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The invention comprises an ATM-SYSTEM adapted three-step switching unit, comprising a number of incoming group related
conductors, every group connected to a first switching stage, formed as an input circuit, a number of outgoing group related
conductors, every group connected to a second switching stage, formed as an output circuit and a third switching stage. A
control unit coacts with said switching stages In order to connect one of said incoming conductors with a selected outgoir
conductor by means of a connecting path, pointed out through said between related third switching stage. Each of the outgoir
conductors, belonging to said first switching stage, coacts with an electro-optical converter. Respective connection between tr
first switching stage and the third switching stage consists of an optical information-carrying signals through said connectir
path. The connections between the third switching stage and the second switching stage consists of optical conductors ar
Incoming conductors, belonging to said second switching stage, are pre-connected by an opto-electrical converter.

jen

O ©Q O Q

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




2189844

ABSTRACT OF THE DISCLOSURE

The invention comprises an ATM-SYSTEM adapted three-step
switching unit, comprising a number of incoming group related
conductors, every group connected to a first switching stage,
formed as an input circuit, a number of outgoing group
related conductors, every group connected to a second
switching stage, formed as an output circuit and a third
switching stage. A control unit coacts with said switching
stages in order to connect one of said incoming conductors
with a selected outgoing conductor by means of a connecting
path, pointed out through said between related third
switching stage. Each of the outgoing conductors, belonging
to said first switching stage, coacts with an electro-optical
converter. Respective connection between the first switching
stage and the third switching stage consists of an optical
information~carrying signals through said connecting path.
The connections between the third switching stage and the
second switching stage consists of optical conductors and
incoming conductors, belonging to said second switching
stage, are pre-connected by an opto-electrical converter.
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TITLE OF INVENTION: ATM-System adapted
Three stage switching unit.
10
TECHNICAL FIELD

The present invention relates to a ATM-System adapted three
stage switching unit or switching structure and more speci-

15 fically to such a three stage switching unit that comprises a
number of incoming group related conductors connected to an
input switching stage or first switching stage, a number of
outgoing conductors connected to an output switching stage or
second switching stage and an intermediate or between related

20 cwitching stage cor third swiitching stage, related and connect
able,betwéen said, as an input circuit and output circuit ope-

rating, first and second switching stages.

The present invention is further based on such a three stage
25 switching unit where said incoming conductors and outgoing

conductors are adapted to transfer electrical information-

carrying signals and where & control unit coacts with said

switching stages in order to connect one of said incoming

conductors with a selected cutgoing conductor by means of a
30 connecting path, pointed out through saild between related

switching stage.

Said input circuits are to present ocutput conductors eguipped .
with electro-optical converters in order to be able to trans-
35 mit optical pulses, corresponding to a current electrical
information-carrying signal, to said between related switching
stage and said output cilrcuits presents input conductors
equiéped with opto-electrical converters in order to receive

optical pulses from the between related switching stage

.
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corresponding to an information-carrying signal belonging to a

current input circuit.

Switching units or switching structures pertaining to this

kind with three switching stages has also been denoted a

o

first, second and third switching stage, in a consecutive
order, and bearing this in mind it should be noticed that the
second switching stage corresponds to the here denoted third
switching stage and the third switching stage corresponds to

10 the here denoted second switching stage. -

It is, for a man skilled in the art, obvious that such

switching units are can handle two-way communication regarding

+he flow of information but in a simplifyving purpose the fol-
15 lowing description will only disclose one selected direction

regarding the flow of information.

DESCRIPTION OF THE BACKGROUND BRT

20  Multi step switching, pertaining to the kind described above,
are previously known in @ number of various embodiments and
the principal construction and the dimensioning rules con-
cerning a none blocking three stage switching unit are shown
and described in more detail in the publication "ISDN and

22 Broadband ISDN" under the section 2:3 "Space-Division
Switching" and specifically on page 33 with reference to ¥rig.
2.8.

The principal censtruction of a three stage switching unit is
30 here described and dimensioned to be able to provide a _none
blocking signal transmission at a passage of incoming

connections.

The structure of used first, second and third switching stages

35 is not given in detail.

It is, nevertheless, known to form said switching stages so
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that these are adapied to pass used electrical information-
carrying digitized signals, whereby electrical conductors are

related to each other and structured according to the pattern

indicated by the publication.

Taking the significant features of the present invention under
consideration it can alsc be mentioned that it is previously
known to be able to receive electrical information-carryving
signals and to, through electro-optical converters, convert
these to optical pulses of light and to transmit these light
pulses on an optical conductor to an opto-electrical converter
which receives said optical pulses and transmiis corresponding

electrical information-carrying signals.

Such optical information-carrying systems have been used
within various electro technical applications, such as large
switching units, in order to transmit informeation-carrying
signals longer distances, &g in between different ¢or gimilar

cubicles. S

Taking the significant features, and thereto significant
measures, of the present invention under further consideration
it can be mentioned that totally optical switching units are
previcusly Kknown and described through the publication
"Technical Digest of Conferenée on Optical Fiber
Communication” in the article "Feasibility demonstration of
2,5 Gbhit/s 16x16 ATM photonic switching matrix® on pages 93 to
94, by the authors D. Chiaroni et al and the publication
"Proc. Topical Meeting on Optical Amplifiers and their
Applications, postdeadline paper”, 1892, in the article
"Monolithically integrated 4x4 InGaAsP/InP laser amplifier
gate switch arrays”™ on pages 38 to 42, by the authors M.

