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[57] ABSTRACT 

A signal switching device with a plurality of each of 
?rst and second groups of rectangular parallelopiped 
switching units arranged in X,Y, and Z directions. A 
plurality of first groups of spaced parallel conductors 
are disposed in said X direction in respective spaced 
X-Z planes of said ?rst group units for multiply con 
necting of break terminals of corresponding switches 
in said respective first group unit stacks. A plurality of 
second groups of spaced parallel conductors are 
disposed in said Y direction in respective Y-Z planes 
for multiply connecting make terminals of correspond 
ing switches of said second group units in said Y-Z 
planes. Input signal lines are disposed in parallel and 
connected to break terminals of said switches in 
respective ?rst group units in said X-Z planes, while 
output signal lines are disposed in parallel and selec 

_ tively connected to make terminals of switches of the 
second group units in the Y-Z planes, whereby a 
desired one of the input lines is connectable to a 
desired one of said output lines. 

1 Claim, 18 Drawing Figures 
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SIGNAL SWITCHING DEVICE 

This invention relates to signal switching devices of 
the kind for establishing connections, for example, 
between one of a plurality of inlets and one of a plurali 
ty of outlets. This invention admits of suitable applica 
tion with electronic computers, data or information 
processing equipment, information switching equip 
ment, and the like. 

In conventional signal switching devices wherein 
signal transmission paths are selectively established, it 
is desirable that the number of switching elements in 
cluded therein be kept to a minimum. To ful?ll this 
purpose, it has been common to provide a plurality of 
input signal lines, hereinafter inlets, and a plurality of 
output signal lines, hereinafter outlets, disposed so as to 
orthogonally intersect each other and to provide a plu 
rality of signal switching matrices, each having its basic 
unit comprised of switching elements capable of 
bridging across an inlet and an outlet at each intersect 
ing crosspoint, which matrices are interconnected in 
linkage form. Stated more speci?cally, switching 
stages, each containing a plurality of signal switching 
matrices, may comprise a primary switching stage to 
which the inlets are connected, a plurality of inter~ 
mediate switching stages, and a ?nal switching stage to 
which the outlets are connected, all stages being inter 
connected in linkage form. 
The switching capacity of each signal switching 

matrix, which may comprise a crossbar switch, is 
limited by the predetermined numbers of inlets and 
outlets included therein._The provision of only a few 
predetermined kinds of matrices differing in capacity, 
even though the matrices are suitably combined, does 
not result in an economical structure containing a 
minimum number of crosspoints or switching elements. 
In other words, conventional switching matrix designs 
lack sufficient versatility for constructing signal 
switching devices therefrom having varying capacities. 
Conversely, the preparation of many individual kinds 
of signal switching matrices is not preferred because 
the bene?ts that were formerly derived from the mass 
production of fewer kinds of components are sacri 
?ced. Furthermore, since linkage connections between 
two signal switching matrices invariably produce points 
of intersection, mechanical or automatic wiring cannot 
be adopted and therefore, manual soldering or 
wrapping work must be utilized to execute the vast 
number of requisite wiring operations. This results in 
low manufacturing efficiencies and high manufacturing 
costs. In addition, since the linkage connections inter 
sect one another, linkage wires tended to become long, 
and crosstalk of switched information signals is in 
creased. Therefore, conventional devices comprised of 
such matrices are not suitable for operating on signals 
containing comparatively high frequency components, 
such as video signals. 

Therefore it is an object of this invention to provide a 
most economical signal switching device comprised of 
segments of the same geometry, said segment being the 
basic unit of the device irrespective of the device 
switching capacity. , 
Another object of the invention is to provide a most 

economical signal switching device comprised of a plu 
rality of segments of the same geometry and having a 
minimum number of switching elements. 
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Still another object of this invention is to provide a 

signal switching device wherein linkage connections do 
not include points of intersection in any plane. 
An additional object of this invention is to provide a 

signal switching device that admits of facile manufac 
ture and may be produced by automatic fabricating 
techniques. 
A further object of the invention is to provide a 

broad-band signal switching device with as small cross 
talk attenuation as possible. 
According to this invention, 1, m, and n segments (1, 

