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[57] ABSTRACT

A matrix of three pole, high speed, low current relays for
connecting test equipment to a device under test is provided
with improved interconnect buses. The relays are mounted
inrows and columns with their three pairs of leads extending
vertically. An input interconnect bar having three conductors
extends horizontally along each row of relays, each conduc-
tor being connected to a respective one of each pair of leads.
A bottom interconnect bar having three buses extends per-
pendicular to the top interconnect bars along each column of
relays, each bus being connected to a respective one of the
leads. The ends of the leads are aligned at a 45° angle with
respect to the interconnects. The interconmect bars are
enclosed in shielding guard tubes and are removable to
permit replacement of the relays.

30 Claims, 8 Drawing Sheets
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1
RELAY MATRIX SWITCHING ASSEMBLY

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to the field of electronic
device testing and specifically to a relay switching matrix
assembly.

2. Description of the Related Art

Electronic instruments are used to test and analyze the
performance of electronic equipment, devices, and circuits.
A plurality of test leads are connected between selected
points in the equipment, device, or circuit and selected
instruments to perform the desired tests. To reduce the
number of test instruments required and to minimize the
need for reconnecting test leads at different points, the leads
are connected to the test instruments through a switching
matrix. The switching matrix uses a plurality of relays that
are controlled to connect selected test leads to selected
inputs of the test instruments. During the course of a test the
leads may be sequentially connected to several different
inputs or instruments by the matrix.

The relays commonly have three switching elements or
poles adapted to switch three conductors of the test circuit,
typically a pair of signal conductors and a shield. The relays
are preferably of the type described in U.S. Pat. No. 5,559,
482, assigned to the assignee of this invention and incorpo-
rated herein by reference.

The relays are mounted on a printed circuit board with the
leads of the relays being soldered to matrix circuits through
holes in the board. The matrix circuits include a plurality of
input circuits connectable to the device under test through
the test leads, and a plurality of pathway circuits connectable

-to the test instruments by pathway leads. Polytetrafluoroet-
hylene is commonly used as an insulator, creating triboelec-
tric effects. The relays are controlled to interconnect selected
input circuits with selected pathway circuits. The switching
is done at high speeds to enable a large volume of test data
to be collected in a short time. However, the switching must
permit time for transient states to settle, allowing testing to
be done at a steady state.

Dielectric absorption in the matrix has been a source of
errors and delays in reaching a steady state reading during
testing. A relay matrix is sought that reduces the dielectric
absorption of the prior art matrices. The matrix should be
arranged to minimize circuit lengths and insulation required,
thereby reducing losses, as well as noise, interference, and
other problems. In addition, it is desirable to have an
improved switching matrix that provides effective shielding
of the circuits and relays to reduce noise and interference. It
is also desirable to provide for simple and efficient removal
and replacement of relays, which occasionally fail.

SUMMARY OF THE INVENTION

The present invention provides a relay matrix having a
plurality of controllable switches arranged in a plurality of
rows and columns, each switch having first and second leads
extending therefrom. A plurality of input conductors corre-
spond to respective columns and are connectable to the first
leads of the switches in the corresponding column. A plu-
rality of pathway conductors each correspond to respective
rows and are connectable to the second leads of the switches
in the corresponding row. The switches are controllable to
selectively interconnect corresponding input and pathway
conductors and the switches are disposed between the cor-
responding input and pathway conductors.
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The input conductors are disposed in columns defining a
first plane, the pathway conductors are disposed in rows
defining a second plane, and the switches are disposed
between the first and second planes. The first and second
planes are parallel and the switches include leads extending
generally normal to the first and second planes. The matrix
also includes a board on which the switches are mounted.
The input conductors are disposed on one side of the board
and the pathway conductors are disposed on an opposite side
of the board. The conductors are removably and frictionally
connectable to the switches. Shielding is also provided
around the conductors.