Gustafsson et al. . - L
In these referred publications it is described the usage of

controllable optical switching components, such as optical

switching matrixes, whereby optical light pulses, appearing on
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one of a number of avallable group related incoming optical
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conductors, can be selected a2nd switched through a core to a,
one of several available, selected outgoing optical conductor.

5 In order to simplify the understanding of the features if the
present invention a reference to the publication "Proc.
European Conference on Optical Communicéfion", 18990, with the
article "Characterization of a 1,5 m three-electrode DFB
laser” on pages 279 to 282, by the authors R.J.S. Pedersen et

10 al, can be made where it is described a tunable laser related

transmitter.

A rTecelver in a laser related application Is described in the
publication "Prcc. European Conferehce on Optical

15 Communication”, 1991, with the article "Performance of DBR
active filters in 2.4 CGb/s systems" on pages 445 to 448, by
the authors 0. Sahlen et al.

The principles ©f saild transmitter and receiver canr be used

20 within the present invention.

That which 1s shown and described in the following publication
is also a part of the related art.

25 "Wavelength Conversion Laser Diodes Application to Wavelength-
Division Photonic Cross-Connect Node with Multistage
Configuration" H. Rokugawa et al. IEICE Trans. on
Communication, Vol. E75-B, No. 4, April 1922, .pages 267 - 274.

30 A three stage switching structure or onit is, through this
publication, previously Known with a principle construction
that coincides with the basic conditions of. the present

invention.

335 It is here indicated (according to Fig. 1) the use of an opto-
electrical signal converting stage (O/E), a stage intended to

process electrical signals (ESP), an electro-optical signal .
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converting stage (E/0), a switching stage adapted to optical
signals (0OSP), an opto-electrical signal converting stage
(C/E)}, a stage intended to process electrical signals (ESP)

and an electro-optical signal converting stage (E/OC).

An connecting arrangement for the switching stage (0SP) is
described in principal with reference to Fig. 2 which is
specifically adapted to & wavelength separation, so that
signals with differént wavelengths can pass simultaneously
through one single optical fiber and the conditions to
increase the flexibility and capacity of such an optical

communication network has thereby been created.

It can be specifically mentioned that the switching stages
used here are dimensioned for one and the same capacity and
that the optical switching stage (0OSP) is dimensioned and

adepted to the 0O/E- and E/O-stages.

I'ne switching unit is thus dimensicned and adapited to a
selected capaciiy and the possibilities to a gradual extension

is neither indicated or mentioned.

It is further made clear, throcugh that which is described in

Fig. 2, that all outputs are connected to all inputs through

the used optical stage.

It is besides this described possibiiities o let a selected

wavelength from every selected source (1.1 - 1l.n) to an

"incoming block to be mixed before an optical signal with

several wavelengths (b, - b, ) is transmitted through an

outgoing block. o ] _ _

A separation of wavelengths is thus performed here to a number

of possible receivers.

A reguirement on an optical switching unit of this kind is
that the selected light intensity of the information-carrying
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signals appearing on one of the inputs must be high enough to

WO 95/35010
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be sufficient to all the outputs.

A specially relevant prior art is found in the article "Trend

of Photonic Switching Systems” S. Suzuki et al. IEICE, Trans.

)

on Communicaticon, Vol. E75-B, No. 4, April 1892, pages 235 -
242. .

It is here described a number of switching units, intended to

10 he able to transmit broadband signals.

The switching structure according to Fig. 15 can be regarded

as being of a certein importance.

15 It is here described a switching equipment adapted to ATM-
system using ATM-~cells where the ATM-cells intended to pass.
through are connected or & multiplexing unit (MUX S/P) which
restructure incoming parallel related ATM-cells to a serial
related AlvM-cell structure on one single conductor and these

20 serial related ATM-cells can be stored within a memory.

Every ATM-cell, regardless of required bandwidth, is now to
pass through the optical matrix connection OSM which reguires .
a high speed, meaning that a speed corresponding to ATM-

25 technology is here required through the complete connecting

system.

A control of the OSM-stage is required so that, for every ATM-
cell that is to pass through the OSM-stage, a selected input

30 connection can be connected with a selected output connection.
SUMMARY OF THE INVENTION -
TECHNICAL PROBLEMS
35 B

Taking the related art, as described above, under

consideration it ought to be regarded as a technical problem
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to be able to create an ATM-System adapted three stage
switching unit with a first, a second and a third switching

stage, of the kind that has previously been described, and
where the incoming conductors ang outgoing conductors are to

> pe adapted to transfer electrical information-carrying
digitized signals with a high speed, under the conditions that

the intermediated or between related or third switching stage

requires small space and is simple.

10 There is a technical problem to realize the simplicity of the
three stage switching unit or structure if the third switching
stage is adapted to have one and the same connecting path
established during an information transmitting seguence

between a sender and 2 recelver having a defined bandwidth

135 demand.

It is considered as a technical problem to realize that there

is a solution in simplifving the operation of the three stage

switchiing uvnit or structure and adapting the switching unit to
20 different capacities in structuring respective switching stage

into a number of switching units or switching components.

Besides this it ought to be regarded as a technical problem to

be able to realize the importance of selecting the number of
25 output connections ©f every switching unit within the first

switching stage to_;orreépond with the number of switching

units within the third switching stage.

It is thereby a technical problem to be able to realize the
30 importance of letting, and the advantages obtained as, every
switching unit within the third switching stage is given the

same amount o©of input connections as output connections.

It ought to be, besides this, regarded as a technical problem
35 to be able to realize the simplifications that are provided as
the switching units of said between related or intermediated

switching stages can be permitted to be totally copto related
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regarding receiving, directing and transmitting digitized
information-carrving signals without the need of any signals
to be converted into electrically related information

transmission.

