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©  Optic  data  switch. 

©  Coherent  optic  switching  provides  an  effec- 
tive  solution  for  broadband  switching. 

Advantageously,  the  control  information 
should  also  be  transmitted  optically. 

A  broadband  multiport  coherent  optic  data 
switch  comprises  a  passive  optic  combiner/s- 
plitter,  a  plurality  of  port  units  and  a  switch 
control  unit  connected  thereto,  each  port  unit 
having  a  coherent  optic  source  tuned  to  a 
respective  optic  frequency,  the  output  of  each 
source  carrying  thereon  control  information, 
including  control  information  received  from  the 
control  unit,  together  with  switched  data,  the 
outputs  of  the  sources  being  combined  and 
distributed  to  all  of  the  plurality  of  port  units. 
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INTRODUCTION 

Although  the  subject  of  Broadband  has  been 
around  for  a  long  time,  many  of  the  practical  questions 
to  how  it  could  be  deployed  have  not  been  fully  ad- 
dressed. 

APPLICATIONS 

It  may  not  be  clear  what  broadband  applications 
will  finally  emerge,  but  unless  there  is  an  effective 
means  of  physically  providing  Broadband  connec- 
tions  through  access  networks,  then  broadband  con- 
nections  will  not  become  very  numerous. 

According  to  the  present  invention  there  is  pro- 
vided  a  broadband  multiport  coherent  optic  data 
switch  comprising  a  passive  optic  combiner/splitter,  a 
plurality  of  port  units  and  a  switch  control  unit  con- 
nected  thereto,  each  port  unit  having  a  coherent  optic 
source  tuned  to  a  respective  optic  frequency,  the  out- 
put  of  each  source  carrying  thereon  control  informa- 
tion,  including  control  information  received  from  the 
control  unit,  together  with  switched  data,  the  outputs 
of  the  sources  being  combined  and  distributed  to  all 
of  the  plurality  of  port  units. 

The  switch  may  also  comprise  a  further  plurality 
of  port  units,  the  output,  if  any,  of  each  source  not  car- 
rying  switched  data. 

Preferably  each  source  includes  control  means  to 
tune  the  source  to  a  tuned  switchable  reference  re- 
ceived  from  the  switch  control  unit  via  the  or  a  com- 
biner/splitter  or  a  combiner  or  a  splitter. 

The  present  invention  will  now  be  described,  by 
way  of  example,  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figure  1.1  is  a  table  of  characteristics  of  applica- 
tions  in  accordance  with  the  present  invention; 
Figure  2.1  shows  a  diagrammatic  representation 
of  the  general  architecture  of  an  optic  switch; 
Figures  2.2-2.5  show  specific  architectures; 
Figures  2.6-2.9  show  examples  of  passive  optic 
networks  for  the  architectures  of  Figures  2.2-2.5; 
Figures  3.1  Aand  3.1  B  show  examples  of  channel 
spacings; 
Figures  3.2  and  3.3  show  examples  of  port  units; 
Figures  3.4Aand  3.4B  show  further  examples  of 
channel  spacings; 
Figures  3.5-3.7  show  further  examples  of  port 
units; 
Figure  3.8  shows  a  diagrammatic  view  of  a  means 
of  clock  stabilisation; 
Figure  4.1  shows  a  diagrammatic  representation 
of  a  optic  switch  control  unit; 
Figure  4.2  shows  a  diagrammatic  representation 
of  a  switchable  clock  reference. 
While  the  decription  generally  refers  to  the  use  of 

lasers  as  the  coherent  optic  source,  it  should  not  be 
considered  as  being  limited  only  to  lasers  as  the  con- 

cept  can  be  applied  to  the  use  of  any  tunable  coherent 
optic  source. 

Optic  Assumption 
5 

The  final  connection  to  the  subscriber's  equip- 
ment  may  be  by  an  electrical  interface,  but  the  trans- 
port  to  the  subscriber's  site  will  normally  be  via  optical 
means.  It  is  assumed  that  the  broadband  transport 

10  medium  for  access  and  long  haul  transmission  will  be 
optic  and  therefore  only  optical  transmission  techni- 
ques  are  addressed. 

It  should  also  be  noted  that  whereas  electronic 
multiplexing  allows  thousands  of  low  bandwidth 

15  channels  to  be  time  division  multiplexed  together,  op- 
tic  multiplexing,  which  uses  the  frequency  domain,  is 
much  more  complex  and  therefore  expensive.  It  is 
therefore  appropriate  to  use  electronic  time  division 
multiplexing  for  low  bit  rate  channels  and  only  to  use 

20  optic  frequency  division  multiplexing  of  signals  that 
either  are  naturally  of  high  bit  rate  or  are  already  high 
bit  rate  time  division  multiplexes. 

Interface  Assumption 
25 

Switches  have  to  terminate  interfaces.  Different 
applications  may  have  different  interfaces  and  differ- 
ent  termination  requirements.  The  interface  varia- 
tions  of  the  applications  will  not  be  explored,  but  pure- 

30  ly  the  switching  aspects  of  those  applications. 
There  are  several  applications  that  would  require 

broadband  transport  and  these  are  summarised  in 
Figure  1.1. 

35  OPTICAL  DISTRIBUTION  FRAME  (PDF) 

If  the  business  community  is  to  use  the  proposed 
broadband  services  then  a  semi-permanent  large 
bandwidth  connection  from  the  subscriber's  premises 

40  to  the  exchange  termination  must  be  provided.  This 
must  carry  a  Business  Multiplex.  This  is  one  multiplex 
carrying  all  the  customers  services. 

A  fairly  permanent  connection  between  TV  stu- 
dios  or  bet  wee  n  TV  stud  io  a  nd  TV  transm  itter  of  stud  io 

45  quality  signals  would  also  have  to  be  carried  from  the 
exchange  to  subscriber  sites. 

A  likely  bit  rate  for  this  application  is  the  SDH  car- 
rier  rate  of  155.53  Mbit/s. 

The  Main  Distribution  Frame  (MDF)  is  still  an  es- 
50  sential  part  of  today's  exchanges  and  moving  copper 

pairs  is  much  easier  than  moving  optic  connections. 
Consequently  it  is  difficult  to  expect  business  multi- 
plexes  to  be  effectively  distributed  to  the  subscriber's 
premises  without  the  optical  equivalent  of  a  Main  Dis- 

ss  tribution  Frame. 
The  use  of  passive  optical  networks  to  minimise 

the  number  of  optic  connections  being  back  hauled  to 
the  exchange  has  many  advantages  over  kerbside 

2 
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electronics. 
The  topology  of  the  underground  ducts  tends  to 

be  laid  out  as  tree  and  branch  structures  which  nor- 
mally  prevent  ring  access  arrangements. 

An  effective  Optical  Distribution  Frame  which  is 
compatible  with  passive  optical  networks  would  offer 
considerable  benefit  to  the  broadband  market. 

The  function  of  the  ODF  could  be  so  transparent 
that  the  155  Mbit/s  interface  of  the  subscriber  unit 
thinks  it  is  directly  connected  to  the  exchange  termin- 
ation,  in  the  same  way  that  System  X  is  unaware  of 
the  MDF  or  any  of  the  distribution  points  by  the  road 
side. 

An  ODF  transparently  connects  subscriber  ter- 
minations  to  exchange  terminations  on  a  semi- 
permanent  basis. 

OPTICAL  CROSSCONNECT 

Once  inside  the  exchange,  a  business  multiplex 
should  be  broken  down  and  routed  through  to  the  ap- 
propriate  low  order  crossconnects  and  service 
switches. 

