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DYNAMIC MODULES –  

 
Part  6-4:  Design  guides –  

Reconfigurable optical  add/drop mul tiplexer 
 

FORE W ORD  

1 )  Th e  I n te rn ati o n al  E l e ct ro t e ch n i c al  C o m m i s s i o n  ( I E C )  i s  a  wo rl d wi d e  o rg a n i z ati o n  fo r  s t an d a rd i z at i o n  co m p ri s i n g  
al l  n ati o n al  e l e c tro t e ch n i c al  co m m i t te e s  ( I E C  N at i o n al  C o m m i tt e e s ) .  Th e  o b j e c t  o f  I E C  i s  t o  pro m o te  
i n te rn ati o n a l  co - o p e rat i o n  o n  a l l  q u e s t i o n s  co n c e rn i n g  s tan d a rd i z at i o n  i n  th e  e l e ct ri c al  an d  e l e c tro n i c  f i e l d s .  To  
t h i s  e n d  an d  i n  a d d i t i o n  to  o t h e r act i vi t i e s ,  I E C  pu b l i s h e s  I n t e rn at i o n al  S tan d a rd s ,  Te c h n i c al  S p e c i f i cati o n s ,  
Te ch n i c al  R e po rts ,  P u bl i c l y  Avai l abl e  S pe ci f i c at i o n s  ( P A S )  an d  G u i d e s  ( h e re aft e r re fe rre d  t o  as  “ I E C  
P u b l i cati o n ( s ) ” ) .  Th e i r  pre pa rat i o n  i s  e n t ru s t e d  to  te ch n i cal  c o m m i tte e s ;  an y I E C  N ati o n al  C o m m i t te e  i n te re s t e d  
i n  th e  s u bj e c t  d e al t  wi t h  m ay p art i ci p at e  i n  t h i s  p re p arat o ry wo rk.  I n t e rn ati o n al ,  g o ve rn m e n t al  an d  n o n -
g o ve rn m e n t al  o rg an i z ati o n s  l i a i s i n g  wi th  th e  I E C  al s o  pa rt i c i pate  i n  t h i s  p re p arati o n .  I E C  c o l l a b o rate s  cl o s e l y  
wi t h  th e  I n te rn at i o n al  O rg a n i z ati o n  fo r  S t an d ard i z ati o n  ( I S O )  i n  ac co rd a n ce  wi th  c o n d i t i o n s  d e t e rm i n e d  b y 
ag re e m e n t  be t we e n  th e  t wo  o rg an i z ati o n s .  

2 )  Th e  fo rm al  d e c i s i o n s  o r  ag re e m e n ts  o f  I E C  o n  t e c h n i cal  m at te rs  e xp re s s ,  as  n e a rl y  as  p o s s i b l e ,  an  i n t e rn ati o n al  
c o n s e n s u s  o f  o pi n i o n  o n  th e  re l e van t  s u b j e c ts  s i n ce  e ac h  te ch n i c al  co m m i t te e  h as  re pre s e n t at i o n  fro m  al l  
i n te re s te d  I E C  N ati o n al  C o m m i t te e s .   

3 )  I E C  P u bl i c at i o n s  h a ve  th e  fo rm  o f  re co m m e n d at i o n s  fo r  i n t e rn at i o n al  u s e  an d  are  ac ce pt e d  by I E C  N at i o n al  
C o m m i tt e e s  i n  th at  s e n s e .  W h i l e  al l  re as o n a b l e  e ffo rts  are  m ad e  to  e n s u re  t h at  t h e  t e c h n i cal  co n t e n t  o f  I E C  
P u b l i cati o n s  i s  acc u rate ,  I E C  c an n o t  b e  h e l d  re s p o n s i b l e  fo r  th e  wa y i n  wh i ch  t h e y  a re  u s e d  o r fo r  an y  
m i s i n t e rp re t at i o n  by an y e n d  u s e r.  

4)  I n  o rd e r t o  pro m o te  i n te rn at i o n al  u n i fo rm i ty,  I E C  N ati o n al  C o m m i tte e s  u n d e rtake  t o  ap p l y I E C  P u b l i cati o n s  
t ran s p are n t l y  to  t h e  m a xi m u m  e xt e n t  p o s s i bl e  i n  th e i r  n a t i o n al  an d  re g i o n al  p u b l i cati o n s .  An y d i ve rg e n c e  
b e t we e n  an y I E C  P u b l i cati o n  a n d  t h e  co rre s po n d i n g  n ati o n al  o r  re g i o n al  p u bl i c at i o n  s h al l  b e  c l e arl y i n d i cate d  i n  
t h e  l att e r.  

5 )  I E C  i t s e l f  d o e s  n o t  p ro vi d e  an y att e s tati o n  o f  co n fo rm i ty.  I n d e p e n d e n t  c e rt i f i cati o n  b o d i e s  pro vi d e  co n fo rm i t y  
as s e s s m e n t  s e rvi c e s  a n d ,  i n  s o m e  are as ,  acce s s  to  I E C  m arks  o f  c o n fo rm i ty.  I E C  i s  n o t  re s p o n s i bl e  fo r  an y 
s e rvi c e s  carri e d  o u t  b y i n d e p e n d e n t  c e rt i f i cati o n  b o d i e s .  

6 )  Al l  u s e rs  s h o u l d  e n s u re  th at  t h e y h ave  t h e  l at e s t  e d i t i o n  o f  t h i s  p u b l i cati o n .  

7)  N o  l i a b i l i t y  s h al l  at t ac h  t o  I E C  o r i t s  d i re cto rs ,  e m p l o y e e s ,  s e rvan t s  o r  ag e n t s  i n c l u d i n g  i n d i vi d u al  e xpe rt s  an d  
m em be rs  o f  i t s  t e c h n i cal  co m m i tt e e s  an d  I E C  N at i o n al  C o m m i t te e s  fo r  a n y p e rs o n al  i n j u ry,  pro pe rt y  d am ag e  o r 
o th e r d am ag e  o f  a n y n at u re  wh at s o e ve r,  wh e t h e r d i re ct  o r  i n d i re c t,  o r  fo r  c o s ts  ( i n cl u d i n g  l e g al  fe e s )  an d  
e xp e n s e s  ari s i n g  o u t  o f  t h e  pu b l i cati o n ,  u s e  o f,  o r  re l i an c e  u po n ,  th i s  I E C  P u b l i cati o n  o r  a n y o th e r I E C  
P u b l i cati o n s .   

8 )  Att e n ti o n  i s  d ra wn  to  th e  N o rm ati ve  re f e re n ce s  ci t e d  i n  t h i s  pu b l i cati o n .  U s e  o f  t h e  re f e re n c e d  p u bl i cat i o n s  i s  
i n d i s p e n s a bl e  fo r  t h e  co rre ct  ap pl i c at i o n  o f  t h i s  p u bl i c at i o n .  

9 )  Att e n ti o n  i s  d rawn  to  th e  p o s s i bi l i t y  t h at  s o m e  o f  th e  e l e m e n ts  o f  th i s  I E C  P u b l i cati o n  m ay b e  t h e  s u b j e ct  o f  
p at e n t  ri g h ts .  I E C  s h al l  n o t  b e  h e l d  re s p o n s i bl e  fo r  i d e n t i fyi n g  an y o r a l l  s u c h  p at e n t  ri g h t s .  

Th e  m ai n  tas k o f  I E C  te ch n i cal  co m m i tte e s  i s  to  p re p are  I n te rn ati o n al  S tan d ard s .  H o we ve r,  a  
te c h n i c al  co m m i tte e  m ay pro p o s e  th e  p u b l i c ati o n  o f  a  Te ch n i cal  R e p o rt  wh e n  i t  h as  c o l l e c te d  
d ata o f  a  d i ffe re n t  ki n d  fro m  th at  wh i c h  i s  n o rm al l y  p u b l i s h e d  as  an  I n te rn ati o n al  S tan d ard ,  fo r  
e xam p l e  " s tate  o f  th e  art" .  

I E C  TR  6 2 3 43 - 6 - 4,  wh i c h  i s  a  Te c h n i cal  R e p o rt,  h as  b e e n  p re p are d  b y s u bc o m m i tte e  8 6 C :  
Fi bre  o p ti c  s ys te m s  an d  act i ve  d e vi ce s ,  o f  I E C  te c h n i c al  c o m m i tte e  8 6 :  F i bre  o pti cs .  