There is a technical problem in being able to realize the
savings in the switching structure that can be made by letting
every outgoing optical conductor, belonging to an Optical
switching unit, be supplied with a optical signals distri-

10 buting unit, a unit that divides an optical signal into two
egquivalent parts (optical split), where the cutgoing conduc-
tors of the unit, transferring the same optical pulses{
thereby can be connected to one input connection or opto-
electrical converter each Ifor every switching unit within the

15 second switching stage.

It must also be regarded as a technical problem to, with a
three stage switching unit of the above described kKind, be
dblg_to realize the importance 0f, and conditions reguired to,
20 let every switching unit, within the between related switching
stage, be arranged to be able to receive optical signals
directly from each and every one of a number of group related
incoming optical conductors and to directly be able to connect
optical pulses appearing on an incoming conductor, by means of
25 a control signal generated by a control unit, to one of
several available selected outgoing optical. conductor and that
thereby said control unit generates control signals adapted to
the used switching units within the first and second switching
stgges. R ' L - I
30
£ must also be regarded as a technical problem to be able to
realize the advantages that are obtained as within a three
stage switching unit it can be permitted that every optical
pulse to.every switching unit within the third switching stage
35 can be passed on as a transmitted optical pulse, without the
need o©f, for these purposes, amplifyving circuits for optical

pulses. iy N .
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It must also be regarded to be a technical proBlem to be able
to realize the advantages that can be provided by a three
stage switching unit as incoming and outgoing conductors,
intended to be used for electrical signals, transiers group

5 related electrical information-carrying signals, structured

into data packets, specifically as ATM cells.

There is a technical problem in being able to realize the
advantages that are obtained as several data packets, for

10 instance two, given different addresses, can be transferred on
the same optical conductor and to adapt an address evaluating
circuit, belonging to a receiver, to decide on which of the
address related packages that are to be taken care of and
which that are to be disposed of and to thereby provide a use

15 of an optical conductor to transfer two addltional separate

information-carrying digitized signals.

It must also ba regarded to be a technical problem to be able
Lo reallize and hwow o accomplish a8 tnriee stage switchiilg uUnitT
20 that can provide a safe function and a reliable adaption even
when the switching units within a first switching stage,
structured as an input circuit, are adapted to a total maximum
bit rate of more than 50 Gb/s and specifically more than 80
Gb/s.
25 ' T ' i T
It must also be regardedfas a technical problem to be able toO

realize the advantages that are obtained by using a control
unit which is arranged to activate a connecting path, between
a selected input circuit and a selected output circuit through
30 one of said switching units within the third switching stage,
which fulfils the required bandwidth depending on the required
bandwidth of a connection currently needed by a caller and

taking into consideration the selection of one or several

wavelengths.

35 - T
There is also a technical problem in being able to realize the

importance of the simplifications that can be expected by
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letting said control unit control a wavelength selecting unit,

- 10 -

belonging to every electro-optical converter of every outgoing
conductor from the switching units within the first switching
stage, so that the control unit, through said circuit, can
select to transmit optical pulses with a first frequency or
wavelength or to be adapted to transmit optical pulses of an
other freguency or wavelength and at the same time be able to
create the conditions that are required to activate receliwving
circuits, belonging to one or several incoming conductors of
output circuits in the switching units, through the control
unit, and to thereby provide a usage of an optical conductor

for the transmission of two separate information-carrying

digitized signals.

SOLUTION

With the intention of solving one or more ©f the above stated
technical problems the present inventicn is based on a three
stage switching unit ox switching structure, comprising a
number of incoming group related conductors connected o a
first switching stage, formeé as an input circuit, a number of
outgoing group related conductors connected to a second
switching stages, formed as an output circuit, a switching
stage, related and connectable between said, as an input
circuit and output circuit operating, switching stages,
whereby said incoming conductors; outgoing conductors and said
fFirst and second switching stages are adapted to transfer
electrical information-carrving digitized signals and said
first and second switching stages are adapted to let an
information-carrying electrical signal, appearing on an
incoming conductor, pass on to a selected outgoing conductor,

selected by a control unit, and said control unit.

The invention uses hereby a control unit arranged to, in a
known way, coact with, and control the connecting paths
within, said switching stages in ordexr to connect one of said

incoming conductors, belonging to the first switching stage,
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through said first switching stage, sald between related
switching stage and said second switching stage, with a

selected outgoing conductor, belonging to said second

WO 95/35010

switching stage.

The invention is in principle based on that said control unit
is adapted, depending upon a required bandwitdh for a call, to
activate and establish a connecting path through one of a
plurality of switching units within a third switching stage,
said control unit is maintaining saild connecting path during a
complete information transmitting sequence between a sender

and a receiver and by a termination of the seguence said

connecting path is deactivated.

aAs further features of preferred embodiments, falling within
the scope of the present invention said first switching stage
is divided into a number of switching units or switching
components, that each and every one of the outgoing
conductors, belonging to respective switcning unit, Ccoariz
with an electro-opiical converter belonging to, or given to,
said conductor, that the respective connection between
respective first switching stage and respective third
switching stage thereby can consist of optical conductors,
that the third switching stage is divided into a2 number of
switching stages, each and every one adapted to transfer
totally optical information-carrying light pulses, that the
connections between respective switching units within the
third switching stege and respective switching units within
the second switchlng stage consists ©f optical conductors and
thét the incoming conductors, belonging to said second
switching stage, are pre-connected by opto-electrical

— - - -— —

cCoOnveriters. o . - = e =

As proposed. embodiments, further falling within the scope of
the inventive idea, it is indicated that each output
connection, of a switching unit within the first switching

stage, is connected to an input connection, belonging to a
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switching unit within the third switching stage, each.