However  some  signals  such  as  TV  studio  quality 
signals  do  not  need  breaking  down  and  can  be  switch- 
ed  as  individual  circuits.  Because  of  the  high  bit  rates 
of  these  circuits,  (155  Mbit/s)  an  optical  switch  could 
be  considered  for  this  application. 

A  crossconnect  does  not  directly  respond  to  sub- 
scriber  signalling. 

A  crossconnect  switches  the  payloads  but  not  the 
Section  Overheads  (SOH)  of  an  SDH  carrier. 

An  optical  crossconnect  switches  the  single  pay- 
load  of  an  SDH  carrier. 

An  optical  crossconnect  can  reconfigure  the  sin- 
gle  payload  from  each  high  bit  rate  interface. 

OPTICAL  SERVICE  SWITCH 

If  an  optical  crossconnect  is  made  to  respond  to 
subscriber  signalling,  then  it  becomes  an  optical  ser- 
vice  switch. 

An  optical  service  switch  can  switch  the  single 
payload  from  each  high  bit  rate  interface  under  sub- 
scriber  signalling. 

OPTICAL  SUBSCRIBER  SWITCH 

This  is  an  optical  service  switch  which  is  directly 
connected  to  the  subscribers  equipment.  Following  a 
call  attempt,  a  direct  connection  can  be  made  be- 
tween  two  subscriber's  on  the  same  Optical  Sub- 
scriber  Switch  or  between  a  subscriber  and  a  trunk. 

The  Optical  Subscriber  Switch  like  the  Optical 
Distribution  Frame,  has  to  be  capable  of  being  distrib- 
uted  over  a  considerable  distance. 

An  Optical  Subscriber  Switch  can  switch  one  pay- 
load  from  each  high  bit  rate  subscriber  or  trunk  inter- 

face  under  subscriber  signalling. 

INTERNAL  TV  STUDIO  OPTICAL  SWITCH 

5  All  the  video  equipment  in  a  television  studio  is 
connected  together  via  one  switch  so  that  any  output 
port  can  receive  any  input  port  signal,  without  any  risk 
of  blocking,  and  the  decision  of  which  channel  is  in- 
dependently  controlled  by  the  output  port. 

10  The  switch  may  be  distributed  around  several 
buildings. 

The  number  of  inputs  does  not  need  to  match  the 
number  of  outputs,  but  for  administration  reasons  it 
may  have  to.  Output  only  ports  could  be  considered. 

15  The  switch  may  not  appear  to  need  any  central 
control,  but  some  is  necessary  for  simple  architec- 
tures. 

ATV  Studio  Switch  allows  any  output  to  indepen- 
dently  select  any  input. 

20 
TV  BROADCAST  DISTRIBUTION  SWITCH 

This  is  inherently  a  unidirectional  arrangement.  It 
requires  to  be  completely  non  blocking.  There  may  be 

25  many  times  more  output  ports  than  input  ports.  Each 
output  must  be  able  to  independently  select  any  input. 
In  order  to  ensure  the  sources  of  the  video  sources 
are  operating  satisfactorily  some  central  administra- 
tion  is  required. 

30  ATV  Distribution  Studio  Switch  is  a  unidirectional 
switch  which  allows  any  output  to  independently  se- 
lect  any  input. 

SIMPLEX/DUPLEX 
35 

Several  of  these  applications  may  require  sim- 
plex  operation,  either  with  or  without  a  control  path  in 
the  reverse  direction. 

40  BI-DIRECTIONAL  FIBRES 

It  may  be  a  requirement  to  work  over  bi-direction- 
al  access  fibres. 

45  ARCHITECTURES 

All  the  following  architectures  are  based  on  Co- 
herent  Optic  transmission  principles. 

Later  the  principles  of  coherent  optic  switching 
so  will  be  described  and  details  of  the  architectures  giv- 

en. 
In  order  to  provide  the  applications  listed  above, 

it  is  proposed  that  one  basic  architecture  can  be  used 
which  can  be  configured  in  several  ways.  Five  varia- 

55  tions  are  described.  They  have  considerable  com- 
monality  and  the  differences  are  mainly  omitting  func- 
tions  that  are  not  required  for  some  applications. 

The  five  variations  are: 

3 
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General; 
Optical  Distribution  Frame  (Direct); 
Optical  Distribution  Frame  (Mirror); 
Simplex; 
TV  Broadcast. 

These  titles  are  to  aid  distinction  rather  than  to 
precisely  define  the  application. 

Distributed  Requirement 

From  Figure  1  .1  ,  the  need  for  distributed  switches 
is  apparent.  All  the  architectures  can  be  fully  distrib- 
uted. 

This  means  that  all  the  control  mechanisms  for 
both  administration  purposes  and  the  important  mat- 
ter  of  channel  stabilisation  are  conveyed  through  the 
optic  interconnections. 
1  GENERAL 

DUPLEX  OPTICS  -  DUPLEX  CON- 
TROL 

Optical  Crossconnect 
Duplex  Optical  Service  Switch 
Duplex  Optical  Subscriber  Switch 
Internal  TV  Studio  Optical  Switch 

(Duplex  ports) 
Optical  Distribution  Frame 
Duplex  Control  TV  Broadcast  Switch 

2  OPTICAL  DISTRIBUTION  FRAME  (DIRECT) 
DUPLEX  OPTICS  -  DUPLEX  CON- 

TROL 
Optical  Distribution  Frame 

3  OPTICAL  DISTRIBUTION  FRAME  (MIRROR) 
DUPLEX  OPTICS  -  DUPLEX  CON- 

TROL 
Optical  Distribution  Frame 

4  SIMPLEX 
SIMPLEX  OPTICS  -  DUPLEX  CON- 

TROL 
Simplex  Optical  Service  Switch 
Simplex  Optical  Subscriber  Switch 
Internal  TV  Studio  Optical  Switch 

(Centrally  controlled  Simplex 
ports) 

Duplex  Control  TV  Broadcast  Switch 
5  TV  BROADCAST 

SIMPLEX  OPTICS  -  SIMPLEX  CON- 
TROL 

Simplex  TV  Broadcast  Distribution 
Switch 

Internal  TV  Studio  Optical  Switch 
(Centrally  controlled  Simplex 

ports) 

DIFFERENCES 

The  general  architecture  can  perform  Optical 
Distribution  Frame  functions,  but  the  optical  distribu- 
tion  frame  architectures  can  have  twice  the  number  of 

ports,  because  exchange  to  exchange  and  subscriber 
to  subscriber  connections  are  not  required.  This  gives 
some  useful  improvements  in  the  optical  budget,  but 
a  wider  laser  tuning  range  is  required. 

5  The  other  differences  are  using  much  simpler 
port  cards  in  the  Simplex  and  TV  Broadcast  architec- 
tures,  the  central  control  and  clock  stabilisation  meth- 
ods  being  the  same. 

10  NUMBERS  OF  PORTS 

The  General  Architecture  is  shown  with  256  ports 
each  capable  of  622  Mbit/s.  The  Optical  Distribution 
Frames  Architectures  have  256  ports  at  each  end  and 

15  the  others  are  shown  as  asymmetric.  Several  alterna- 
tives  are  possible. 

There  are  methods  for  increasing  the  number  of 
ports,  such  as  lasers  with  a  wider  tuning  range  or  us- 
ing  image  rejection  to  pack  the  channels  closer. 

20  These  enhancements,  which  may  cause  other  prob- 
lems  such  as  reducing  the  optical  budget  and  tighter 
channel  stablisation,  have  not  been  employed  in 
these  architectures.  They  can  be  considered  for  build- 
ing  larger  switches  in  the  future. 

