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o -the m and n ccordruates | |
- Electrical contacting means: wl:uch may be emplcyed m
a crosspoint switch to establish transmission path con-

~well known in the telephone switching art. .
~ electronic means such as gas tubes, for example, for -
o ccmpletmg transmission path connections are also well
- known in the art, this invention concerns itself particularly
with those connectmg means in which metallic contacts
- are actually closed to establish a transmission path. = Elec-~
B ;,trclnechamcal relays having contacts associated therewith

Unlted States Patent .fﬁce

TELEPHONE SWITCHIN G NETWORK

| _.':erllam Keister, Short Hilis, N.J., assignor to Bell Tele-

. phone Lahuratcrles, Incerporated N ew York N. Y.
. a ccrporatmn of New York"
Flled June 28,1962, Ser. No. 205 031

13 Clarms. (Cl 179-—18) |

Thls mventrcn relates to telephone sw1tch1hg networks .

- and particularly to the control of such networks: capable
- of responding at electronic speeds. -

- Telephone swrtchmg networks of the character related;:_- .
to the. present invention comprise a number of switches -
- arranged in stages to provide interconnections between
~-any one of a plurality of. input transmission terminals and
- any .one of a plurality of output transmission terminals.

. the tune duratrun cf the energizing current pulses the e

3,234,335
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. agnetic structure, which may advantageously be fabri-

'. mf

cated of a
- .tween these two occurrences.

ferrite material, provides an ideal buffer be-

induced or. switched in: the structure responsive to high | '

speed pulses and remains, or “latches,” to: actuate the .

relatwely slower- operating contacts.

10

A simple telephone system may be achieved by such a

‘both "input: and cutput transuussmn termmals

ission path between a calling and a called subscriber

The: basic’ swrtches which ultlmately are- cperated to es--
‘tablish” each of the connections in the various stages to
~ complete a desired transmission path each comprise an
- nbym cccrdmate array - .of crcsspemts
| transmlssrcn 1uputs aud m transmlssrcu outputs connected -

to each switch, ‘any.one of the n inputs may be connected

to any one cf the m. outputs simply by clcsmg an elec-

trical- ccntact at the crcssporut cf the swrtch deﬁned by

"Assuming ‘n

~ metwork when subscriber substations are connected to
‘The
-swrtchmg network .is then employed to establish a trans-

20
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‘The organization of the: control windings of a ferreed R
- may advantageously be such that when both of two con-
trol mudrngs are energized the reed contacts are closed
and remain closed, the contacts being. opened when: either

~ one but not both of the windings are energized. ~ Such

~a winding arrangement is described. in Patent 3,037,085

of T. N. Lowry, issued May 29, 1962, and makes. possible

‘the differential excitation of ferreeds as briefly described
in the immediately foregoing.  In this T. N. Lowry patent
15 also described a coordinate n by m array switch made

of differentially excited ferreeds.

the Wmdmgs of each of the ferreeds representing the cross-

points is connected in an n coordinate control ccnductcr_

and the other winding of each of the ferreeds is con-
nected in an m coordinate control conductor,

- ously energized. The contacts of the selected crosspoint
~ Tferreed close in respcnse to the energization of its two
~ control wmdmgs in‘its‘response time after- the brief ener-

.30

- nections take various. forms and a number. of these are

‘Although. -

S

- gizing current. pulses -are removed frcm the’ deﬁmng m
“and n coordinate control conductoss. -
- of the selected crosspoint : ferreed are closed, a’ trans-
- mission connection through the switch is ccmpletecl be-
~tween coordinate transmission conductors which may be

“When the ccntacts”

discretely associated with the energizing control. ccnduc-: |

-tors m and n defining the selected crosspoint.

When the dlffereutrally excited ferreeds are arranged'

- in coordinate fashion it is clear that each of the cther

- ferreeds having a’winding included in the energized m

" have in the past proven highly useful in establishing net-

| _Wcrk cenuectmns

pulses which ti

o e 1s excessive in the context of high speed
electronic sw1tch1ng systems: has created the need for an

| However, the time requlred for these -
electromechanical relays to reSpc:ud to energizing current

of their control Wmdmgs energized. .
the differential excitation mode of operation, each of the
operated ferreeds of a. ccordmate switch having a wmdrngj L

and n coordinate control ‘conductors will have only one
In accordance with

- Included in the energized m and n coordinate control con-
- ductors will be restored to its normal released state, caus-, |

4.5

electrical contacting means which is operable respcnswe’- |

~ to -electrical: pulses. occurring at electronic speeds.

‘advantages inherent. in- a mechanical smtch is the.con-

. tacting. dewce known as a ferreed.  This devrce is. de- |
-~ scribed in Patent 2,995,637 of Al Ferner et al.,

| A
. highly advautageous answer to this need, fulfilling the re-
~ quirement of high cperatmg speeds whlle retanung the

issued

50

August 8, 1961, and comprises a pair of magnctlcally Te-

- sponsive electrical reed contacts associated with a mag-
~ netic structure having remanent magnetic properties.

-~ The ferreed is organized such that when a flux is induced
in the magnetic structure in one direction by a current

- pulse applied to :an operate winding, the flux is closed

through the electrical reed contacts causing their closure.

contacts closed- after the current pulse which induced the -

* flux is interrupted.  ‘The contacts are. opened by a reverse -
~ current pulse: apphed to another winding, which reverse
.. current pulse causes. a reverse flux which closes through
- another portion of the maguetlc structure rather ‘than *
o 'thrcugh the reed .contacts. | o
. The ferreed is thus thlly ccmpat1ble Wlth electrcmc o
o telephcne syste
- . pulses-are applied to control the establishment of a cross-
e point transmission connection. Although a disparity
. e}usts betweeu the respcuse tune cf the reed coutacts and -

1s-in which high speed energizing current

‘the switches and stages.

ing. its contacts to open and leaving only the selccted_. B
'This operation of a ferreed
“array switch has been termed. “destructive mark” opera- -
In the “destructive mark” switch as described ‘in
‘the. afcrementmned patent of T, N. Lowry, the selected

crosspoint ferreed operated. -
tion.

m and n coordinate control conductors are seuarately al—_ﬁ

though mmultaneeusly energ1zed frcm separate euergmug__,

| pulse sources,

Although in the patent cf T. N. Lcwry referred to a

- simple” swrtchmg network is described for purposes cf.ﬁ

1llustrat1cn In practice such a netwcrk wculd ncrmally-

© comprise many more stages, each stage ccntalmng a large_

number of coordinate array lerreed switches. A trans-

~ mission connection between a calling and a called sub-

o 60 scriber would thus involve many separate transmission O
- The remanent: properties of the structure maintain the | _connections established by selected crosspoint ferreeds in.

In prior art switching networks

~ the problem of the most economic manner of accomplish-

70

ing the selection of internal transmission paths through the

network is centmually encountered. Thus, when the net-

"~ - work is very large the selection of 1nd1v1dual transmission
- paths through each stage frequently involves. ccmphcated |

- and costly access 01rcu1try
| -actuated the problem is also faced with respect to the
provision of precisely timed energizing currents for the = |
. -srmultaneous and reliable 0perauon of the many electrlcal R

When each stage is separately

A control flux. is- readrly- -

In th1s switch one of o

“To close
- the contacts-of a ferreed at a selected crosspoint the- m
- and n coordinate control conductors whose ccerdmate in-
tersection defines the selected: crosspoint are simultane-
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| contacts complctmg ‘each extension of the. transmlssmn ;_ |

path-to be established.

Accordingly, it is an object of thlS invention to prouv1de .

- a new and novel telephone sw1tchmg network which

achieves: a substantial reduction in access mrcmtry

Tt is -another object of this invention ‘to "improve ‘the

rehablhty 6f operation of telephone SWJ;tchmg networks.
- Still another ‘object of this invéntion: is to mmphfy the
access circuitry for controlling the establistiment of selec-
ted transmission paths through a tclephonc switching net-
'work and thereby achieve 'an overall. cost reduction.

-A-further object of 'this invention ‘is the solection of

In the symmctrlcal interstage connections described

‘genérally in'the foregoing, one and only one conducting

control path exists between any input control terminal of -
the grid and any one output control terminal., It is one
feature of this invention that, once an input control termi-
nal and an output control terminal are speclﬁed -the one
conducting control path e}ustmg thcrcbetween is continu-
ous and permanently determined. This feature is'made

- possible by the use of the comnion conducting busof the

10

' tnansmlssmn paths ‘through a telephone switching net- .

 work by external méans operative only at the input and

output-ends of the network. - - |
-1t is also an-object: of this: invention to. provide new and

combmatlons |
The foregomg and other ob]ects of thls mventlon are
achlcvcd in. one illustrative embodiment thereof Wthh

Hayward, Jr., Serial No. 206,055, filed :June 28, 1962,
‘now Patent 3;110,772 issued November 12, 1963. In the
'coordmate n by m ferreed -switch array there described
the output end of each of the m coordinate control con-

ductors-and the input end of each of the n coordinate con-
trol conductors -are connected to a common conduct'in'g
A crosspoint of this switch is selected by applymg an

bus.
energizing current pulse to the input énd of the m con-

trol conductor partially defining the selected crosspoint
while at the same time.a path to-ground is connected fo

the .output end of the n control conductor completing’ the
definition of -the selected crosspoint. When a selected
”crosspolnt of this switch is cnerglzed as-described above,

. transmission conduotors which ‘may 'be discretely “as-

sociated Wlth the m and n coordmate control conductors
‘Obviously the same

which define the selected crosspoint.
current pulsc 1S thus applied-to both control windings of

-novel tclephonc smtchmg networks and control c1rcu1t-

akes advautageous use of a-novel ferreed switch. arrange-
" 'ment described 'in the copending application ‘of 'W. 8.

15

ferreed switch to which each’ coordma“tc control conduc~

- tor is connected. -Energization™of this ‘one control path

causes the parallclmg transmission path to be co pleted

‘through closed contacts:of the ferreed crosspoint devices

defined by the control path.
The network of this invention is further dcvclopcd by a

B vcrucal ‘and “horizontal multiplication of “grid arrays to

20

make up a’supergrid. “This supcrgnd will be the: l&rgcst

nctwork umt Wthh wﬂl bc dcscrlbed in’ detall hcremafter

.....

t1on and OI}BI'B.UDII of spec1ﬁc embodnncnts of this’ mven—

- tion. “A'plurality of the two stage grids'as above dcscrlbed

are arrarged vertically on-one side of the supcrgrld and |

~ an identical plorality of the two stage gnds are’ armangcd,

vertically on the other side of the supergrid. . The switches

‘of the four stages of the two plura11tlcs of gnds making up
 the supergrid are interconnected by three - scts of inter-

 stage control and transn
~ nated for ¢onvenience, A, B, and C links.
.of description, only the control liniks dre considered here-

30

ission links which may bc chIg-
For purposes

iny it being undefstood that parallelmg transmisison  con-

- ductor. links may be ‘provided ‘in “association ‘with ‘each
. control link. The primary and secondary’ sw1tchcs of'the

. primary ‘grid on one -side 6f the" supcrgrld
designated “A link” and the primary “and secondary .

C2
o

a transmission connection is completed through closed
contacts of the selected ferreed: crosspoint between m and -

switches of ‘the sccondary ‘grid “6n the “other 31dc ‘of the
supergrid may be designated “Clink.”

-Although the supergrid’ network a1ranﬂcmcnt as brlcf-..'
Iy ‘considered ‘in “the foregoing may ‘be employed t0

-~ achieve a fully operative telephone systcm “the superﬂrld'-

40

the - d1f‘ferent1ally excited .ferreed making up the selected

~crosspoint of the: switch. . Both an absolute time and pulse.

mtagnmtude comcudcncc is- thus insured. This ferreed
array, ‘which comprises the basic switching clement’ of the
present invention will. bc termed hcrcmaftcr 31mply as’
switch. . --

A next step in the orgamzatlon of thc smtchmg nct-.
“work accordmg to this invention arranges  individual
50
primary and secondary stage synunctncal arrangement of

fcrreed switchés in ‘a gnd array. EBach grid “includes .a

ferreed switches. The output coordinate - control con-

ductors of each switch of the primary. stage are “con--

‘nected by means of conductmg conirol links .to the re-
spcctwe input coordinate ‘control
the switches of the secondary stage corrcspondmﬂ' to the

 numerical position of the former switches in-the primary
Transxmssmn links paralleling the conductmg con-
| trollinks ‘may.be advan-tageously provided to connect the
- coordinate transmission, conductors associated with the
coordinate control conductors of the primary and second-.

- stage.

.ary stage switches. 'The first switch of the primary stage
thus has its output ‘coordinate control conductors suc-

conductors of ‘each of

network -is -advantageously adapted for tse ‘in ‘a largér

. telephone “system providifg ‘sréater economy | Afid “Hexi-
“bility. For exaniple, two siipetgrid retworks'may be: cOm—_
‘bined by conncctmg the  outpiit” control ‘and transmission

terminals ‘of the “C link™ $econdary smtchcs of one stper-

erid to. the mpot control’ and transiiission terininils of

the “A.link” primary’ switches 6f the other supergfid. ‘In
accordance with current’ oractlcc in ferreed swuchmﬂ nct--

- works, “the "supergrid mtcrconnccnng liiks are terined

o junctors.

In suchia symmeétrical ‘two~ supergl id nctwork
the junctors connect the cutput terminals of ooc supcr-'

- grid and the -input terminals” of the supergﬂd in"“a One-

60

-~ “B - links,”

tc-one corrcspocdenco and the systeém woild be addition-
ally controlled by ‘making possible "a selecticn Of “intér-
connecting junctors.

‘As‘mentionédiin the’ foregomg, how- -
ever, ‘the “organization of the smtchmg nctworks of the
present invention ‘will assume’ for: porposos ‘of él‘nplzczty ._
of description that the tclophonc swnchtng nctwom com-
prises only'a Emglc supergrid. - o : |
The ‘interconnections.: botwccn the second dand’ thl}‘.'(f

‘stages of a supﬂrgnd that ‘Is, "the- cOnncctlons ‘of  the:

are made “from ‘the “olitput ¢o6oidindte:

 terminals of the: primary-grid to’the input coordma’te*tcr-{
minals ‘'of the secondary sgrid and are made *in the ‘Samie:

ccsswcly connected to the: correspondmg first input co-

- ordinate ‘control conductors of ‘each switch of the second-
This mtcrstagc ‘control connection is com-

ary stage.

pleted ‘with “the successive ‘connection ; of the oufput co-

~ordinate control conductors of the primary stage last
switch to the correspondmg last 'input coordinate control

conductors of each of the switches of ‘the ‘secondary- stage.

