is illustrated in detail and is described below
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with respect to the parts of and method of making the same. The switching
element 5 includes a high resistivity polysilicon resistor section 200 termi-
nated on one end by low resistivity doped polysilicon section 201 and
metallization interconneet 202, and terminated on the other end by low
resistivity doped polysilicon section 203 and metallization 204. The low
resistivity doped sections 201, 203 of the switching element 5 may include
either P or N type impurity. The doping may be introduced during the
growing of the polyerystalline silicon by heat diffusion or ion implantation.
The high resistivity polysilicon 200 is essentially undoped as the
concentration of impurity is very low therein.

Application of a voltage above a certain threshold voltage
between terminal electrode 202 and terminal electrode 204 will cause an
effectively irreversible short, i.e. of substantially lower resistivity than the
high impedance condition, to occur within the semiconductor switching
element 5 through the material 200. Therefore, by the application of proper
programming voltage, the impedance of the switching element 5 can be
transformed from essentially an open circuit to a low impedance shorted
condition.

The cross sectional view of a single crosspoint 210 (or junction of
the switch 5 of Fig. 1, for example) of the programmable integrated
crosspoint switech matrix deviee 1 is shown in Fig. 18. Standard planar
processing techniques may be used to construet the switech making it
compatible with other LSI integrated devices. The device 1 inecluding
switches 5 is constructed on a semiconductor substrate 211 of N or P type
material, the resistivity of which is relatively unimportant to the present
invention. A protective oxide 28 is grown over the surface of the substrate.
A bottom metallization layer 213 serves as one dimension of the matrix 2.
For example, the N lines of the matrix 2 may be said to run horizontally to
the drawing as in the bottom metallization line 213. The M lines of the
matrix 1 may be said to run perpendicularly to the plane of the drawing and
are represented by the cross sectional view of the metallization line 214. An
oxide layer 215 is deposited over the bottom metal layer 213 and is
selectively etched to provide an interconnect via 220 to a low resistivity
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layer 221 of the semiconductor switch 5. The high resistivity polyerystalline
silicon section 222 of the semiconductor switch 5 is capped by a second low
resistivity region 223. The semiconduetor switch 5 is then covered with a
deposited oxide 224. A via or opening 225 is selectively etched through the

" oxide layer to provide contact to the upper low resistivity area 223 of the
semiconductor switeh 5. The upper metallization layer 214 is deposited on
top of the upper 'deposited oxide layer 224 such that it makes contact with
the upper low resistivity doped region 223 through the via 225. Within this
structure, programmable voltage impressed between the lower metallization
line 213 and the upper metallization line 214 appears across the semi-
conductor switeh 5.

In operation of the switch 5, voltage above a threshold value
between the lower metallization line 213 and the upper metallization line 214
will cause the semiconductor switeh 5 to irreversibly echange state to a low
impedance, thus connecting the lower line 213 to the upper line 214.

With the foregoing in mind, then, it will be appreciated that the
programmable integrated crosspoiht switeh 1 of the present invention may
be employed alone or in conjunction with one or more other devices to
provide eleectrical interconnections at a plurality of levels on the
hierarchieal scheme deseribed above. ' '
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CLAIMS

The embodiments of the invention in which an exclusive property
or privilege is claimed are, as follows:

1. A programmable integrated crosspoint switch, comprising a
matrix of first and second pluralities of eleetrically conductive paths and
selectively permanently and affirmatively programmable means for com-
pleting passive conductive ecircuit paths between one or more of the
conductive paths of such first and second pluralities thereof.

2.  The programmable integrated crosspoint switch of claim I,
said programmable means comprising material connected between respec-
tive pairs of conduetive paths of said first plurality and conduetive paths of
said second plurality to provide a high impedance path therebetween; said
material being responsive to application of an electrical signal thereto
exceeding a predetermined threshold level to change permanently to take on
a relatively low impedance characteristic effectively completing an electri-
cal circuit between a respective pair of conduetive paths.

3. The programmable integrated crosspoint switeh of claim 2,
said material comprising polyerystalline silicon material.

4. The programmable integrated crosspoint switch of claim 2,
wherem the ratio of resistivity of said material at the relatively low and
relatively high impedance levels is at least as great as 1:103.

9.  The programmable integrated erosspoint switch of claim 1,
wherein said programmable means comprises a plurality of irreversible
semiconductor switching elements each of said switching elements initially
having a high impedance and, thus, effectively presenting an open circuit-
like condition, and each being programmable by applying an appropriate
electrical input thereto to exceed a given threshold level, whereupon the
element takes on a low impedance characteristic and effectively becomes a
closed circuit between a respective pair of conductive paths without the
need for transistor driving, logic or other circuits for useful operation.

6.  The programmable integrated crosspoint switch of claim 1,
further comprising electrical connection means for connecting respective
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conductive paths to further electrically conductive paths or cirecuits, and
housing means for containing said matrix and programmable means.

7.  The programmable integrated crosspoint switch of claim 86,
said electrical connection means comprising terminals or contacts exposed
outside said housing means for electrical connection with further electrical
contaects or circuits.