Th e  te x t  o f  th i s  Te c h n i cal  R e p o rt  i s  b as e d  o n  th e  fo l l o wi n g  d o cu m e n ts :  

E n q u i ry d raft  R e p o rt  o n  vo t i n g  

86 C /1 4 0 0 /D T R  8 6 C /1 42 0 /R VC  

 
Fu l l  i n fo rm ati o n  o n  th e  vo ti n g  fo r th e  ap pro val  o f  th i s  Te ch n i c al  R e p o rt  c an  b e  fo u n d  i n  th e  
re p o rt  o n  vo t i n g  i n d i c ate d  i n  th e  ab o ve  tab l e .  
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Th i s  d o cu m e n t h as  b e e n  d rafte d  i n  acco rd an ce  wi th  th e  I SO /I E C  D i re cti ve s ,  P art  2 .  

A l i s t  o f  al l  p arts  i n  th e  I E C  6 2 3 43  s e ri e s ,  pu b l i s h e d  u n d e r th e  g e n e ral  t i t l e  Dynamic modules,  
can  be  fo u n d  o n  th e  I E C  we bs i te .  

Th e  co m m i tte e  h as  d e c i d e d  th at  th e  c o n te n ts  o f  th i s  d o cu m e n t wi l l  re m ai n  u n ch an g e d  u n t i l  th e  
s tab i l i t y d ate  i n d i c ate d  o n  th e  I E C  we bs i te  u n d e r " h ttp : //we bs to re . i e c. ch "  i n  th e  d ata re l ate d  to  
th e  s p e ci fi c  d o cu m e n t.  At  th i s  d ate ,  th e  d o c u m e n t wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ace d  b y a re vi s e d  e d i ti o n ,  o r  

•  am e n d e d .  

 

A b i l i n g u al  ve rs i o n  o f  th i s  p u bl i c ati o n  m a y be  i s s u e d  at  a  l ate r d ate .  

 

IMPORTANT – The  'colour inside'  l ogo  on  the cover  page of  th is  publ ication  i nd icates  
that  i t  contains colours which  are considered  to  be usefu l  for the correct  
understand ing  of  i ts  contents.  Users  shou ld  therefore print  th is  document  using  a  
colour prin ter.  
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DYNAMIC MODULES –  
 

Part  6-4:  Design  guides –  
Reconfigurable optical  add/drop mul tiplexer 

 
 
 

1  Scope 

Th i s  p art  o f  I E C  6 2 3 4 3 ,  wh i ch  i s  a  Te c h n i c al  R e p o rt  o n  re c o n f i g u rabl e  o p ti cal  ad d /d ro p  
m u l t i p l e x e rs  ( R O AD M s ) ,  pro vi d e s  a d e s cri p t i o n  o f  th e  R O AD M s  i n  d yn am i c o pti c al  n e two rks  
an d  re l ate d  o p ti c al  co m po n e n t  an d  m o d u l e  te ch n o l o g i e s ,  i n c l u d i n g  wave l e n g th  s e l e cti ve  
s wi tc h e s  (W S S s ) .  

2 Normative references  

Th e re  are  n o  n o rm ati ve  re fe re n c e s  i n  th i s  d o c u m e n t.  

3 Terms,  defin i tions and  abbreviated  terms 

3.1  Terms and  defin i t ions  

N o  te rm s  an d  d e fi n i t i o n s  are  l i s te d  i n  th i s  d o c u m e n t.  

I S O an d  I E C  m ai n tai n  te rm i n o l o g i cal  d atab as e s  fo r  u s e  i n  s tan d ard i zati o n  at  th e  fo l l o wi n g  
ad d re s s e s :  

•  I E C  E l e ctro pe d i a:  avai l ab l e  at  h ttp : //www. e l e ctro pe d i a. o rg /  

•  I S O  O n l i n e  bro ws i n g  p l atfo rm :  avai l ab l e  at  h ttp : //www. i s o . o rg /o b p  

3.2  Abbreviated  terms  

AW G  arra ye d  wave g u i d e  g rati n g  

C D C  co l o u rl e s s ,  d i re cti o n l e s s  an d  co n te n ti o n l e s s   

d e m u x  d e m u l t i p l e x e r  

DW D M  d e n s e  wave l e n g th  d i vi s i o n  m u l t i p l e x i n g  

D LP  d i g i tal  l i g h t  pro c e s s o r  

E D F A e rb i u m  d o p e d  f i bre  am pl i f i e r  

I P LC  i n te g rate d  p l an ar  l i g h twave  c i rc u i t  

LC  l i q u i d  cr ys tal  

LC D  l i q u i d  cr ys tal  d e vi ce  

LC O S  l i q u i d  cr ys tal  o n  s i l i c o n  

LH  l o n g  h au l  

M E M S  m i cro - e l e ctro m e ch an i c al  s ys te m s  

M P D  m o n i to r  p h o to - d i o d e  

m u x m u l t i p l e x e r  

OA o p ti cal  am p l i f i e r  

OE O  o p ti cal - e l e ctri cal - o pti c al  

OC M  o p ti cal  ch an n e l  m o n i to r  

http://www.iso.org/obp
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OAD M  o p ti cal  ad d  d ro p  m u l ti p l e xe r  

P D L po l ari zati o n  d e pe n d e n t  l o s s  

P LC  p l an ar l i g h twave  ci rc u i t  

P M D  po l ari zati o n  m o d e  d i s p e rs i o n  

R O AD M  re co n fi g u rab l e  o pti c al  ad d /d ro p  m u l ti p l e xe r  

TF tu n e ab l e  f i l te r  

TR x tran s ce i ve r  

R x  re ce i ve r  

3 R  re g e n e rati o n ,  re t i m i n g  an d  re s h ap i n g  

Tx tran s m i tte r  

U LH  u l tra l o n g  h au l  

VO A vari ab l e  o p ti cal  atte n u ato r 

W S S wave l e n g th  s e l e cti ve  s wi tch  

W B wave l e n g th  b l o cke r 

W D M  wave l e n g th  d i vi s i o n  m u l t i p l e x i n g  

4 Reconfigurable optical  add/drop mul tiplexer 

4.1  Background  

Opti c al  n e two rks  are  e vo l vi n g  to  ad d re s s  b o th  th e  rapi d  g ro wth  i n  c ap aci t y d e m an d  an d  h i g h l y 
e ff i ci e n t  an d  s e am l e s s  c o n n e cti vi t y re q u i re m e n ts .  W h i l e  h i g h  d ata rate  D W D M  ch an n e l s  at  

40  G b /s  an d  1 0 0  G b/s  are  b e i n g  i n tro d u c e d  i n  th e  n e two rk to  g ro w th e  c ap ac i t y to  m u l t i p l e  

Tb/s  p e r f i bre ,  th e  u n ce rtai n t y i n  traffi c  d e m an d  an d  th e  e m e rg e n ce  o f  ban d wi d th - h u n g r y 
ap p l i cati o n s  l i ke  vi d e o - o n - d e m an d  h ave  tu rn e d  th e  i n d u s tr y’ s  fo c u s  to  d yn am i c,  re c o n fi g u rab l e  
o p ti cal  n e two rks .  Te l e c o m m u n i cati o n  carri e rs  an d  co n te n t  pro vi d e rs  re q u i re  s wi tc h i n g  n o d e s  
at  th e i r  ce n tral  o ff i ce s  i n  o rd e r  to  ro u te ,  s wi tc h  an d  m o n i to r  th e  o p ti c al  wave l e n g th  c h an n e l s  
as  th e y trave rs e  th e  o pti cal  n e two rk.  Th e s e  s wi tc h i n g  n o d e s ,  as  s h o wn  i n  Fi g u re  1 ,  are  cal l e d  
re co n fi g u rab l e  o p ti cal  ad d /d ro p m u l t i p l e x e rs  ( R OAD M s ) ,  an d  th e y are  th e  ke y n o d al  s u b-
s ys te m s  u s e d  i n  i m pl e m e n ti n g  m o d e rn  o p ti cal  co m m u n i c ati o n  i n fras tru ctu re .  