- 12 -

The number of input connections and output connections of

every switching unit within the third switching stage is

selected to be the same.

It is further indicated that the switching units within said
first switching stage, said second switching stage and/or said
third switching stage are structured as a switching matrix or

alternatively that said switching units are structured as

three stage switching units. -

t is further indicated that respective dutgoing Ooptical
conductor, belonging to the switching units within said third
switching stage, is equipped with a distributing unit intended
to separate optical signals, where the outgoing conductor of
The distributing unilt, corresponding to the outgoing conductor
of saild switching unit, is connected to the incoming conductor

GLoTespective cpto-saectrical convertTer oI rEspectiv

=
switching unit within the second switching stage.

1t is specifically indicated that each and every outgoing
conductor, belonging to said first switching stage, coacts
with an electreo-optical converter and that the outgoing
optical conductor, coordinated with respective electro-optical
converter, 1ls connected to an input connection of one of the

switching units within said third switching stage.

Tne number of outgoing optical conductors from each switching
unit within the first switching stage is selecited to
correspond to the number of switching units within the third
switching stage and these optical conductors are arranged
between the ocutput ceonnections of a selected switching unit
and an input each 0f esach and every one of the switching units

within said third switching stage.

With such a three stage switching unit, adapted to receive and
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pass on electrical information-carrving signals, it is hereby
indicated by the presént invention that every switching unit
within the between related intermediated third switching stage
is arranged to be able to directly receive optical signals,
appearing on each and every one of a number Of group related
incoming optical conductors, and to directly be able to pass
on optical pulses appearing on an incoming conductor, by means
of a control signal generated by the control unit, to one of

several available selected outgoing optical conductors.

As proposed embodiments, still further falling within the
scope of the inventive thought, it is further indicated that
every optical pulse, received by one of the switching units
within said third switching stage, is to be able to be passed
on as a transmititing optical pulse through a selected output

from said between related switching unit.

It is, besides this, indicated that incomling and cutgoing
~cnductors tronsfers group related electrical Infcomoilon:

carryving signals, structured into data packets as ATM-cells.

The present invention indicates further that the switching
units within the first switching stage, structured as an input
circuit, are to be adapted to a reception of a total maximum

bit rate of at least more than 50 Gb/s.

I+ is Ffurther indicated that through said control unit is.
every electro-pptical converter, belonging tO an input

circuit, adapted and controlled to transmit optical pulses
with a first wavelength and an other input circuit can be

adapted to transmit optical pulses of an. other wavelength.
ARDVANTAGES

The advantages that primarily can be regarded as characteri-
zing for an ATM-System adapted three stage switching unit or

structure, with the switching stages formed by a number of
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switching units, according to the present i1nvention, 1s that
hereby the conditions have been created to provide a three
stage switching unit with a simplified embodiment where the
simplifications lies partly within the control unit and
partly within the use of a totally optical intermediated
switching stage, formed by a number of switching units, that
provides the possibilities to use a more simple auxiliary
equipment than with electrical switching stages, and that can
provide simplifications obtained from wavelength multiplexing
and/or multiple addressing of data packets by using a unit

for every outgoing optical conductor that distributes optical

pulses to two conductors.

The switching unit is simplified by the fact that the

control unit is maintaining a connecting path through one ot

the switching units within the third stage during a complete

information transmitting sequence.

Therefore, i1in accordance with the present invention
there is provided an ATM-System adapted three stage switching
unit, comprising: an input circuit including a number of

incoming group related conductors, wherein every group 1S

connected to a first switching stage; an output circuit

including a number of outgoing group related conductors,

wherein every group 1s connected to a second switching stage;
a third switching stage, related and connectable between the
first and second switching stages, whereby the i1ncoming group

related conductors and the outgoling group related conductors

are able to transfer electrical i1nformation-carrying signals;

a control unit which coacts with the switching stages to

connect one of the incoming group related conductors with a
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selected outgoing conductor by means of a connecting path

through the third switching stage whereby each of the

outgoing conductors, belonging to the first switching stage,
coacts with an electro-optical converter and wherein a
respective connection between the first switching stage and
the third switching stage is an optical conductor, whereby
the third switching stage is able to transfer optical
information-carrying signals through the connecting path, and
the connections between the third switching stage and the
second switching stage are optical conductors and the
incoming conductors, belonging to the second switching stage,
are pre-connected by opto-electrical converters wherein,
based upon a required bandwidth for a call, the control unit
igs able to activate and establish a connecting path through

o

one of a plurality of switching units within the third

switching stage, the control unit being activated to maintain

the connecting path during a complete information

transmitting sequence and deactivated to terminate the

connecting path by the end of the sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

A presently proposed embodiment of a three stage

switching unit, according to the present invention, will now
be described in more detail with reference to the

accompanying drawings, in which;

Figure 1 shows a previously known construction, 1in

principle, of a none blocking three stage
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switching unit, which principle also is used at

+his more detailed description of an embodiment

of the invention;

5 - Figure 2 shows & block diagram of a three stage
switching unit which 1is 31gnificant of the

present invention;

Figure 3 shows a simplified wiring diagram of a

10 . _ switching unit accordlné_{e_Flg- 2 with the use
of optical connections OT conductors, where
1light pulses of several wavelengths for the

optical information- carrving oulses appear;

15 | Figure 4 shows the principle of a first switching stage
with an electro-optical converter given To
respective outgoing conductoxr;

rigure 5 shows the pr ciple of a +hird switching stage
20 . ] ~ in the form of a matr iX with a Lnlt that

given to xespectlve outgoing conductor; and

Figure 6 shows in principle a block diagram of a control
25 unit meant to control a connection of a

reguired connecting path.