m, and n each being a positive integer equal to or larger 
than unity), each segment comprising P (P being a 
positive integer equal to or larger than unity) signal 
switching elements, are disposed successively along the 
X, Y, and Z rectangular coordinate axes so as to form a 
three-dimensional array. According to one kind of seg 
ment, the terminals of an array of switching elements 
included therein are disposed in the same direction on 
each of two spaced parallel surfaces of the segment. In 
accordance with another kind of segment, the ter 
minals of an array of switching elements included 
therein are disposed in the same direction on each of 
two adjacent perpendicular surfaces of the segment. in 
accordance with still another kind of segment, auxiliary 
terminals of an array of switching elements included 
therein are connected to respective terminals disposed 
on one of the two spaced parallel surfaces of the seg 
ment and, in addition, the auxiliary terminals are 
disposed in the same direction on either surface per 
pendicular to said two spaced parallel surfaces. The 
switching device thus formed includes a input signal 
lines, hereinafter inlets, (a being a positive integer 
equal to or larger than 1) each of which inlets may 
admit of multiple connection with the terminals of an 
array of switching elements included in a segment, said 
a inlets being disposed, for example, in the X direction; 
b output signal lines, hereinafter outlets (b being a posi‘ 
tive integer equal to or larger than 1), each of which 
outlets may admit of multiple connection with the ter- ' 
minals of an array of switching elements included in a 
segment, said b outlets being disposed, for example, in 
the Y or Z direction; and c interconnection means (0 
being a positive integer equal to or larger than 1), each 
of which may admit of multiple interconnection 
between terminals associated with those terminals of an 
array of switching elements included in a segment to 
which the inlets are connected and with terminals as 
sociated with those terminals of an array of switching 
elements included in a segment to which the outlets are 
connected said interconnection means extend, for ex 
ample, in the Z or Y direction. 
More speci?cally, the three-dimensional structure of 

segments as above-mentioned may be regarded as con 
sisting of a plurality of segment groups which are divisi 
ble in any one direction, such as, for example, the Z 
direction, such that, when any two groups to be 

_ switched are taken into consideration, the inlets are as 
sociated with one group and the outlets are associated ‘ 
with the other group, and linkage wires are connected 
between the two groups. It thus becomes possible with 
such a structure to freely select the signal switching 
capacity thereof by suitably determining the number of 
segments included therein. Furthermore, a signal 
switching device satisfying any desired object or appli 
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cation can be formed by suitably selecting the number 
of segments disposed along each of the X, Y and Z ' 
coordinate axes or by dividing the device structure into 
any suitable number of groups which are to be 
switchably connected via the determined numbers of 
inlets and outlets. 
Another feature of this invention is that since all of 

the inlets, outlets, and interconnection means are 
disposed in predetermined, respective directions, con 
nections can be established by utilizing printed cir 
cuitry, or by utilizing “tape cable" in which a plurality 
of parallel conductors arranged in a plane are im 
bedded in a tape of insulating material. This assures 
ease of wiring and hence, permits automatic wiring of 
the switching device. Furthermore, since the inlets, 
outlets, and interconnection means exhibit mutually 
orthogonal relationships, the amount of undesired 
crosstalk can be reduced to a minimum. In particular, 
since any two switching segment groups to be 
switchably connected are physically interconnected 
with linkage wires which extend in a predetermined 
direction, the distance between any two segment 
groups, as well as the crosstalk attenuation between 
switched information signals can be reduced to a 
minimum. Therefore, a signal switching device with a 
minimum number of switching elements can be real 
ized as will be described. 
These and other features and effects of the present 

invention will be apparent from the following descrip 
tion taken in conjunction with the accompanying 
drawings, wherein: 

I FIG. 1 is a schematic diagram illustrating the connec 
tions of a conventional signal switching device; 

FIG. 2 is a transverse cross sectional view of an em 
bodiment of a signal switching element; 

FIG. 3 is a sectional view of the element taken along 
lines l4—l4 of FIG. 2; 

FIG. 4 is a graphical representation of the signal 
switching element; 

FIG. 5 is a plan view of a ?rst embodiment of a seg 
ment of switching elements; . 

FIG. 6 is a front view of the segment shown in FIG. 5; 
FIG. 7 is a right side view of the segment shown in 

FIG. 5; , . 

FIG. 8 is a plan view of a second embodiment of a 
segment of switching elements; 

FIG. 9 is a front view of the segment shown in FIG. 8; 
FIG. 10 is a right side view of the segment shown in 