~ Assuming n input and n output transmission terminals :
for each smtch and n switches per stage, it will be apparent-

that any input transmission terminal to a grid may be con-

~ nected to n2 output transmlssmn tcrmmals via the inter-
_ stago transmission lmks |

| ‘connected to the

“a -supergrid..

“manner as the interconnections between: swrtcocs ‘of ‘a
5 grid.  The irter¢onnections of the “C links”
- ary erid are made in:the saine “manner.

‘J}"

il the sccond--

methods of 1*1tcrconncctlon ‘have been brlcﬂy cooSIdcrcd'. |
in the foregoiitg in conmection. Wlth the. pmnary gtid “of
In this: manner any one” of ‘the “B-link™"
terminals of a “C link” primary switch’ may be ‘conniecfed -
to any one of the output-terminals, or ‘junctors, when
two supergrids are employed in the switching network,
“C link” secondary switches. - In-a super-
grid made of an equal extension-of switches vertically and
horizontally, such as was the case of the composition of a -

12y “then ‘be '

Both of thése:



- vention.
B _reference to a single ferreed switch array, by- applying
a current puiae to a selected input coordinate control ter-

5

| grld it is agarn apparent that one and only one series

control path and paralleling transmission path exists be- .

tween any input coordinate control terminal of a primary

“A link” switch and any. one output coordinate control'

‘terminal, or juncture coordrnate control termmal of a

- _secondary “C 1ink” switch,

Advantageouely, this fact of excluswe serres control

- paths between specified input and output coordinate con-

- trol conductor terminals of the. supergrrd makes possable

~ the novel transmission path aelectrrg circuit. of this in-
As was. mentioned above. in connection with the

10

~minal of a switch and ground potential to a selected out- -

- put coordinate control terminal, the crosspoint ferreed

~ defined by the coordinate intersection of the coordinate
~control eouductors associated with the. eontrol terminals

‘may be operated and its contacts closed. In the same
manner in connection: w.tth the supergrid, if an energizing .

~current pulse is apphed to a
‘control terminal of a primary “A link” switch and ground

. selected input coordinate

potential is apphed to. a selected output coordinate con-

- trol terminal, or junctor control terminal, of a secondary

- MC hnk“ 'SWJ.tch the single current pulse is connected over
the exclusive series control path existing between’ these
 two control ternunals to actuate each of the eroaspomt
 ferreeds having both Wrndmge thereof included in this
control path. In each of the intermediate switches in the

- control path, the common conducting bus provides the

connection between the. switch coordinate control conduc-
~tors.
. whatever may be the strict requirements of time and mag-
- -nitude coincidence operates each of the crosspoint ferreeds )
" tageously comprise the basic ferreed switching element
5 at the crosspoints of the ferreed switch shown in FIG, 1
and of other ferreed smtehee ernployed in specrﬁc em-- o

Advantageously, a sulgle current pulse rneetrng

'neeessary to establish the network transmission connec-
- tions by selectively 1nterconnect1ng transrnrssron conouc-—
~ tors which parallel the control path.

According to .another feature of this 1nventron the se-
lection or markmﬂ of the control terminals at each end
- of the supergrld network is accomplished by means of a
pair of selector trees. Advantageously, the selector trees
for accomplishing the end marking of the network may

~ comprise pnpn triodes enabled under the- control of a -
-~ Dbinary register receiving its. rnforrnauon from the common

- control of the telephone system in which this invention
may be adapted for use.

In the swrtch
iarrangen}ent contemplated in the foregoing, the cCoOmmon
conductrng bus, as: described in the copending apphcatron

of Hayward now patent 3,110,772 referred to, provides a

- _continuous series control path between any n coordinate |
~ control conductor and any m coordinate control conduc- -
tor.

‘In one of ‘the alternate selecting arrangements in-
‘ternal selectron is' combined with end marking by intro-

| :"'.__ducrng a series gate'in the- common conducting bus be-
- tween the sets of coordinate control conductors. -

- Once the end control terminals
- of the network are seleoted only the correct ‘control path
“through the network can be set up. To insure that sneak

. control paths between switches of the network grids do
 ‘not defeat -the est tablishing of the correct control path,
- each of the A, B, and C control lmks meludes a unﬂatera]
o ..conductrng e‘emeut : : o
. It is also another feature of t‘ns rnventron that the end
~ marking referred to in the foregoing may be combined
- with internal selection to establish a control path through
- the network. To accomplish the alternate internal mark-
 .ing, each of the common conducting busses of the ferreed
-~ switches is modified in’ either of two ways.

45

“The -

3,234,335
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-phshed by applyrng energmmg current pulses to each end |

of the network at selected control terminals, the two cur-

rent pulses finding control paths. to. ground through en-
abled shunt gates of the common conduetlng busses of

‘selected ferreed switches, o
Although only a supergrid mcludlng four stages ot

ferreed swrtches 18 assumed herein for purposes of de- '
scription, it is readily appreciated . that the prmcrples of
this invention may advantageously be applied to net~' o

works expanded to vrrtually any number of stages, If,

1n any case, only one path is available through the net-

work between any. selected input and output control ter-

minal, the various selecting arrangements of this inven-
tion may be e

establish its paralleling transmission . connection. -

ployed to define this control path and

It will also be appreciated that. other and dlﬂerent 'elec-j
trical contacting means may be ernployed in the switches

than the ferreed devices described in the foregoing. - Ob-
_Vrously, however, such other electrrcal contacting means

would be controllable by means of the. differential wind- .

~ing arrangement or other windings which are separately

and coincidentally energizable to effect operation of the

 contacts to interconnect transmission conductors para"lel—
~1ng the control paths through the network.

25

- The foregoing and other objects and features of thla |
invention will be better understood from a conmderatron- |

. of detailed descriptions of specrﬁc illustrative embodi-
- ments thereof when taken in COIl]UIlCtIOIl wrth the ac-
'- _icompanvrng drawing in which:

FIG. 1 depicts a- coordinate ferreed crosspornt swrtch--'-"- . :
employed as the hasrc awrtch in one embodnuent of this

rnveutron -
"FIG. 2 depicts a ferreed dewce which may advan-—_

| _bodrments of this invention;-

40

FiG. 3 deprcts 1n snnphﬁed form the organlzanon of a

grid array comprising one organizational unit of the s

switching networks according to this invention;
FIG. 4 depicts the organization of one specific ﬂlustra-' |
tive switching network aceordmg to the prrnerples of thrs' .

- invention;

o0

FIG. 5 depicts a modlﬁcatlon of the coordinate ferread -

crosspornt switch shown in FIG. 1 which modified switch.
18 €1
tive switching network depicted in FIGS. 6 and 7: -
FIGS. 6-and 7 taken together depict the organrzatlon | |
of another specific illustrative smtchlng network accord-

iployed as the basic swrtchrng element of the ﬂlustra-

mg to the: prmcrples of this invention; -~ .
- FIGS. 8 and 9 taken together dep1ct the organlzatron'

'of stiil another specific illustrative: swrtchlng network ac-

o :_ﬁcordrng to the principles of this invention;

1G. 10'is a simplified schematic representatron of the?. IR
5 shunted conducting bus arrangement ernployed in the R

network of FIGS. 8and 9; o
FIG. 11 shows the arrangement of FIGS 6 and 7 tof--

.deplet the iflustrative: switching network there shown;

60
- and

- common conducting bus is thus made selectively control-

lable to' complete conducting control’ paths between the

coordinate control conductors of a ferreed switch. An- -

~other arrangement for adding internal selection to the
" network of this 1nvent1on, mstead of providing: for con-

| - trollable  continuity in the .common ‘conducting bus of a
ferreed switch, the continuous common conducting bus

~is connected through a shunt gate to ground or other
potential.: In thrs arrangernent end markmg Is accom-

70

~ points and coordinates

75

FIG. 12 shows the arrangement of FIGS. 8 and 9 to B
deplct auother ﬂlustrawe swuchmg network there showu

FIG 13 is a sehernatle representatron of the connectron. .

- of a typical ferreed crosspoint device, such as that shown

in FIG. 2, in the typlcal coordmate crosspomt sw1tch of . '
FIG. 1, |

- The basrc swnehlng arrangement for estabhshmg trans-_ B
mission paths through the network of this invention ‘is

| shown in FIG. 1 and comprises a coordinate array sw1tch
10 having a ferreed 11 at each of its crosspoints. -
‘switch 10 compnses adx4 Array and this capacity will
be assumed in each of the switches to be described. here-

The |

inafter. However, it is obvious that any number of cross-
12y be employed to increase the
capacity of the network according to this invention. The
switch 10 18 substantrally of the characte1 deserrbed m




| ;thﬂ CGI‘-’EﬁdIHg ﬂpphcatron of Hayward oW’ Patent 3, 110,-
772 referred to in the' forégoing and each of the fefréeds

- 11 has its control wmdmge wound for di ferential excita-

tion-operation. ‘The m and n ¢oordinates of the switch
‘10 are defined by two sets of coordinate control conduc-

“tors "12 “and 13- eaeh of which sérially includes corre-

,:spondmfr ones of the control windings of the fereeds 11.

~Each’ coordinate control conductor 12 and 13 may have

- _'coordmate trafismission conductors’ (not shown) dlserete-
1y associated therewrth The transmission conductors are

- not shown in FIG, 1 for purposes of s1mphcrty, however,

1hey are desorrbed later herein with reference to FIG. 13.

The output and input ends of the coordinate m and n con—

| trol conductors 12 dnd 13, respeetwely, are connected to a
common conduetrng bus 14 |

~ The individual ferreeds. 11 of the swrtch 10 which are
shown ‘in block symbol forrn in FIG. 1, may advan-
tageously take the form of the dr Tererltrally wound paral-
lel ferreed shown and descrlbed in the above-mentioned
Lowry patent However, any form of erosspomt swrtch
operating 1n fhe coincident current exertatlon mode may

~ be employed in the switch 19. Thus, in FIG 2 is shown
2 ferreed advantageously adaptable for use as a Cross-

point in the metwork of this- invention. The -ferreed,

fshown in srmohﬁed form in FIG 2 is deserlbed in detail

3,284,335

sleeve 18 permit the flux induced therein to operate

‘on the relatively slower respondmg reed contact mem-

~ bers 16 and 17 after the energizing current pulses

10

15

20

are removed

rim the terminals 25 and 26. These rema-
nent properties also maintain the contacts of ‘the reed

members permanently closed wrthout further erpenolture -

of pPOWET. |
- Release of the corrtaets is aeeomphshed by applying

an energlzmg current pulee to either one but not both

of the energizing cirucits 23 and-24. Assuming that such
a positive current pulse Is applied to only the circuit-23

‘at its terminal 25, a magnetomotive force in the upward
direction as viewed in the drawing will be generated in

the winding 21 and such a force in the downward direc-
tion will be generated in the winding 19. Inthe portion b

- of the sleeve 18 to which the Wmdmg 21 is coupled, the

magnetization is already upward as a result of the pre-
viously described operation, and accordingly no effective
magnetic change takes place in this portion b. In the
portion a, however, the prewously induced magnetrza’tron

1S swrtehed to the opposite direction. Since no energizing

in the copendmg application of A. L Blaha et al., Serial

No, 124,723, filed July 17, 1961, now Patent 3, (}75 059
-'_1ssued Ianuary 22, 1963, and for purposes of descrrbmg

. its operating asPeets comprises- a slotted ‘magnetic sleeve
15 of a material having substantlally reetangular hysteresis -

chdracteristics through which sleeve 15 are passed mag-
netically responsive reed-contact: members.

-plates the simultaneous completron of ring and tip trans-
mission  circuits, - to reed contact ‘member pairs. 16 and

Since the
o telephone switching network of this mventron contem-

30

17 are provided in the ferreed of FIG. 2. A magnetreal— .

ly permeable collar 18 encircles- the- sleeve 15 at approxi-
~ mately its midpoint- and opposite the-contacts of the reed
members 16 and 17 within the sleeve.

2 winding 19 and a winding 20 thereon and the portion b

- has a winding 21 and 22 thereon. The windings 19-and
- 29 are wound in the same sense to- the sleeve 18 but in the

o .opposrte sense to the Wmdmgs 21 and 22 Wthh latter
wmdmgs are also wound n the same sense

21 in an energrzmg elremt 23 and the Wmdmg 2{ is con-

TS

_nected in series opposing with the winding 22 in an ener-

‘gizing circuit 24. The windings 19-and 22 each have a

-~ smaller- ‘number of turns- than each of the windings 29
- and 21in aeeordance with. the: d1 fferential excitation mode -

- of operation which may now. be brreﬂy described.,

Smce -this- mode of operation, it will be recalled, de- ~
J gection of the energized coordinate ‘control ‘conductors

ponds on the simultaneous energization of the two sets of

 control Wrndmgs 19-26 and-21-22, it Wlﬂ be ~assumed
that a. posrtrve current pulse 1S applred srmultaneously to

‘Each portron of
 the sleeve: 15 defined by the collar 18 has a pair of wind-
- ings coupled thereto The portron a of the sleeve 18 has

| ‘The wind-
~ ing 19 1s eonnected in series opposing ‘with the wmdmg

40

o
kil |

~each of the circuits 23 and 24, specifically to the respec-

tive terrmnals of these -circuits designated 25 and 26.
From the sense of the wmdrngs 20 and 21 and the polarlty

of ‘the apphed -energizing pulse it will ‘be ‘apparent ‘that |
~ a remanent magnetization will be . induced - responswe _.

‘thereto in the sleeve 18 wh1eh 1S upward as viewed 1n the

" drawing. This magnetization will be equally distributed

- along the sleeve 18 and will find closure through the mag-
netic réed contact members 16 and 17 thereby effecting
their closure The energizing pulse -will -also “be “applied
- to the oppoe1tely wound windings 19 and 22 thereby gen-

eratmg a counter magnetomotwe force-to the- force induc- .