 

Figure 1  – Reconfigurable  optical  network 

IEC  
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tran s p o rt e d  ac ro s s  a  

cas cad e  o f  m u l t i p l e  

re co n fi g u ra bl e  n o d e s  
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D i ffe re n t  s e g m e n ts  o f  th e  o p ti cal  n e two rk,  l o n g  h au l  ( LH ) /u l tra  l o n g  h au l  ( U LH ) ,  re g i o n al ,  
m e tro  an d  acc e s s ,  are  s ch e m ati cal l y s h o wn  i n  F i g u re  1 .  G e n e ral l y,  th e  l o n g  h au l  n e two rk i s  
op t i m i z e d  fo r  p o i n t- to - p o i n t  traff i c  wi th  a  pre d i ctab l e  traffi c  patte rn .  Th e  re g i o n al  an d  m e tro  
n e two rks  are  c h arac te ri z e d  b y h avi n g  th e  ban d wi d th  s c al ab i l i t y o f  l o n g  h au l  wi th  th e  s e rvi ce  
fl e x i bi l i t y o f  th e  acce s s  n e two rk.  I n  th i s  s e g m e n t o f  th e  n e two rk,  th e  traff i c  patte rn  te n d s  to  b e  
m o re  d yn am i c  an d  l e s s  pre d i ctab l e ,  re q u i ri n g  th e  n e two rk to  h ave  g re ate r f l e x i b i l i t y.  W h i l e  
RO AD M s  we re  f i rs t  i n tro d u ce d  i n  th e  LH /U LH  p art  o f  th e  n e two rk,  i t  i s  th e  m e tro  an d  re g i o n al  
s e g m e n t wh e re  th e y o ffe r  th e  h i g h e s t  val u e  p ro p o s i t i o n .  

I n  ad d i t i o n  to  e as e  o f  s e rvi ce  pro vi s i o n i n g  an d  n e two rk re co n fi g u rab i l i ty,  o p ti cal l y ro u te d  
n e two rks  re d u c e  th e  n e e d  fo r u n n e ce s s ar y pro c e s s i n g  o f  th ro u g h - traff i c  b y e l i m i n ati n g  th e  
s i g n al  co n ve rs i o n  fro m  th e  o pti c al  to  th e  e l e ctro n i c  d o m ai n  an d  b ack to  th e  o pti cal  d o m ai n  f o r 
re tran s m i s s i o n ,  th e re b y s i g n i f i c an tl y re d u c i n g  c o s t.  E l i m i n ati o n  o f  s i g n al  co n ve rs i o n  to  th e  
e l e ctro n i c  d o m ai n  m ake s  R O AD M  n o d e s  tran s p are n t  to  traff i c  d ata rate  an d  m o d u l ati o n  fo rm at,  
en ab l i n g  e as y n e two rk cap ac i t y u p g rad e  wi th o u t  i m pacti n g  th e  l i ve  traff i c,  a  ke y re q u i re m e n t  
o f  s e rvi ce  pro vi d e rs .  Th e y al s o  i n cl u d e  th e  i m po rtan t  fu n cti o n  o f  s i g n al  m o n i to ri n g  an d  p o we r  
bal an ci n g .  F o r  d yn am i c o p ti cal  n e two rks ,  i t  i s  i n cre as i n g l y i m po rtan t  to  c o - o p ti m i ze  d i ffe re n t  
n e two rki n g  as p e cts ,  s u c h  as  o p ti cal  l a ye r f l e x i b i l i t y  an d  s i g n al  i m pai rm e n ts .  

4.2  Optical  network evolu tion  

E vo l u ti o n  o f  wave l e n g th  d i vi s i o n  m u l t i p l e x i n g  (W D M )  tran s m i s s i o n  n e two rks  i s  i l l u s trate d  i n  
Fi g u re  2 .  N e two rks  h ave  e vo l ve d  fro m  tran s m i s s i o n  s ys te m s  co n s i s t i n g  o f  po i n t- to - p o i n t  W D M  
l i n ks  to  m o d e rn  d yn am i c  an d  re co n fi g u rab l e  n e t wo rks .  As  i l l u s trate d  i n  p art  ( a)  o f  F i g u re  2 ,  th e  
earl i e s t  W D M  s ys te m s  i n c l u d e d  p o i n t- to - p o i n t  h i g h  cap aci t y l i n ks  i n te rco n n e cti n g  te rm i n al  
eq u i pm e n t.  Tran s m i s s i o n  l i n ks  c o n s i s te d  o f  pe ri o d i c  f i bre  s p an s  an d  o pti cal  am pl i f i e rs  fo r  
co m pe n s ati n g  l i n k l o s s .  Al l  wave l e n g th s  e n te ri n g  th e  n o d e  are  te rm i n ate d  vi a  o p ti c al -
e l e c tri cal - o pti c al  ( O- E - O)  co n ve rs i o n  at  th e  n e two rk n o d al  p o i n ts ,  wh e re  th e  o p ti cal  ch an n e l s  
are  d e m u l ti p l e xe d  vi a  an  arra ye d  wave g u i d e  g rati n g  ( AW G )  e l e m e n t,  fo r  e xam pl e ,  an d  e ach  
wave l e n g th  i s  d i re c te d  to  a re ce i ve r o f  a  s e parate  tran s po n d e r  th at  co n ve rts  th e  D W D M  
s i g n al s  to  th e  e l e ctri c al  d o m ai n ,  an d  th e n  to  a  c l i e n t  o p ti cal  s i g n al  at  1  3 1 0  n m  fo r s h o rt  re ach  
i n te rco n n e ct.  S i m i l arl y,  th e  e g re s s  traffi c  fro m  th e  n o d e  i s  s e n t  o n  a  f i bre  l i n k an d  i s  o ri g i n ate d  
fro m  m u l t i pl e x e d  D W D M  wave l e n g th s  fro m  tran s po n d e rs  co n n e cte d  to  1  3 1 0  n m  cl i e n t  s h o rt  
re ac h  i n te rf ace s .  

Th e  n o d e  i s  e q u i p p e d  to  h an d l e  two  t yp e s  o f  traffi c:  

a)  e xpre s s  traffi c,  wh i ch  afte r p as s i n g  th ro u g h  th e  n o d e  i s  d i re cte d  to  i ts  f i n al  d e s ti n ati o n  vi a 
an o th e r W D M  l i n k i n te rs e cti n g  th e  n o d e ;  

b)  ad d /d ro p traffi c,  wh i c h  i s  e i th e r  te rm i n ate d  at  th e  n o d e  o r  o ri g i n ate s  fro m  th e  n o d e .  

As  m e n ti o n e d  e arl i e r,  al l  traff i c  th ro u g h  th e  n o d e  i s  m e d i ate d  vi a  1  3 1 0  n m  l i n ks ,  an d  th e  
expre s s  an d  ad d /d ro p  wave l e n g th  ch an n e l s  are  pre d e te rm i n e d  b y h ard - wi re d  co n n e cti o n s .  
Th e  be n e fi ts  o f  th i s  arch i te ctu re  i n c l u d e  fu l l  3 R  ( re g e n e rati o n ,  re ti m i n g  an d  re s h api n g )  
re g e n e rati o n  an d  wave l e n g th  c o n ve rs i o n  o f  al l  th e  o pti c al  s i g n al s  l e ad i n g  to  pri s t i n e  s i g n al s  
fro m  th e  n o d e ,  m u l t i - ve n d o r  e q u i pm e n t  i n te ro p e rab i l i t y vi a  a  c o m m o n l y u s e d  1  3 1 0  n m  cl i e n t  
i n te rfac e ,  an d  s i g n al  q u al i t y m o n i to ri n g  i n  th e  e l e ctri cal  d o m ai n ,  fo r  e x am pl e  vi a  o ve rh e ad  
b yte s .  