FIG. 8; 
FIG. 11 is a plan view of a signal switching device; 
FIG. 12 is a front view of the signal switching device 

shown in FIG. 11; 
FIG. 13 is a bottom view of the signal switching 

device shown in FIG. 11; ' 
FIG. 14 is a Z-axis exploded view of a signal 

switching device in accordance with this invention; 
FIG. 15 is a schematic diagram illustrating the con 

nections of the signal switching device shown in FIG. 
14; and ‘ 

FIGS. 16 through 18 schematically show perspective 
views of signal switching devices in accordance with 
other embodiments of this invention. 
Now a description will be given of a conventional 

signal switching device by reference to FIG. 1. As illus 
trated, signal switching matrices P0, P1, P2 and P3, each 
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4 
containing a set of 4 X 4 crosspoints, are provided as a 
primary switching stage. Matrix P0 is comprised of in 
lets Xoo, X01, X02, and X03 and outlets Yon, Yol, Y02, and 
Y03 which intersect these inlets. Likewise, matrices P1, 
P2, and P3 are comprised respectively of inlets X10, X", 
X12, X13 and Outlets Ym, Yu, Y12, Yrs; X20, X21, X22, X23 
and Y2‘), Y2], Ygg, and X30, X31, X32, X33 and Yao, 
YmYaz, Yaa. Switching matrices S0, S1, S2, and S3, 
similar to the aforementioned primary switching stages, 
contain 4 X 4 arrays of crosspoints, and are provided 
as the secondary switching stage. S0, S1, S2, and 8;, 
are comprised respectively of inlets X00’, X01’, X02’, 
X03’, and outlets Y00’,‘Y01’, Yoz’, Yogi’; X10’, X11’, 
X12’, X13’ and Yio’, Yn’, Yiz’, Yrs’; X20’, X21’, X22’, 
X23’ and Y20’, Y21’, Y22’, Y23’; and X30’, X31’, X32’, 
X33’ and Y30’, Ysr’, Ysz’, Ya3’- ' ~ 
The outlets Y0‘), Y0], Y02, and Y03 of the primary 

stage switching matrix P0, are respectively connected 
to the inlets X00’, X10’, X20’, and X30’ of the secondary 
stage switching matrices S0, S1, S2, and S3. Similarly, 
the outlets Y“), Y“, T12, and Y13 of the switching 
matrix P1 are respectively cqnnectedlalhei?lets 
X01’, X1,','X21’, and X31’ of the switching matrices 
S0, S1, S2, and S3. Furthermore, the outlets Y20, 
Y21, Y22, and Y23 of the switching matrix P2 and the 
outlets Y3(), Y3“, Y32, and Y33 of the switching matrix 
P3 are respectively connected to X02’, X12’, X22’, 
Xaa’i .2194 I0 X00’, X13’, X20’, X33’ of the switching 
matrices S0, S1, S2, and S3. _ 

In each of the switching matrices P0, P1, P2, P_-,, S0, S1, 
S2, and S3, there are provided switching contacts, each 
capable of bridging across an inlet and an outlet, at the 
intersecting crosspoints of said inlets and outlets. For ' 
instance, on closure of the switching contacts identi?a 
ble as (X00 Y00) and (X,,,,’ Y,,,,'), a signal path is 
established from inlet X00 of the primary switching 
stage to outlet YOO' of the secondary switching stage. It 
has been known with such a conventional signal 
switching device, that a path from a desired one of the 
inlets X00, X01, X02, x03, X10, X11, X12, X13, X20, X21, X22, 
X23, X30, X31, X32, and X33 to a desired one of the outlets 
YOU’) YOl’a YOZI, YOB’a Yl0’1 Yll’a YIZ” Y13’, Y2O” Y2I’a 
Yzz', Y23’, Y;,,,’, Y;,,', Y32', and Y;,;,' can be established 
with a minimum number of switching elements. For this 
purpose, a switching device consisting of the illustrated 
switching matrices as a functional and structural unit 
containing a plurality of switching elements, the outlets 
of the primary stage switching matrices P0, P1, P2, and 
P3 are connectable to the inlets of the secondary stage 
switching matrices S0, S1, S2, and 5;, by means of linkage 
wires. Consequently, in cases where these switching 
matrices are arranged in the same plane, the linkage 
wires connected between the outlets of the primary 
stage switching matrices P0, P1, P2, and P3 and the inlets 
of the secondary stage switching matrices S0, S1, S2, and 
S3 intersect one another in the same plane in a similar 
manner as the linkage wire between the outlet Y0, and 
the inlet X10’ intersects the linkage wire between the 
outlet Y10 and the inlet X01’. Accordingly, it is inadvisa 
ble to use noninsulated conductors for wiring these 
linkage connections and further, the effort expended in 
wiring these points of intersection becomes extremely 
complex when the number of linkage wires becomes 
large. Furthermore, the fact that the linkage wires in 
tersect one another in the aforedescribed manner 
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makes it extremely difficult to limit the length of link 
age wires or to reduce the space occupied by the link 
age wires. ' 