According to one embodiment of the invention, the relay
matrix includes a plurality of relays, each relay including a
switching element having first and second leads. A plurality
of first conductors are connectable with the first leads of
corresponding switching elements. A plurality of first inter-
connect bars each support one of the first conductors. A
plurality of second conductors, are connectable with the
second leads of corresponding switching elements. A plu-
rality of second interconnect bars each support one of the
second conductors, so as to permit connection of a selected
one of said first conductors with a selected one of said
second conductors by operation of the relays.

The matrix includes a plurality of guard tubes, each
interconnect bar being disposed in a guard tube. Each guard
tube includes a plurality of holes corresponding to the relays
to which the conductors are connectable, the leads passing
through the holes. Each guard tube is metallic and is
electrically connected to the conductor in the corresponding
guard tube. The conductor connected to the guard tube is
connected to a shielding circuit. A plurality of relay con-
nectors are disposed in the interconnect bars and are adapted
to removably connect each lead to the corresponding con-
ductor. A control circuit is connected to operate selected
relays.

A plurality of input connectors are each connected to a
corresponding one of the first conductors and are adapted to
be connected to a device under test. A plurality of pathway
connectors are each connected to a corresponding one of the
second conductors and are adapted to be connected to a test
apparatus.

According to another aspect of the invention, an improved
relay matrix includes a board and a plurality of relays
mounted on the board. Switching elements of each of the
relays have first and second leads. A plurality of input
circuits connect columns of the first leads to corresponding
input connectors. A plurality of pathway circuits connect
rows of the second leads to corresponding pathway connec-
tors. The matrix permits interconnection of selected input
connectors and pathway connectors by operation of the
relays. The relays are disposed between the input circuits
and the pathway circuits.

The input circuits comprise generally linear buses
arranged in parallel columns, and the pathway circuits
comprise generally linear buses arranged in parallel rows
disposed skew relative to said input buses. The first and
second leads of each relay define a line intersecting one of
the input circuits and one of the pathway circuits. Each
circuit comprises two parallel conductors and each relay
comprises two switching elements each having first and
second leads comnected to respective conductors of the
circuits. The leads define a line perpendicular thereto and
skew relative to the circuits. Shielding for the buses com-
prises metallic guard tube. Each bus is a conductor sup-
ported in an insulating interconnect bar and surrounded by
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a guard tube. Each guard tube is electrically connected to the
conductor of the corresponding circuit. A plurality of con-
nectors are mounted on the interconnect bar. Each connector
frictionally connects one of the leads to a corresponding
conductor. The conductors are recessed in channels spacing
the conductors from the guard tube. Each relay includes
three of the switching elements and each bus includes three
circuits. The leads of the switching elements are connected
to corresponding circuits of corresponding buses.
Preferably, Each bus comprises three conductors, one cor-
responding to each circuit, supported in an insulating inter-
connect bar and surrounded by a guard tube. Each guard
tube is electrically connected to one of the circuits of the
corresponding bus. The circuit to which the guard tube is
connected is a shielding circuit. Switching elements are
removably connected to the circuits. A controller operates
the relays.

The matrix of the invention reduces dielectric absorption
and triboelectric effects. The invention reduces the duration
of transient states over prior art embodiments thereby per-
mitting increased switching rates to collect more data in less
time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exploded view of a switching matrix
according to the invention;

FIG. 2 shows a detailed partial view of rear face of an
input panel and partially disassembled interconnect buses;

FIG. 2A shows a sectional view of an interconnect bus
taken from line 2A—2A of FIG. 2;

FIG. 2B shows a detailed partial view of a bottom face of
an interconnect bar;

FIG. 3 shows an isometric view of a relay;

FIG. 4 shows a plan view of front face of a relay board;

FIG. 5 shows dn isometric view of a front face of the relay
matrix;

FIG. 6 shows an isometric view of arear face of the relay
matrix;

FIG. 6A shows an exploded detail view of an end of a
guard tube and interconnect bar;