Th e  m ai n  d rawback o f  th i s  arch i te c tu re  i s  th at  an y re c o n fi g u rati o n  o f  th e  n o d e  wi l l  re q u i re  
m an u al  i n te rve n ti o n  b y c h an g i n g  th e  p atc h  c o rd s .  I n  ad d i t i o n ,  th e  arch i te c tu re  i s  n o t  s c al ab l e ,  
s i n ce  th e  tran s p o n d e rs  are  d ata rate  s p e c i fi c .  Th e  n e two rk can n o t  th e re f o re  b e  u p g rad e d  to  
h an d l e  h i g h e r  d ata rate  traff i c  wi th o u t  re p l ac i n g  al l  th e  tran s po n d e rs .  Th e  rap i d  an d  
u n pre d i ctab l e  g ro wth  o f  n e two rk traffi c  fro m  to d a y’ s  i n te rn e t  re q u i re s  th e  n e two rk to  be  
d yn am i c an d  f l e x i b l e  i n  s u p p o rti n g  n e w g ro wth  are as .  
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Key 

a)  po i n t - to - p o i n t  tra n s po rt  n e t wo rk 

b)  f i xe d  wa ve l e n g th  a d d /d ro p  f i l te r  b as e d  n e t wo rk 

c)  R O AD M  n e t wo rks  

Figure 2  – Evolut ion  of  optical  networks from  point-to-point   
to  reconfigurable  WDM  

I n  o rd e r to  i n c re as e  n e two rk f l e x i b i l i t y fo r g ro wi n g  traff i c  d e m an d  i n  th e  n e two rks ,  o p ti c al  ad d  
d ro p  m u l t i p l e x ers  ( O AD M s )  we re  i n tro d u ce d .  Th e  i n i t i al  O AD M s  th at  we re  c o m m e rci al l y  
avai l ab l e  i n  th e  m i d - 1 9 9 0 s  we re  n o t  co n fi g u rab l e  an d  we re  ac h i e ve d  vi a f i x e d  f i l te rs .  As  
s h o wn  i n  part  ( b)  o f  F i g u re  2 ,  th e s e  pro vi d e d  f i x e d  W D M  co n n e cti vi t y be twe e n  m u l ti p l e  n o d e s .  
Th e  i n tro d u c ti o n  o f  f i x e d  O AD M s  h e l pe d  re d u ce  th e  co s t  o f  th e  n e two rk b y e l i m i n ati n g  th e  
n e e d  o f  O E O co n ve rs i o n  fo r  th e  e xpre s s  o pti c al  c h an n e l s .  H o we ve r,  th e  n e two rk d e s i g n e r 
n e e d e d  to  pre d e te rm i n e  wh i c h  wave l e n g th s  wo u l d  b e  d ro pp e d  at  a  n o d e ,  s i n ce  th e  O AD M  
wo u l d  re m ai n  f i xe d  i n  th i s  co n f i g u rati o n .  Th i s  po s e d  a  s e ve re  l i m i tat i o n  b e cau s e  th e  s e rvi c e  
pro vi d e rs  co u l d  n o t  ad ap t  to  u n pre d i c tab l e  d e vi ati o n s  to  n e two rk capac i t y d e m an d .  M o re o ve r,  
pro vi s i o n i n g  o f  n e w c h an n e l s  cre ate d  th e  ad d i t i o n al  c o m pl i cati o n  o f  ad e q u ate l y b al an c i n g  th e  
po we r o f  al l  th e  W D M  ch an n e l s  wi th o u t  affe cti n g  s e rvi ce  o n  th e  l i ve  ch an n e l s ,  th ro u g h  o pti c al  
am pl i f i e r  tran s i en ts ,  fo r  e xam pl e .  Th i s  l e d  to  cu m b e rs o m e  c o n tro l l e d  an d  m an u al  tu rn i n g  u p  o f  
ch an n e l s ,  n e g ati n g  th e  b e n e fi ts  d e ri ve d  fro m  th e  e l i m i n ati o n  o f  tran s po n d e rs  at  th e  n o d e s .  

S u bs e q u e n t  avai l abi l i t y o f  fu l l y c o n f i g u rab l e  O AD M s  ( p art  ( c)  o f  F i g u re  2 )  e n ab l e d  n e two rk 
o p e rato rs  to  c o n fi g u re  an y wave l e n g th  as  tran s i ti n g  o r  ad d /d ro p,  wi th o u t  affe cti n g  an y o f  th e  
e x i s t i n g  traff i c  o n  th e  O AD M .  OAD M s  wi th  th i s  f l e xi b i l i t y an d  c o n fi g u rab i l i t y we re  te rm e d  
re co n fi g u rab l e - O AD M s  ( R O AD M s ) .  

Th e  f u n cti o n al i ty o f  a  R O AD M  n o d e  i s  i l l u s trate d  i n  F i g u re  3 ,  wh i c h  s h o ws  a two - d e g re e  n o d e  
co n s i s ti n g  o f  a  p ai r  o f  i n pu t  an d  o u tp u t  f i bre s  e n te ri n g  a  n e two rk n o d e ,  fo r  e x am pl e  e as t  to  
we s t.  U s u al l y,  th e re  i s  an o th e r p ai r  o f  f i bre s  ( n o t  s h o wn  i n  th e  f i g u re )  carr yi n g  traffi c  th e  o th e r  
d i re c ti o n  ( we s t  to  e as t) .  Th e  wave l e n g th  c h an n e l s  e n te ri n g  th e  n o d e  fro m  th e  e as t  s i d e  are  
s h o wn  to  h ave  d i ffe re n t  po we r l e ve l s .  Th e  ch an n e l s  are  d i s p e rs e d  b y th e  f i rs t  m o d u l e  an d  
s e l e c ti ve l y ro u te d  e i th e r to  th e  e xpre s s  p ath  to  c o n ti n u e  fu rth e r  o r  to  th e  l o cal  d ro p po rts .  Th e  
m o d u l e  al s o  i n c l u d e s  vari ab l e  o pti c al  atte n u ato rs  th at  ad j u s t  th e  po we r o f  th e  ch an n e l s  i n  
co n j u n cti o n  wi th  an  o pti c al  p o we r m o n i to r s h o wn  i n  th e  s e co n d  m o d u l e .  Th e  e x pre s s  c h an n e l s  
o u t  o f  th e  f i rs t  m o d u l e  an d  th e  l o c al l y ad d e d  ch an n e l s  are  c o m bi n e d  b y t h e  s e c o n d  m o d u l e .  
O pti c al  atte n u ato rs  i n  th e  ad d  p ath  are  u s e d  to  ad j u s t  th e  po we r o f  th e s e  ch an n e l  s o  th at  al l  
th e  ch an n e l s  e g re s s i n g  f ro m  th e  n o d e  h ave  e q u al  p o we r.  Th e  R O AD M  n o d e  i s  th u s  ab l e  to  
acco m p l i s h  s e l ec ti ve  ro u ti n g  o f  th e  wave l e n g th  ch an n e l s  to  th e  e x pre s s  path ,  c arry o u t  th e  
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wave l e n g th  d ro p  an d  ad d  fu n cti o n ,  an d  f i n al l y m o n i to r an d  b al an c e  th e  p o we r  o f  o pti cal  
ch an n e l s  s e n t  o n  th e  o u tpu t  f i bre .  

Th e  ab o ve  e x am pl e  as  s h o wn  i n  F i g u re  3  re f e rs  to  a  two - d e g re e  n o d e .  R O AD M s  e n ab l e  
wave l e n g th  ro u ti n g  i n  h i g h e r  d e g re e  n o d e s  c o n s i s ti n g  o f  f i bre  c o n n e cti o n s  i n  o th e r d i re c ti o n s .  
A fo u r- d e g re e  n o d e ,  f o r  e x am pl e ,  wi l l  h ave  f i bre s  c o n n e cti n g  e as t,  we s t,  n o rth  an d  s o u th  
d i re cti o n s .  R O AD M s  can  i n te rc o n n e ct  wave l e n g th s  co m i n g  fro m  d i ffe re n t  d i re c ti o n s  i n  th e  
o p ti cal  d o m ai n .  Th i s  e n ab l e s  m e s h  n e two rki n g  at  th e  o pti c al  n o d e ,  wh i ch  can  b e  m an ag e d  
co s t  e ffe cti ve l y an d  i s  ag n o s ti c  to  d ata rate  an d  m o d u l ati o n  fo rm at.  R O AD M s  are  a  ke y 
e n ab l e r o f  th e  m o d e rn  1 0 0  G b i t/s  an d  4 0 0  G b i t/s  co h e re n t  tran s p o rt  n e two rks ,  wh i c h  u s e  
d i ffe re n t  m o d u l ati o n  fo rm ats  s u ch  as  Q P S K an d  1 6 Q AM .  