The signal switching device according to this inven 
tion is comprised of segments, the segment constituting 
the basic structural and functional unit, each segment 
containing a plurality of signal switching elements. A 
magnetic latching type reed switch, for example, may 
be used for the signal switching element. Alternatively, 
an electronic switch such as a transistor or a switchable 
ferrite core may be utilized as a switching element. The 
magnetic latching type reed switch may include a pair 
of sealed-'in-glass contacts 1 and 2 disposed parallel to 
each other as shown in FIGS. 2 and 3, and a pair of ter 
minals 3 and 4 disposed at opposite end portions of 
sealed contact 1. Similarly a pair of terminals 5 and 6 
are disposed at opposite end. portions of sealed contact 
2. If desired, the sealed contact 2 may be omitted and 
the reed switch may include only a single contact 1. 
Plates 7 and 8 formed of magnetically semi-hard 
material, are disposed so as to sandwich the sealed con 
tacts l and 2, and an operating coil 9 is wound about 
the plates 7 and 8 for controlling the direction of mag 
netization in these plates 7 and 8. Furthermore, a shunt. 
plate 10 of magnetically semi-hard material is provided 
near the mid-point in the longitudinal direction of the 
sealed contacts 1 and 2, and cooperates with plates 7 
and 8 to determine a magnetic path. 
The operation of signal switching element 11 has 

been well known in the art. Therefore, a detailed 
description is abbreviated herein for simplicity. The 
symbol for the signal switching element 11 is indicated 
by the mark X at the point of intersection of two 
orthogonally intersecting conductors 12 and 13 as 
shown in FIG. 4. The make side and break side ter 
minals or input and output terminals, 3 and 4, respec 
tively, (or 5 and 6) of the signal switching element 11 
correspond respectively to conductors 12 and 13. 
Each segment consists of a .plurality of such signal 

switching elements 11. For instance, as shown in FIGS. 
5 through 7, the segment 15 is comprised of a rectangu 
lar parallelepiped case 16 which may be made of 
synthetic resin, for example, and four signal switching 
elements 11a, 11b, 11c, and 11d enclosed therein with 
respective sealed contacts aligned and in parallel rela 
tion with respect to each other. If desired, case 16 may 
adopt an alternative polyhedron con?guration. The 
make side contact terminals 3a, 5a, 3b, 5b, 30, 5c, 3d, 
and 5d of switching elements 11a, 11b, 11c, and 11d 
project respectively from the top surface 16a of the 
case 16. Terminals 3a, 3b, 3c, and 3d are mutually 
aligned and disposed parallel to mutually aligned ter 
minals 5a, 5b, 5c, and 5d , forming an array on the top 
surface 16a. Similarly, break side contact terminals 4a, 
6a, 4b, 6b, 4c, 60, 4d and 6d project outward respective 
ly from the bottom surface 16b which is parallel to the 
top surface 16a and are disposed in an opposite 
direction to that of the respective make side contact 
terminals. Thus, the break side contact terminals 4,6 
comprise a planar array that is parallel to and spaced 
from the array formed by make side contact terminals 
3,5. 
Segments assuming other geometric con?gurations 

of contact terminals may also be provided such, for ex 
ample, as one having an array of terminals projecting 
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6 
outward from each of two adjacent orthogonal sur 
faces. As shown in FIGS. 8 throughlO, auxiliary ter 
minals 4a’, 6a’, 4b’, 6b’, 40', 6c’, 4d’, and 6d’, comprise 
an array disposed in the same manner as terminals 3a, 
5a, 3d, and 5d, and are provided on the side surface 16c 
orthogonal to the case top surface 16a on which the 
make side contact terminals are provided and further, 
these auxiliary terminals are respectively connected in 
ternally by suitable conducting means to terminals 4a, 
6a , 4b, 6b, 4e, 6c, 4d, and 6d. The terminals 4a through 
4d and 6a through 6d are such that the spaced intervals 
between successive terminals are the same. The ter 
minals 4a’ through 6a’ are similarly spaced. In addition, 
the terminals 4a-4d and 4a’-4d’ are disposed along 