FIG. 7 shows a schematic electrical diagram of the relay
matrix;

FIG. 8 shows an elevational view of a rear face of a
pathway panel;

FIG. 9 shows an elevational view of a front face of the
pathway panel;

FIG. 10 shows an elevational view of a rear face of an
input panel; and

FIG. 11 shows an elevational view of a front face of the
input panel.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, a switching matrix 10 includes a
mother board 12 and a relay board 14, each made of a
material suitable for printed circuit boards. In the cabinet
mounted configuration shown, the relay board 14 fits over a
conforming opening 16 (FIG. 6) in the mother board 12, the
opening 16 being slightly smaller than the relay board 14.
The relay board 14 is spaced from the mother board 12 by
several insulating spacers 18, and the boards 12, 14 are
fastened together by screws 20.

An input panel 22 is mounted on an end of the mother
board 12 and has installed thereon a plurality of input
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connectors 24. A pathway panel 26 is mounted on a top face
27 along an edge of the relay board 14 and has installed
thereon a plurality of pathway connectors 28. A plurality of
relays 29 are mounted on the top face 27 of the relay board
14, as discussed below. A plurality of input guard tube bases
30 are arranged in parallel columns over the relays 29. Holes
31 in the bases 30 correspond with relays 29 mounted on the
board 14. Each hole 31 permits passage of a relay 29
therethrough. Each input guard tube base 30 is provided with
a corresponding input guard tube cover 32. The guard tube
base 30 and cover 32 mate to form a hollow, generally
parallelepipedic guard tube with one open end. The base 30
and cover 32 are preferably made from stamped steel having
overlapping sides for a snap fit. An interconnect bar 34 is
disposed in each of the guard tubes, as discussed below.

Referring to FIG. 3, each relay 29 includes a bobbin 36
wound with an operating coil 38. The operating coil 38
terminates at a pair of coil leads 40. Switching elements,
such as reeds 42, are removably disposed in the bobbin 36
so as to be surrounded and operated by the coil 38. Eachreed
42 includes a pair of relay leads 44 extending therefrom and
connectable to a circuit to be switched. Bottom leads 44a are
long enough to extend through the relay board 14.

As shown in FIG. 4, the bobbins 36 are mounted on the
top face 27 of the relay board 14 in a matrix arrangement
having vertical columns and horizontal rows. The coil leads
40 extend through holes in the relay board 14 and are
soldered to relay control circuits 46 (partially shown) in the
relay board 14. The relay control circuits 46 are printed on
the relay board 14 and are connected to test connectors 48
and logic circuits 49 adapted to be connected to a relay
controller. The relay circuits 46 may be printed on either or
both faces of the relay board 14. The bobbins 36 are installed
at an angle, preferably 45°, such that a line intersecting and
normal to the leads 44 of the reeds 42 in the bobbin 36 is
skew relative to the columns and rows. As will become
apparent, this enables interconnection of selected circuits
with minimum lead lengths.

Referring to FIGS. 2, 2A, and 2B, each interconnect bar
34 has a generally rectangular cross section. Three longitu-
dinally extending, parallel channels 50 have mounted
therein copper circuit conductors 52. Holes 54 are drilled
through the interconnect bar 34 in sets of three correspond-
ing to the relays 29 and leads 44. Each hole 54 is aligned
with one of the channels 50 and corresponding conductors
52. Each set of three is aligned at an angle of approximately
45° with respect the longitudinal axis of the interconnect bar
34. A relay connector 56 is disposed in each of the holes 54.
Each relay connector 56 is electrically connected to a
corresponding one of the conductors 52 and is adapted to
receive one of the relay leads 44 therein. When the relay
matrix 10 is assembled, the leads 44 are frictionally, but
removably, held in the connectors 56 to connect the relay
reeds 42 to the corresponding conductors 52.