~ ing the foregoing: magnetrzatmn ‘However, the number
~of turnsof thelatter wmdmgs is‘determined such that this

] 5{}

~ nectable by the ferreed crosspoint defined by the respec-
 tive coordinate mterseetrofls of the m- and n coordinate

" mag‘letomotwe force is overridden by the force: generated
‘in the windifigs ‘20° and ‘21 having a larger number of -

turns. “Advantageously ‘the femanent properales of the

75

‘reed contact member pairs.

 not shown in the remainder of the drawing;
‘understood that each m-and n coordinate control conduc- o
tor of a switch array may thave coordinate transmission

- current ‘pulse is being apphed at this time to the circuit

24, no magnetomotive forces counter ‘to those just de-
scribed are generated in the windings 2¢ and 22. The flux
closure of the oppositely directed magnetizations as'a Te-
sult of the single applied current pulse will now be through
the shunting collar 18§ and through single ones of the
As a result, the magnetic
of the members 16 and 17 will

poles at the contacts
It will thus be

be alike, thus causing their separauon

‘seen that when only one of the’ energizing circuits 23 and
24 is energized, one ‘of 'the portions a or b will have the
 magnetization switched therein depénding upon ‘whichone

of the circuits 23 and 24 has a current pulse apphed
thereto. It is obviously immaterial which one alone 1S
thus energized since in either case the contacts ‘will be
opened The ferreed device of FIG. 2 is readlly adapted

to the crosspoint switch of FIG. 1 as shown in FIG. 13

by, for example, connecting the terminals 25 and 254

) in series with. an m coordinate control conductor 32 and by

connecting the terminals 26 and 26q in series with an n
coordmate control conductor. 13 with ‘the terminal 26 at
the bus 14 side. "The ‘contact termmals 16, 16a, 17 and

17a are ‘respectively connected to the ooordmate trans--

mission conduerors Rmy, Rnl, Ti1, and Try as shown in
FIG. 13. The coordinate {ransmission conductors Tny
and Ry are ‘associated mth coordinate control condiuic-
tor ny-and the coordinate transmission conductors Tmy
and le are asscciated with the coordinate control con-
ductor m,. ‘The energization of ‘coordinate control con-
ductors my and ny cauises coordinate transmission cofn-

 ductors Mm; and - Tny, Rmy and Rm; to the connected to- |
"gether resoeetwely by ‘the contacts 17 - and 16 of the

ferreed crosspoint Fil defined by the coordinate inter-

The transmission conductors T and R are

my and 7.
it being

eonduetors T and R associated therewith and intercon-

control conductors. In the- smteh networks to be de-
scribed, an 1*1drvrdual erosspomt switch will be arranged so
that its excitation is applied at an m coordinate control
conductor, the n coordinate control conductors thus con-
stituting in ‘each case the output side. With this-general

-review of the coordinate” swrtch array of F1G. 1 and the
‘series ferreed device of F1G. -2, in  which the magnetrc

control paths are arranged in series, the broader organiza-
tion of a switching neétwork according to the. prmorple of

this invention may now be "developed. |
The next step in the organization of a swrtehrng net-

Work aeoordmg to thls invention may best be uodorstood



by reference to FIG. 3.
. arrangement of switches and comprises an interconnec-

- tion of four switches of a primary stage with four switches
Although four switches in each -

"~ stage.

9

In that ﬁgure is shown a grrd

of a secondary stage.
N stage are shown, this number is chosen in order. to com-

_' __.plete the inferstage connectrons to be described in view
- of the number. of crosspoints 1

- switch array. Obviously the capacrty of a network of this

_f;rnventron may be increased, as mentioned prevrously, by
.. increasing the number of. swuch crosspoints coupled with

. a corresponding increase in.the- number of switches per
A grid 30 of FIG. 3 is shown in only sufficient

_:3,234,335

| grrd
~selected one of the m; through m;¢ control conductors of

10

If a current pulse is apphed to the input of a

- the primary stage simultanecusty with the apphcatron of

aking up each exemplary

10

detail to. understand its. organrzatron and the 1nterstage |

connections . and ‘comprises in the primary stage four

_switches 31, through 31,. The secondary stage is similar-
Iy -made up of four switches 321 through 32,.
‘the switches 31 and 32 comprises a switch as shown in

FIG:. 1 having at each of its crosspoints a ferreed device

| as shown and FIG. 2 and connected as shown in. FIG. 13.
'.Accordlngly the sw1tches 31 and 32 also have m and »
) coordrnate control conduc:.ors havmn connected in series

~ therewith the respective control windings sets of the in-

ground potential to the output of a selected one of the

n; through nys control conductors of the secondary stage, |

the pulse will be conducted along the predetermined series h

control path specified by the selected m and n control
terminals of the grid. In the control path, the current

: pulse will be simultaneously applied to the control wind-

ing sets of the ferreed cross-points defined by the se-
ected m and n control conductors of the two stages.
Spec1ﬁcally, if a current pulse is applied, for example to

‘the input terminal of control conductor mg appearing at

- switch 31, of the primary stage.at the same time that a

15

Each of

‘ground potential is applied to the output terminal of con-: |
- ductor nyq appearing at switch 325 of the secondary stage,

then a series control path including the control link 33

- 1s positively identified between the two stages.

- tion of this control path initiates establishment of the

20

~ dividual ferreeds as shown in FIG. 13 and described here- .

‘inbefore. |
‘grid 30 .are grouped as input control conductors m

through myg-and the n ‘coordinate: control conductors are

~.grouped as output control conductors n,; through ryg.

The n coordlnate control. conductors of the

latter.
‘these levels is thus identified by the link 33. ‘Specific

paralleling transmission path. Only one link connecis

the switches 31, and 32, and this link connects the third

level of the former switch with the second level of the
Each of the crosspoints of the two switches on

crosspoints . on these levels are identified by sPecrfyrnﬂ'
the m and n control conductors of the - primary and

- secondary stages, respectively. This positive. 1dentrﬁca—- |

The output control conductors n of the switches 31 are '

connected. to the input confrol conductors m of the

- switches 32, The coordinate transmission conductors (not

‘shown) assocrated with the outpnt control conductors r of

~ the switches 31 may be connected to the coor dinate trans-

 mission conductors (not shown) associated with the input

tion of an internal link and .a series control path once_:

‘the end control terminals of the grid are specified, in : o

accordance with this invention, is- advantageously made
possible by the permanent connections of the- coordinate

~ control conductors of the switches to the common con-

~ ducting busses.

control conductors m of the switches 32. A typical con-

‘nection is illustrated by the conductors 35 which include

B two transmission CGHdUCLOI'S T35 and:R35 and a control

~conductor C35. Hereinafter, only the control connec-

- tions will be shown in- the - drawing; it being understood
- -that parallellng transmission conductors associated there-
~ with. may be provided. The interswitch control conduc-
- tors. will be referred to as “links.”

These connections

35

Each of the links connecting the switches
of the primary and secondary stages of the grid 3@ has a

‘unilateral conducting element 34 therein to prevent sneak
control. paths and thereby to insure complete 1solat10n

'_ ‘of the unique series control paths.

40

 are rnade in a manner-so:that each of the primary stage

.'_'__.swrtches 31 has access to all of the secondary stage
_switches 32. The 1nterstage control connections Is carried

out by successwely connecting the n control conductors

- of each primary stage switch 31 with the corresponding
m. control conductors-of the secondary  stage switches

'32. “Thus, for example, the first through fourth »n con-

~ trol “conductors- of the first primary stage switch. 31;
.. are connected respectrvely to the first m control conduc-
- tor of each of the secondary stage switches 32. The first
- through fourth n control conductors of the second pri-

;. mary stage switch 31, are connected respectively to the -
. 'second. m control conductor of each of the secondary
- stage switches 32. This manner of interconnection is

contmued with the- connectron of the first. throuﬂh fourth

" n control conductors of the last primary stage switch 31,
_ respectively to the last m control of each of the second-
ary stage smtches 32, Wrth the symrnetrrcal interstage

. connections thus resultrng, it is clear from an 1nspectron.

- of FIG. 3 that any input control terminal of the primary

- _stage of the grid 30 via an m control conductor of a

which grrds is made up of switches in the manner de-_- N
‘scribed in connection with the grid of FIG. 3. The net-

- work.of FIG. 4 is thus made up of four stages of switches,
-.'{the first and second stage switches being rnterconnected[ o

One specific illustrative telephone swrtchrng network
according to this invention made up-of the aforedescribed
switches and grrds is depicted in FIG. 4. The network

of FIG. 4 comprises-a first and a second plurality of
grids 40, through 40,5 and 41, through 415, each of

~ in grids 40 and the third and fourth stage switches being

20

~interconnected in grids 41. The rnterstage connections

between the switches in the grids is made in the manner
prevrously described in connection with the grid of FIG.

3, the links interconnecting the primary and secondary

[
C

~ switches of the orids 40 and 41 berng designed A and C .

~ links, respectively..
may parallel the 1espect1ve links.
' “A link” grids 40 is had by means of a plurahty of input:

Transmission conductors: (not shown)
“Access to each of the

- control conductors 7, through mjg and the output of

60

each of the “C link” grids 41 is taken from a plurahty___

of output control conductors n; through 7.
" “The interconnections between the erids 40 and 41 are

made by means of B links in a manner. 1dent1cal to that

~ for interconnecting the switches within a grid. . Thus, the
. connections are made so that each of the “A link”. grids

switch 31, has access to any switch 32 and thereby to

. ...any. output control termrnal of the n control conductors
of the secondary stage. |
- each.-of the switches 31. and 32 is made via its.common

~conducting bus: symbolized in FIG 3 by the doubled 111 ed: o

A control conuectron ‘within

s1des of the block symbols

. trnuous control path 18 avallahle frorn any m mput con--_
~trol conductor of the primary stage. te any n output con-

-'trol conductor of the secondary stage. " This unique . con-

- trol path is completely defined without internal selection
-~ merels _; by specrfylng an m and n control te rmrnal of the.

70

40 has access to all of the “B link” grrds 41, Thls inter-

~ grid connection is carried out by successively connecting |
‘the output control and transmission conductors of each of |

- the A link grids 40 with the corresponding. rnput control
and transmission conductors of the C link grids 41. - For

~.example, the output control conductors of the grid 49,
are successively connected to the first input control con-

ductor of each of the grids 41, through 41,4, the output -
~control conductors of the grid 40, are susccessively con-

. nected to the second input control conductor of each of

75

- the grids 411 through 4146, ctc. |
B 11nks is contrnued untif the ﬁnal connecuons of the out-— |

‘Fnergiza-

This interconnection of -
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11

put control conductors of the grid 4044 with the Tast mpat

“control conductor of each of the grids 41, through 41.
‘Obviously, in this'manner each of the input control con-
-ductors m; through myg of each of the grids’ 40 has a dis-

tinct control path available in the supergrid to any of the
output control conductors ;- through ng of each of ‘the

grids-41, -As in the case of the A and C links, cach’ of

-which is assumed to have a unilateral conducting element
" ‘therein, which however is not shown in FIG. 4, each of

the “B links” also has a unilateral conducting element 42

“therein for purposes of control path isolation. The net-

work of FIG. 4 is shown in only sufficient detail vy
"_means of representative ' grids, ‘control conductors, and
“control links to provide a complete understanding’ of its

orgamzatlen

Tt will be apparent that, in the case of the supergrid
network just as in the smaller grid organization, the com-

“mon conducting busses of the individual ferreed switch

-array make possible the complete identification of a series

~control path through the network once the two’ énd ‘con-

trol terminals m and » of the supergrid are SPEL-lﬁEd Al-

~though only one control path exists between any 'two m

and n control terminals, each of the A, B, and C links

may be employed to establish a number of control ‘paths
between different end control terminals, Thus referring

‘back to FIG. 3, it is clear from the exernplary ‘control

. path'described that the link 33, for example, serves as a_
‘-*eenneetzen between each- of the-input: control conductors
ms through myg of the switch 31, and each of the output

:j'eontrol ‘conductors ‘ny through niy of the 'switch 32;.
~Thus, if the transmission conductors associated with any

“one of the latter ‘m control conductors is connected: to
“the transmission conductors associated with a- selected one

~ductors aesomated with the link 33, the latter transmission

of ‘the ‘latter » control conductors; via transmission con-

conductors ‘will be unavailable for-the completion of a

- ‘transmission connection between the switches 31, and 325
between -any of “the transmission eoaductora asaeelafed'_
~with. the other control terminals and n. The same €x-

“clusive assignment of interstage links existsinthe larger
-organization of the supergrid nétwork of FIG. 4. ‘Any

'one of the A, B, and C links, ifits associated transmission

“conductors are already employed to eomplete a trans-
| "'mlssmn conneetmn in the network between end tra:nsmia-

- sion terminals, cannot be used to control the completion
of other such transmission connections during the time

‘that the previously established transmission connection is
-in use.

This follows- from the differentially excited fer-

‘reeds appearlng at the crosspoints of the switches of the

-grids.

‘connect “the coordinate transmission - conductors -associ-

“ated with the coordinate control conductors.
~ cation or “marking” of any two end ¢ontrol terminals thus

The'specifi-

“destroys the transmission connection madein any ferreed

. appearing aleng the coordinates ‘in which newly operafed
ferreeds also appear, bence the term “destructive mark.”

As described previously, the common - ‘conducting bus
of an individual ferreed switch array to which both groups

 of coordinate control conductors are connécted advan-
 tageously makes possﬂjle the mmultaneous energization of

the differential winding sets of a ‘selected ferreed within

~ the switch. ThlS also holds true as the: ferreed switches

are organized in progressively larger ‘units. - A single cur-

‘rent pulse applied to a selected control conductor ter-
‘minal of the supergrid, when- aceompamed by-a ground

four stages, causing their respeetlve contacts to elose aad -

potential applied to a selected n centrel conductor termi-
nal, simultaneously energizes the differential winding sets

of a predetermmed ferreed in a switch in -each of the

~The application of a current pulse to a ferresd
-appearing on the coordinate: control conductor connected
-to a link whose associated - transmission conductors are
~already -in use serves to open ‘the contacts 6f a ferreed

~previously ‘operated on that coordinate and’thereby dis-

1‘3

-a transmission path ‘tobe estabhshed through all stages
“of the network.

In accordance with anether aspect of this mvennen se-

Jection of the two end control terminals of the supergrid
“network and the ‘application of energizing signals thereto

eans of a tre¢ arrangement of AND.

is-accomplished by 1

~ gates at eachend of the supergrid. ~Selection at each end

of the supergrld is-made by selecting the ‘levels of the

‘A and C link grids on which the selected m and rn control
10 'eonduetor terminals fall and also selecting the: part1cular o
‘A and C link grids in which the selected levels occor.