_ axes parallel to the axes passing through terminals 
6a-6d and 6a’—6d', respectively. With this kind of seg 
ment, ?angelike projections 17 and 18 are provided at 
opposite ends of the case 16 tov form a unitary structure 
therewith; and two notches 19 and 20, whose width is 
slightly larger than the separation between the two sets 
of aligned terminals 3a through 3d and 5a through 5d, 
are provided in the ?angelike projections on the top 
surface 16a. The projections 17 and 18 extend around 
the circumference of the end portion of case 16 and 
should be slightly higher than the height of the out 
wardly projecting terminals 3a-3d, 5a-5d, 4a-4d and 
66.11%,Ihqsttqrminalst4a. ?athroughr?. 6d, to which 
auxiliary terminals 4a’, 6a’ through 4d’, 6d’ are con 
nected, do not project beyond the ?angelike projec 
tions 17 and 18 of the case 16 as illustrated in FIG. 10. 
A simple structure of a signal switching device com 

prised of these kinds of segments will now be described 
by reference are projected FIGS. 11 through 13. Ac 
cording to this embodiment, four segments 15A, 15B, 
15C, and 15D are mounted on a printed circuit board 
22 so as to be adjacent and parallel to one another, 
thereby forming an array of signal switching elements. 
It should herein be noted that each switching element 
of the array may include a reed switch having a single 
pair of terminals such as 3,4, rather than the two pair of 
terminals 3,4 and 5,6 illustrated. Terminals b, is in ter 
minal section on one surface of these segments 15A, 
15B, 15C and 15D, for instance break contact ter 
minals 4 and 6, are projected outward from the bottom 
surface of the printed circuit board 22 through small 
holes provided in the printed circuit board 22. On the 
bottom surface of the board 22, there are provided a 
conductor 23a for connection to terminals 4a of seg 
ments 15A, 15B, 15C, and 15D, a conductor 24a for 
connection to terminals 6a thereof, a conductor 23b for 
connection to terminals 4b thereof, and conductors 
24b, 23c, 24c, 23d, and 24d respectively, for connec 
tion to terminals 6b, 4c, 60, 4d , and 6d. In other words, 
each of the conductors 23a, 24a, 23b, 24b, 23c, 24c, 
23d, and 2411 is in multiple connection with the cor 
responding break contact terminals. The 
aforedescribed conductors are disposed parallel to one 
another any may be printed on the board 22 in a con 
ventional manner such that a portion of the board on 
one side constitutes a terminal section 27 on which ter 
minals 25a, 26a, 25b, 26b, 25c, 26c, 25d, and 26d arev 
connected to corresponding conductors. This geomet 
rical configuration comprised of a plurality of segments 
and mutually interconnected with conductors so as to‘ 
form an array of signal switching elements, can be con 



3,699,295 
7 

sidered the structural unit of a signal switching device 
according to this invention. ' 

The segments 15 can be arranged not only in the one 
direction shown in FIGS. ll~13, but also in three 
dimensional form. FIG. 14 illustrates a signal switching 
device comprised of four segments 15 having their long 
sides directed along the Z axis and stacked in the X 
direction, four stacks of segments disposed successively 
along the Y axis, and two segments disposed succes~ 
sively along the Z axis. The X-Y-Z directions illustrated 
in FIG. 14 are merely exemplary and the axes are freely 
interchangeable. The three-dimensional unitary struc 
ture composed of the segments can be separated into 
two parts along the X axis to constitute two segment 
groups such as a primary switching stage and a secon 
dary switching stage, different in function and 
designated PSW and SSW, respectively. The former 
segment group PSW is comprised of a ?rst set of seg 
ments'Poo, P01, P02 and P03 stacked in the X direction 
and three other sets of segments P10, P11, P12, P13, P20, 
P2,, P22, P23, and P30, and P31, P32, P38 disposed in suc 
cession in the Y direction with respect to the set of P00, 
P0,, P02, and P03. Likewise, the latter segment group 
SSW is comprised of a ?rst set of segments S00, S10, S20, 
and S30 stacked in the X direction and three other seg 
mems S01, S11, S21; S31’ S02, S12, S 22, S32, S03’ S13, S23, S33 
disposed side by side in the Y direction with respect to 
the set of S00, S10, S20, and S30. The latter segment group 
SSW is comprised of segments provided with the 
aforedescribed auxiliary terminals. It should be un 
derstood that the number of segments utilized and the 
number of signal switching elements in each segment 
may be any convenient numbers. 
On one surface of a set of segments such as the ?rst 