The interconnect bar 34, preferably made from polyphe-
nylene sulfide resin (Ryton®), rests between the guard tube
base 30 and the guard tube cover 32. Spacer flanges 58 or an
insulating insert are provided to space the conductors 52
from the guard tube components 30, 32. The guard tube
cover 32 is adapted to snap onto or frictionally fit on the
guard tube base 30. Each assembly of guard tube base 30,
cover 32, interconnect bar 34, conductors 52, and relay
connectors 56 comprises an interconnect bus 59.

The conductors 52 are electrically connected to input
connectors 60 mounted on the input panel 22. Each set of
three conductors 52 is connected to corresponding contacts
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on a corresponding three conductor input connector 60.
Preferably the center conductor 52A is connected to a
shielding or guarding circuit through the input connector 60
and is also connected to the guard tube base 30 by a slide
connector 62 on a tab of the base 30. Referring to FIGS. 2
and 4, the shielding circuit of the center conductor 52A
should also be connected to a bleed resistor 63 by a bleed
lead 65 from the slide connector 62. The bleed resistor 63 is
connected to the relay board 14.

Referring to FIGS. 10 and 11, the input connectors 60 are
preferably standard three conductor connectors having a pair
of signal contacts 64 surrounded by a shield contact 66. As
shown in FIG. 7, each connector 60 is adapted to mate with
a test lead connector 99 from a test lead 90 connectable to
a device under test 96.

As shown in FIG. 5, the input guard tube bases 30 and
covers 32 are installed on the relays 29 on the front face 27
of the relay board 14 in columns corresponding with the
columns of relays 29. In FIG. 5, wires connecting the
conductors 52 to the input connectors 60 have been omitted
for clarity. Each upwardly extending relay lead 44 fits in a
corresponding relay connector 56 of the interconnect bar 34.

Referring to FIG. 6, pathway guard tubes 70 are installed
on a rear face 72 of the relay board 14. The pathway guard
tubes 70 are similar to the input guard tubes 30, 32 previ-
ously described and have installed therein similar intercon-
nect bars 34, conductors 52 and relay connectors 56. The
only substantial difference is that the slide connector 62 and
tab are omitted. Instead, the pathway guard tube 70 is
electrically connected to an extension of the corresponding
center conductor 52a by a spring contact 74, as shown in
FIG. 6A. The pathway guard tubes 70 and interconnect bars
3 are arranged in rows corresponding with the rows of
relays 29. Each downwardly extending relay lead 44a
extends through the relay board 29 and fits in a correspond-
ing connector 52 of the pathway interconnect bar 34.

Referring to FIGS. 7, 8, and 9, the pathway conductors 52
are electrically connectable to corresponding pathway con-
nectors 28. Each pathway connector includes two pairs of
signal contacts 82, 84. Each signal contact 82, 84 is sur-
rounded by a shield contact 86, the shield contacts being
electrically interconnected by a conductive shield plate 88.
The pathway connectors are connectable to corresponding
pathway leads 102 by mating pathway lead connectors 103.

Suitable wires 90 or leads connect the respective contacts
82, 84, 86 of the pathway connectors 28 to upwardly
extending leads 44 of row selecting relays 294 in the column
adjacent the pathway panel 26. As shown in FIGS. 1 and 5,
the column of relays 29 adjacent the pathway panel 26 is not
provided with the input guard tube cover 32 and base 30.
Instead, a separate, shorter row selecting guard tube base 92
and cover 94 arc provided on each row selecting relay 29«
in the column adjacent the pathway connectors 28. The row
selecting guard tube 92, 94 is substantially identical to the
input guard tube 30, 32 except that it is long enough to cover
only one relay 29a and is disposed perpendicular to the rows
of input guard tubes. Each row selecting guard tube cover 32
is electrically connected to the corresponding shield contact
86 and center lead 44 of the row selecting relay 29a by a
slide connector 62 similar to the connection shown in FIG.
2.

Referring to FIG. 7, each row selecting relay 29a is
adapted to selectively connect its corresponding pathway
connector 28 to the corresponding set of three pathway
conductors 52b.