30 A'general none blocking three stage switching unit 1 is thus

shown with reference to Fig. l. -
Such a three stage switching unilt is in principle made cut of .
+three.switching stages, a first swltchlng stege 3, second
33 switching stage 5 and a between related or intermediated

switching stages 6 with a number of sthchlng units or

switching components.
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The dimensioning of the individual switching stages are to be
made according to the publication which is mentioned at the
beginning of the description in order to obtain a none
blocking switching unit, meaning that every arriving call,
accepted for passage, is to be able to be connected through

the switching unit without internal blocking functions.

The embodiment according to Fig. 2 shows a three stage
switching unit, according to the invention, comprising a
number of incoming conductors 2, where some conductors Za are
group related and connected to the inputs of one of several

available switching units 3a, formed as input circuits.

The here illustrated eambodiment shows that sixteen (1) such
identical switching units 3a - 3m can be used distributed over
the number of incoming conductors 2a, each and every one

adapted to a total maximum bit stream of 80 Gb/s. .

Sone conduclors 4a, of the total numper of outgoing CONAuUCTOrsS
4, are group related and connectable to the outputs of one of
several available switching units 5a - 5m, being a part of the

second switching stage 5 and formed as output circuits.

The outgoing conductors 4a of every second switching stage 5
can be adapted to a total maximum bit stream of 80 Gb/s,

distributed over the number of connected outgoing conductors

43,

Comprised are alsc between related or intermediated switching
units 6a - 6n, forming the third switching stage ©,
connectable between said switching stages 3 and 5> and thelr
switching units 3a ~ 3m and 5a - bDm respectively, operating as

input circuits and output circuits.

A more detailed description of the required and principal
construction of the switching stages 3, 5 and & is not

necessary since this is previously Xnown.
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It will nevertheless be mentioned that the switching units
within the switching stages 3 and 5 are of a2 construction
which provides the possibilities to let electrical
information-carrying pulse related signals to pass through
while the switching units within the switching stage 6 are of

a construction which will allow the passage of totally optical
information-carrving light pulses. o 3
The switching unit 1, according to Fig. 2, i1s hereby
structured so that every information appearing on one of the
incoming conductors 28, for instance the conductor 2a', can be
passed through to a selected outgoing conductor, one of
several avallable 3a, for instance the conductor 3a’', by means
of the structure and the setting of the first switching stage
3, the switching stage 3a within it and through a received

control signal, generated by a control unit 10.

In the same way can an other information appearing on an other

o~ A il - - Hiqnh 7 ~t 7~ el o L - & v et vy artn g~ e S o o P— “dem 1 1
— uhL- *RCC-i& 41:..'4 . nuu\..n.- - - PR & DONY 1-‘-’:“)t* “4\#:.3; H ‘5? LONC WRE A B L B uor e 1

be passed through to a selected outgoing conductor, one oI

4

several available 3a, for instance the conductor 3b', by means
of the structure and the setting of the first switching stage
3, the switching stage 3a within it and through a received

control signal, generated by a control unit 10.

It is of a certain iImportance that every ocutgoing conductor,
such as the conductor 3a', is connected to an electro-optical
converter 41, given to the conductor. Every electro-optical

converter of every outgoing conductor is_ coordinated within a

unit 32. S - L

The ccnductor 3a' is thereby, through its electro-optical
converter 41 which is connected to. an optical conductor 3a''’,

in connection with an input cconnection of a switching unit 6a

. within the third switching stage, an adjacent conductor 3b'

is, through its electro-optical converter 42 which is

connected to an optical conductor 3b'', in connection with an
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input connection of a switching unit 6b within the third

switching stage, and so on to "n" such switching units.

From this it is evident that every switching unit 3a - 3m
within the first switching stage 3 is to have a number of
outgoing conductors and electro-optical converters that

corresponds to the number of switching units ba - on within

the third switching stages 6.

The first optical outgoing conductor 3a'' 1s connected to a

first input connection of a first switching unit ba, a second
optical outgoing conductor 3b'' is connected to a first input
connection of the second switching unit 6b, and so on to the

n:th outgoing conductor which is connected to the switching

-

unit 6n.

The first outgoing conductor 3m'' of the last switching unit
3m is connected to the last input connection of the switching

unnit Ga, and SO oOn.

The number of outgoing conductors of every switching unit 3a -

3m within the first switching stage 3 corresponds to the
number of switching units 6a - 6n within the third switching
stage 6 and the number of. input connections on every switching
unit within the third switching stage corresponds to the

number of switching units 3a - 3m_ within the first switching

stage 3.. -

The number of switching units within the first switching stage

3 ig sixteen and the number of.switching units within the

third switching stages is thirty-two.

Every input connection 5la of a switching unit ba within the
third switching stage 6 can be connected with one of the
sixteen output connections, through the control unit 10, in

order to establish a connecting path through this switching

unit 6a. BT

1l
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The principal constructioh of a switching unit within the

third switching stage, such as the switching unit 6a, is

illustrated in Fig. 5.

This switching unit 6a is matrix related.with four optical

selector elements 51, 52, 53, 54 each and every one previously

known.