‘Level selection at the input-side-of the supergrid network -

- of FIG. 4 1s accemphshed by a plurality “of two-input
~level’ AND gating means 44, through 446 associated re-

20

25

30

o

“spectively- with the levels of the individual grids 490 repre-
-gsented by the ‘control conductors m; through myg.

‘The.
output ends of the gating means 44, through 44 3pec:1ﬁ- |

cally are multiplied by means-of conductors 45, respec-
tively, to inputs of grid AND gating means 48, and thence
to the control conductors 7, through mjg of each’ of- the
- orids 49.  One input of each of the gating means’ 44 is
“connected d1reet1y to a current pulse source 46.via a con-
“ductor 46’.
44 is connected via a control conductor 47 te*seleeter con—
trol circuitry to be described: hereinafter. .

A control input of each of the gating mieans

- Grid “selection- at the input side of the super grzd net— ._
werk is accomplished by a’ plurality of two-input ‘grid

“AND gating means 48 individually connected to the m
control ‘conductors of each of the girds' 48. One-input
of each of the gating means ‘48 is connected via‘the miul-
-tzple -conductor 45 to the output side - of its level:: gatmg
‘means 44. The other control inputs of the gating teans
- 48 are grouped by grids, the control inputs of "the gating
‘means 48 of each ‘grid being connected together and-to
-a control - cenductor 49 also leading to-selector control
- circuitry ‘to be - déscribed.
- 47 thus ‘provide the means for eénabling the gating' means
: 44 for selecting one of the sixteen 1&vels of the grids” 40
- and sixteen control condictors 49 provide: ‘the -méans for
“enabling a partlcular group ‘of gating means 48 for select-
inig one of the sixteen‘grids 48. A current’path may-thus
“also be traced from the ‘pulse source 46 via the conducter
46’ through one of thelevel gating meaens 44-to any one
. of the ‘gating
5 “thence to a‘selected input control :conductor m -terminal.

- Sixteen: control eondueters

neans 48 via a multiple conductor 45 :and

‘The selector access circuitry as ‘well as-‘the ~internal

-' 'ergamzatlon of the- supernrld network -is symmetrleal |

The output selector tree arrangement of -gating means ‘1S

" thus identical to that: described in connection -with -the
-input selector tree ‘of the supergrld The selection at-the
‘output side of the supergrid-is made to- connect. ground
‘potential to an n output’ control conductor of the. grids
41 simultdneously “with the applicattion - of -an energiz-

- ing pulse from the source 46 to & selected. m input con-

- trol conductor of the grids 40 to complete a circuit path
“for -the energizing pulse.

Level selection at the output

. side of the supergrid ‘network of FIG. 4 is- aecompllshed

by aplurality of two-input level AND gating:means 50,

through 50,5 associated respectively with- the levels of the -

60
. ductors n, through ng.

‘ing means 50 1s connected directly to a source of greund
'petenual via a conductor 5¢’.

65

individual -grids 41 represented by the output conirsl con-
The output of each of the- gat-

" A control ifiput of €ach
of the gating means 59 is connected via a conirol comn-
ductor 52 also 10 eeleeter control C1reu1try to be desenbed :

" hereinafter.

70

Grid selection at the output side “of the superﬂrld net-

“work ' 1s aceomphahed by a’ plurahty of - two-input - grid
-AND gating means 53 for each of the grids 41. One in-
put of each of the gatmg means 53 is mdmdually con-
nected to the n control conductors-of each of the grids -

41. The output of each of the ga:.mg ‘means-53-is con-
nected via a multiple conductor- 54 to the- mput side of
“its level gating means 50. The other control inputs of the
‘gatling means 53 are- grouped by-grids, ‘the- confrol ‘inputs



- and LO, respectively. -

of thc gatmg mcans 53 of each grzd being connected to-
.gcther and to a control conductor 33 also leading to

| ';sclﬂclor control circuitry to be described. . Sixteen con-
~ trol conductors 52 thus provide the means for enabling

. - the gating means 50 for selecting one of the sixteen levels

of the grids 41 and: sixteen control conductors 55 prowdc

the means for cnablmg a parucular group of gatmﬂ means .
53 for sclcctmg one of the sixteen grids 41. A current

path may thus also be traced from any one of the n

~ output control conductors through a grid gating means 7,

53 to one of the level gatmg means 50 via a multiplc

conductor 54 ‘and thence to ground.
Although any su1tablc gating means may bc cmploycd

_. ' ._;for the elements 44, 48, 58, and 53 as are well known in
- the art, pnpn transistor triodes were found to be par-
ticujarly applicable for controlling the current path

' through the selector trees. Four sets of control con-
ductors 47 49, 52, and 55 are selectively cncrglzcd to

- determine a conductmg path through the. input and out-

~ put selector trees of the supergrid network as described
| 'Em the fo;rcgs:}m«:'r Thcsc groups of conductors and their
associated circuitry may be dcmguated LI, GI, GO,

at the same. time that, the ‘current ‘pulse source 46 is

| "cncrgtzcd will be rcadily envisioned by . one skilled in
- the art and the supcrgrld notwork of- this invention and

-:"_1ts associated selector trees are readily adapted for use
- in connection with known electronic tclcphonc sw1tch1ng; -
30
trolling the establishment of a transmission connection

_'systcms ‘One tllustratwc system is shown in FIG. 4 in

- simplified block symbol form only and comprises a rcg-

1ister 56 for provldmg thc bmary signals rcquu'cd for en-
| _abhng sclected gating means of the input and output se-
“lector trccs

of control’ conductors connected to the groups of level

~input, grid- input,-grid output, and level output gating

~ means, respectively, of -the selector trees. Each section

L External circuitry for controlling
| __-;the cclcctwc cnablmg of thc gates of the sclcctor trees

. The register 56 may be divided into sec-
- tions LY, GI, GO, and LO, corrcspoudmg to the groups

14

| parallchng transmission conductors are connected; in the

supergrid mcrcly by the specification and markmg of its

- input and output control terminals may now be described.

_;AIthough only one -control and transmission path exists
through the. notwork for any two input and output. ter-

- minals, any one link and its associated transmission con-

~ ductors may be employad for a number of such paths as
© was_previously discussed.
transmission paths assoclatcd with particular input and
‘output. control terminals.of the supergrid may be idle,
. the transmission conductors associated with a link or lmks .

Accordingly, although - the

interconnecting the two. control terminals may not be.
If a transmission path associated with such a link is: busy :
with such a link is busy and the hnk is then seized dur-

ing a network control operation, any ferreeds. located n
the coordinate of the switches to which the link is.con-

ncctcd will be restored to a rclcascd condltlou and. thelr |

‘contacts opened. Accordingly, it will be assumed for

. purposes of describing an illustrative operation of the net-

20

‘work of FIG. 4, that an external memory, not shown in
the drawing, is provided in association with the common

control circuit 57 to record the busy and idle condition
of the transmission paths associated with the A, B, and C

links.
information received from the memory: regarding the

busy-idle condition of the various network - transmission -
paths, then controls the selection of the interstage links
to prevent the destruction of the network transmlsswn

connections established during previous operations. -
-Assuming the selection of the interstage links for con-

. through the network as dctcrmmcd by . cxtcrnal memory

of the register 56 may convcmcntly comprise a plurahty | :

of well-known ﬂtp-ﬂop circuits: each havmg a ~binary
“1” and “0”. tmtput

“1” outputs of the flip: ﬂoos

The register circuit: 56 is- in’ turn contlollcd by, and-_- 45

) _"rcccwes its selection instructions from, a common. control
“circuit ‘57 which may advantageously comprise’ ‘the com-

- mon - control: of the telephone system with . which the
~ present invention may be adaptod for use..
' time that contrel mgnah are. selcctwcly apphcd via' con-
 trol leads .58 from the common control circuits 57 to the

o sclectton rcg1stcr 58, anofhcr contt ol s&gnul is also appllcd

o The - lattcr conttol swnal 15 dclaycd by means: of a Sult-"

~able: delay circuit. 60 to which it is conducted via a lead

59 and is transmlttcd theref] om to the pulse source 44

. viaa 1cad 61. The opcratlon of the latter delay circuit 60
.~ permits a stabilization of the selection register 56 to insure
~_the proper ‘enabling of level and grid gating means in the
selector trees. 51m111taneously with the applicaticn of a

- 'drlve currcut pulsc to thc sclcctor trccs

e e s

- work S&lBCtIOH operatton may bc convcnicntly achlcved by
- .INEans. of the same control signal appllod to energize the
'pulsc source. ‘46.  The latter signal may be. applied, after

- a sultablc time mtcrval mtroduccd by a second dclay-'
- circuit 62, to the ﬂtp-ﬂops of the reglstcr 56 1 -common

-via-a reset lead 63. Each of ‘the delay circuits 60 and

62 comprises apparatus well known in the art and con-
- stitutes only illustrative -means . for achjeving .a  selec-
‘tion within the- sclector trees. of the network: = Accord-
mgly, these: circuits are: also shown only as. b]ock sym—--._.

-bols in the .drawing.

An. illostrative opcratmn of thc nctwork of FIG 4 in -
which parttcular A B, and C lmks are sclcctcd and thcu |

- .

- Single rail logic may be achieved
. for the energized states of the selector conductors 47, 49,
. 85, and 52 by connecting. the Iattcr only to thc bmary

- At the same

'clrcults and common control, it wﬂl further be assumed

for purpose of illustration that positive enabling signals

64 through 67 are selectively and simultaneously applied
from- the register circuit 56 to the conductors 47’, 49,
55’; and 52, respectively, controlling the ‘level and grid -

inputs and. thc grid and level outputs.
it will be dcmonstratcd are effective to specify the super-
40 orid input. control ‘terminal myg of grid 40, and super-
grid output control terminal n, of grid 41. As a result

of the cnab-hng 51gnal 64 apphed to the conductor 47,

‘the level gating means 444 is enabled thereby providing |
‘primary access to the input coordinate control conduc-
The en-
-abling signal 67 applied to the conductor 52’ at the other
side of the supergrid enables the level gating means 50;

tors myg of each of ‘the grids 40, through 404,

- thereby providing a secondary outlet to ground for the

- output coordinate control conductors n; of each of the
50

grids 41, through 41,5. The particular myg input co-

ordinate control conductor of the grids 40 and the par-

~ ticular n; output. coordinate coutrol conductor of the

- grids 41 between. which the series control path through

.the supergrid is to be cstabllshed is determined by the

“enabling signals 65 and 66. |
~ plied to the conducters 49’ and 55, respectwely, to en- .

The latter signals are ap-

~ able each of the input grid gating means 48, associated

Rcscttmg of the 60 1
. paths selected in the input and output gating. trees, the

| .‘thh the grid 40, and each of the output grid gating
-_mca"is 53,4 associated with the grid 41.

As a result of
the input and output current paths thus provided by the

~supergrid network of FIG. 4 in turn provides one .ex-
- clusive series control path therethrough between the speci-:

fied input and output control terminals m,g and n; of the -
| grids 40, and 4144, respcctlvcly, for a drive: currcnt pulse'
. fromthe pulse source 46. s S -

‘The pulse source 46 is also cncrglzed undcr thc control.

-_..':-_to the common control circuit 57 which circuit provides "

70

for the application of a control signal 68 to the conductor -
59 simultaneously with the application of the control
. signals to the: 'rcglstcr 58 to supply.the ct:t:—:tblu:u:vr selection -

~signals 64 through 67. The control signal 68 is dclaycd ;

5

by the delay circuit 60 for a suitable interval to insure
that the flip-flop register 56 has sufficiently stabilized

‘The common control circuit 57, responsive to -

These signals
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"to accomphsh complete- gatmg in each Ievel of the: sclcc-
tor-trees. ~After suitable delay, the current pulse €8 is
applied via'the conductor 61 to energize the pulse source

‘46 which 'in turn applies a drive current pulse 69 to the
The 'pulse 69 has available:omly .

“cutput conductor 46’.
the’ conducting path of ‘the branch including the enabled

‘gating means 44,4 after -which the-pulse 69, as described

previously,-is applied -to each of the gating -means 48

‘which has access to an'm;g input ccordrnatc control con-
“Since only the “grid "gating means 482 are -en- -

~ductor.
“abled, thc current pulse’is; applied to the input: cccrdmatc
~-control conductor mjs of grid 40,.

" "Within ‘the supergrld nctwcrk cf FIG. 4, the current
‘pulse’ 69 will-be conducted by means of the only isolated

‘path from the input control conductor msg of the grid 49

"to the output control conductor sy of the grid ‘414 via

‘the ‘common conducting: busses of the:individual ferreed

"-?swnohcs -and interstage links. "“The connecting'A, B, and
"C-interstage -links are established after the spcc1ﬁcatmn
‘of ‘the input ‘and output control terminals of ‘the supergrid
‘in accordance ‘with ‘the organization of the switches,
';f-grlds, and supe1gr1d previously “described. Thus, the
“B ‘link” -selected - is ‘the -only such link ‘connecting the
‘grid“40;-and’ the-grid 4155 In accordance-with' the fore-

' ‘going -internal organization of the- -supergrid, 'in the il-

‘lustrative operation-being described, the selected “B link”
is ‘the link - connecting ‘ the 16th ‘level output coordinate

:control ‘conductor of the grid 40, with-the 2nd "level in-

put cocrdmatc control -conductor of the: grld 411.5 -In
a $imilar-manner enly one ‘A ‘and“only ‘one C link-in-
‘ternally connects the switches of the grids 402 and 414,
“respectively, ‘to ‘which the “input and - -output ccordmatc
‘control  conductors ‘- miggand 1y, respectively, “are - con-
‘nected. “The*A, B, and C links, thus-selected, which “are

not. spc01ﬁcally shown in the drawing, also define the- par-

ticular ‘crosspeéints - within - each - of “the “switches - cf ‘the
- :grids“at which-individual ferreeds ‘are-operated. ~Since
“each’of ‘these ferréeds includes two pairs of magnetically
| ‘.:rcspcnswc ‘contacts, ‘a ‘transmiission connéction mcludmg
ring and tip conductors' of a-telephone’ transmissien cir-

icuit associated ‘with: mput control conductor g may be

: completed 'with:the -network of this invention.

-*At the ‘output side of the scpcrgnd network, ‘the en-
"_abled grid - output - gatmg ‘medns 53,5 and level -output
- gating  means 50, -provide ‘the path- to - gorund for the -
~It'may-be noted here -and as: prcvmusly |
?'explamed that in accordance with destructive mark opera- -
tion, -each ‘of ‘the ferreeds having a winding connected.

“drive ‘pulse 69.