set P00, P01, P02, and P03 in the segment group PSW, i.e., 
on the side through which break terminals 4 and 6 for 
example project, a printed circuit board 22pa as 
described in connection with FIGS. 11 through 13 is 
provided. Conductors 23a, 24a, 23b, 24b, 23c, 24c, and 
23d, 24d printed on the printed circuit board 22pa are 
aligned in the X direction respectively as inlets X00, X0], 
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X02, and X03. In a similar position on the second set of - 
segments P10, P“, P12, and P13, printed circuit board 
22pb is provided and inlets X10, X11, X12, and X13 are 
provided as conductors. Similarly printed circuit 
boards 22pc and 22pd are provided respectively for the 
third set of segments P20, P21, P22, P23 and the fourth set 
of segments P30, P31, P32, P33. From these printed circuit 
boards 2212c and 22pd, inlets X20, X21, X22, Xhd 23 and 
inlets X30, X31, X32, X33 are respectively derived On the 
surface through which make terminals 3 and 5 of the 
first set of segments S00, Sm, S02, and S03 in the sement 
group SSW project, a printed circuit board 22sa, 
similar to the one described in connection with FIGS. 
11 through 13, is provided. This printed circuit board 
22sa is provided with conductors 27a, 27b, 27c and 27d 
(not shown) respectively, in multiple connection with ‘ 
the make terminals 3a, 3b, 3c, and 3d associated with 
these segments and in addition, conductors 28a, 28b, 
28c, and 28d (not shown) are provided to which the 
make terminals 5a, 5b, 5c, and 5d are connected, 
respectively. These conductors 27a, 28a, 27b, 28b, 27c, 
28c, 27d, 28d are aligned in the Y direction as outlets 
Y'ou, Y’m, Y'm, and Y’03. In like manner, printed circuit 
boards 22sb, 22sc, and 22sd are provided, respectively, 
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for Segments S10, S11, S12» S13, S20, S21 s22, S23, S30, S81, 
S32, and S33, and these printed circuit boards 22sb, 
22sc, and 225d, are provided with conductors which 
comprise arrays of outlets Ym', Yu’, Ym’, Ym', Y20’, 
Ym', Y22’, Y23', and Yao', Yal’, Y32’, Y33’ aligned in the 
‘Y direction. 
An additional printed circuit ‘board M00 is provided 

for interconnecting the make contact terminals of the 
segment P00 and the auxiliary terminals of the segment 
S00. The printed circuit board M00 is provided with a 
conductor 30a for connection between the make con 
tact terminals 3 and the auxiliary terminals 4’, and a 
conductor 31a is provided for connection between the 
make contact terminals 5 and the auxiliary terminals 
6'. These conductors 30a and 31a constitute a linkage 
wire L00 extending in the Z direction. In a‘ similar 
manner, a printed circuit board M01 is provided so as to 
interconnect the make contact terminals of the seg 
ment P0, and the auxiliary terminals of segment Sm, and 
on this board M01 a linkage wire L01 is provided. 
Likewise, printed circuit boards M02, M03, M10, M11, 
M12» M13» M20, M21, M22, M23, M30, M31’ M32’ and M33 
are respectively provided so as to cover thefull lengths 
of paired segments P02 and S20, and P03, and S30, P10, and 
S01, Pu» and 511, P12 and S21, P13 and S31, P20 and S02» 
sompzi and S12, P22 and S22, P23 and 332» ps0 and s03, P31 
and S13, P32 and S23, and Paaand S33 and further, the 
linkage Wires L02, L03, L10’ L11, L12, L13! Lzoi L121» L22, L23, 
L30, L31, L32, and Lu are respectively aligned on these 
printed circuit boards. . 

The segment groups PSW and SSW have been 
separated from each other in the illustration of FIG. 14 
merely fro ease of understanding, but actually they are 
united to form a unitary structure. Furthermore, all of 
the above-mentioned printed circuit boards M are un 
derstood to be provided although most of them are not 
shown in the illustration. 

FIG. 15 is a schematic diagram illustrating the con 
nections of the signal switching device of FIG. 14, 
wherein single lines are used to indicate the intercon 
nections between pairs of segments P00, and S00, P0, and 
S10, P02 and S20, and P03 and S30, although pairs of inter 
connections may be used. Similar interconnecting rela 
tionships for segments Pm and S01, P“ and S1,, Pm and 
S21, P13 and S3,, and so forth are also illustrated in FIG. 
15. Consequently, the signal switching device of FIG. 
14 will become a l6><l6 matrix with 16 inlets (X00 . . . 

X33) and 16 outlets (Y'OO. . . Y’33) as a whole as will be 
apparent from the corresponding illustration of FIG. 
15. As will be evident from a comparison between FIG. 
15 and FIG. 1, or from an inspection of FIG. 14, the in 
lets X'lo, X'ZO, and X’ao of each of the secondary stage 
switches S1 , S2, and S3 in FIG. 1 have been rearranged 
on the linear extension of the outlets Yol, Y02 and Yes of 
the primary stage switch P0 but the electrical connec 
tions have been maintained. Further, the inlets X'm, 
X’m, and X'm of each of the secondary stage switches 
S0, S2, and S3 of FIG. 1 have been rearranged on the 
linear extension of the outlets Ym, Y12, and Y13 of the 
primary stage switch P1 while maintaining the original 
electrical connections. Similarly, the inlets of each of 
the secondary stage switches S0, S1, S2, and S3, have 
been rearranged on the linear extension of the outlets 
of each of the primary stage switches P2 and P3. Thus, it 
is seen the signal switching device of FIG. 14 performs 
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an operation equivalent to the conventional device 
shown in FIG. 1 and admits of ready application with 
digital computers, data processing equipment, commu 
nication switching equipment and the like. ' 
With the signal switching device according to this in 