The switching unit Ha presents two group related elements 35l
and 53 equipped with eight optical input conductors each, one

of which has been denocted 5la and which.can correspond to the

optical conductor 3a'’.

The switching unit 6a presents group related elements 52 and
54 eguipped with eight optical output conductors each, one of
which has been denoted 52a and which can correspond to the

optical conductor Ha’’.

cacii and every one of these sixteen conducTors COaCTS. With a
light distributor, of which one have been denoted 521; and
which distributes incoming light pulses to two parallel.
related light pulses, one appearing on the conductor 6a'' and
one on the conductor (H6a'’') and thereby has thirty-two
outgoing conductors been provided, each and every one
connected to one of thirty-two opto-elecitrical converters

belonging to the sixteen switching units within the second

switching stage 5.

The conductor Ha'' can, herewith, be connected to the
switching unit 5a and the conductor (6a’').can be connected to

an other switching unit, such as 5m.

Fig. 5 is intended to illustrate that every outgoing optical

conductor is eqguipped with said light distributor, such as 521

- 528 and 541 - 548.

Each and every one of the sixteen switching units 5a -~ 5m
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presents sixty-four input conductors with one opto-electrical

converter each (not shown).

The arrangement and advantages of using optical light
distributors 521 - 528 and 541 - 548 will be described in more

detail in the following. )

The switching units 5a - 3m consists of, in the same way as it
has been described with reference to Fig. 4, a number of pre-
connected opto-electrical converters within the circuit 70,

with one converter for each optical conductor and input

connection.

The optical conductor 6a'' can thus be connected with an opto-
electrical converter oriented within the circuit 70, whose

electrical signals appears on the conductor 6a' and thereafter

on the conductor 4a‘'.

The invention is giwven & specilicaily suitable application b
said incoming conductors 2 and said outgoing conductors 4 are
adapted to transmit electrical information-carrying signals in
+he form of current- or voltage-pulses coordinated into data

packets, which in the embodiment is supposed to consist of

ATM-cells.

An embodiment is thus illustrated, with reference to Fig. 3,
where selected connecting paths through optical conductors,
such as ba'', can be used for several signals, “doubie"-used,

through a selectipn of used wavelength for the light pulses.

-

For these purposes 1t is required that, according to Fig. 3,
the wavelength selector of the outgoing conductor, for
instance 3a'', is controlled through the control unit 10 so
that respective slectro-optical converter i1s adapted to
transmit optical pulses with a first wavelength or optical

pulses with a second wavelength on the conductor.
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If it is supposed that a first wavelength is used in the

optical conductor 32' and a second wavelength in the optical
conductor 32'' then the input connections of the switching
unit 6a, belonging to these conductors, are connected to each
5 other to form a single conductor upon which signals with
wavelength multiplexing appears and a wavelength_selectivé
receiver 37 or 38 can, through the control unit 10, be

activated to select desired wavelength to an input circuit of

the switching stage 5.

10
T+ will thus be that on one of the output conductors ba'' of
the switching unit 6a there will be light pulses with two
separate wavelengths, that can be separated from each other,
in a controlled way, before the second switching unit.

15

The, of optical pulses, receiving circuits 37, 38 belonging to
one or‘several output circuits, will, through the control unit
10, be controllable to receive information~carrying optical
sulses with a selected vavelength and dispose of pulses with

20 an other wavelength.

This technology will not be described further since ATM-
technology is well known, where the data packets are
structured as‘ATM-cells with an address related part,

25 "Header", and an information-carrying partT, “Pay-load”.

It will nevertheless be mentioned that the switching stages 3,

5 and 6 are controlled by a control unit 10 in a way which in

it self is very complex.

30 S .
The following description is only intended to describe the
parts. of the control unit 10 that is reguired for an
understanding of function of the present invention.

335 The application of the invention with a packet data network

and more specifically an ATM-system will now be described in

more detail with a further reference to Fig. 2.
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function as described in more detaill in Fig. 6. Said control
unit 10 coacts with said switching stages 3 and 5 in order to
contreol the switching units within these and to connect one of
said incoming conductors 2a’' to a selected Othoiﬁg conductor
4a' through one of said between related or intermediated
switching units fa, so that every data ceil (ATM-cell)
appearing in series on the conductor Z2a'' can pass through.
One data cell 20, among several data celils, presents an
address related part 21 and an information related part 22.

At a call the calling party calls for an activation of the
switching unit since a transferred ATM-cell presents, in its
address related part 21, a2 channel number which indicates a
call and through the information-carrying part 22 it presents

required bandwidth for the desired connected connection.

The ATHM-cell provides further the information on te what
called party the connection is to be done.

The control unit is arranged to be able to activate a
connecting path, between a selected input circuit 3 and a
selected output circuit 5, belonging to a between related

switching unit 6a, that corresponds to the currently reqguired

bandwidth. {See Fig. 6).

Electrical information-carrving pulses, appearing on the
conductor 2a’, are detected and interpreted‘by means belonging
to the control unit 10, one mean 101 intended to indicate a
call, one mean 102 in order to establish desired and required
bandwidth and gone mean 103 to indicate the currently called

party (B-caller). . . L

A central unit 110 evaluates in a memory 104 if the required

bandwidth can be received by the B-caller in guestion.

All available connecting paths through the switching units ba
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_ 6n and the instantaneous engagement of each and every one of

these are stored within the memory 104.

T+ is simultaneously evaluated if the B-caller can receive the
selected connection. The B-caller is engaged if the evaluation
is negative, which 1is indicated to the calling party, the A- -

caller, through a circuit 106. .