 

Figure 3  – Schematic  of  a  ROADM  node showing  functions of  wavelength   
pass-through  add  or d rop,  channel  power equal ization,   

and  optical  channel  moni toring  (OCM)  

R O AD M  n e two rks  are  arch i te cte d  wi th  th e  g o al  o f  h avi n g  a  d yn am i c  p h o to n i c  l a ye r  cap ab l e  o f  
rap i d  wave l e n g th  ro u ti n g .  R O AD M s  h ave  be e n  wi d e l y d e p l o ye d  i n  i n te rci ty an d  m e tro  c o r e  
n e two rks  i n  th e  l as t  d e c ad e .  O pti c al  b yp as s  an d  re m o te  co n f i g u rab i l i t y i n  R O AD M  n e two rks  
l e d  to  fe we r ro u te r  i n te rface s  an d  re d u cti o n  i n  m an u al  f i bre  patc h i n g ,  th e re b y l o we ri n g  th e  
o ve ral l  c o s t  p e r b i t  co m pare d  to  s tat i c  n e two rks .  W h e n  a n e w wave l e n g th  co n n e c ti o n  i s  
n e e d e d  i n  a  s tat i c  n e two rk,  th e  tran s p o n d e rs  an d  re g e n e rato rs  are  i n d i vi d u al l y wi re d  i n to  th e  
n e two rk m an u al l y vi a  a  l ab o ri o u s  p ro c e s s .  S o m e  o f  th e  b arri e rs  an d  l i m i tat i o n s  to  R O AD M  
i n tro d u cti o n  i n  th e  n e two rk i n cl u d e  th e  i n f l e x i b l e  i n tro d u c ti o n  o f  i n te rc o n n e cti o n s  o n  th e  c l i e n t  
s i d e  be twe e n  th e  tran s p o n d e rs  an d  s u bte n d i n g  e l e ctro n i c  e q u i pm e n t  s u c h  as  th e  ro u te rs  an d  
s wi tc h e s .  An o th e r  b arri e r h as  be e n  th e  n e two rk co n tro l  s o ftware ,  wh i c h  i s  d e s i g n e d  wi th o u t  
th e  co n c e p t  o f  a  d yn am i c wave l e n g th  an d  can  b e  ve ry d i ff i cu l t  to  ch an g e  an d  u p d ate .  Th e  
th i rd  m aj o r  barri e r  i s  re l ate d  to  th e  b u s i n e s s  m o d e l  fo r  R O AD M  bas e d  n e two rks :  at  pre s e n t,  
m o n e ti zi n g  th e s e  d yn am i c n e two rks  to  p a y f o r th e  ad d i t i o n al  co s t  re m ai n s  a  ch al l e n g e .  

D e p l o ym e n t  o f  R O AD M s  h as  i n cre as e d  rap i d l y i n  re ce n t  ye ars .  E s s e n ti al l y al l  n e w m e tro ,  
re g i o n al  an d  l o n g  h au l  W D M  s ys te m s  d e ve l o pe d  b y e q u i pm e n t  m an u factu re rs  an d  n e w 
d e p l o ym e n ts  o ffe r  R O AD M - b as e d  wave l e n g th  ag i l i t y as  a  ke y fe atu re .  Th e  d e p l o ym e n ts  
p l an n e d  b y T i e r- 1  carri e rs  g l o b al l y re q u i re  re co n f i g u rabl e  wave l e n g th  ag i l i t y to  re d u ce  
o p e rati o n al  e xp e n s e s  an d  i n cre as e  s e rvi c e  f l e x i b i l i t y.  I n  o rd e r  to  avo i d  fai l u re s  d u e  to  s i g n al  
d e g rad ati o n ,  th e  o p ti cal  am p l i f i e rs  ( O As )  fo r  th e s e  n e two rks  n e e d  to  be  “ ag i l e ”  b y 
i n co rp o rati n g  fas t  g ai n  c o n tro l  an d  abi l i t y to  ad j u s t  th e  O A o p e rati n g  co n d i t i o n s  q u i ckl y i n  
re s p o n s e  to  c h an g e s  i n  th e  n e two rk an d  n u m be r o f  wave l e n g th  ch an n e l s .  I t  was  n o te d  i n  an  
i n d u s tr y re po rt  th at  d e p l o ym e n t  o f  R O AD M s  an d  ag i l e  E D F As  i s  co rre l ate d  an d  h as  e n ab l e d  
th e  tran s i t i o n  fro m  f i xe d  to  d yn am i c  o p ti cal  n e two rks .  S i n c e  2 0 1 0 ,  R O AD M  an d  E D F A m o d u l e  
d e p l o ym e n ts  we re  pre d o m i n an tl y ( o ve r  8 5  %)  d yn am i c  an d  ag i l e ,  an d  o n l y a  s m al l  n u m be r  
( ~ 1 5  %)  h ad  f i x e d  ch arac te ri s ti cs .  
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4.3  ROADM  subsystem  technolog ies evolut ion  

4.3. 1  General  

Th e  e vo l u t i o n  o f  R O AD M  c o m po n e n t  te c h n o l o g i e s  i s  d e p i cte d  i n  F i g u re  4.  As  s h o wn ,  
R O AD M s  h ave  pro g re s s e d  s e ve ral  te ch n o l o g y g e n e rati o n s :  s tarti n g  fro m  s i m pl e  f i l te rs  i n  th e  
1 9 9 0 s  to  wave l e n g th  b l o cke rs  (W Bs )  an d  p l an ar  l i g h twave  c i rc u i ts  ( P LC )  b as e d  d e vi c e s  i n  th e  
earl y 2 0 0 0 s  to  th e  cu rre n t  wave l e n g th  s e l e c ti ve  s wi tch e s  (W S S) .  Th e  n u m be r o f  p o rts  i n  
wave l e n g th  s e l e c ti ve  s wi tch  bas e d  R O AD M s  h as  i n cre as e d  fro m  1  x  2  to  1  x  9  to  1  x  2 0 .  Th e  
RO AD M  s u bs ys te m  te ch n o l o g i e s  are  d e s cri be d  b e l o w.  

 

S o u rce :  B ran d o n  C o l l i n g s ,  O F C  2 0 1 1  

Figure 4  – Evolution  of  ROADM  technolog ies  

4.3.2  Wavelength  blocker based  ROADMs 

Th e  e ra o f  R O AD M  b eg an  wi th  wave l e n g th  bl o cke r bas e d  R O AD M s  as  s h o wn  i n  F i g u re  5 .  
Th e s e  are  cap abl e  o f  b l o cki n g  i n d i vi d u al  wave l e n g th s  an d  p as s i n g  th e  re s t.  Th i s  i s  ve r y 
co n ve n i e n t  fo r  2 - d e g re e  R O AD M s .  Th e  ad d /d ro p  fu n cti o n  i s  pas s i ve ,  an d  th e re  are  n o  
cas cad e d  AW G s  i n  th e  e x pre s s  path .  Th i s  i m pro ve d  c as cad abi l i t y be cau s e  o f  bro ad e r  
pas s b an d s .  M o re o ve r,  b u i l t- i n  atte n u ati o n  pro vi d e d  ad d i t i o n al  fu n cti o n al i t y,  wh i ch  i s  ve ry 
u s e f u l  i n  e q u al i zi n g  th e  ch an n e l  p o we rs .  A 2 - d e g re e  R O AD M  i s  s h o wn  i n  F i g u re  6 .  

H o we ve r,  th e s e  d e vi c es  s t i l l  h ave  c o l o u re d  an d  d i re c ti o n al  ad d /d ro p  f i bre s .  W ave l e n g th  
b l o cke rs  are  two - p o rt  d e vi c e s  wi th  o n e  i n p u t  p o rt  an d  o n e  o u tp u t  po rt.  Th e  m u l t i - wave l e n g th  
s i g n al  e n te ri n g  th e  i n p u t  p o rt  i s  d e m u l t i p l e x e d  b y a  d i ffracti o n  g rati n g ,  an d  e ac h  wave l e n g th  
can  b e  i n d e p e n d e n tl y atte n u ate d  b y u s i n g  a  M E M S  o r LC  e l e m e n ts .  Th e  wave l e n g th  c h an n e l s  
can  be  s u i tab l y b l o cke d  b y atte n u ati o n  to  g re ate r  th an  3 0  d B.  