25  The  passive  optics  used  for  a  256  port  unit  is 
shown  in  Figures  2.4.  It  is  a  simple  compromise  be- 
tween  complexity  and  optical  budget.  Others  could 
be  used  if  more  appropriate. 

The  architecture  for  the  Broadcast  arrangement, 
30  in  Figure  2.5,  shows  a  64  to  1  024  arrangement.  Large 

switches  are  really  only  limited  by  optical  budget 
which  should  still  have  something  in  hand. 

By  reducing  to  155  Mbit/s;  the  optical  budget  is 
improved  and  the  channel  stabilisation  and  the  laser 

35  tuning  range  become  even  less  critical. 

SECURITY 

The  architectures  shown  are  unsecured.  Com- 
40  plete  duplication  is  possible.  Various  other  methods 

are  also  mentioned  where  duplication  of  the  passive 
optics  may  be  considered  as  excessive. 

Because  these  coherent  optic  switches  transport 
the  channel  timing  across  the  switch,  multiple  secur- 

es  ity  plane  switches  would  not  be  synchronised  togeth- 
er.  The  only  need  for  synchronisation  would  be  for  the 
Time  Division  Multiple  Access  (TDMA)  mechanism. 
Because  each  channel  has  its  own  identity  code  and 
all  the  switch  connections  are  broadcast  to  all  ports, 

so  detecting  faults  should  be  much  easier  than  on  some 
switches. 

Channel  Stabilisation  is  the  area  where  care  is  re- 
quired. 

55  GENERAL  ARCHITECTURE 

All  the  port  units  on  this  switch  are  the  same. 
Each  port  unit  has  a  laser  source  which  must  be 

4 
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held  at  a  constant  point  in  the  optic  frequency  spec- 
trum.  Each  source  is  modulated  to  contain  not  only 
the  payload,  but  also  a  channel  identity  code. 

Light  from  all  these  sources  are  combined  and 
distributed  to  all  the  port  units.  5 

In  order  to  perform  a  switching  action  a  port  unit 
tunes  into  the  appropriate  optic  frequency. 

The  SWITCHABLE  CLOCK  REFERENCE  is 
used  when  initially  defining  the  source  optic  frequen- 
cies.  Subsequent  fine  adjustments  are  performed  by  10 
the  SWITCHABLE  CLOCK  MONITOR  measuring  any 
drift  and  sending  a  message,  via  the  BROADCAST 
GENERATOR,  to  the  port  card. 

These  and  other  control  messages  are  sent  to  all 
port  cards,  with  addresses  to  identify  the  port  card.  15 
The  BROADCAST  GENERATOR  also  defines  a  Tim- 
ing  standard  for  the  return  TIME  DIVISION 

MULTIPLE  ACCESS  RECEIVER. 
20 

The  BROADCAST  and  TIME  DIVISION  MULTI- 
PLE  ACCESS  information  are  both  carried  optically. 
Because  low  data  rates  are  used  and  out  band  fre- 
quencies  are  used,  there  is  only  a  small  impact  on  the 
optical  budget.  25 

The  BROADCAST  information  includes  the  cur- 
rent  switch  paths. 

The  SWITCHABLE  CLOCK  REFERENCE  gives 
the  appropriate  frequency  identity  code  for  each  fre- 
quency  it  supplies.  30 

All  source  lasers  have  inhibits  so  they  can  be  dis- 
abled  if  they  are  not  on  the  correct  optic  frequency. 

The  architecture  is  arranged  so  it  can  work  over 
bi-directional  fibres  if  required. 

35 
OPTICAL  DISTRIBUTION  FRAME  (DIRECT) 
ARCHITECTURE 

This  is  shown  in  Figure  2.2. 
There  are  two  optic  combiner/splitter  units  for  this  40 

switch;  one  for  each  direction  of  traffic.  This  enables 
256  exchange  and  256  subscriber  ports  to  be  handled 
with  the  same  optical  budget  as  256  ports  on  the 
General  Architecture,  provided  the  laser  tuning  range 
is  wide  enough.  45 

The  coherent  channel  spacings  are  shown  and 
described  with  reference  to  Figures  3.1  A  and  3.1  B. 

The  port  units  on  this  architecture  are  the  same 
as  for  the  General  Architecture  (See  Figure  3.2). 

All  ports  units  are  also  controlled  in  the  same  way  so 
by  the  use  of  the  Switchable  Clock  Monitor,  Switch- 
able  Clock  Reference,  Broadcast  Generator  and 
TDMA  Receiver. 

The  central  functions  have  to  service  twice  as 
many  port  units  as  in  the  General  Architecture.  This  55 
can  be  achieved  by  providing  extra  units  or  by  optical- 
ly  sharing  one  set. 

OPTICAL  DISTRIBUTION  FRAME  (MIRROR) 
ARCHITECTURE 

This  is  shown  in  Figure  2.3. 
There  are  two  optic  combiner/splitter  units  forthis 

switch;  one  for  each  direction  of  traffic.  This  enables 
256  exchange  and  256  subscriber  ports  to  be  handled 
with  a  lower  optical  budget  than  256  ports  on  the 
General  Architecture,  provided  the  laser  tuning  range 
is  wide  enough. 

Again,  the  coherent  channel  spacings  are  shown 
and  described  with  reference  to  Figures  3.1A  and 
3.1  B. 

There  are  two  types  of  port  units  on  this  switch. 
Exchange  Port  units  and  Subscriber  Port  units.  An 
Exchange  Port  unit  services  a  Subscriber  Port  Unit 
via  a  duplex  coherent  optic  connection. 

The  Exchange  Port  units  as  shown  in  Figure  3.2 
on  this  architecture  are  the  same  as  for  the  general 
architecture.  These  port  units  are  controlled  in  the 
same  way  by  the  use  of  the  Switchable  Clock  Monitor, 
Switchable  Clock  Reference,  Broadcast  Generator 
and  TDMA  Receiver. 

Part  of  the  broadcast  information  contains  the 
switch  paths.  These  are  mirrored  forward  by  all  the 
Exchange  Port  units  to  the  Subscriber  Port  units 
along  with  the  channel  identity  code  information.  By 
reading  any  optic  channel,  a  Subscriber  Port  unit 
knows  from  which  Exchange  Port  unit  it  should  be  re- 
ceiving  channel  data. 

The  Subscriber  Port  units  as  shown  in  Figure  3.3 
are  the  same  as  the  Port  Units  for  the  General  archi- 
tecture  except  that  the  Broadcast  and  TDMA  mecha- 
nisms  are  missing.  This  also  allows  two  optical  com- 
biner/splitters  to  be  omitted.  The  Subscriber  Port 
Units  receive  references  as  normal  and  are  monitored 
as  normal,  but  all  control  messages  are  received  from 
and  sent  to  the  exchange  unit  in  the  Mirror  Channel. 

The  central  functions  have  to  service  twice  as 
many  port  units  as  the  General  Architecture.  This  can 
be  achieved  by  providing  extra  units  or  by  optically 
sharing  one  set. 

SIMPLEX  ARCHITECTURE 

This  is  shown  in  Figure  2.4. 
There  is  one  optic  combiner/splitter  unit,  one  64 

way  splitter  and  one  1024  way  optic  combiner  for  this 
switch.  They  are  respectively  for;  broadcasting  the  TV 
channels  (or  other  unidirectional  optical  circuits),  for 
distributing  the  optic  frequencies  and  control,  and  for 
collecting  Subscriber  responses  and  signalling. 