Tf the evaluation is positive and since there, according to
+he basic conditions of the structure of the switching unit,
can not be any internal blocks, then the B-caller is available
and the A-caller is notified, through a circuit 107, that the

call is accepted with the selected bandwidth.

The possibilities to engage an already connected cptical

connecting path, from the switching stage 3 to 5 through one
of the switching units 6a - 6n, within the third switching

stage, and with a reguired bandwidth, 1is evaluated through the

-

The selected connecting path is labelled as engaged within the

memory 104 if there is a positive result of the calculation.

A new calculating circuit 112 is activated if there is a

negative result.

This circuit . 112 evaluates the possibilities to use any of the
established optical connecting paths in a "double"” way, as
between i first swigching_stage@and:g_th;{d_switching stage,
sdch as the conductor 3a'’, or between a third switching stage

and a second switching stzge..

Such a double-use can be achieved through the use of the
optical distributors 521 - 528, 541 - 548. One. and the same
0pto?electrical converter receives. ATM-cells with separate
addresses and only ATM-cells . with a selected address are

allowed to pass while the rest are disposed of.

anrral unir 110 and a calculating cilryrcuit 111i. | .
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An other opto»eiectric converter receives the same stream of
ATM-cells but only ATM-cells with an address pertaining to the

converter are allowed to pass while the rest are disposed of.

S5 The selected connecting path is labelled as engaged within the

memory 104 i1f there is a positive result of the calculation.

A new calculating circuit 113 is activated if there is a
negative result.
10
This circuit 113 evaluates the possibilities to use any of the
established optical connecting paths in a "double" way, as
between i first switching stage and a third switching stage,
such as the conductor 3a'’, or between a third switching stage
13 and a second switching stage through multiple wavelengths,

described in mocre detail with reference to Filig. 3.

The selected connecting path is labelled a2s enga2ged within the

memory 104 i1if there is & positive result ©of the calculation.
20 |

A new optical connecting path is evaluated through the central

unit 110 if there is a negative result and a2 new calculating

unit 114 is activated to point out an availlable optical

connection.

25 B | B
The selected connecting path is labelled as engaged as soon as

the central unit 110 can establish a positive result from a
calculation and the call (and the A-caller) is, through a
circuit 108, given a new internal channel number which

30 corresponds to a selected connecting path, so that all ATM-
cells with a stated channel number can pass through an
established connecting path and required iniormation is.
presented to the concerned switching stages 3, 5 and b,
including the activation of selection of. wavelength or

35 likewise.

The established connecting path is removed from the memory 104
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through a calculating circuit 109 and other information
concerning the established connecting path is removed when the

aA-caller indicates, with a new ATM-cell, that the call is to

be disconnected.

T+ should be noticed that said wavelength selective receivers
37 and 38 are pre-connected with a light distributor 40.

The selection cof wavelength within 32' and 32°' and within the

receivers 37 and 38 is done through the control unit 10.

It can furthéer be méntioned that address evaluating units for
ATM-cells are previously Known and included in selected

switching units within the switching stages 3 and 5.

T+ will be understood that the invention is not restricted to
the illustrated exemplifyving embodiments thereof and that
modifications can be made within the scope of the inventive

thought illustrated in the following claims.
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1. An ATM-System adapted three stage switching unit,
comprising:

an input circuit including a number of i1ncoming group
related conductors, wherein every group 1s connected to a
first switching stage;

an output circuit including a number of outgoiling group
related conductors, wherein every group 1s connected to a
second switching stage;

a third switching stage, related and connectable between

said first and second switching stages, whereby said incoming
group related conductors and said outgoing group related
conductors are able to transfer electrical information-
carryiling signals;

a control unit which coacts with said switching stages to
connect one of said incoming group related conductors with a
selected outgoing conductor by means of a connecting path
through said third switching stage whereby each of the
outgoing conductors, belonging to saild first switching stage,
coacts with an electro-optical converter and wherein a
respective connection between the first switching stage and
the third switching stage is an optical conductor, whereby
the third switching stage is able to transfer optical
information-carrying signals through said connecting path,
and the connections between the third switching stage and the
second switching stage are optical conductors and the
incoming conductors, belonging to said second switching

stage, are pre-connected by opto-electrical converters

wherein,
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based upon a required bandwidth for a call, said control

unit is able to activate and establish a connecting path

through one of a plurality of switching units within the

third switching stage, said control unit being activated to
maintain said connecting path during a complete information

transmitting sequence and deactivated to terminate said

connecting path by the end of the sequence.

2. Three stage switching unit according to claim 1, whereiln
all ATM-cells having a predetermined address and bandwidth
requirement appearing on any of the incoming conductors to a
switching unit of the first stage are connected to a selected

outgoing conductor related to said first switching stage.

3. Three stage switching unit according to claim 1, wherein

said first switching stage consists of a number of switching
units, each able to present the same number of outgoing
conductors, said second switching stage consists of a number
of switching units, each able to present the same number of
incoming conductors; said third switching stage including a
number of switching units, each able to present the same

number of incoming conductors as outgoing conductors and

wherein the number of outgoing conductors from a switching

unit within the first switching stage is selected to
correspond to the number of switching units within the third

switching stage.

4. Three stage switching unit according to claim 1, wherein
each output connection of a first switching unit, within the

first switching stage, i1s connected to an input connection of
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one switching unit, within the third switching stage.

5. Three stage switching unit according to claim 1, whereiln
the number of input connections and the number of output
connections of every switching unit, within the third
switching stage, is selected to correspond to the number of
switching units within said first and second switching

stages.