~“in’ a coordinate ‘control-conductor: constituting a- segment

‘of the ‘control ‘path ‘between the selected A, B, and C°

- -links ‘which 'was -operated- during -a ~previous selcctlcn
‘operation, will- be restored to it normally released condi-

*tion and“its cotitacts opened. thn each of the cross-
“point- ferreeds-has been: operatcd its contacts are main-
“tainéd ‘in the. closed condition by-the ‘remanent pr0pertlcs
‘of the square loop magnetic sleeve cnc1rclmg the contact-

-ing -members, “after the- currcnt pulsc 69 is ‘terminated.

._'-The control : pulsc ‘68 mmally energizing the pulse source

“46-is applied at the same time to the ‘delay circuit 62
‘whetreupon, after suitable delay s determined by spcclﬁc
‘apparatus ‘considerations, the pulse ‘68 is applied via the
-conductor ‘63:to the register 56 ﬁlp-ﬂop to reset each of

40

. c;i'
&

. 185
accordance with ‘this invention, not only with réspect to
individual switches, but - also -when  the- switches are

~multiplied- into grids- and - supergrids such as- ‘described

 in -connection WltL the network of F1G.- 4. -As -described

&t

in the foregoing, a
simultaneously each -of the -selected crosspoint - ferreeds
within-each of the switches and grids-of the supergrid.

a single drive current pulsc 69 operates

Obviously, the requirement-of ccmmdcncc of magmtudc |

~ is also'met by this network organization.

10

95

for in the connecting ]unctcrs of the two supergrids..
_add1tlcnal selection may advantaﬂcously be acccmphshed
by means of relay contacts in the junctors.also cpcratcd. -
under. instructions from.the common control 57.

“In ordcr to adapt at the supcrrrnd of FiG. 4 toa largcr
network ‘made “up’ of two supcrgrlds, for cxamplc ‘as

“mentioned previously, another “identical supcrgrld may
be connected at the junction designated” J—-J in- FI‘“

4. In such a case the n output control’ tcrmmals of ‘the
supergrid ‘of FIG. 4 would be connected .to the m 1nput
control “terminals of ‘the 'second supergrid not shown.

" The larger network thhS resulting would. still be end-

markcd that is, the input and output. control tcrmmals _
of the nctwcrk would  still be selected by the sclectcr |
trees at each end of the network as dcscnbcd in con-

nection -with the cmbodlmcnt of FiIG. 4. Howcver an

addltwnal selection stage would 'in that. case be prcvlded
“This

~_Another specific illustrative switching nctwork acccrd—

- mg to the. principles of .this invention, and one" whlch

30

adds a
6 and 7. . In the:network of FIG. 4, it will be recalled,

~only a gr1d selection -and level selection within the_grid =
.at each- end of the network. are. provided for.

selection stage at .each end, is depicted in "FIGS.

In the
nctwcrk of FIGS. 6 and 7, grid selection switch.selection

within .the grid, -and level selection within -the . switch,
-at -each .end -of .the . network -are made - possible by the
employment- as. the basic .ferreed: switch,. a. modification

of .the switch -depicted in FIG. 1. This. mcdlﬁcatmn,

shown in FIG.: 5, comprises. the insertion of. an AND
-gate in-the. common conducting bus,
'FIG, 5 -also comprises a 4 x 4-array hwmg at 1ts cross-

~‘The switch 70- cf

points a-ferreed switch identical to:that ‘considered in

the switch of FIG. 1, and-which: also-may advantageous-

ly comprlsc a spcclﬁc form of-the ferreed.-device shown

in-FIG, 2. -Each of-the-ferreed devices 71 alsc has its

control windings wound for differential -excitation- opera-

‘tion. - The -mand »n -coordinates of -the switch 70 are
*‘dcﬁncd by two sets 'of -coordinate control conductors 72

- -and" 73, each -of which serially includes corresponding

ones of the two ‘control wmding sets of the ferreeds.71.
‘The output ends of the coordinate- control conductors
are connected to one common cenducting bus 74 and the
| mput ends ‘of the coordinate control conductors n are |
connected to “dnother comn
a1 -two-mput AND gatmg means 76 is connected W1th its

on ccnductmg ‘bus 75, " A

output connected to one end of the comn on condiicting

~bus 75. One of ‘the 1inputs of the gatmg ‘means 76 is

connected to one end of the common conductmg bus
74. "The other mput of the gating means 76 is pro-
vided as a control to establish electrical contlmuty be-
tween the two busses 74 and 73. Conducting paths may

be-traced from -any. input control- terminal m through

*.the cofinected.- selectmg conductors to the unenergized

. ~state.

. Fro

1 ithc'f;'organizat-icn and- f'opci?ation of “the differ-

 entially excited ferreed cmplcycd"in ‘the 'switches of this -
1ed coin-

-_;_-?mventmn and as depicted in FIG. 2, precisely ti
cident: curent ‘pulses are ‘réquired to operate the con-
‘tacts. . Furthcr these current pulscs ‘must-also substantlal-

'165'_'ccnductors via-the conducting bus. 74, gating .means. 76,

- and conducting bus 75 -provided the gating.-means 76

70

1y coincide in magmtudc to insure the ‘operation ‘of ‘a.

ferreed. ~ And’ d1spar1ty in the timing may ‘merely cause
‘a' selected- crosspoint - ferreed to -open its ‘contacts, if
fprcwously closed, ‘or-to maintain.them open, if- prcvzcus—
oy cpcn

ThlS requirement is advantagccusly mct in .

1

My of the m coordinate control ccnductors to any output

control terminal n, through n, of: the n coordinate control

is enabled. If the gating means 76-is not enablcd thc'_"_'_

control. tcrmmals my through my and ny-through ny, and
“thus the two control winding sets- of -each of ‘the ferreeds

71, will obviously - be ‘electrically  isolated. It will -be
appreciated  that -if -a: current path:through the switch

76 is required in the opp031tc direction, ‘that is, from
the n control terminals-to ‘the m control tfcmina}s the
. atmg means: 76 will be. rcvcrscd in. direction.
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The sw;ltohes 70 of the network of FIGS 6 and 7 ate

not specifically shown to avoid complexity; however the

switches 70 are also organized into. grids as described
The grid organization of the present network
18 substantrally similar to that depicted in FIG. 3 and also

comprrses an interconnection of four switches of a prrmary

stage with four switches.of a secondary stage. .As in the

~earlier grid described, although four switches in each stage
“are assumed, this number is chosen:in order to complete

- the interstage connections to be described in view of the
_, number of crosspoints makmg up each exemplary switch =
urray -Each of the grids of the network of FIGS. 6 and

7 1s prowded with four sets of my through my input con-

~ trol terminals and each of the grids has four sets of my
15 .

through n, output control terminals. The interconnec-

~ tion between the: pnruery and secondary stages of the grid

- 864

10 .
~ the drawing to avoid complexity of detail, the unilateral

- conducting elements 87 being shown in the representative

~ being considered are carried out in.a:manner identical to =
‘that depicted in FIG. 3 and each of the switches of the

secondary stage is identical to the switch depicted in FIG.
1 and used throughout the network of FIG. 4. The only
difference between the grids employed in: the latter net-

20

work and the grids presently being considered is the use -

- of the gated switch of FIG. 5 in one of the stages of the
- grid as: determlued by the end of the network at which -
In the present grrd organization it is

again important to note that a unique, continuous series:

the grid-appears.

~ control path may be established from any m input control
 terminal of the primal

minal of the s’eoondury stage. However, in the grid being -
~ considered it is not alone sufficient to select only the m:
~input control terminal and the n output control tern

. positively to determine the unrque control path In the

'y stage to any n output control ter-

]_8

whroh termrnals are also shown as. conductors in the"f
drawing. |

- The mteroouneetlons between the grrds $0 and 81 are
‘made by means of B links in a manner identical to that
~described for the B links of the network embodiment o
~depicted in FIG. 4. Only representative ones of the B

links are shown in FIGS. 6 and 7 designated 86, through
‘Each of the A, B, and C links has a unilateral con- -

ducting element connected therein; the unilateral con- )

ducting elements in the A and C lmks are not shown in

B links 86 to 111ustrate the connection in each of the

links of the elements 87. It may be noted at this point
that the network of FIGS. 6 and 7 is also shown in only
- sufficient detail by means of representative grids, con- -

ductors, and links to provide a complete uuderstaudmg of .
its organization to one skilled in the art. | -
It will be apparent from the network details of the

embodiment of FIGS, 6 -and 7 so far described, that from
- the output control terminals of the primary stage switches
- of the A link grids to the input control terminals of the
secondary stage switches of the C link grids, this network

~-arrangement is identical to the corresponding portion of
25

the network of FIG, 4. Thus from any one of the former

output control terr:ulnels to any one of the latter inputcon-

trol terminals only one distinct control path exists. -~ =~
In ‘accordance with one aspect of this 1uventron se-

~lection of the two end terminals of the supergrid rtet-_-'-

30
inal

‘present grid. it is also necessary, in addition to selecting a -

 terminal at one side of the grid, to enable a bus gating

 means in a switch of one of the stages of the grid in

‘order-to establish the unique control path.  An alternate
- organization of ‘a switching network uocordmg to. the -

35

principles of this invention which employs a grid arrange-

 ment thus briefly described, may now be considered.
~ The network arrangement of FIGS, 6 and 7 comprises.

a first and a second plurality of: grids 80, through 885
Although the switches are shown_ .

and 811 thl‘ﬂugh 81
n symhoho form only each of the grids 80 and 81 is

40

understood. to be made up of switches of the character

B deprcted in FIGS. 1 and 5. The network is alsormade up -

45

 of. four stages. of switches, the first and second stage

- switches being interconnected in grids 80 and the third

and fourth stage switches being interconnected in grids
81,
- the network of FIGS. 6 and 7 comprise switches of the

Each of the switches of the. ﬁrst and fourth stages. of x "
50

- character depicted in FIG. § and each of the switches of :.
the second and third stages comprises switches of the

~ between the switches in the grtds is made in the manner

- identical to that previously described in connection with
. the grid of FIG. 3, the links interconnecting the prlmary |

The mterstage conneetrous :

55

and secondary Sthches of the grids 80 and 81 again bemg -

 designated A and C links, respectively. ~Transt
- conductors . (not shown) |
as previously described. Each of the primary switches 82

ission
ay parallel the A and C links
60
- of the: grids 80 has a gating means 83 corresponding to

~ the. gating means 76 of FIG. 5 which connects portions .
of the oonductmg bus as described in connection with the

- switch; deprcted in FIG. 5. Access to each of the A link

~ ductors m of the switch are also connected. One of the -

grids 80 is had by means of a plurality of input control
conductors. connected to four sets of control terminals 1,

o through m,, which terminals have been shown in the

drawing merely as conductors for purposes of simplicity.

-' “Each of the eecondary switches 84 of the grids 81 also -

has a gating means 85 corresponding to the gating means
76 of FIG. 5 which connects portions of the conducting

~ bus as described in connection with the switch described

in FIG. 5. The output of each of the C link grids 81 is

70

taken from a plurality of output control conductors con-

‘nected to. four sets of control terminals n; through 7,

75

work of FIGS. 6 and 7 and'the application of energizing

signals thereto are accomplished by means of a tree ar- |
rangement of AND gates at each end of the supergrid.

~In the network presently being considered three stages of

selection are provided for:-at each end of the supergrid.
Selection at each end of the supergrld 18 made by select-
ing the level within each of the switches of each of the -

~grids of the A and C link grids on which the selected

~m and n control conductor terminals fall, the particular .

“switch within each of the grids within which the selected =

~m and n control conductor terminals occur, and finally

~ the partrcular A and C link grids in which the selected
switch occurs.

Level selection at the input side of the
supergrrd network of FIGS. 6 and 7 is accoruphshed by

a plurality of two-input level AND gating means 88;
through 88, corresponding respectively to the four levelsﬁ |
of each of the switches 82 of the A link grids 80.

the grids 80 by means of conductors 89. One mput of

“each of the gating means 88 is connected directly to a
~current pulse source 99 via a conductor 9¢’. B
‘Input of each of the gating means 88 is connected via

a oontrol conductor 91 to level selector control orr—-
cuitry to be described hereinafter.
Prrmary switch selection within each of the grrds 80

at the input side of the supergrid network is accomplished -

by a plurality of two-input switch AND gating means
921 through 92, associated respectively with correspond-

ing switches 82 of the grids 80. The output of each of

the gating means 92 is. counected via a control conductor' ;
93 to one of the inputs of its associated bus gating means
83. The other input of each of the bus gating means

83 is connected to the commou conducting bus of its .

switch 82 to which the. input - coordinate control con-

inputs of each of the switch gating means 92 associated
with a particular grid. 80 is connected to each of the
corresponding inputs of the other gating means 92 so as-.
sociated by means of a ‘common conductor 94. The -
other input of each of the switch gating means 92 is con-
nected to the corresponding input of the corresponding - |
gating means 92 associated with the grids 89, through
80;¢ and - theu via respectwe control conductors 95 to

- output ends of the gating means 88, through 88, speci-
~ fically are multiplied respectively to the control conductor
terminals m, ‘through my of each of the switches 82 of

‘A control
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switch - selector control circuitry to be descrlbed hete-

inafter.
Grid selection at the mput side ef the - supergrld net-

.work is aecompllshed by means of the other inputs of

the switch gating means 92. The latter inputs are- as-

- sociated in particular groupings by means of the common

conductors 24, The latter conductors are -each in turn

connected to respective -control conductors 26 t_o--rec_eive :
control signals from grid selector control circuitty to

be hereinafter considered. In the network embedlment
of FIGS. 6 and 7, four level gating means 88 and their
assomated control conductors 91 thus control the selec-

tion of the level within a switch 83 of a grid: 89; 64 gat-

Ing- means 92 and one set of their asaemated control

conductors 95 connected .to one of the corresponding’
inputs control the selection of a switch 82 within a grid

80, and the other set of 16 control conductors -%6 -con-
“nectéd to other corresponding inputs of the gating-means
92 via the common conductors -94 control -the selection

of -the grid within whmh the -selected switch- and level

appear.