Th e s e  we re  th e  f i rs t  d e vi c e s  to  e n ab l e  R OAD M s  i n  2 0 0 0 .  C o n tro l  o f  wave l e n g th  ch an n e l  
po we r an d  s u p po rt  o f  bro ad cas t  an d  s e l e ct  arch i te ctu re  m ad e  th e m  ve ry s u cce s s fu l .  
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Figure 5  – Waveleng th  blocker based  ROADM  arch i tecture  

 

Figure 6  – 2-degree ROADM  node arch i tecture  wi th  wavelength  blocker,   
dynamic  OAs and  shared  OCMs 

4.3.3  In teg rated  planar l ightwave  ci rcu i ts  ( IPLC)  based  ROADMs 

A ve r y p o pu l ar  e arl y d e s i g n  f o r R O AD M s  i s  bas e d  o n  p l an ar l i g h twave  c i rc u i ts  ( P LC )  
te ch n o l o g y.  I n  th i s  appro ac h ,  an  arra y o f  P LC  bas e d  2  x  2  s wi tc h e s  i s  n e s te d  b e twe e n  a  
d e m u l t i p l e x e r  an d  m u l t i p l e x e r  ( F i g u re  7)  to  pro vi d e  o p ti cal  b yp as s  fu n cti o n al i t y b as e d  o n  
arra ye d  wave g u i d e  g rati n g s .  I n  AW G s ,  th e  m u l t i p l e xi n g  an d  d e m u l t i p l e x i n g  o f  W D M  ch an n e l s  
( s h o wn  as  1  to  n)  i s  d o n e  i n  wave g u i d e s  i n te g rate d  o n to  a s i n g l e  s u bs trate ,  s o  fe we r f i bre  
co n n e cti o n s  are  n e e d e d .  As  te ch n o l o g y ad van c e d ,  s o  d i d  th e  l e ve l  o f  i n te g rati o n ,  wi th  s o m e  
co m po n e n t  ve n d o rs  e ve n tu al l y i n te g rati n g  al l  th e  ke y f u n c ti o n s  re q u i re d  i n to  a  s i n g l e  s u bs trate  
u s i n g  P LC  te c h n o l o g y.  
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Figure 7  – PLC based  ROADM  arch i tecture  

Th e  m ai n  l i m i tat i o n  o f  th i s  d e s i g n  i s  th at  i t  s u p p o rts  o n l y two  f i bre  ro u te  d i re cti o n s  o r  p ai rs .  
M o re o ve r,  b e c au s e  o f  th e  l arg e  n u m be r o f  p aral l e l  o p t i cal  path s  i n s i d e  th e  d e vi c e ,  m u l t i - path  
i n te rfe re n c e  o cc u rs .  Be cau s e  o f  th e  p as s b an d  c h arac te ri s ti cs  o f  th e  AW G s ,  c as cad i n g  can  
cau s e  s i g n i f i c an t  b an d wi d th  n arro wi n g .  F i n al l y,  th e  ad d /d ro p f i bre s  are  pre d e fi n e d  to  b e  a 
s pe c i f i c  wave l e n g th  ch an n e l  an d  a s pe ci f i c  d i re cti o n  ( c o l o u re d  an d  d i re c ti o n al ) .  D e s p i te  th e s e  
l i m i tat i o n s ,  th e s e  e arl y R O AD M s  ach i e ve d  s u cce s s  an d  we re  d e pl o ye d  i n  s m al l e r m e tro  ri n g s .  

4.3.4  Wavelength  selective swi tches  

State  o f  th e  art  te ch n o l o g y fo r R O AD M s  i s  a  wave l e n g th  s e l e cti ve  s wi tch  ( W S S ) .  Th e  fu n cti o n  
of  a  1  x  N W S S i s  s h o wn  s c h e m ati cal l y i n  F i g u re  8  ( a) .  Th e  d e vi c e  c o n s i s ts  o f  a  d i s pe rs i ve  
e l e m e n t th at  i n te rn al l y s e p arate s  th e  W D M  ch an n e l s  arri vi n g  at  th e  c o m m o n  p o rt  o f  th e  W S S  
an d ,  b y u s i n g  s wi tc h i n g  e l e m e n ts ,  ro u te s  e ac h  i n d i vi d u al  c h an n e l  to  o n e  o f  th e  N s e l e cte d  
ou tpu t  f i bre  p o rts .  Th u s ,  th e  W S S c an  be  u s e d  to  ro u te  th e  i n c o m i n g  wave l e n g th s  s e l e cti ve l y 
to  an y o f  th e  N p o rts .  I n  ad d i t i o n ,  th e re  are  vari ab l e  o pti c al  atte n u ato rs  i n c l u d e d  i n  th e  p ath  o f  
i n d i vi d u al  wave l e n g th s  i n s i d e  th e  W SS  m o d u l e ,  wh i ch  c an  pro vi d e  a po we r e q u al i zati o n  
fu n cti o n .  Li ke wi s e ,  an  N x 1  W SS  d e vi c e  can  s e l e cti ve l y ro u te  i n d i vi d u al  wave l e n g th s  fro m  
m u l t i p l e  D W D M  i n p u t  f i bre s  an d  ro u te  th e s e  to  a co m m o n  o u tp u t  f i bre .  U s u al l y wi th  s o ftware  
co n tro l ,  th e  W S S  can  d yn am i c al l y s e l e c t  i n d i vi d u al  wave l e n g th s  fro m  m u l t i pl e  D W D M  i n p u t  
f i bre s  an d  s wi tch  th e s e  to  a  c o m m o n  o u tpu t  f i bre ,  o r  vi c e  ve rs a.  As  m e n ti o n e d  e arl i e r,  th e  
W S S can  al s o  e q u al i ze  t h e  o pti c al  p o we r  o f  i n d i vi d u al  wave l e n g th s  e x i ti n g  th e  o u tp u t  f i bre ( s )  
to  i m pro ve  tran s m i s s i o n  pe rf o rm an ce .  Th e  W SS  can  b e  i m pl e m e n te d  u s i n g  a vari e t y o f  
d i ffe re n t  te ch n o l o g i e s ,  i n c l u d i n g  l i q u i d  cr ys tal  d e vi ce s  ( LC D )  an d  m i cro - e l e c tro m e ch an i cal  
s ys te m s  ( M E M S ) .  Th e s e  are  d e s cri b e d  i n  An n e x A.  

Arc h i te ctu re  o f  a  W S S  b as e d  R O AD M  wi th  3  d e g re e s  i s  d e pi c te d  i n  F i g u re  8  ( b) .  Th e  n o d e  i s  
d e s i g n e d  to  ro u te  th e  W D M  s i g n al s  arri vi n g  fro m  an y o f  th e  th re e  d i re c ti o n s  to  e i th e r o f  th e  
l o cal  d ro p  p o rts  o r  to  o n e  o f  th e  re m ai n i n g  d i re cti o n s .  F o r e x am pl e ,  a  W D M  s i g n al  arri vi n g  at  
th e  n o d e  fro m  th e  we s t  can  b e  e i th e r  s e l e c ti ve l y d i re c te d  to  th e  l o c al  d ro p  p o rt  o r  e xp re s s e d  
to  th e  n o rth  o r  we s t  f i bre  p o rts .  Th i s  fu n c ti o n al i t y i s  ac h i e ve d  b y s p l i tti n g  th e  arri vi n g  s i g n al s  
b y a 1  x  3  p as s i ve  co u p l e r.  T wo  o f  th e  th re e  re p l i c as  o f  th e  s i g n al  are  d i re cte d  to  th e  
re s p e cti ve  W S Ss  fo r  ro u ti n g  s i g n al s  to  th e  n o rth  o r  we s t  d i re c ti o n s ,  an d  o n e  i s  co n n e cte d  to  
AW G  fo r l o c al  d ro p .  Th e  AW G  d e m u l t i p l e x e s  al l  th e  arri vi n g  ch an n e l s  to  th e i r  re s p e cti ve  po rts .  
Th e  d ro p  po rts  h ave  p l u g g e d  i n  re c e i ve r  m o d u l e s  ( R x)  f o r th e  s i g n al s  d e s i g n ate d  to  be  
d ro p pe d  at  th e  p o rt.  Th i s  i s  kn o wn  as  b ro ad cas t  an d  s e l e ct  arch i te ctu re .  Th e  wave l e n g th  o f  
th e  s i g n al  at  th e  d ro p  p o rt  i s  pre d e te rm i n e d  b y th e  AW G  po rt,  an d  i s  th e re f o re  “co l o u re d ” .  
M o re o ve r,  s pe c i fi c  d ro p  p o rts  c an  re ce i ve  W D M  s i g n al s  fro m  o n l y o n e  d i re c ti o n  an d  h e n c e  are  
“d i re c ti o n al ”.  L i ke wi s e ,  tran s m i tte rs  ( Tx)  are  ad d e d  o n  th e  ad d  p o rts  to  ad d  n e w wave l e n g th s .  
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Th e  tran s m i tte r p o rts  are  s i m i l arl y f i xe d  i n  wave l e n g th  b y th e  AW G  po rt  an d  c an  tran s m i t  o n l y 
i n  a  s pe c i f i c  d i re cti o n .  T h i s  R O AD M  arch i te c tu re  i s  c o l o u re d  an d  d i re c ti o n al .  Th e  arc h i te ctu re  
o f  co l o u rl e s s  an d  d i re cti o n l e s s  R O AD M  i s  d e s cri b e d  i n  4. 4. 3 .  