The  coherent  channel  spacings  are  shown  and 
described  with  reference  to  Figures  3.4Aand  3.4B. 

There  are  two  types  of  port  units  on  this  switch. 
Exchange  Port  units  and  Subscriber  Port  units. 

The  Subscriber  Port  unit  as  shown  in  Figure  3.6 
controls  its  selection  of  all  the  distributed  optical  chan- 

5 
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nels.  It  has  no  optical  output  port. 
The  Exchange  Port  units  as  shown  in  Figure  3.5 

can  be  simpler  than  the  port  units  on  the  general 
switch,  as  there  is  no  channel  to  detect  from  the  sub- 
scriber.  The  Exchange  Port  units  are  still  controlled  in 
a  similarway  by  the  use  of  the  Switchable  Clock  Mon- 
itor,  Switchable  Clock  Reference,  Broadcast  Genera- 
tor  and  TDMA  Receiver. 

The  Subscriber  Port  units  can  be  controlled,  if  re- 
quired,  by  using  the  broadcast  and  mirror  mecha- 
nisms  to  distribute  the  messages  and  the  TDMA 
mechanisms  for  responses.  This  enables  subscribers 
to  request  different  TV  programs  to  be  transmitted. 

This  architecture  still  requires  a  return  interface 
which  will  require  more  cabling  and  passive  compo- 
nents  than  the  Broadcast  Only  Architecture. 

TV  BROADCAST  ARCHITECTURE 

As  shown  in  Figure  2.5,  there  is  one  optic  com- 
biner/splitter  unit  and  one  64  way  splitter  for  this 
switch;  the  former  one  for  broadcasting  the  TV  chan- 
nels  and  the  latterfor  distributing  the  optic  frequences 
and  control. 

The  coherent  channel  spacings  are  shown  and 
described  with  reference  to  Figures  3.4Aand  3.4B. 

There  are  two  types  of  port  units  on  this  switch. 
Exchange  Port  units  and  Subscriber  Port  units. 

The  Subscriber  Port  unit  as  shown  in  Figure  3.7 
controls  its  selection  of  all  the  distributed  optical  chan- 
nels.  It  has  no  optical  output  port. 

The  Exchange  Port  units  as  shown  in  Figure  3.5 
can  be  simpler  than  the  port  units  on  the  general 
switch,  as  there  is  no  channel  to  detect  from  the  sub- 
scriber.  The  Exchange  Port  units  are  still  controlled  in 
a  similarway  by  the  use  of  the  Switchable  Clock  Mon- 
itor,  Switchable  Clock  Reference,  Broadcast  Genera- 
tor  and  TDMA  Receiver. 

The  Subscriber  Port  units  are  neither  directly 
controlled  nor  monitored  by  the  central  control  func- 
tions. 

256  BY  256  WAY  PASSIVE  OPTIC  NETWORK 

A  typical  arrangement  is  shown  in  Figure  2.6, 
wherein  a  single  arrangement  is  appropriate  for  the 
general  architecture  and  a  double  arrangement  is  ap- 
propriate  for  the  Optical  Distribution  Frame.  Other 
passive  optic  arrangements  could  be  used. 

64  BY  1024  WAY  PASSIVE  OPTIC  NETWORK 

As  shown  in  Figure  2.7  a  single  arrangement  is 
appropriate  for  the  main  distribution  of  TV  Broadcast 
architecture.  Other  passive  optic  arrangements  could 
be  used. 

COHERENT  OPTICS 

BACKGROUND 

5  The  principle  of  the  coherent  optic  switch  enables 
a  very  high  bandwidth  capacity  single  stage  switch  to 
be  constructed  around  a  passive  optic  combiner  and 
splitter. 

The  port  units  not  only  terminate  the  external  in- 
10  terfaces  but  also  carry  the  coherent  sources  and  de- 

tectors. 
Every  coherent  source  must  accurately  transmit 

on  the  correct  coherent  channel.  Therefore  the 
source  laser  is  tunable  over  an  optic  frequency  range. 

15  Every  coherent  detector  must  know  the  channel 
it  is  expected  to  select  and  be  able  to  accurately  re- 
cover  that  particular  channel  signal.  By  including  a 
channel  identity  code  it  is  possible  for  the  detectors 
to  ensure  they  have  locked  to  the  correct  channel. 

20  Detection  is  based  on  the  heterodyne  technique. 
A  local  laser  oscillator  is  tuned  until  it  has  a  small  fre- 
quency  difference  (Intermediate  Frequency,  IF)  to 
the  required  channel.  By  optically  mixing  the  output 
of  the  local  oscillator  and  the  incoming  signal,  the  re- 

25  quired  channel  can  be  detected  by  passing  the  resul- 
tant  signal  through  a  filter  with  a  cut-off  of  twice  the 
IF. 

The  number  of  channels  is  dependent  on  the 
spacing  of  the  channels,  the  width  of  the  tuning  range 

30  of  the  local  oscillators  and  the  source  oscillators, 
there  being  enough  optical  power  left  at  the  detector, 
after  the  optic  combiner  and  splitter,  to  discriminate 
the  wanted  channel  from  the  rest. 

Figure  2.1  shows  the  General  Architecture  for  a 
35  Coherent  Optic  Switch.  This  switch  is  capable  of  be- 

ing  distributed,  because  there  are  only  internal  optic 
connections  to  the  port  units. 

It  is  essential  that  the  source  lasers  remain  sta- 
bilised  at  the  correct  optical  frequencies. 

40  The  requirement  is  that  the  clock  stabilisation  of 
both  the  coherent  sources  and  the  coherent  detec- 
tors  is  an  integral  part  of  the  switch  architecture.  It  is 
also  a  requirement  that  all  clock  stabilisation  informa- 
tion  and  other  control  information  is  carried  via  the 

45  normal  internal  optic  connections  to  the  port  units. 
A  considerable  part  of  the  central  control  func- 

tions  are  dedicated  to  maintaining  channel  stabilisa- 
tion. 

This  section  proposes  the  channel  spacings  for 
so  the  three  duplex  and  two  simplex  architectures  with 

both  relaxed  and  close  spacings.  Channel  spacing  di- 
agrams  are  provided  as  well  as  the  block  diagrams  for 
the  port  units.  Some  details  of  the  central  control 
functions  are  also  provided. 

55 
DUPLEX  CHANNEL  SPACINGS  AND  PORT  UNITS 

These  are  for  the; 

6 
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GENERAL  ARCHITECTURE 
OPTICAL  DISTRIBUTION  FRAME  (DIRECT) 

ARCHITECTURE 
OPTICAL  DISTRIBUTION  FRAME  (MIRROR) 

ARCHITECTURE 

CHANNEL  SPACINGS 

There  are  two  arrangements  shown; 
Relaxed  spacings  as  in  Figure  3.1  Awith  1  Refer- 

ence  position  per  Channel  and  Close  spacings  as  in 
Figure  3.1  B  with  1  Reference  position  per  two  Chan- 
nels. 

The  Broadcast  and  TDMA  channels  are  not 
shown  as  they  are  outside  the  tunable  coherent  fre- 
quency  band. 

The  port  units  are  the  same  for  all  these  three  ar- 
chitectures,  except  that  the  Subscriber  Port  unit  on 
the  Optical  Distribution  Frame  (Mirror)  Architecture 
does  have  the  broadcast  receiver  or  the  TDMA 
source. 

From  the  Broadcast  information  (which  is  not 
shown  in  the  channel  spacing  diagrams)  the  Port  unit 
knows  which  input  channel-to  detect  and  what  chan- 
nel  it  should  source. 