The selector access mrcmtry as well as the internal

orgamzatlon of - the supergrid - network- 1s symmetﬂcal

The output selector tree- arrangement of gating - means-1s
thus identical to that described in connection with the

input selector tree of the supergrld The selection -at the

output side of the supergrid. is made to ‘connect ground:

potential to an n output coordinate control conductor

terminal- of - the C link grids-81-and specifically to the:

secondary stage switches- 84 of - the latter gr‘ids“ simul-

20

168 te receive  control signals from the aforementioned
output selector control circuitry. In the network of

" FIGS. 6 and 7, four level gating means 160 and their

10

15

20
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‘taneously - with the application of an energizing- pulse

from the source 90 to-a selected m input coordinate -con-
trol conductor ter

and 7 is aceempllshed by a plurality of two-input-level

AND -gating means ‘19, .thorugh 188, corresponding: re-.
 spectively to the four levels of eachof the  switches 84
 of the C link:grids 81. The output ends - of- the- gating:: -
~ means 100; through 190, are connected -together and-
to ground or other potential via a: commeon- conductor
One . corresponding input’ of -each of-the gating

101,
means 108 is multiplied respectively ‘to the control cori-

duetor terminals n; through ng of each -of -the switches

84 of the grids 81 by means of conductors- 102 The

other cerrespendmg input of each of the gating means-

190-is connected via a: control conductor 103 to- output

iinal of-the grids 80, Level selection
at -the OLtput side. of the- supergrld network- of- FIGS. 6

associated control conductors 103 thus control the selec-

. tion -of the level within a switch 84 of a grid 81, 64 gat-

ing means 104 and one set of their associated: control -
conductors 107 connected to one- of the corresponding
inputs control the selection -of a-switch 84 within a grid
81, and -the other set of 16'control conductors 188 con-

-nected to other corresponding inputs-of the gating means

184 via-the common conductor 196 control  the selec-
tion of the grid 81 within Wthh the- seleeted smtch and-
level appear.

Although any su1tab1e gating-means- may b -employed:

“in the network of FIGS. 6 and 7 for the' elements 83,
- 85,88, 92; 180, and 184 which are well ‘known ‘in-‘the

art as-was also the case in the network -of FIG. 4; pnpn
transistor triodes weré also found particularly applicable
for controlling the current path through the selector trees

~of the embodiment of FIGS: 6 and 7. The latter net-

work proves: particularly. adwantageeas in: this respect as
will - becomg clear - hereinafter in that only the gating"

‘means 83, 85; 88, and 100 need ‘be elements capable of

carrying: pewer to operate ‘individual ferreeds since':the

‘drive: current pulse from':-the source 90 traverses: enly-

these-elements. |
In: order: to: provide eff

ective el'ectrl-e,al ‘isolation’ for

‘the control paths established through' the network and -

to prevent sneak control paths, each of the m input cor-
trol conductors of ‘the grids 89 has a unilateral conduct-
ing elemént: 120 connected thereto. Similarly, each of

“the n output control condictors of the grids 81 also has

- a -unilatéral conducting -element 121 connected “thefeto.

40
~ condiictors and their associated circuitry may be-desige

45
~envisioned by one- skilled ‘in' the art with respect to the-

- lavel selector control c1rcmtry also to-be- descnbed here- -

" inafter.

Secondary smtch selectlen within each of the' grlds'-' |

84 2 the output side of the supergrid-network 'is accom-

-phshed by a plurality of two-input output switch AND
gating means 104, through 104;-associated- respectwely-
“The -

with corresponding - switches 84 of the grids- 81.
output of .each of the gating: means 104-is connected-via

a control conductor 105-to one of the inputs of- its

associated bus gating -means 85. The other input’ of

each of the gating means 85-is connected to the-common-
conducting -bus of its switch 84 to which -the  output

50
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‘trol condiictors 91, 95

The: direction of -the ele

1eiits 120 and 121 is from input

‘to output of the neétwork.

In the enibodiment ‘of FIGS: 6 and 7, SIK ‘séfs of ‘con~
96; 103, 107, and 188" are selec-

tively energized to ‘determing a eenduetmg path throtigh
the input and cutput selector trees of -the 3superg1_‘1_d net~
work - as ‘described’ in ‘the foregoing. These" groups  of

nated LI SI,-GI, GO, SO, -and LO, respectively. Ex-
ternal circuitry for controlling-the selective enabling ‘of
the- gates-of the seléctor trees at the same time- that the-
current ‘pulse source- 99 is 'energi'zed will -also be-readily

network' of FIGS: 6-and- 7.  The latter su,r_:ergrld net-' |

- work: aceerdmﬂ to ‘this invention and'its asseclated Sé-

lector- trees are thus also-readily adapted for use-in com~
nection ' with -known "electronic- telephone switching' sys-
tems.  Ong illustrative system substantially similar to -
that ‘assiimed in connection 'with the network of FIG. 4
is’ shewn n FIG 6 I almphﬁed block symbol form only
and comprises a register 11¢ for prewdlng the' binary
signals required for enabling- selected - gating' medns of
the iput and output: selector trees. The register 110

 may-be divided into sections LI, SI, GI, GO, SO, and"
LO, corresponding  to the  groups -of control ‘conductors

coordinate centrel cenducters n ef the switch-are- also

connected. . One. of the inputs of each of- the  switch

gatmg means 104 associated with a -particular grid- 81

60

is connected to each of the corresponding inpufs of the

other gating. means 104 so associated by means of a com-

mon condutcor 166. The other input of each of the

switch gating means 164 is connected to the correspond-

ing’ input of the cerrespondmg gating means 104 "associ-
ated ‘with the grids 81 threugh 8146 and then via respec-
tive: control conductors 197 to sw1teh selector’ control

circuitry to ‘be described hereinafter:
Grid selection at the output side of the supergrld net-

work of FIGS. 6 and 7 is accomplished by means of the

other inputs of the switch gating méans 104. The latter

inputs are associated in- particular groupings by ‘means of
the*common conductors 106 The latter ‘c'e"nductors ‘are
each in turn connected- to respective control-conductors

65

connected to the groups of level input, switch input, grid

input, grid ‘'output, switch output, and level output gating:
means, respectively, _ef the selector-trees.” Each section
of the register 110 ‘'may conveniently comprise- a plu-
rallty of well known ﬂlp-‘lep circuits each havinga bidary
“17 and" “0” output. Smgle rail logic may. be ach1eved”
for the energized states’ of the seléctor cornductor 91,
95, 96, 103, 107, and 108 by connecting -the latter only
to the binary “1” outputs of the ﬂ1p-ﬂeps

The register. circuit 110 is-in turn controlled -by, and-- |

. recelves its selection instructions from; a control' circuit

111 which may advantageously- comprise’ the common;
control of the telephone system- with -which the-present

embodiment may be adapted-foruse. At theé same time

that control signals are-selectively applied via control -

- conductors 112 from the common control circuits 111 o



- the selection Tegister 116, ancther control . sxgnlal is also

applied from the common contml 111 to the pulse source

- 90. . The latter control. signal is delayed by means of a
suitable de 1ay circuit 113 ‘to which it is conducted via

 a conductor 114 and is transmitted therefrom fo the
pulse source 90 via a conductor 115. The operation of
| 1its a stabilization of the
selection register 110 to insure -the proper enabling of
 level, switch, and grid gating means in the selector trees:
* simultaneously with the application of a drive current
Resetting of the selection

the latter delay circuit 113 per

pulse to the selector trees.

- of the network. As will be apparent from the intercon-
nections between levels, switches, and srids previously
described, one of the gating nieans 88 is enabled by the
- selective appllcatlon of an enabling sienal to its control
~ conductor 91 from the LI section of the register 110.
‘A conducting path for a current pulse from the pulse

10

- register 11® in preparatmn for a subsequent network :

selection operation may be _conveniently achieved by -

means of the same control signal applied to energize the

- pulse source 98. The latter signal may be applied, after
a suitable time interval introduced by a second delay cir-

cuit 116, to the flip-flops of the register 110 in common

~via -a reset conductor 117. Each of the delay circuits

113 and- 116 comprises apparatus well known in the art
- and constitnte only illustrative means for achieving a

20

~ selection within the selector trees of the network. Ac-
cordingly, these" circuits. are also shown only as block-- |

-symbols in the drawing.

- An illustrative operation of the network of FIGS 6
~ and 7 in which particular A, B, and C links-are sclected

in the supergrid follows closely a typical operation of

- the network of FIG. 4. Accordingly, only so much of

 an illustrative operation of the network of FIGS. 6 and
7 will be described as to distinguish it from the network

of FIG. 4. Although only one control path exists from

any -output control terminal # of the primary switches
of the grids 80 to any mput control terminal m of the

~ secondary switches of the grids 81, any one link may be

employed for a number of such control paths as will

FI1G. 4. Acccr-dmgiy, although the transmission circuits

| | assocmted with particular input and output control ter-
~~ minals of the. supergrid may be -idle, the transmission
| paths associated with a link or links interconnecting the

‘secondary switches of the grids 81 may not be-idle.

30
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able selected gating means of the selector trees at both ends-

source 90 thus is initiated via the conductor 8¢’ to the
level input control conductor m of each of the switches 82
connected to the output of the enabled gating means 83
via a multiple conductor 89 and a diode 120. The par-
ticular switch 82 through which the current pulse from

the source 99 finds electrlcal continuity is determined- by
‘which of the bus gating means 83 is enabled. The latter

determination is made by the selective enabling of a gat-

ing means 92 by the combined energization of a conductor
65 and 96. Thus the selection of a conductor 95 by

the application of a signal thereto from the SI section of - o

the register 119 partially selects the corresponding switches
82 of the grids 80 in which the selected level occurs.
The energization of a conductor 96 by the application of

a signal thereto from the GI section of the register 11¢ o

then finally completes the selection by determining the
grld 80 in which the selected switch and level appears.
- Once the selected m input control conductor of the

first stage of the supergrid has been determined by the-_ |
- selection operatlon generally described in the foregoing,

the remaining control path segments through the super-
orid network are determined by the selection of an » out- -
put control conductor of the fourth stage of -the super-

grid.. The selection operatlon at the output side of the

supergrid shown in FIG. 7 is identical to that generally
described for the input SIde As will also be apparent

" from the interconnections between levels, switches, and

If the transmission path associated with such a link is
busy and the link is then seized during a network con-

. trol operation, any ferreeds having a winding connected
in the coordinate control conductor of the switches to

45

‘which such links may be connected will be restored to a

 released condition and their contacts opened. Accord-

_mgly, it will also be assumed for purposes of consider-

~ ing an illustrative operation of the network of FIGS. 6
and 7, that-an external m..,mary, ‘not shown in the draw-[

ing, and mnot constituting a part of this invention, is
provided in association with the common conirel cit-
cuit 111 to record the busy and idle condition of the
transmission paths associated with A, B, and C links.
The common control circuit 111, responsive to informa-
tion received from the memory regarding the busy-idle

- condition of the metwork transmission paths, then .con-

trols  the selection of the. interstage links to prevent the

- destruction of network transmission paths ‘established

~during previous operatmns

 An illusirative series control path through the network'
of FIGS. 6 and 7 is established to operate selected ferreeds

. within. the switches of the four stages and thereby estab-
“lish a transmission connection through the network, The

sion path not shown in the drawng between calling and
called telephone stations as is well known in the art.
-~ As was the case with respect to the network embod1ment
 of FIG. 4, the control path through the network is se-

~ lected by control signals from' the common control

circuits 111.. These signals in turn operate to cause the

register 110 to apply signals to selected ones of the con-
- trol conductors sets 01,95, 96,.103, 107, and: 108 to.en-

be recalled from the description of the embodiment of _35'

. aforementioned primary switches of the grids 89 and 40

ground or other potential through a diode 121.
~ selection is' made by applying an enabling SIgnal to a
“selected control conductor 183 from the LO section of

erids at the output side of the supergrid, a switch 84 and
the grid 81 within which the latter switch 84 appears are’

selected by the combined enabling signals applied to
~ selected omnes of the conductor sets 107 and 108 frem
the SO and GO sections of the register 110 and hence -
to selected ones of the gating means 164.
~ inter connections previously described, it will be apparent

that only one of the gating means 84 of the smty-four-

‘such means connected to the switches 84 Wlll have an
-enabling signal applied to both of its mputs ~The bus
gating means 85 of a selected switch 84 in a selected one

of the grids 81 will thus be selected. The final selection
to be made is the level within the latter selected switch

84 on which the output side control conductor n falls -

and  which control conductor n is to be connected to-

_the register 11® and thereby to one of the inputs of a

55
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75,

operation of the selected ferreeds closes. ‘their respective 99

ring and tip contacts to complete a ‘telephone transmis--

gating means 108. Since each of the gating means 100 is
connected by one of its inputs to each correspondmg.

level of each of the switches 84 and grids 81, it is clear that

a current path will be available when a gating means

100 is enabled no matter in which grid the selected level

appears. Obviously, each of the selection operations thus
generally reviewed occurs simultaneously and the gates in
both the input and -output selector trees of the supergrid

network are enabled for a sufficient time interval to per—
mit the application of a pulse from the source 90.- |

In FIGS. 8 and 9 is shown another illustrative switch- "
ing network according to the principles of this invention
also having three stages of selection at each end. Be-
tween the output side- “of its first stage and the input side
of its fourth stage, the network of FIGS. 8 and 9 is

identical in every respect to the corresponding portions

of the two networks .previo.usly described in connection
with FIGS. 4, 6, and 7. The interstage A, B, and C

~ links interconnecting the switches and grids of the four
| _stages are thus made. in a manner also identical to that

escribed in connection - with the corresponding links
of the network of FIGS. 6 and 7, for example.  Like

From the

ThIS:_"'
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the network of FIG. 4, the switches employed in each
of the grids of the four stages of the supergrid are iden-
tical to those already described and depicted in FIG. 1,

that is, the common conducting bus connecting each of
the coordinate control conductors of - a switch- 1s ‘un-
a continuous ungated series control
- path between any m coordinate confrol conductor and

broken and provides a

any n coordinate control conductor connected thereto.
As previously described, transmission conductors (not
snown) may parallel the coordinate control conductors

m and n of the respective switches and the links inter-

- connecting the coordinate control conductors s and 71 of
the various network stages. |
In the metwork presently being consu:lered however
the switches of the first and -four stages of the supergrld
are employed in an advanfageous manner in accordance

-with another aspect of this invention so that the com-

mon conducting bus-provides a means for simultaneously
applying energizing current pulses to the two sets of co-

ordinate control conductors and also provides a means for:

' ‘simultaneously transmitting current pulses- applied to the

two sets of coordinate control conductors to other sections

of the network. In order to accomplish this modified
~ operation of the common conducting bus, a shunt con-
nection is made at ‘the bus at a peint between the con-

nections of the two groups.of m and » coordinate control

conductors. This bus connection will become clear from
a consideration of a more detailed description of the
- network of FIGS. 8 and 9. |