8. The programmable integrated crosspoint switch of elaim 1,
wherein said programmable means comprise programmable switch elements,
and further comprising a housing means for containing said pfogrammable
means and matrix and contaets electrically coupled to respective conductive
paths of said matrix and exposed outside of said housing means, said housing
means and contacts being configured as an integrated circuit package for
use as a programmed socket, programmed shunt or like device.

9.  The programmable integrated crosspoint switch of claim 1, -
said conduetive paths being electrically connected to further ecircuit means
having preseribed funetions for respective conductors of the latter, and said
programmable means being programmable to switeh the positions of such
conduetors.

10.  An electrical connector comprising the programmable inte-
grated erosspoint switeh of claim 9.

1. A programmable programmed socket comprising the pro-
grammable integrated crosspoint switch of claim 9.

12. A signal serambler/unsecrambler comprising the pro-
grammable integrated erosspoint switch of claim 9. 7

13. A programmable cable termination assembly comprising
the programmable integrated crosspoint' switeh of claim L

14. The programmable cable termination assembly of claim 13,
further comprising a multiconduetor cable having plural electrical con-
ductors, plural eleetrical eontacts, said programmable integrated crosspoint
switeh being eoupled to respective conductors and electrical contacts and
being seleectively permanently programmable to determine respective con-
nections of such conduetors and contacts.
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15. The programmable cable termination assembly of claim 14,
further comprising a housing means for supporting said programmable
integrated crosspoint switch, and at least part of said cable and contacts.

16. The programmable integrated crosspoint switch of claim 1,
further comprising a printed ecircuit board, plural electrically separated
circuit traces on said printed cireuit board, said programmable integrated
crosspoint switch being mounted with respeet to said printed cireuit board in
operative electrical connection with a plurality of said traces, and said
programmable integrated crosspoint switeh being programmable to effect
selected electrical connections between respective traces.

17.  The programmable integrated erosspoint switch of claim 1,
further comprising further circuit means mounted with respect to said
printed circuit board, and said programmable integrated crosspoint switch
being programmable to effect connections between said further ecircuit
means and respective traces.

18. An electrical system including the programmable inte-
grated crosspoint switech of claim 17, further comprising an electrieal
chassis, said printed circuit board comprising a plurality of same, each
mountable and electriecally connectable to said eleetrical chassis, and each
of said printed circuit boards including a programmable integrated cross-
point switeh thereon for determining the electrical connection cireuit paths
to said electrical chassis.

19. A signature device comprising the programmable inte-
grated erosspoint switeh of claim 1. '

20. A circuit select device comprising the programmable inte-
grated crosspoint switch of claim 1, further comprising a plurality of
circuits, and said programmable integrated crosspoint switch being electri-
cally connected to said circuits and programmable to select for operation at
least one of such cireuits.

2l The deviee of claim 21, further comprising an integrated
circuit package housing means for housing said programmable integrated
crosspoint switch and said plural circuits, electrical contacts for bringing
electrical connections out from said housing means, and said programmable
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integrated crosspoint switch being operative electrically to connect respec-
tive contacts with a respective one of said circuits.

22. A programmable programmed shunt comprising the pro-
grammable integrated cerosspoint switch of claim 1. '

23. A method for rerouting electrical signals, comprising
coupling a plurality of such signals to a first plurality of electrieally
conductive paths, selectively affirmatively passively coupling a plurality of
such first plurality of eleetrically conductive paths to respective conductive
paths of a second plurality of electrically conductive paths.

24. The method of claim 23, wherein polyerystalline silicon
material switeh elements couple respective ones of said first plurality of
electrieally conduective paths to respective ones of said second plurality of
electrically conductive paths, and said selectively affirmatively coupling
comprising applying an electrieal signal to respective switch elements above
a threshold level to cause such respective switch elements to go from a high
impedance level to a relatively low impedance level.

25. The method of claim 24, further comprising using such
electrical programmed electrical connections to seramble or to unseramble
leads, traces or signals.

26. The method of claim 25, said scrambling or unscrambling
comprising rerouting electrically conductive paths on at least one of a
plurality of printed cireuits boards of a multiple layer printed circuit board.

27. The method of claim 24, said rerouting comprising applying
a specifie signature to an integrated circuit chip or the like by establishing a
certain lead functional pattern therefor. ,

28. The method of claim 24, wherein respective ones of such
eleetrically conductive paths are coupled to plural respective ecircuits, and
said rerouting comprises ecompleting respective conductive paths to a given
one of such plural respective circuits to enable the same for operation.

29. The method of claim 28, such respective circuits com-
prising plural respective integrated circuits in a common integrated circuit
package, and such plural conductive paths comprise a matrix of conductors
and a programmable integrated ecrosspoint switch, and such rerouting
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comprising enablirig less than all of such plural integrated circuits for
operation in such integrated circuit package.

30. A method of making a programmable integrated crosspoint
switeh, supported with respect to a substrate comprising forming plural
conductive paths, placing a polyerystalline silicon high impedance material
at respective intersections of respective pairs of conductors to form
programmable junctions thereof.
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