vention shown in FIG. 14, the inlets X00 through X33 are 
disposed in parallel relation to one another, as are the 
interconnection means L00 through L33 and the outlets 
YOO’ through Ym’. It will be seen from this embodiment 
that the inlets, interconnection means and outlets can 
be formed on respective printed circuit boards. This 
permits ease. of automatic connections for the inlets, 
the outlets, the interconnection means, and their as 
sociated terminals. All of the segments of the segment 
group PSW are geometrically aligned with the cor 
responding segments of the group SSW. Accordingly, 
the interconnection means L00 through L33 which cor 
respond to the linkage wires of the conventional device 
shown in FIG. 1 are integrated into the unitary struc 
ture of PSW and SSW, such that these interconnections 
can be established in a single operation. With the'con 
ventional device shown in FIG. 1, plural connecting 
steps were necessary, because the outlets of the prima 
ry stage switches which were connected to crosspoint 
terminals and the inlets of the secondary stage switches 
which were connected to crosspoint terminals had to 
be further connected with linkage wires to establish in 
terconnection between the inlets and the outlets. 

It will be obvious from the foregoing that the 
switching capacity of a signal switching device can be 
readily controlled by increasing or decreasing the 
number of segments in the X or Y direction or both 
directions, of either or both of segment groups PSW or 
SSW as illustratively presented in FIG. 14. For exam 
ple, at a segment group PSW a switching matrix of 32 X 
16 crosspoints can be realized by adding still another 
segment group PSW’ (not shown) in Z direction and 
corresponding linkage wires (L00 . . . L33) for extending 
the necessary connections. 

It is seen that the inlets X00 through X33, the outlets 
Y'Oo through Y’aa, and the interconnection means L00 
through L33 extend respectively along the X, Y, and Z 
axes. Since these conductors intersect substantially at ‘ 
right angles, noise signals due to mutual inductance 
therebetween are suppressed to a minimum and the 
amount of crosstalk is greatly reduced. Moreover, the 
segment groups PSW and SSW can be physically posi 
tioned in close proximity such that the linkage wires 
share no points of intersection. This assures excellent 
electrical transmission characteristics such as low 
transmission loss, improved crosstalk attenuation 
response, and wider operating frequency bandwidth. 
Although not shown in FIG. 14, the printed circuit 

boards 22pa through 22pd and 22sa through 22sd can 
be mounted in a support frame by inserting opposite 
edges of each board into pairs of guide slots provided in 
the support frame whereby the relative positions of the 
segments in the illustrated segment groups remain as 
shown. In this case, the terminal sections 27 of the 
printed circuit boards can be plugged into multi~lead 
jacks provided in the support frame so as to permit con 
nections with other equipment. ‘ 
The device shown in FIG. 14 is composed of a plu 

rality of segment units, each unit comprised of four seg 
ments. Such a segment unit can also be represented as a 
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10 
basic structural unit of the switching device. While a 
particular embodiment is illustrated in FIG. 14, in 
which printed circuit boards are used for terminal con 
nections of the inlets, outlets, and interconnection 
means, conventional tape cable may be utilized in 
another embodiment. The tape cable consists of a thin, 
?exible ?lm of insulating material and a plurality of 
parallel conductors laid on or imbedded in the ?lm 
along the longitudinal direction'thereof. An embodi~ 
ment of a signal switching device using the tape cable is 
illustrated in FIG. 16. As illustrated therein, the printed - 
circuit boards 22pa through 22pc and 22sa through 
22sc of FIG. 14 are replaced with tape cables denoted 
by corresponding reference characters 33pa through 
33pc and 33sa through 3386. Conductors 30 and 31 are 
directly connected as by wires without using intercon 
nection means such as the printed circuit boards M00 
through M22, and segments provided with ?angelike 
projections 17 and 18 as previously illustrated in FIGS. 
8 through 10 are employed. 
Although a switching device comprised of two seg 

ment groups has thus far been described, it is contem 
plated that more than two segment groups may com 
prise a unitary switching device. For instance, an em 
bodiment shown in FIG. 17 illustrates a switching 
device divisible into two parts along the X ‘axis, the 
lower part of the structure is divisible into two segment 
groups 40 and 41 along the Y axis and further, the 
upper part is divisible into two segment groups 42 and 
43 along the Z axis. Furthermore, the divisibility of a 
switching device by a single plane is by no means a 
limiting condition. This invention encompasses the pos 
sibility of dividing a switching device into a plurality of 
parts by a combination of planes 45, 45’, 45" .' . . which 
intersect orthogonally to one another to form segment 
groups 46 and 47 as illustrated in FIG. 18. 