‘The first stage of the supergrid network of FIGS. 8
an-c'_l 9 comprises -a - plurality of switches 1390; through
130, each having a continuous common conducting bus

connecting the two sets of m and »n coordinate control

conductors such as is depicted in FIG. 1. - For purpeses
of description, however, the common conducting bus .of
each switch 139 of the first stage has the two portions
thereof to which the coordinate control conductors m

and rn are connected, designated d and e, respectively,
In order to differentiate between the connections made to

the. common conducting busses of -the switches of the first
and second stages of the supergrid, the busses of the
switches of the first stage are symbolized by a double
line in the block symbols representing the switches. As
in the previous networks described, the switches 139 of
the supergrid -are grouped by grids 1311 through 131,
on the input side and the switches of the output side are
grouped by grids 132, through 132,5,. The grids 132 of
the output side have in the fourth stage a plurality of

switches 133; through 133,4, the latter switches also -hav-

ing shunt connections made to the common conducting
~ busses between the portions d and e thereof as was the
case in the switches 138, The common conducting

busses of the switches 133 are also symbolized by double

Imnes 1n the block symbols. Since the supergrid network
of FIGS. 8 and 9 is identical in capacity and interstage
connections to the networks previously described,
switches and -grids of the present network need not be
more specifically described in order to obtain an under-
standing of its organization and operation. o

In the present supergrid network, the selection or mark—
ing, of a contro! conductor ter:
the network and the selection of a control conductor
terminal at the output side of the network determines a
‘unique, continuous series control path through the net-

work. However, in the present network -organization
three selection stages at each side of the network are

effective- to accomplish: two distinct selection operations

at each side of the network. On the input side of the

network a particular switch 13€ of the sixteen grids 131
is selected to have an energizing current pulse applied
to its. common conducting bus at its shunt connection.
This current pulse divides between the two portions d

and e of the bus, one part of the current being applied

to the » output control conductors of the selected switch

and. thence via the interstage: links to the output side of

the

inal -at the input side of

16

1o

24

“the supergrid.” The other part of the divided current
pulse 1s applied to the m control conductors of the se-
lected - switch,

one of which - m contro! conductors is
selected on a level selection -basis to provide a path to

~ ground for the-latter part of the current pulsp apphed at

the input side of the network.
- On' the output side of the supergrid the three stage

selector tree is also effective to accomplish two distinct

selection operations. One of the switches 133 of the

sixteen grids 132 is selected to provide, through its com-
~mon conducting bus, and more particularly to the portion

d thereof to which its m control conductors are connected,
a path-to ground -for the part of the energizing current
pulse applied to the input side of the .supergrid network
and which was carried through the network via the inter-
stage links. The level selecticn on the output side of the

~ supergrid network is made by selecting a particular »

20

control conductor of the selected switch 133 and applying
another current pulse thereto simultaneously with the
.apphcatmn of the current pulse to the commeon conduct-

“ing bus of the selected switch 13¢ at the input side of the

network. The current pulse applied to the selected n
control conductor at the output side of the network is

conducted to ground via the same common conducting
‘bus carrying to ground the part of the current pulse ap-
plied at the input side of the network.

‘The operation of the shunted common conductmg bus

- of a switch 130 and 133 will be better understood from

30
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60’? ground. The. current pulse 136 may also be assumed for

purposes of description to be positive and both the pulses

70

~of the same conducting bus.

a consideration of the sunphﬁed connections shown in
FIG. 10. In the latter figure are shown the control con-
nections of a first stage switch 138 and a fourth stage
switch 133 having the n and m coordinate control con-
ductors connected via interstage links not specifically
shown. The m .coordinate control conductors of the
switches 130 and 133 are each connected to the d portion
of the common conducting bus and the n coordinate
control .conductors are each connected to the e portion
In accordance with the
foregoing general description, a current pulse 134, which
may for purposes of description assume to be positive, is
apphed to the input control terminal 135 and thereby
via a conductor 135’ to the common conducting bus of
the switch 13% at a point between the d and e portions.

At this point the current puise 134 divides, one part being

conducted along the e portion of the bus to an » coordi-
naie conirol conductor and.thence via unique interstage
links fo an m coordinate control conductor of the switch
133. The divided part of the current pulse 134 then

-1s conducted via the portmn d of the common conducting

bus of the switch 133 via another conductor to ground
The other divided part of the current pulse 134 is con-
ducted via a selected level m coordinate control conduc-
tor and a diode to gmund at the input side of the simpli-

fied connections.shown in FIG. 10. At the output side,

simuitaneously with the application of the current pulse
134, another current pulse 136 is apphed to a terminal
137 and a conductor 137 and thereby via a diode to a
selected n coordinate control conductor of the switch 133.
The current pulse 136 is then conducted via the portion e
of the common conducting bus of the switch 133 to

134 and 136 are adjusted in magnitude sufficient to
operate the ferreeds at the crosspoints of the coordinate
control conductors. It will be appreciated that the cur-

‘rent pulse 134 will be twice the magnitude of the current

pulse 136 since the former divides at the parallel paths
presented by the coordinate control conductors of the

switch 130. As a result, each of the divided parts of
the pulse 134 must be sufficient to energize the respective
control winding sets of the selected crosspoint ferreed of

the switch 132 to which it is directed. The detailed

manner in which the simplified switch connections shown
in FIG,. 10 are adapted to achieve an advantageous switch-

75 Ing network will become clear from the development of



o

o the"deecripttenh of the illustrative network of FIGS. 8
~and 9, which description may now be continued.

Selection at each end of the supergrid network of FIGS
8 and 9 is made by selecting the level within each of the

switches 130 of the grids 131 and the smtehes 133 of the

grids 132 on ‘which the selected m and » control conductor
terminals fall, the particular switch. 130 and 133 within
“each of the grids within which the selected m and n con-
“trol ‘conductor terminals occur; and finally the particular
grids 131 and 132 in which the selected. switches occur.

o 8,334,335
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151, to its associated switch 136 common eonductmg bus.

- At this point the current path d1v1des to form two paraliel

- branch paths: one traced along the portion e of the com-

~-mon conducting bus, a selected n output coordinate con-

~trol conductor, and then via the interstage A, B, and C
:11111{8 to the other side of the supergrid, the other path
traced along the portion d of the common eonductmg.

~ bus, a selected m coordinate control conductor, a multiple

10

- Level selection at the input side of the. supergrid network

. 1s accomphshed by a plurality -of two-input level AND
- gating means 146, and 149, corresponding respectively to

the four lévels of each.of the switches 139 of the A link

- grids- 131, The output. ends ‘of the. gating means 14¢ are

. -eennected tegether by means ‘of a conductor 141 and there-
by to ground through a. resistance element 141’. One
'correspondmg input -of each of:the gating means 140 is

_connected via conductors 1424 through 142, and then via

multiple eonducters 143 to. respective control: conductor

- terminals my through my of each of the switches 130 of
- the grlds 131. A control input of each of the gating means -

conductor 143, an input conductor 142 of a selected level
gating means 14@ common conductor 141, resistance ele-

ment 141"; and frround - A unilateral conductmg element

155 is 1nserted in each of the m coordinate control con-

- ductors at the input side of the supergrid in a direction to

~ permit the conduction of current therethrough to ground

at the conductor 141. The elements 155 serve the function

~ of isolating the selected control paths selected in the net-
- work. and thus prevent the occurence of sneak eentrel

20

- 1401 1S cennected w.e a centrol conduetor 144 to level selec-

'. iput side of the supergrid network of FIGS. 8 and 9 is

‘accomplished by means of a plurel*ty of two- mput switch
AND gating means 145; throunh 145, associated respec-
| tlvely with the individual switches 130 of the grids 131.
‘The output ends of the- gating means 145, through 145,

Sthch seleehon W1th1n eaeh ef the grlds 131 at the m—:" 25

is symmetrical.

 paths.

The selector access. e1reu1try as- Weli as the 1nternal'_ .
organization of the supergrid network of FIGS. 8 and 9

being interconnected with the C link grids 132 shown in

FIG. 9 by means of the B links and intermediate switches,
'enly representatwe B links, 156 through 159, being shown

in the drawing. The latter representatwe links each also

has a unilateral cenduetmg element therein to represent

specifically are mulhphed respeetwely to inputs of grid

AND getmg means to be considered hereinafter, outputs

~ of the latter gating means: then completing the connection
- to the common conducting busses of the switches 130. One
‘input of each of the gating means 145 is connected via a <

~ control conductor 146 to switch selector control circuitry.

- The other inputs of each of the gating means 145 are con-
. mected together by means of a common conductor 147 and
‘thence via' a conductor 148’ to a source of current .

o pulses 148

. tions.

the fact that each of the B links includes such an element;
The output selector tree arrangement of gating means is

identical to that described in connection with the input
selector tree in the foregoing.. The selection: at the out-
put side of the network also performs two distinct opera-
In one of the operations a path to ground is selec-

tively prewded for the divided part of the current pulse

~applied to the input side of the network. In the other

operation a current pulse is applied to a selected level n
coordinate control conductor. - The latter current pulse

may advantageously be supplied by the pulse source 148

~and is conducted from the output of the latter source 148

- Grid seleetlen at: the 1nput suie ef the pre.aent supergrtd': |

' network is aceemphahed by a plurality of two-input grid
- AND gating imeans 150; through 159, in four:groups as-
- sociated :respeetﬁ.felyr ‘with corresponding switches 13§ of
~'the grids 131. The output of each of the gating means 150 .
- 4H
-is connected via a conductor 151 to the common conduct- -

ing bus of its associated eerreseendmg switch 136, The

-- ._ connection of a conductor 151 is made at a pemt on the -
- conducting bus of a switch 138 as illustrated in FIG. 10

for the conneétion of the: eendueter 135’. One of the in-

~associated by means of 'a common eenducter 152. The

~ - othervinputs of each of the switch gating' means 159 are
- -grouped by corresponding switches 130 of the grids 131

and are so connected together by means of multiple con-

. ductors 153." The latter conductors 153 are then connect-

~ed to the respective cutputs -of the switch. AND gating -
“The 1nputs of the gating means
150 connected together by grids by means of the conduc-

- tors 152 are connected to grid selector control circuitry by
means .of control.conductors.154. It is thus apparentthat
four control conductors 144 provide the means for enabling -

- 65

-means 145, through 145,.

‘the gating means 140 for selecting one of the four levels
of the switches 130, -four: control conductors. 146 provide

o the means for enabling the gating means 145 for selecting
 one of the four switches 130 of the grids 131, and sixteen -

control eenductors 154 provide. the means for enahhng the
 gating means 150 for selecting one of the sixteen grids

to the: eutput side of the supergrid network by meansof a
Level selection at the output side of the -

conductor 169.
network: is accomplished by a plurality-of two-input level

~AND  gating means -161, through 161, corresponding
. respectively to the four levels of each of the switches 133

of the C link grids 132. Corresponding ones of the inputs

of the gating means 16X are connected together by means -
- of a.common conductor-162 and thereby to the conductor

169 connected to the output of the pulse source 148. - The
- other corresponding inputs of the gating means 161 are

 each. connected by means of a control conductor 163 to

50
puts ‘of each of the switch: gatmg means 158 associated
with' a particular grid 131 s connected to each of the

N -:'correspendmg inputs of the other gating means 150 so

55

level selector control circuitry.
“means 161 are connected to respective control conductor
- terminals ny threugh ny of each of the switches 133 of the
grids 132 via multiple conductors 164. A resistance ele-

‘The outputs of the gating

ment 165 is inserted in the outputs of the gating means 161
to adjust the amplitude of the current pulse received from

the input side of the supergrid network for reeeens Wh1eh -:

- inlI become apparent hereinafter.

70

131. A current path at the input side of the supergnd |

“may thus be traced from the ‘pulse source 148 via the |
conductor 148’, an input of one of the switch gating means.
145, any one of the grld gating means 156 via a conductor

- 153, the output of a gating n

eans 15¢ and the eenducter

5

Switch selection within each of the 'grlds 132 at the eut—- '

| put side of the network is ‘accomplished by means of a
o Plurality of two-input switch AND gating means 167;
-~ through 167, asscciated respectively -with the individual
~.switches 133 of the grids 132. The output ends of the

- gating means. 167 are connected together by means of a

conductor 168 and thereby to ground. One corresponding -

input of each of the gating means 167 is multipled by =
~means of a multiple conductor 169 to corresponding out-
~puts of grid AND gating means to be described hereinafter.
The other: eorrespendmg inputs of each of the gating
means 167 is connected by means of a control cenductor

170 to switch selector control circuitry. | |
Grid selection at the eutput side of the. supergnd net-

work of FIGS. 8 and 9 is aceemphshed by a plurality of .
two-input gr1d AND gating means 1’711 threugh 171, 1In

four groups asseeiated resPectlvely with - corresponding

'smtch_es 133 efthe grtds 132. The out_put of each of the

~The A link grids 131 shown in FIG. 8
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gating means 171 are connected via the multiple conduc-

tors 169-to the inputs of the corresponding switch gating

means 167 as previously mentioned. One of the corre-

SPOIldlng inputs of each- of the gating means 171 of each -

 of the four groups is connected to each of the other corre-
sponding inputs of the gating means 171 of the same group

by means of a common conductor 172. The other corre- -

sponding: inputs of ‘the gating means 171 of each of the
four groups.are connected respectively via conductors 173
to the common ¢onducting busses of the associated switches

10

133 -between the portions d-and e thereof as illustrated in

FIG. 10. The common conductors 172 are respectively
connected to control conductors 174 which are in turn con-
nected to grid selector control circuitry.