The  fibre  from  the  optic  combiner/splitter  not  only 
contains  all  the  possible  input  channels  but  can  also 
contain  some  references.  The  references  are  of  a 
much  narrower  bandwidth  and  are  spaced  as  shown 
between  the  broadband  channels. 

Relaxed  Channel  Spacings 

The  relaxed  Channel  spacing  diagram,  Figure 
3.1A,  shows  a  channel  and  a  possible  reference  ev- 
ery  6  df,  with  a  2  df  spacing  between  the  channel  and 
the  possible  reference. 

With  one  laser,  it  is  possible  to  detect  a  reference 
and  to  source  a  channel,  2  df  away.  However  any  sig- 
nal  on  the  channel  frequency  itself  will  also  be  detect- 
ed.  This  does  not  matter  if  it  directly  results  from  the 
local  source  laser  as  this  signal  can  be  removed  by 
analogue  subtraction.  However  it  must  not  come  from 
another  source,  unless  the  image  rejection  technique 
is  employed. 

Consequently  the  same  optic  frequency  cannot 
be  used  in  both  optic  combiner/splitters  in  the  Optical 
Distribution  Frame  Architectures.  The  advantages  of 
the  Optical  Distribution  Frame  architectures  are  in 
making  better  use  of  the  available  optical  budget, 
rather  than  better  use  of  the  tuning  range. 

The  detection  of  channels  can  still  be  performed 
satisfactorily  even  in  the  presence  of  the  reference, 
as  a  reference  is  3  df  away  from  the  channel  local  os- 
cillator  frequency. 

Close  Channel  Spacings 

Provided  the  optic  detectors  know  whether  to 
tune  just  above  or  just  below  a  reference  channel,  the 

5  closer  channel  spacings  can  be  used,  as  shown  in 
Figure  3.1.  B.  This  enables  more  channels  to  be 
packed  into  a  given  bandwidth.  It  also  halves  the 
number  of  references  that  are  required.  This  gives  a 
usable  data  channel  every  4df. 

10 
GENERAL  PORT  UNIT 

Each  General  Port  Unit  has  one  fibre  connection 
to,  and  one  fibre  connection  from,  the  single  optic 

15  combiner/splitter,  or  the  pair  of  optic  combiner/split- 
ters. 

The  General  Port  Unit,  shown  in  Figure  3.2,  con- 
tains: 

Broadcast  receiver; 
20  DMA  source  for  status  data; 

Detector  laser  (local  oscillator)  with  frequency 
discriminator  and  channel  detector; 

Source  laser  (reference  local  oscillator)  with 
frequency  discriminator,  channel  detector  and  analo- 

25  gue  subtractor; 
A  frequency  control  data  selector  for  working 

with  optic  reference  or  broadcast  channel; 
Channel  Identity  and  Mirror  Data  multiplexer. 

30  OPTICAL  DISTRIBUTION  FRAME  (MIRROR) 
SUBSCRIBER  PORT  UNIT 

This  port  unit  see  Figure  3.3  is  based  on  the  Gen- 
eral  Port  unit  except  that  it  does  not  contain  the 

35  Broadcast  Receiver  or  the  TDMA  source.  Conse- 
quently  it  loses  two  optic  couplers  and  gains  some  op- 
tic  budget  in  each  path. 

Broadcast  information  which  has  been  reflected 
forward  at  the  exchange  end  arrives  via  the  mirror 

40  channel.  Status  information  is  returned  in  the  vacant 
mirror  channel  in  the  other  direction  to  the  exchange 
end  where  it  can  be  inserted  into  the  TDMA  mecha- 
nism. 

Consequently  less  Broadcast  and  TDMA  equip- 
45  ment  is  required  centrally. 

The  advantages  of  this  simpler  architecture  are 
not  dramatic,  but  it  is  included  as  a  possible  option. 

SIMPLEX  CHANNEL  SPACINGS  AND  PORT 
50  UNITS 

These  are  for  the  : 
SIMPLEX  ARCHITECTURE 
TV  BROADCAST  ARCHITECTURE 

55 
CHANNEL  SPACINGS 

There  are  2  arrangements  shown: 

7 
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Relaxed  spacings  with  1  Reference  position 
per  Channel  (Figure  3.4A)  and 

Close  spacings  with  1  Reference  position  per 
2  Channels  (Figure  3.4B). 

The  Broadcast  and  TDMA  channels  are  not 
shown  as  they  are  outside  the  tunable  coherent  fre- 
quency  band. 

The  Exchange  Port  units  are  the  same  for  both 
these  architectures,  but  the  Subscriber  Port  units  are 
different. 

From  the  Broadcast  information  (which  is  not 
shown  in  the  channel  spacing  diagrams)  the  Ex- 
change  Port  unit  knows  what  channel  it  should  source 
and  therefore  which  reference  to  detect. 

The  fibre  from  the  optic  splitter  contains  the  ref- 
erences.  The  references  are  spaced  as  shown  in  Fig- 
ures  3.4.Aand  3.4.B,  which  are  the  same  spacings  as 
the  earlier  figures.  Figure  3.4.B  shows  closer  spac- 
ings,  than  Figure  3.4A,  and  requires  only  one  refer- 
ence  per  2  channels. 

SIMPLEX  AND  TV  BROADCAST  EXCHANGE 
PORT  UNIT  (Figure  3.5) 

This  is  basically  the  same  as  the  General  Port 
unit  but  without  the  detector  laser  (local  oscillator) 
with  its  frequency  discriminator  and  channel  detector. 

SIMPLEX  SUBSCRIBER  PORT  UNIT  (Figure  3.6) 

This  has  the  detector  laser  (local  oscillator)  with 
its  frequency  discriminator  and  channel  detector  as 
well  as  the  TDMA  source  driving  an  Optic  Out  Port  for 
subscriber  signalling. 

TV  BROADCAST  SUBSCRIBER  PORT  UNIT 
(Figure  3.7) 

This  has  just  the  detector  laser  (local  oscillator) 
with  its  frequency  discriminator  and  channel  detector 
without  the  TDMA  source  and  Optic  Out  Port,  as 
there  is  no  subscriber  signalling. 

OPTIC  FREQUENCY  STABILISATION 

It  is  essential  to  have  secured  optic  frequency  sta- 
bilisation  arrangements. 

OPTIC  STANDARDS 

There  are  at  least  two  optic  standards  of  the 
same  nominal  optic  frequency.  Figure  3.8  shows  3  op- 
tic  standards. 

SWITCHABLE  CLOCK  REFERENCES 

There  must  be  at  least  two  switchable  clock  ref- 
erences.  Figures  3.8  shows  3  switchable  clock  refer- 

ences. 
Each  switchable  reference  clock  is  connected  to 

all  the  optic  standards. 
Each  switchable  clock  reference  is  connected  to 

5  some  or  all  the  main  switch  optic  combiner  and  splitter 
units  so  that  it  can  supply  a  reference  to  some  or  all 
of  the  port  unit  sources. 

A  switchable  clock  reference  consists  of  3  parts: 
an  optic  standard  monitor; 

10  a  tunable  laser  source  (the  same  as  those  on 
port  units); 

a  normal  passive  optic  splitter. 

SWITCHABLE  CLOCK  MONITORS 
15 

There  must  be  at  least  two  switchable  clock  mon- 
itors.  Figure  3.8  shows  3  switchable  clock  monitors. 

Each  switchable  clock  monitor  is  connected  to  all 
the  optic  standards. 

20  Each  switchable  clock  monitor  is  connected  to 
some  or  all  the  main  switch  optic  combiner  and  splitter 
units  so  that  it  can  monitor  some  or  all  of  the  port  unit 
sources. 