 

a)  1  x  N waveleng th  selective  swi tch  functional i ty 

 

b)  Arch i tecture of  a  WSS 3-deg ree ROADM  node 

Figure 8  – ROADM  arch i tecture incorporating  a  WSS 

I n  ad d i t i o n  to  wave l e n g th  ro u ti n g  an d  s wi tch i n g  an d  c h an n e l  p o we r  e q u al i zati o n ,  W S S 
R O AD M s  al s o  pro vi d e  s e rvi ce  c h an n e l  m an ag e m e n t  an d  pro vi s i o n i n g ,  pro te cti o n  an d  
re s to rati o n  fu n cti o n s .  

4.4  ROADM  arch i tecture  

4.4. 1  Broadcast  and  select  arch i tecture  

As  d i s c u s s e d  e arl i e r,  th e  R O AD M  e n ab l e s  a  f l e x i b l e  tran s p o rt  n o d e ,  wh i ch  typ i cal l y co n s i s ts  o f  
op t i cal  am pl i f i e rs ,  o p t i cal  s wi tch i n g  e l e m e n ts ,  a  m u l t i pl e x e r o r  d e m u l t i p l e x e r e l e m e n t  s u ch  as  
AW G  o r W S S ,  an d  tran s p o n d e r l i n e  c ard s  s u ch  as  f o r 1 0  G  E th e rn e t.  Th e  m u x/d e m u x 
pro vi d e s  th e  co n n e c ti o n  po i n t  b e twe e n  th e  co m po s i te  W D M  l a ye r an d  th e  i n d i vi d u al  c h an n e l s  
or  wave l e n g th s ,  wh i c h  are  i m pl e m e n te d  wi th  tran s p o n d e r an d  m u xp o n d e r u n i ts .  O n e  o f  th e  
earl y arc h i te ctu re s  e m pl o ye d  i n  R O AD M s  c o n s i s ts  o f  a  bro ad c as t  an d  s e l e ct  ap pro ac h ,  wh e re  
a co p y o f  al l  W D M  ch an n e l s  e n te ri n g  th e  W D M  n o d e  i s  s p l i t  b y a  p as s i ve  co u p l e r an d  d i re c te d  
to  AW G ,  wh i ch  d e m u l t i p l e xe s  th e  c h an n e l s .  Th e  s e l e c te d  ch an n e l s  are  re ce i ve d  at  th e  n o d e  
b y attach i n g  re c e i ve rs .  E x am pl e s  o f  th e  bro ad c as t  an d  s e l e ct  ap pro ac h  arc h i te c tu re  u s i n g  
d i ffe re n t  d e vi ce s  (W B ,  2  x  1  W S S ,  N x 1  W SS  an d  P LC )  are  s h o wn  i n  F i g u re  9 .  

RO AD M  n o d e  arc h i te ctu re  b as e d  o n  W B  i s  s h o wn  i n  F i g u re  9  a) .  A f i bre  carryi n g  m u l t i ch an n e l  
D W D M  s i g n al s  e n te rs  th e  n o d e ,  an d  th e  o p ti cal  p o we r  i s  i m m e d i ate l y s p l i t  to  pro vi d e  p ath s  fo r 
wave l e n g th s  th at  tran s i t  th ro u g h  th e  n o d e  an d  d ro p pe d  wave l e n g th s  th at  g e t  ro u te d  to  a  
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d e m u l t i p l e x e r.  Th e  th ro u g h  traff i c  e n te rs  a W B ,  wh i ch  h as  o n l y o n e  i n p u t  po rt  an d  o n e  o u tpu t  
po rt,  s o  th e re  i s  n o  s wi tc h i n g  fu n c ti o n .  U n d e r re m o te  c o n tro l ,  i t  e i th e r  p as s e s  th ro u g h ,  
e q u al i ze s ,  o r  b l o cks  ( e x ti n g u i s h e s )  e i th e r  s o m e  o r  al l  wave l e n g th s .  N e w wave l e n g th s  are  
ad d e d  b y p as s i ve  c o m bi n ati o n  afte r  th e  W B .  Th e  W B  bl o cks  an y wave l e n g th s  i d e n ti cal  to  th e  
ad d e d  wave l e n g th s  i n  o rd e r to  avo i d  d u p l i cati o n  o f  wave l e n g th s  c arr yi n g  traffi c .  D i s cre te  
vari ab l e  o p ti cal  atte n u ato rs  ( VO As )  are  u s e d  to  e q u al i ze  th e  o p ti cal  p o we r o f  th e  ad d e d  
wave l e n g th s ,  an d  an  o pti cal  ch an n e l  m o n i to r  ( OC M )  pro vi d e s  fe e d b ack fo r  th e  o pti c al  p o we r  
e q u al i z ati o n  c o n tro l s  o f  th e  W S S  an d  VO As .  

Fi g u re  9  b)  s h o ws  a  vari ati o n  o n  th i s  arch i te ctu re  wh e re  th e  l o c al l y ad d e d  wave l e n g th s  are  
s ti l l  co m bi n e d  at  a  m u l t i p l e xe r  bu t  are  n o w d i re cte d  to  th e  ad d  po rt  o f  a  2  x  1  W S S .  Th e  W S S  
s e l e cts  s p e c i f i c  wave l e n g th s  fro m  e i th e r  th e  i n  o r  ad d  p o rt  an d  ro u te s  th e s e  to  th e  o u t  p o rt  fo r  
tran s m i s s i o n  to  th e  n e x t  n e two rk n o d e .  Th e  W S S  i n  th i s  arc h i te ctu re  al s o  e q u al i z e s  th e  o pti c al  
po we r o f  th e  ad d e d  wave l e n g th s ,  e l i m i n ati n g  th e  n e e d  f o r d i s c re te  VO As .  B o th  arch i te ctu re s  
o f  F i g u re  9  a)  an d  b)  are  te rm e d  " co l o u re d " ,  b e c au s e  th e  d ro p p e d  an d  ad d e d  wave l e n g th s  are  
as s o c i ate d  wi th  s p e ci fi c  o r  f i x e d  p o rts  o n  th e  d e m u l t i p l e x e rs .  Th e  m ai n  ad van tag e  o f  th e s e  
R O AD M  arch i te ctu re s  i s  th at  th e  m u l ti p l e  wave l e n g th s  p as s i n g  th ro u g h  th e  n o d e  are  ro u te d  
an d  e q u al i ze d  i n  an  au to m ate d  fas h i o n .  F i g u re  9  c)  s h o ws  a  two - d e g re e  R O AD M  c o n fi g u rati o n  
th at  e l i m i n ate s  th e  f i x e d  p h ys i c al  as s o ci at i o n s  fo r th e  d ro pp e d  an d  ad d e d  wave l e n g th s  wi th  
th e  d e m u x an d  m u x p o rts .  Th e  i n d u s try c al l s  th i s  fe atu re  " c o l o u rl e s s " ,  be cau s e  an y co l o u r o r  
wave l e n g th  c an  b e  d i re c te d  to  an y d ro p  po rt  an d  fro m  an y ad d  p o rt.  