Thus, it is seen, the structures contemplated by this 
invention consist generally of l, m,’ and n segments 
disposed in succession along X, Y, and Z rectangular 
coordinate axes, each segment containing a plurality of 
switching elements. Each of l, m, and n should be a 
positive integer equal to or larger than unity, and at 
least one of them should be equal to or larger than 2. 
Furthermore, the switching device may be divided into 
a plurality of segment groups and when any two groups ' 
are taken into consideration, inlets are derived from 
one group in a ?rst direction, such as for example, the 
X direction, outlets are derived from the other group in 
a second direction, orthogonal to the ?rst, such as the 
Y direction, and interconnection means for connecting 
the two groups are derived in a third direction, 
orthogonal to said ?rst and second directions, such as 
the Z direction. The numbers of inlets, outlets, and in 
terconnection means are, respectively, a, b, and 0 (each 
of them being a positive integer equal to or larger than 
unity), and are in multiple connection with the ter 
minals of the switching elements ‘included in the seg 
ments. Although the invention has been described with 
particular reference to a switching element comprised 
of a magnetic latching type reed switch, it will be 
evident that any other suitable element such as a 
semiconductor switching element, a ferrite core, or the 
like may be used. If a reed switch is adopted, it may in 
clude a single make terminal and a single break ter 



minal, or a plurality of make and break terminals as 
hereinbefore described. 
What is claimed is: 
l. A signal switching device, comprising: 
a plurality of each of ?rst and second groups of 

rectangular parallelopiped switching units ar 
ranged in X, Y and Z directions; 

each of said ?rst groups having said units thereof ar 
ranged in stacks in said X direction with respective 

5 

lengthwise axes positioned in parallel in said Z 1 
direction; said ?rst unit group stacks disposed side 
by-side in said Y direction; 

each of said second groups having said units thereof 
arranged in stacks in said X direction with respec 
tive lengthwise axes positioned in parallel in said Z 
direction; said second unit group stacks disposed 
side-by-side in said Y direction; 

each of said ?rst group units including a plurality of 
pairs of switches disposed lengthwise of each of 
said lasthmentioned units; each of said switches 
having a make terminal‘and a break terminal; each 
of said unit switches of said ?rst group disposing 
said make terminals on one side of each of said 
last-mentioned units and said break terminals on a 
side of each of said last-mentioned units opposite 
to said one side; whereby said ?rst group units 
stacked and disposed in said respective X and Y 
directions position said make and break terminals 
in alternate parallel X-Z planes; 

each of said second group units including a plurality 
a pairs of switches disposed lengthwise of each of 
said last-mentioned units; each of said second 
group switches having a make terminal and an aux 

. iliary break terminal; each of said unit switches of 
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said second group disposing said make terminals‘ 
on one side of each of said last-mentioned units 
and said auxiliary break terminals on a side 
orthogonal to said last-mentioned one side; 
whereby said second group units stacked and 
disposed in said respective X and Y directions 
position said auxiliary break terminals in spaced 
parallel X-Z planes’ and said make terminals in 
spaced parallel Y-Z planes; 

a plurality of pairs of spaced parallel conductors 
disposed in the Z direction for multiple connecting 
said make terminals of said first group switch units 
and corresponding auxiliary break terminals of 
said second group switch units in said X-Z planes; 

‘a plurality of ?rst groups of spaced parallel conduc 
tors disposed in said ~X direction in said respective 
spaced X-Z planes of said ?rst group units for mul 
tiply connecting of said break terminals of cor 
responding switches in said respective ?rst group 
unit stacks; 

a plurality of second groups of spaced parallel con 
ductors disposed in said Y direction in said respec 
tive Y-Z planes for multiply connecting said make 
terminals of corresponding switches of said second 
group units in said Y-Z planes; 

input signal lines disposed in parallel and connected 
to said break terminals of said switches in said 
respective ?rst group units in said X-Z planes; and 

output signal lines disposed in parallel and selectively 
connected to said make terminals of said switches 
of said second group units in said Y-Z planes; 

whereby a desired one of said input signal lines is 
connectable to a desired one of said output lines. 

>1: * =|< *' =|< 