A  switchable  clock  monitor  consists  of  3  parts: 
25  an  optic  standard  monitor; 

a  tunable  laser  local  oscillator  (the  same  as 
those  on  port  units); 

a  normal  passive  optic  combiner. 

30  OPERATION  OF  OPTIC  FREQUENCY 
STABILISATION 

The  outputs  of  the  Optic  Frequency  Standards 
are  taken  via  passive  optic  splitters  to  all  the  standard 

35  optic  monitor  units. 
The  standard  optic  monitor  units  compare  the 

standards  to  see  if  any  appear  faulty  and  help  decided 
which  optic  standard  is  the  current  worker  (in  conjuc- 
tion  with  the  master  control  unit  which  is  not  shown 

40  in  Figure  3.8). 
A  standard  optic  monitor  controls  the  laser 

source,  of  a  switchable  clock  reference  unit,  so  that  it 
supplies  an  accurate  reference.  Only  when  it  has  con- 
firmed  that  the  source  is  at  the  correct  optic  frequen- 

45  cy  will  it  permit  the  reference  identity  code  to  be  add- 
ed  and  the  source  output  enabled  into  the  passive  op- 
tic  network. 

A  standard  optic  monitor  also  controls  the  local 
oscillator  of  the  switchable  monitor,  by  supplying  the 

so  channel  code  that  the  local  oscillator  must  search  for. 
When  the  local  oscillator  is  receiving  the  required 
channel  the  optic  monitor  compares  the  optic  fre- 
quency  of  t  he  local  oscillator  wit  h  t  he  worker  optic  fre- 
quency  standard.  Any  adjustments  required  are  de- 

55  termined  and  a  broadcast  message  is  requested  to  be 
sent  out  to  the  port  unit. 

8 
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GROWTH 

One  of  the  key  features  of  a  practical  switch  is 
that  it  must  be  easy  to  grow.  The  coherent  architec- 
tures  described  have  very  efficient  growth  character- 
istics. 

Once  the  16  by  16  optic  combiner/splitters  have 
been  provided,  along  with  the  central  control  func- 
tions,  port  units  can  be  added  as  required  with  the 
necessary  1  to  4  splitters  and  4  to  1  combiners. 

If  a  larger  switch  requires  more  switchable  clock 
references  or  switchable  monitors,  they  can  be  added 
as  required  via  simple  optic  connections. 

The  central  secured  microprocessor  controllers, 
which  have  not  been  described  in  this  paper,  have  to 
be  able  to  handle  all  the  standard  optic  monitor  units, 
the  broadcast  Generators  and  the  TDMA  receivers, 
perhaps  16  in  total  for  a  large  secured  switch.  The 
number  of  channels  to  be  handled  is  small  compared 
with  System  X  switches. 

Unlike  electronic  switching,  there  are  no  active 
components  in  the  switching  core,  consequently  the 
growth  characteristics  for  coherent  optic  switches 
should  always  be  very  good.  Howeverthe  use  of  optic 
amplifiers  would  introduce  active  components,  within 
the  combining  and  splitting  networks,  and  negate  the 
benefits  of  a  passive  switching  core. 

STANDBY  PORT  UNIT  CLOCKS 

Coherent  optic  switches  shoulod  not  do  time 
switching.  Therefore  the  requirements  for  frame  syn- 
chronisation  do  not  exist.  A  TDMA  message  frame 
synchronisation  is  required  for  the  control  architec- 
ture  described. 

However  a  port  unit  even  if  it  does  not  have  a  live 
external  interface  should  still  generate  some  form  of 
payload  to  carry  across  the  switch  in  order  to  demon- 
strate  that  it  is  working  satisfactorily.  It  is  also  neces- 
sary  to  substitute  a  payload  when  a  temporary  loss  of 
external  input  occurs.  A  form  of  substitute  clock  is  re- 
quired  for  each  port  unit.  The  change-over  from  a  line 
clock  to  a  substitute  clock  and  the  converse  can 
cause  discontinuites.  Therefore  the  external  line 
clock  should  be  used  to  synthesise  a  smooth  modu- 
lation  clock  of  slightly  higher  frequency.  This  modula- 
tion  clock  should  naturally  hold  the  synthesised  fre- 
quency  in  order  to  minimise  (or  eliminate)  any  discon- 
tinuity  if  the  external  line  clock  is  lost  and  returns 
promptly. 

The  plane  clock  selection  mechanism  will  also 
need  some  similar  characteristics  to  the  substitute 
clock  described  in  standby  port  unit  clocks  above. 

SECURITY 

This  was  briefly  mentioned  earlier. 
Because  the  core  of  the  switch,  used  to  carry  the 

traffic,  is  totally  passive  the  reliability  can  be  consid- 
ered  to  be  very  high.  The  control  core  can  be  secured 
as  shown  in  Figure  3.8. 

The  weak  links  are  the  port  units  and  the  fibres 
5  of  a  very  distributed  architectures. 

Two  plane  internal  architectures  are  relatively 
straight  forward.  However  cable  lengths  will  have  to 
be  matched  between  the  planes  if  hit-less  change- 
overs  are  required  at  the  plane  selection  before  the 

10  external  transmission  interface. 
The  plane  clock  selection  mechanism,  on  the 

port  units  prior  to  driving  the  external  line,  will  also 
need  some  similar  characteristics  to  the  substitute 
clock  described  in  the  standby  port  unit  clocks  above. 

15 
ONE-IN-N  SPARING 

One  of  the  attractive  features  of  the  Optical  Dis- 
tribution  Frame  application,  is  the  ease  with  which  a 

20  replacement  exchange  port  unit  can  be  configured  in 
to  replace  a  failed  exchange  port  unit  and  thereby  re- 
turn  the  service  to  the  subscriber.  This  requires  the 
external  interface,  to  the  replacement  exchange  port 
unit,  to  be  accepted  by  the  service  network  as  the 

25  subscriber  interface. 

CHANNEL  ALLOCATION 

The  precise  positioning  of  the  optic  channels  can 
30  be  redefined  if  necessary  even  on  an  in  service  co- 

herent  switch. 
There  are  some  advantages  in  this  flexibility. 
Firstly,  if  a  particular  port  unit  is  transmitting  on 

the  wrong  channel  and  it  cannot  be  inhibited,  this  may 
35  mean  that  it  interferes  with  another  one  or  two  chan- 

nels.  It  is  possible  to  not  use  the  affected  channel  and 
command  the  port  units  to  use  other  vacant  channels. 

Secondly,  it  is  worth  leaving  several  channels  un- 
used  at  each  end  of  the  tuning  range.  It  is  necessary 

40  to  know  t  hat  a  u  nit  can  work  over  t  he  full  range  of  optic 
channel  frequencies.  When  testing  a  new,  or  out  of 
service  port  unit,  it  should  be  asked  to  source  and  de- 
tect  on  a  channel  at  one  end  and  then  on  a  channel 
at  the  other  end  of  the  tuning  range.  If  the  unit  is  not 

45  working  accurately  it  should  not  risk  interfering  with 
a  channel  as  there  would  be  no  adjacent  ones  in  ser- 
vice. 

OPTIC  AMPLIFIERS 
50 

Optic  Amplifers  are  already  becoming  every  ef- 
fective  at  some  optic  frequencies  and  will  probably  be- 
come  effective  at  the  optic  frequencies  suggested  lat- 
er.  Including  optic  amplifiers  obviously  degrades  the 

55  reliability  of  the  passive  optic  core,  as  it  would  no  lon- 
ger  be  passive.  Optic  amplifiers  would  only  be  of  ben- 
efit  if  added  close  to  the  16  by  16  optic  combiner/split- 
ters. 