6. Three stage switching unit according to claim 3, wherein
the switching units within said first switching stage, said
second switching stage and/or said third switching stage are

structured as a switching matrix.

7. Three stage switching unit according to claim 3, whereiln
the switching units within said first switching stage, said
second switching stage and/or said third switching stage are

structured as three stage switching units.

8. Three stage switching unit according to claim 1, whereiln
the outgoing optical conductors, belonging to said third
switching stage, are equipped with a unit to separate optical
signals, where the outgoing conductors of said unit,
corresponding to the outgoing conductors of said third
switching stage, are each connected to one opto-electrical
converter which in turn are each connected with one input

connection of said second switching stage.

9. Three stage switching unit according to claim 1, wherein

every switching unit, within the third switching stage, 1s
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able to directly receive optical signals, appearing on each
of a number of group related incoming optical conductors, and

is able to pass on optical pulses appearing on an lncoming

conductor, by means of a control signal generated by the
control unit in order to point out a connecting path, to one

of several available selected outgoing optical conductors.

10. Three stage switching unit according to claim 1, wherein
a first switching stage, structured as an input circuit, 1s

adapted to a total maximum bit rate of more than 50 Gb/s.

11. Three stage switching unit according to claim 1, wherein
through said control unit 1is an electro-optical converter
adapted to transmit optical pulses with a first wavelength
and an electro-optical converter, belonging to an other, or
the same, input circuit, 1s adapted to transmit pulses of

another wavelength.

12. Three stage switching unit according to claim 2, whereiln
said first switching stage consists of a number of switching
units, each able to present the same number of outgoing
conductors, sald second switching stage consists of a number
of switching units, each able to present the same number of
incoming conductors; said third switching stage including a
number of switching units, each able to present the same
number of incoming conductors as outgoing conductors and
wherein the number of outgoing conductors from a switching
unit within the first switching stage 1s selected to

correspond to the number of switching units within the third
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switching stage.

13. Three stage switching unit according to claim 2, whereiln
the outgoing optical conductors, belonging to said third

switching stage, are equipped with a unit intended to

separate optical signals, where the ocutgoing conductors otf
said unit, corresponding to the outgoing conductors of said
third switching stage, are connected to one opto-electrical

converter each which in turn i1s connected with one i1input

connection each of said second switching stage.

14. Three stage switching unit according to claim 3, wherein
the outgoing optical conductors, belonging to said third
switching stage, are equipped with a unit intended to
separate optical signals, where the outgoing conductors of
said unit, corresponding to the outgoing conductors of said
third switching stage, are connected to one opto-electrical
converter each which in turn is connected with one 1input

connection each of said second switching stage.

15. Three stage switching unit according to claim 12, wherein
the outgoing optical conductors, belonging to said third
switching stage, are equipped with a unit intended to
separate optical signals, where the outgoing conductors of
said unit, corresponding to the outgoing conductors of said

third switching stage, are connected to one opto-electrical

converter each which in turn is connected with one i1nput

connection each of said second switching stage.
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16. Three stage switching unit according to claim 4, wherein
the outgoing optical conductors, belonging to saild third
switching stage, are equipped with a unit intended to
separate optical signals, where the outgoing conductors of
said unit, corresponding to the outgoing conductors of said
third switching stage, are connected to one opto-electrical
converter each which in turn is connected with one 1nput

connection each of said second switching stage.

17. Three stage switching unit according to claim 5, whereiln
the outgoing optical conductors, belonging to said third
switching stage, are equipped with a unit intended to
separate optical signals, where the outgoing conductors of
said unit, corresponding to the outgoing conductors of said
third switching stage, are connected to one opto-electrical
converter each which in turn is connected with one 1input

connection each of said second switching stage.

18. A switching device for use 1n an ATM-System
comprising:
a plurality of incoming group related conductors;
a plurality of outgoing group related conductors;
a first switching stage including electro-optical
converters for connecting to the incoming group related
conductors;
a second switching stage including electro-optical
converters for connecting to the outgoing group related

conductors;
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an intermediate switching stage connected by optical
conductors between the first switching stage and the second
switching stage; and

a control unit connected to the first, second and

intermediate switching stages for controlling the connection
of the group related incoming conductors with the group
related outgoing conductors by a connection path established
through the intermediate switching stage allowing the
intermediate switching stage to transfer optical i1nformation-
carrying signals through the connection path, wherein

the control unit activates and establishes the
connecting path through intermediate switching stage based on
a required bandwidth of a call, maintains the connection path
during a complete information transmitting sequence and

terminates the connecting by the end of a sequence.

19. The switching device of claim 18, wherein all ATM-cells
with a predetermined address and bandwidth requirement
appearing on any of the incoming conductors to a switching
unit of the first switching stage are connected to a selected

outgoing conductor related to the first switching stage.

20. The switching device of claim 18, wherein the first

switching stage includes a number of switching units each

able to present the same number of outgoing conductors; the
second switching stage includes a number of switching units
each able to present the same number of incoming conductors;

and the intermediate switching stage includes a number of
switching units, each able to present the same number of

incoming conductors as outgoing conductors wherein the number
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of outgoing conductors from a switching unit in the first
stage is selected to correspond to the number of switching

units within the intermediate switching stage.

21. The switching device of claim 18, wherein the switching

units of the intermediate switching stage are arranged to

directly receive optical signals, appearing on each of a
number of group related incoming optical conductors, and to
pass on optical pulses appearing on an incoming conductor, by
means of a control signal, generated by the control unit, to
point out a path to an available selected outgoing optical

conductor.
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