In operation, circuits of a device under test (DUT) 96 are
connected to the input connectors 24 with suitable test leads
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6

98 and mating connectors 99. One or more test instruments
100 are connected to the pathway connectors 28 by pathway
leads 102 and mating connectors 103. The relay controller
49 controls each of the relays 29 to selectively connect one
of the sets of pathway conductors 52b with one of the sets
of input conductors 52¢. For example, the relay 29b at the
second column and first row of the matrix is closed by the
relay controller 49 to connect the second set of input
conductors 52¢ with the first set of pathway conductors 52b.
Then, the row selecting relay 29a is closed to connect the
first set of pathway conductors 52 with the test instrument
100. Thus, the second set of test leads 98a is connected to
the test instrament 100 to provide a path for test signals or
data. Other circuits of the DUT 96 can similarly be con-
nected to other test equipment inputs. According to the
matrix shown, any of the input connectors 24 can be
connected to any of the pathway connectors 28 sequentially
or simultaneously. The matrix is adapted for high speed
switching to enable many different tests to be performed on
different circuits in a short time without moving the test or
pathway leads.

Referring again to FIGS. 1 and 5, the reeds 42 are easily
removed by removing the corresponding input interconnect
bus (guard tube 30, 32 and interconnect bar 34) and pulling
a set of three reeds 42 out of the bobbin 36 and out of the
relay connectors 56 in the corresponding pathway intercon-
nect bar 34. The new reeds are inserted in the relay con-
nectors 56, then the interconnect bus 34 is replaced on the
relay leads 44 of the corresponding column.

The present disclosure describes several embodiments of
the invention, however, the invention is not limited to these
embodiments. Other variations are contemplated to be
within the spirit and scope of the invention and appended
claims.

What is claimed is:

1. A relay matrix, comprising:

aplurality of controlled switches arranged in a plurality of
rows and columns, each switch having first and second
leads extending therefrom;

a plurality of input conductors, each corresponding to one
of the columns and removably connected to the first
leads of the switches in the corresponding column;

a plurality of pathway conductors, each corresponding to
one of the rows and removably connected to the second
leads of the switches in the corresponding row; and

said switches being controlled to selectively interconnect
corresponding input and pathway conductors, and said
switches being disposed between the comresponding
input and pathway conductors.

2. A relay matrix according to claim 1, wherein the input
conductors are disposed in columns defining a first plane, the
pathway conductors are disposed in rows defining a second
plane, and the switches are disposed between the first and
second planes.

3. A relay matrix according to claim 2, wherein the first
and second planes are parallel.

4. A relay matrix according to claim 2, wherein the
switches include leads extending generally normal to the
first and second planes.

5. Arelay matrix according to claim 1, further comprising
a board on which the switches are mounted, the input
conductors being disposed on one side of the board and the
pathway conductors being disposed on an opposite side of
the board.

6. A relay matrix according to claim 1, wherein the
conductors are frictionally connected to the switches.
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7. A relay matrix, comprising:
a plurality of controlled switches arranged in a plurality of
rows and columns, each switch having first and second
leads extending therefrom;

a plurality of input conductors, each corresponding to one
of the columns and connected to the first leads of the
switches in the corresponding column;

a plurality of pathway conductors, each corresponding to
one of the rows and connected to the second leads of
the switches in the corresponding row;

said switches being controlled to selectively interconnect
corresponding input and pathway conductors, and said
switches being disposed between the corresponding
input and pathway conductors; and

shielding provided around the conductors.

8. A relay matrix, comprising:

a plurality of relays, each relay including a switching
element having first and second leads;

a plurality of first conductors, each connectable with the
first leads of corresponding switching elements;

a plurality of first interconnect bars each supporting one
of the first conductors;

a plurality of second conductors, each connectable with
the second leads of corresponding switching elements;
and

a plurality of second interconnect bars each supporting
one of the second conductors, so as to permit connec-
tion of a selected one of said first conductors with a
selected one of said second conductors by operation of
the relays.