9 
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It  is  possible  to  consider  their  inclusion  to  improve 
the  optical  budget  on  very  distributed  applications. 
However  the  sizes  of  the  architectures  described  do 
not  need  optic  amplifiers. 

They  can  be  considered  in  the  longer  term  as  be- 
ing  another  technique  which  will  keep  optic  technolo- 
gy  well  ahead  of  electrical  transmission  technology. 

INTERFACE  FORMATS 

There  are  two  major  interfaces  to  consider.  The 
External  Line  Interface  and  the  Passive  Interface. 

PASSIVE  INTERFACE 

The  Passive  Interface  is  the  interface  between 
the  port  units  and  the  passive  optic  combiner/splitter. 

A  particular  switch  has  a  particular  channel  sep- 
aration  and  switches  a  particular  circuit  bit  rate. 

For  convenience,  the  coherent  optic  switch  car- 
ries  circuits  which  are  clocked  data  streams  of  nom- 
inally  the  same  bit  rate. 

The  clocks  for  the  data  streams  carried  across 
the  passive  interface  are  normally  derived  from  the 
incoming  external  line  clocks. 

The  information  content,  of  the  switched  circuit 
sent  from  the  Port  Unit  across  the  Passive  Interface, 
will  consist  of  the  following: 

Circuit  Framing  Alignment  Signal: 
Channel  Identity  Code; 
Circuit  Data; 
Stuffing; 
Error  Detecting  or  Correcting  Codes. 

When  a  lower  bit  rate  circuit  interface  is  required 
to  be  transported  across  a  higher  circuit  rate  coherent 
switch,  then  fixed  tuffing  is  used  to  fill  the  excess 
bandwidth.  Alternatively,  where  a  switch  of  a  fixed 
granularity  is  required  to  carry  lower  bit  rate  channels 
than  it  was  designed  for,  (e.g.  155  instead  of  622 
Mbit/s)  then  one  source  could  be  used  to  carry  four 
quarter  size  payloads.  A  detector  would  have  to  dis- 
card  three  quarters  of  the  total  payload.  In  which  case 
it  may  be  appropriate  to  have  4  such  detectors  for 
each  quad  source. 

The  coherent  optic  switch  must  be  able  to  inter- 
pret  the  channel  Identity  Code.  This  will  involve  the 
decoding  of  the  Frame  Alignment  Signal. 

The  coherent  optic  arrangements  do  not  need  to 
be  aware  of  the  circuit  data,  stuffing  or  error  detect- 
ing/correcting  information.  The  external  line  interface 
area  of  the  port  unit  of  course  does. 

EXTERNAL  LINE  INTERFACE 

The  External  Line  Interface  does  not  have  to  be 
SDH  based.  It  could  be  another  coherent  network  or 
a  digital  TV  signal  or  a  high  order  PDH  signal. 

The  Line  Interface  is  often  likely  to  be  an  SDH 

STM-4  622  Mbit/s  signal.  It  could  also  be  a  STM-1, 
1  55.52  Mbit/s  signal,  or  an  STM-16,  2.5  Gbit/s  signal. 
The  coherent  channel  spacing  would  be  different  for 
the  different  line  rates,  if  the  maximum  number  of 

5  ports  is  to  be  achieved  for  each  line  rate. 
Because  of  the  need  for  a  substitute  clock  in  the 

event  of  the  loss  of  the  external  line  signal,  some  fre- 
quency  synthesis  will  be  required  on  most  types  of 
the  port  unit.  However  a  method  of  keeping  the  Pas- 

10  sive  Interface  Data  Rate  the  same  as  the  External 
Line  Interfaces  data  rate  has  been  proposed  and  is  in- 
cluded  below.  Some  applications,  such  as  an  SDH 
crossconnect,  should  not  switch  all  the  section  over- 
head  and  this  method  may  be  appropriate. 

15  The  method  described  modifies  part  of  the  SDH 
Section  Overhead. 

MODIFIED  SDH  PASSIVE  INTERFACE  FORMAT 

20  SDH  carriers  have  a  known  Frame  Alignment 
Signal,  the  rest  is  nearly  all  scrambled. 

The  Normal  Frame  Alignment  Signal  is  6  bytes  for 
an  STM-1; 
A1,A1  ,A1,A2,A2,A2. 

25  It  is  24  bytes  for  an  STM-4; 
A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A2,A2,A2, 
A2,A2,A2,A2,A2,A2,A2,A2,  A2, 

Four  STM-1s  are  byte  interleaved  to  form  an 
STM-4. 

30  A1  is  11110110  and  A2  is  00101000. 
It  is  proposed  to  keep  the  Al  pattern  the  same  and 

change  the  A2  pattern.  The  A2  pattern  should  still 
only  have  2  bits  at  logic  1. 

It  is  suggested  that  the  3  off  A2  bytes  are  re- 
35  placed  by  bytes  X,  Y  and  Z. 

The  16  suggested  patterns  for  X,  Y  and  Z  are  : 
10100000 
10010000 
10001000 

40  10000100 
01010000 
01001000 
01000100 
01000010 

45  00100100 
00100010 
00100001 
00010010 
00010001 

50  00001010 
00001001 
00000101 

The  total  combinations  for  X,  Y  and  Z  are  4096. 
The  STM-1  frame  alignment  pattern  becomes 

55  A1,A1,A1,X,  Y,Z. 
The  STM-4  frame  alignment  pattern  becomes 

A1  ,A1  ,A1  ,A1  ,A1  ,  A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,A1  ,  X,  X,  X,  X, 
Y  Y,  Y,  Z,  Z,  Z,  Z. 

10 
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The  port  unit  overwrites  the  A2  bytes  received 
from  the  external  line  interface  and  replaces  them 
with  the  appropriate  X,  Y  and  Z  bytes  which  are  then 
sent  over  the  passive  interface  to  the  optic  combiner 
and  splitter.  When  there  is  no  line  signal  the  substitute 
STM-1  is  used  and  the  A2  bytes  are  similarly  over- 
written.  Changing  from  the  substitute  to  the  restored 
external  line  input  may  cause  a  transient  loss  of  frame 
alignment  to  be  output  to  the  external  interface,  if  the 
substitute  has  been  used  other  than  to  cover  a  short 
transient. 

The  port  unit  also  overwrites  the  X,  Y  and  Z  bytes 
received  from  the  passive  interface  and  replaces 
them  with  A2  bytes  to  send  out  over  the  external  line 
interface. 

OPTICAL  AMPLIFIERS 

Use  of  Erbium  Doped  optical  Fibre  Amplifiers 
(EDFA)  in  coherent  based  systems  offers  significant 
increases  in  the  available  optical  budget.  This  might 
be  useful  in  some  applications  of  coherent  based  opt- 
ical  switches.  This  improvement  in  the  optical  budget 
could  allow  an  increased  number  of  channels  to  be 
supported.  This  is  especially  significant  in  systems 
which  require  high  data  rates  (STM-1  6). 

The  optical  bandwidth  of  EDFA's  is  limited  to  30 
nm  in  the  1530-1565  nm  region.  This  limits  the  usable 
wavelength  range  of  the  switch  and  could  restrict  the 
number  of  channels. 