It -is. thus appaient: that four control cenducmrs 163

'pr_emde tHe means: for enabling the gating means 161 for

selecting one of:the four: levels. of the switches £33, four
‘control conductors 179 provide the means for enabling the

- gating
133 ofthe ‘grids 132, and sixteen control cenductors 174
- provide the means for enabling the ﬂatmg
selecting-one of the sixteen grids 132. |
‘During a network selection ops ratmn two primary con-

- trol circuit- paths may be traced from the output of the
pulse source 148 of FIG. 8. At the conductor 148’ one of
the primary circuit:branches may be traced to the input
~side of ‘the network through an input of a switch gating
means 145; a multiple conductor 153 to an input of a grid
gating means 130, and an oufput conductor 151 of the
latter. gating means 159 to a common conducting bus of a
 selected switch 130. At this point two further secondary
branches are formed: one being traceable through the por-
tion d of the conducting bus, an m control conductor and

-its included ‘wnilateral eonductmg element 155, a multiple

eendueter 143, an input conductor 142 of a level gatmg
means 140, one of the gating means 148, and thence via

‘the common conductor 141 and resistance element 141"
to - ground; the other of the secondary branch paths is

traceable through the e portion of the conducting bus and
then through the network itself via the A, B, and C links.
At the C link grids the latter secondary branch path
terminates in' the d portion of the conducting bus of a

selected switch £33. The other primary circuit path trace-
able directly from- the output of the- pulse source 148 men-
tioned in the foregoing may be traced along the conductor

means' 167 for: selecting one of the four switches
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in a manner previousy described, is of a eharaeter to sup-

~ ply a pulse of magnitued sufficient to operate the ferreeds
at the seclected crosspoints after its division among the -

branch control paths traced herebefore. Since the con-
trol circuitry is identical to that described in connection
with the network of FIGS. 6 and 7, the present control
circuitry depicted in FIG. 8 may be understeed by refer-
ence to the latter network.

It will be appreciated that the same requirements ef

._eemcudenee of amplitude and time that apply to the net-
works of FIGS. 4, 6, and 7, in view of the ferreed cross-

noints employed, apply with equal force to'the- network
embodiment of FIGS. 8 and 9. These- reqmrements are .

amply satisfied in the latter netwerk as is apparent from -

the manner in which the energizing current pulses -are
applied. Thus the control of the pulse source 148 efiec-
tively controls the timing of the pulses applied to-each

side of the network and in each control path: branch -
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presented thereto. To insure that the amplitude: of -the
current pulses applied to the ferreed crosspoints in the
switches 130 and 133 where the control-winding sets ap-
pear in different branches of the metwork, a resistance
element 141’ and a resistance element 165 in-the-input
and output side branches are provided; The value of the

5 resistance elément 141’ is adjusted so that the magnitade |
of the current in the A, B, and C links branch substan-

) tially equals the current. magmtude ir -the branch. includ-
ing a selected m coordinate control conductor of a switch

136. Similarly, the value:of- the resistance element 165
is adjusted so that the magnitude of the current in. the
branch including an s coordinate control conductor of-a

switch 133 substantially. equals the current in the A, B,

B and C links branch. The fotal current magnitude- ef a

)
] |

pulse supplied by the pulse source 148 is thus determined
as being three times that appearing in the branches in-

~cluding a control winding set of a crosspoint ferreed. The
“magnitude of the current applied to any one of the-gates

145 and 158 and thereby to a common conducting bus

160, an‘input of a level gating means 161 via the common

eenductor 162, resistance element 165, multiple conduc-
tor 164, a selected 7. coordinate -control ‘conductor of the

selected switch 133, to- the e portion of the common con-

ducting bus at which point the abovementioned secondary

branch path was also-terminated. The two branch control
paths just ‘described then are traceable to ground via a
conductor 173 connected to a input of a grid gating means
171, a-grid ‘gating-means 171 and its output connected to
a multlple c¢onductor 1692,:an input of a switch gating means
- 167, ‘and ‘the multiple eenducter 168. Unilateral conduct-
ing elements 175 are also included in the n coordinate

control conductors at ‘the output- side .of the supergrid

network to prevent sneak conducting paths and thereby to
| 1selate the ‘individual-control paths thI‘Ollgh the network.

eénergized to determme a centrel path through the network
and -also ‘to -determine the m and »n control conductors at
the ‘opposite -sides of the network to which a current pulse
is conducted to ground and to which it is applied, respec-
tively. ~As in- the network embodiment of FIGS. 6 and 7,

these. groups of conductors and their associated circuitry

" ‘may be designated LI, SI, GI, GO, SO, and LO, respec-
tively. The external circuitry for eentrellmg the selecuve
enabling of the gates of the:selector trees at the same time
that the current pulse source 148 is energized may be sub-
stantially identical to that shown in FIGS. 6-and 7 and
generally described in connection ‘with these figures with
one exception.  The pulse source 148, although controlled

o |
) |
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In the embodiment of FIGS. 8 and 9, six sets of control -~
conductors 144,146,154, 163, 170; and 174 are selectively

0 of a switch 138 is thus two-thirds that. ef the total current

supplied by the pulse source 148.

The gating means empleyed in -the netwerk of - FIGS
8 and 9 may also comprise. pnpn transistor triodes of the
character also suitable for use in the networks of FIGS.
4, 6, and 7. Xt will also be appreciated by those skilled
in the art that, instead of employing the same pulse -
source 148 to supply the pulses-to both sides of the net~
work simultaneously, separate pulse sources could be used
at each side. In such an alternative arrangement-:coin-
cidence of current pulses is readily insured by ‘the com-
mon control of both pulse sources from the common con-
trol circuitry of the telephone system with which the net-
work may be adapted for use. Either of ‘the -network
embodiments of FIGS. 6-7 and 8-9 may also advanta--

geously be expanded to add another supergrid unit in the

manner described in connection with the embodiment. of
FI1G. 4. Junctor connections in such a-case would again
be made foliowing the last stage of the first supergrid with -
the junctors themselves being selected by means of relay
contacts or other means known in the art to add to the
flexibility of the network.

What have been described are -considered to be: only
illustrative network embodiments of ‘this invention, and
it is to be understood that various and numerous other
arrangements and modifications incorporating therein vari-
ous combinations of the alternate forms of :the ferreed
switch common conducting bus may be devised by one
skilled in the art without departing from the spirit and
scope of this invention.

What is claimed is: | |

- 1. A multistage telephone switching. netwerk havmg
in each of its stages a plurality of arrays of crosspoint
devices; each of said arrays-having first and second co-
ordinate control conductors, each said crosspoint device

- of an array including contact means responsive.to coin-

cident energization of a first- and. second coordinate con-
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trol conductor fo estabhsh a nnrque transnussron path |
* through said array; and compising a conducting means -

for. each of:said arrays. for connecting each of said first

 coordinate control conductors of an array with each of

said. second coordinate control conductors of the same
_array; a pluality of interstage control links each having
a unilateral conductlng element therein for connecting

a second coordlnate control conductor of each of said
arrays of one stage to.a first coordinate control conductor |
of each, array of the succeeding stage; and markrng means
for sunultaneously applying different potentials to selected
first and second. coordinate control conductors of the
arrays of only the ﬁst and last stages of said network |

| respecnvely |

2, A mnltrsta ge telephone smtchnrg network as clalmed
in claim 1 in which said marking means comprises a
first and a second multistage selector tree arrangement of
gating means at- the input and output-side of only said

first and last stages of sard network respectrvely, and -

| 'stage of sa1d tree arrangernent at each 31de of sard net-

Cpmam mme g pam . .

ol w2

R A multlstage telephone swrtchmg network as clarmed
1n clann 2 -in-which ‘each of the gating means of one of
the- stagee— of -satd-first- seIector tree arrangement is-‘con-

 nected in said conductmg means of an. array.of.the first.

stage of said plurality of arrays between the connéctions

~ of said first and second.‘coordinate control .conductors.
. 4, A

in claim 3 in which each of the gating means of one of

the stages of said. second selector tree arrangement is

~ connected in said conducting means of an array of the.
last stage of said plurality. of arrays between the connec-

tions of said first and second coordrnate control con—
ductors. | L

5, A coordtnate array swrtch compnsrng a plnrallty'

~of relay means arranged at the cosspoints of said array,

. a plurality of energizing conductors arranged in first and

nultlstage telephone switching network as claimed

5

'elernent for 1nterconnectrng each second stage switch of

each two-stage grid with each first stage switch of each

sncceedrng two-stage. grid; first marking means for apply-

Ing an energizing current pulse to only a selected first
-coordinate control conductor of a selected first stage

switch within a selected first two-stage grid; and second
- marking means for applying a ground potential to only a_

~ selected second coordinate control conductor of a selected

~ second stage swrtch Wrthrn a selected succeedlng two stage

10

grid.
9. A telephone swrtchrng network comprising a plural-

ity of stages of switch arrays; each array comprising a

- plurality of electromagnetlcally controlled relay means

operated responsive to the coincident energization of a-

first and a second winding means associated therewith,

- first and second coordinate control conductors including

20

| _1espect1vely said first and second winding means, each said -~
relay means 1nc1ndrng contacts for completing a unique o
transmission path through said array when said relay
‘means ‘i operated, and common conducting means for
-connectrng together one end of each of said ﬁrst and sec-
‘ond coordinate control conductors, said conducting means

having a terminal thereon; a plurality of control links for

. interconnecting the other end of a second coordinate con-
5 trol conductor of each switch array of each of said stages

- with the other end of a first coordinate control conductor
- -of each of the switch arrays of the succeeding stage each
- of said control links including a unilateral conducting ele-.
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ment; means for simultaneously applying a drive current
“pulse to the terminal of a common conducting means of a

selected switch array of the first stage of said plurality

~of stages and to the other end of a selected second co-:

- second coordinates of said array for operating said relay -

= ‘means, first conducting means for directly 1nterconnectmg

- one end of each of the energizing conductors in said first

 coordinate, second conducting means for directly inter-
- connecting one end of each of the energizing conductors
~In said second coordinate, and gatrng means for connect-

ing said first conductrng means directly to said second
- conducting means electrlcally to connect all said one ends.
- together. -

6. A coordlnate array swrtch as. clanned in clann 5in

- ordinate control conductor of a selected switch array of

the last stage of said plurality of stages; and means for

35 applying a ground potential to a selected first coordinate
- control conductor of said selected switch array of said
first stage and to the terminal of the common conducting
means of said selected switch of said last stage srmultane-

- ously with said drive current pulse.
40

10. A multistage telephone switching network havrng in _' |
each of its stages a plurality of arrays of crosspoint de-.

- vices; each of said arrays having first and second coordi-

_nate control conductors and a conducting means having a
terminal thereon and having connected thereto one end of

5 each of said first coordinate control conductors of said
~array and one end of each of said second coordinate con-

~ trol conductors of said array; a plurality of interstage con-

:whlch each of said relay means comprises a ferreed de-

vice operable responsive to the coincident energization
of the energizing conductors of a first and second coordi-
" nate defining a crosspoint. - | |

7. A coordinate array swrtch as clanned in claim 6
eans for applying an energrzmg current

also compising
-pulse to the other end of a selected energizing conductor
in a first coordinate and means for enabling said gating
~ means simultaneously wrth said applicaticn of said current

pulse to complete a current path between sard first con-
ducting means and said second conductlng means.

8. An electrical sw1tch1ng network comprising a plu-
rality of stages. each cornprrsztng a plnralrty of switches;

each of said. swrtches comprrslng a coordinate array of

ferreed devices ‘energizable by the coincident energiza-

tion of first and second coordinate control conductors for

establishing unique transmission paths through said switch,

and means for connecting each of said first coordinate
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trol hinks each having a unilateral conducting element

therein for connecting each of said arrays of one stage to

each array of the succeeding stage; first marking means
. for simultaneously applying operating potentials to the

- terminal of the conducting means of a selected array of
- the first stage of said network and to the other end of a

- selected second coordinate control conductor of a selected

array of the last stage of said network; and second mark-
ing means operative srmnltaneously with said first marking
means for simultaneously applying ground potentials to.

'- - the other end of a selected second coordinate control con-

‘ductor of said selected array of said first stage and to the

terminal of the conducting means of said selected array
of said last stage. - |
11. An electrical swrtchlng network conrprtslng a plu-

~ rality of stages each comprising a plurality of arrays of

‘control conductors with each of said second coordinate
‘control conductors; said switches being grouped in sym-

" metrical two-stage grids; a plurality of interswitch control

- links each including a unilateral conducting element for
~ interconnecting a second coordinate control conductor of
' each switch of each of the first stages of said grids with

a coordiate control conductor of each of the  switches
of the second stage of the same grid; a plurality of inter-
grid control links each including a unilateral conducting.

. electrical contacting means ‘arranged in rows and columns; -
each of said contacting means having a first and se....ond---'
-winding means associated therewith; each of said arrays

comprising a plurality of row circuit means for connecting

“the first winding means of the contacting means of each
of said rows of said arrays in series, a plurality of column

circuit means for connecting the second winding means of

~ the contacting means of each of said columns of said array
- 10 sertes, each said contacting means of said array respon- -

" sive to coincident energization of said associated first and

second winding means for completing a unique transmis- =
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- sion ‘path through said.array, and a common conductmg

bus connecting one end of all of said plurality of row cir-
cuit means to one end of all of said plurality of column

circuit means; a plurality. of control paths for selectively

contmlhng said: contacting means. each including a row
and column circuit means of .an array of each of said
stages and further including. one of a plurality of inter-

stage control links each. having -a unilateral conducting

element therein for connecting a particular row circuit
means of the arrays of each of said stages to a particular

19

column circuit means of the arrays of the next succeeding

stage; first marking means comprising a first multistage

selector tree arrangement of gating means for sele.._,tlvely
applying first.potentials to the column circuit means of the
arrays. of 0nly the first stage of said plurality of stages
and having ‘in one of its stages a plurality of said gating

 means connected respectively .in the common conducting

busses of the:arrays of contactmg means of the first stage
of sald network between said row and column -circuit
means; and second marking means comprising a. second

multistage selectcar tree arrangement of gating means for
selectwely applymg second patentlals to the row circuit
means .of the arrays of only the last stage of said plurality

of stages simultaneously with said first potentials, -
12.- An electrical switching metwork as claimed in claim

spéctively in the common conducting busses of the arrays

20
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11 wherein said second marking means includes in one of
its: stages a plurality of said gating means connected re-

32

of contacting means of the last stage of said network be-
tween said row and column circuit means.

13. In an electrical switching  network, -a. plurahty of
coordinate arrays of ferreeds, each of said ferreéds in-

~ cluding a first. and a second winding and éach of said

coordinate arrays including a plurality of first coordinate
control conductors including first windings of said fer-
reeds, a plurality of second coordinate control conductors |
including second windings of said ferreeds, and a common
conducting bus connecting one end of. all said first and
second coordinate control conductors together and selec-
tion means for selecting a partlcular férreed il & partlcular
array comprising gatmg means interposéd i in said commnion

‘conducting bus.ses, fneans for applying control SIgnals o

the other ends of said first and said second cootdinate con-
trol conductors, and ‘means for. applying enablmg 31gnals
to ene of said gatmﬂ means* -
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