9. A relay matrix according to claim 8, further comprising
a plurality of guard tubes, each interconnect bar being
disposed in a gunard tube.

10. A relay matrix according to claim 9, wherein each
guard tube includes a plurality of holes corresponding to the
relays to which the conductors are connectable, the leads
passing through the holes.

11. A relay matrix according to claim 9, wherein each
guard tube is metallic and is electrically connected to the
conductor in the corresponding guard tube.

12. A relay matrix according to claim 11, wherein the
conductor connected to the guard tube is connected to a
shielding circuit.

13. A relay matrix according to claim 8, further compris-
ing a plurality of relay connectors disposed in the intercon-
nect bars and that removably comnect each lead to the
corresponding conductor.

14. A relay matrix according to claim 8, further compris-
ing a control circuit connected to operate selected relays.

15. A relay matrix according to claim 8, further compris-
ing a plurality of input connectors each connected to a
corresponding one of the first conductors and adapted to be
connected to a device under test, a plurality of pathway
connectors each connected to a corresponding one of the
second conductors and adapted to be connected to a test
apparatus.

16. An improved relay matrix, including a board; a
plurality of relays mounted on the board, switching elements
of each of the relays having first and second leads; a plurality
of input connectors; a plurality of input circuits connecting
columns of the first leads to corresponding input connectors;
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a plurality of pathway connectors; a plurality of pathway
circuits connecting rows of the second leads to correspond-
ing pathway connectors, so as to permit interconnection of
selected input connectors and pathway connectors by opera-
tion of the relays, wherein the improvement comprises:

the relays being disposed between the input circuits and

the pathway circuits;

the first leads being removably connected to the input

circuits; and

the second leads being removably connected to the path-

way circuits.

17. A relay matrix according to claim 16, wherein the
input circuits comprise generally linear buses arranged in
parallel columns, and said pathway circuits comprise gen-
erally linear buses arranged in parallel rows disposed skew
relative to said input buses.

18. A relay matrix according to claim 17, wherein the first
and second leads of each relay define a line intersecting one
of the input circuits and one of the pathway circuits.

19. A relay matrix according to claim 18, wherein each
circuit comprises two parallel conductors and each relay
comprises two switching elements each having first and
second leads connected to respective conductors of the
circuits, said first leads defining a second line perpendicular
to the first leads and intersecting the first leads, said second
line being skew relative to the circuits.

20. A relay matrix according to claim 17, further com-
prising shielding for the buses.

21. A relay matrix according to claim 20, wherein the
shielding comprises metallic tube.

22. A relay matrix according to claim 17, wherein each
bus comprises a conductor supported in an insulating inter-
connect bar and surrounded by a guard tube.

23. A relay matrix according to claim 22, wherein each
guard tube is electrically connected to the conductor of the
corresponding circuit.

24. A relay matrix according to claim 23, further com-
prising a plurality of connectors mounted on the intercon-
nect bar, each connector frictionally connecting one of the
leads to a corresponding conductor.

25. A relay matrix according to claim 22, wherein the
conductors are recessed in channels spacing the conductors
from the guard tube.

26. A relay matrix according to claim 17, wherein each
relay includes three of the switching elements and each bus
includes three circuits, the leads of the switching elements
being connected to corresponding circuits of corresponding
buses.

27. A relay matrix according to claim 26, wherein each
bus comprises three conductors, one corresponding to each
circuit, supported in an insulating interconnect bar and
surrounded by a guard tube.

28. A relay matrix according to claim 27, wherein each
guard tube is electrically connected to one of the circuits of
the corresponding bus.

29. A relay matrix according to claim 28, wherein the
circuit to which the guard tube is connected is a shielding
circuit.

30. A relay matrix according to claim 16, further com-
prising a controller for operating the relays.

C A I L A
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