The  cost  of  the  optical  amplifier  would  be  shared 
amongst  the  transmitter  units  it  serviced.  For  a  fully 
cross-connected  switch  an  optical  amplifier  would 
have  to  serve  each  transmitter  making  it  an  expensive 
proposition.  For  a  delta-two  network  the  cost  would 
be  shared  amongst  all  the  transmitters.  However,  due 
to  the  increased  loss  of  this  network  topology  the  opt- 
ical  budget  gained  would  be  reduced.  The  exact  cost 
and  effectiveness  of  a  EDFA  is  therefore  strongly  de- 
pendent  on  the  Passive  Optical  Network  (PON)  con- 
figuration  used  and  its  placement  within  the  PON  net- 
work. 

CONTROL  UNIT  FOR  COHERENT  BASED 
SYSTEMS 

The  control  unit  as  shown  in  Figure  4.1  is  used  in 
coherent  based  broadband  connection  systems  con- 
sists  of  4  sections: 

i)  Broadcast  Generator. 
ii)  Switchable  Clock  monitor. 
iii)  TDMA  receiver. 
iv)  Switchable  Clock  reference. 
i)  The  broadcast  generator  supports  both  the 
passing-on  of  the  optical  switch  routing  requests 
to  the  coherent  based  receivers  and  frequency 
correction  information  for  the  coherent  transmit- 
ters.  This  system  is  based  on  direction  and  would 

use  a  wavelength  in  the  1.3  micrometres  range  or 
at  a  distance  several  nanometers  lower  than  the 
coherent  comb  of  optical  frequencies. 

1.3  micrometres  is  recommended  to  allow 
5  easy  implementation  of  this  unit  avoiding  the  re- 

quirement  of  complex  optical  filtering  to  remove 
a  1.5  micrometres  direct  signal  from  the  1.5  mi- 
crometres  coherent  channels, 
ii)  The  Switchable  Clock  monitor  unit  measures 

10  the  optical  frequency  of  each  coherent  source. 
This  is  achieved  by  the  use  of  a  Scanning  Hetero- 
dyne  Spectrometer  (S.H.S.)  calibrated  by  the  use 
of  two  highly  stable  optical  references.  For  large 
port  count  systems  the  use  of  several  S.H.S 

15  would  allow  a  smaller  wavelength  region  to  be 
covered  by  each  S.H.S.  This  would  still  maintain 
the  level  of  stability  required  for  each  coherent 
source.  The  frequency  correction  information  is 
passed  to  the  coherent  sources  by  the  Broadcast 

20  Generator  detailed  above. 
(iii)  The  TDMA  receiver  accepts  Time  Division 
data  being  sent  by  the  port  units  to  the  control 
unit.  This  unit  is  based  on  the  direct  detection  sys- 
tem  as  in  the  broadcast  channel  unit  but  uses  a 

25  different  wavelength  (preferably  within  the  1.3 
micrometres  region). 

The  suggested  wavelengths  for  the  broad- 
cast  and  TDMA  channels  are  1280  micrometers 
and  1320  micrometers. 

30  (iv)  The  Switchable  Clock  Reference. 
The  Switchable  Clock  Reference  as  shown  in  Fig- 

ure  4.2  would  consist  of  a  tunable  laser,  the  optical 
frequency  of  which  is  monitored  and  stabilised  by  the 
use  of  either  an  optical  wavelength  meter  or  a  Scan- 

35  ning  Heterodyne  Spectrometer  (S.H.S).  In  the  case  of 
the  S.H.S  option  additional  optical  references  would 
be  required  to  calibrate  the  S.H.S's  scan  range.  The 
optical  wavelength  meter  relies  on  an  intenal  Helium- 
Neon  Laser  to  supply  its  own  optical  reference. 

40  The  Switchable  Clock  Reference  is  modulated  by 
a  low  data  rate  signal  consisting  of  a  unique  reference 
identity  code  to  inform  which  port  unit  is  to  'lock'  to 
this  switchable  clock  reference. 

The  use  of  the  Switchable  Clock  Reference  is  by 
45  tuning  to  the  required  optical  reference  position,  add- 

ing  the  reference  identity  code  and  enabling  it  into  the 
passive  optic  distribution.  The  required  coherent 
transmitter,  within  the  port  unit,  corrects  its  optical 
frequency,  maintaining  the  required  frequency  offset 

so  from  the  switchable  clock  reference,  by  the  use  of  het- 
erodyne  Automatic  Frequency  Control.  This  results  in 
the  coherent  source  being  positioned  at  the  required 
optical  frequency  position  within  the  optic  comb.  The 
identity  code  of  the  Optical  Switchable  Clock  Refer- 

55  ence  is  removed  if  it  indicates  to  the  coherent  source 
that  the  reference  is  to  be  removed.  From  this  point 
the  coherent  source  relies  solely  on  the  optical  fre- 
quency  correction  information  being  sent  to  it  from 

11 
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the  control  unit  via  the  broadcast  channel  to  maintain 
stabilisation. 

For  large  port  count  systems  the  use  of  several 
Switchable  Clock  References,  covering  a  part  of  the 
total  system  optical  bandwidth  used,  allows  several 
coherent  sources  to  be  simultaneously  started  up. 
This  reduces  the  time  for  a  complete  system  start  up. 

An  optic  switch  as  claimed  in  any  preceding 
claim,  wherein  the  coherent  optic  sources  are  las- 
er  sources. 

Claims 10 

A  broadband  multiport  coherent  optic  data  switch 
comprising  a  passive  optic  combiner/splitter,  a 
plurality  of  port  units  and  a  switch  control  unit 
connected  thereto,  each  port  unit  having  a  coher-  15 
ent  optic  source  tuned  to  a  respective  optic  fre- 
quency,  the  output  of  each  source  carrying 
thereon  control  information,  including  control  in- 
formation  received  from  the  control  unit,  together 
with  switched  data,  the  outputs  of  the  sources  be-  20 
ing  combined  and  distributed  to  all  of  the  plurality 
of  port  units. 

An  optic  switch  as  claimed  in  Claim  1,  also  com- 
prising  a  further  plurality  of  port  units,  the  output, 
if  any,  of  each  source  not  carrying  switched  data. 

25 

An  optic  switch  as  claimed  in  Claim  1  or  2,  where- 
in  each  source  includes  control  means  to  tune  the 
source  to  a  tuned  switchable  reference  received 
from  the  switch  control  unit  via  the  or  a  combin- 
er/splitter  or  a  combiner  or  a  splitter. 

30 

An  optic  switch  as  claimed  in  any  preceding 
claim,  where  the  control  information  is  transmit- 
ted  optically  via  an  out  band  optic  broadcast  chan- 
nel  to  port  units  having  a  broadcast  receiver. 

35 

An  optic  switch  as  claimed  in  Claim  4,  wherein  the 
port  units  include  a  relay  unit  to  relay  the  control 
information  via  a  respective  port  unit  channel  to 
port  units  not  having  a  broadcast  receiver. 

40 

An  optic  switch  as  claimed  in  Claim  3,  4  or  5,  the 
switch  control  unit  comprising  a  monitor  unit,  the 
monitor  unit  providing  information  whereby  the 
frequency  of  a  source  is  corrected. 

45 

An  optic  switch  as  claimed  in  any  preceding 
claim,  including  a  Time  Division  Multiplex  Access 
(TDMA)  source  for  the  status  data,  which  data  is 
transmitted  via  a  further  outband  optic  channel. 

50 

An  optic  switch  as  claimed  in  Claim  4  or  any  claim 
appendent  thereto,  wherein  the  control  informa- 
tion  includes  information  identifying  the  respec- 
tive  optic  frequency. 

55 
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B  x  8  PASSIVE  OPTIC  COMBINER  SPLITTER  (3  STAGE  ) 
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