  

a)  Wi th  wavelength  blocker  b)  Wi th  2  x  1  WSS for  2-degree node 

  

c)  Wi th  N x 1  WSS for >  2-degree node d )  Wi th  PLC device  

Key  

a)  wi th  wave l e n g th  b l o cke r  

b)  wi th  2  x  1  W S S  fo r 2 - d e g re e  n o d e  

c)  wi t h  N x 1  W S S  fo r  >  2 - d e g re e  n o d e  

d )  wi th  P LC  d e vi c e  

Figure 9  – Broadcast  and  select  arch i tectu re of  ROADMs 

Th e re  are  two  g e n e ral  typ e s  o f  R O AD M s :  two - d e g re e  an d  m u l t i - d e g re e .  As  i l l u s trate d  i n  
F i g u re  1 0 ,  th e  d e g re e  re fe rs  to  th e  n u m be r o f  d i re cti o n s  o f  d ata traff i c  s u p p o rte d  b y th e  
R O AD M  n o d e .  I n  an y d i re cti o n ,  a  pai r  o f  f i bre s  i s  g e n e ral l y u s e d ,  wi th  e ac h  p ai r  carr yi n g  
traffi c  i n  al te rn ate  d i re cti o n s .  Th e re  are  twi c e  as  m an y f i b re s  e n te ri n g  an d  e x i t i n g  th e  R O AD M  
as  i ts  d e g re e .  Fo r e xam p l e ,  a  two - d e g re e  R O AD M  ( F i g u re  1 0  a)  an d  b) )  i s  l i ke  a l o cati o n  o n  a  
h i g h wa y wi th  o ff  an d  o n  ram ps  to  d ro p  o ff  an d  acce p t  l o cal  traff i c.  

IEC  

I n  O u t  
Ad d  W B  

Lo cal  d ro p  Lo cal  ad d  

O C M  M u x  D e m u x  

IEC  

I n  

O u t  

Ad d  

Lo cal  d ro p  

Lo cal  a d d  

O C M  

M u x  

D e m u x  

2  ×  1  

W S S  

IEC  

I n  

O u t  

Ad d  

N ×  1  

W S S  

Lo cal  d ro p  

Lo cal  a d d  

O C M  

M u x  

D e m u x  

IEC  

I n  O u t  

P LC  

Lo cal  d ro p  

Lo cal  a d d  

D e m u x  



 – 1 6  – I E C  TR  6 2 3 4 3 - 6 - 4: 2 0 1 7  © I E C  2 0 1 7  

I ts  f u n c ti o n s  are  to  

– te rm i n ate  an  i n co m i n g  D W D M  fi bre ,  

– d ro p s p e ci f i e d  wave l e n g th s  an d ,  i n  m o s t  cas e s ,  b l o ck th e s e  wave l e n g th s  fro m  pro pag ati n g  
fu rth e r,  

– ad d  l o c al  wave l e n g th s ,  

– e q u al i z e  th e  co m bi n e d  traffi c  o f  p as s e d - th ro u g h  wave l e n g th s  an d  ad d e d  wave l e n g th s ,  an d  

– pro vi d e  e g re s s  fo r  th i s  traff i c  to ward s  th e  n e x t  R O AD M  n o d e .  

A m u l t i - d e g re e  R O AD M  i s  l i ke  an  i n te rch an g e  wh e re  h i g h wa ys  m e e t  an d  i s  u s e d  fo r  
i n te rco n n e cti n g  D W D M  ri n g s  o r  fo r  m e s h  n e two rki n g .  I ts  fu n c ti o n s  are  to  acc e p t  an d  
re arran g e  wave l e n g th s  fro m  th e  m u l t i p l e  f i bre s  e n te ri n g  an d  l e avi n g  th e  m u l ti - d e g re e  n o d e ,  as  
we l l  as  ad d i n g  an d  d ro p p i n g  l o c al  wave l e n g th  traff i c.  

  

a)  Two-degree,  f ixed  add/drop  b)  Two-deg ree,  colourless  add/drop  

  

c)  Mu l ti -degree,  f i xed  add/drop  d )  Mu l ti -deg ree,  colourless add/drop  

Key 

a)  two - d e g re e ,  f i xe d  a d d /d ro p  

b)  two - d e g re e ,  co l o u rl e s s  ad d /d ro p  

c)  m u l t i - d e g re e ,  f i xe d  ad d /d ro p  

d )  m u l t i - d e g re e ,  co l o u rl e s s  ad d /d ro p  

Figure 1 0  – ROADM  arch i tectures  

4.4.2  Route and  select  arch i tecture  

B ro ad c as t  an d  s e l e ct  arch i tectu re  d e s cri b e d  i n  4 . 4. 1  i s  s u i tab l e  f o r R OAD M s  o f  s m al l e r 
d e g re e s .  As  th e  n u m b e r o f  d e g re e s  i n cre as e s ,  th e  l o s s  o f  th e  p as s i ve  c o u p l e r  b e c o m e s  ve ry 
l arg e  an d  u n s u s tai n abl e .  I n  l arg e  d e g re e  n o d e s ,  th e  p as s i ve  co u p l e rs  are  re p l ac e d  b y a  W S S  
to  fo rm  a ro u te  an d  s e l e ct  arch i te c tu re .  Th i s  i s  s ch e m ati cal l y i l l u s trate d  i n  F i g u re  1 1  ( a)  an d  
Fi g u re  1 1  ( b) .  I n  th i s  arch i tectu re ,  th e  p as s i ve  s p l i tte r  i s  re p l ac e d  b y a  l o we r i n s e rti o n  l o s s  
W S S ,  an d  o n l y s e l e cte d  W D M  ch an n e l s  are  d i re c te d  to  th e  d ro p  p o rt.  W i th  th e  avai l ab i l i t y o f  
l arg e  p o rt  co u n t  W S S ,  ro u te  an d  s e l e ct  arc h i te ctu re  i s  wi d e l y e m p l o ye d .  
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a)  Broadcast  and  select  

 

b)  Route and  select  

Figure 1 1  – ROADM  route and  select  arch i tectures  

4.4.3  Colourless,  d i rection less  and  contentionless  (CDC)  functional i ty 

4.4.3.1  General  

RO AD M  s u bs ys te m s  e n ab l e  an  o p e rato r to  c o n f i g u re  th e  e x pre s s  an d  d ro p  p o rts  re m o te l y to  
s u i tab l y d i re c t  an y i n c o m i n g  wave l e n g th  ch an n e l .  R O AD M s  at  th e  n e two rk n o d e s  are  u s e d  to  
s wi tc h  an d  ro u te  D W D M  traffi c  i n  th e  o pti c al  d o m ai n  wi th o u t  co n ve rs i o n  to  th e  e l e ctri cal  
d o m ai n .  As  th e  n o d e s  i n  th e  n e two rk e vo l ve  to  h i g h e r d e g re e s  ( >  2 ) ,  n e two rk s e rvi ce  
pro vi d e rs  are  re q u i ri n g  R O AD M s  to  C D C  c apab i l i t i e s  i n  o rd e r  to  pro vi d e  fu l l  d yn am i c  m e s h  
n e two rki n g  as  we l l  as  re s to rati o n  an d  pro te cti o n  s wi tc h i n g .  H e re  are  th e i r  c h arac te ri s ti cs :  

– C o l o u rl e s s  

an  ad d /d ro p po rt ’ s  wave l e n g th  can  b e  pro vi s i o n e d  

– D i re c ti o n l e s s  

an  ad d e d /d ro p pe d  c h an n e l  can  be  pro vi s i o n e d  to /fro m  an y n e two rk d i re cti o n  

– C o n te n ti o n l e s s  

m u l t i p l e  c h an n e l s  o f  th e  s am e  wave l e n g th  are  al l o we d  wi th i n  th e  s am e  m o d u l e  

IEC  

P as s i ve  

s p l i tt e r  

D
e

g
re

e
 1

 

8  ×  1  W S S  

8  ×  1  W S S  

8  ×  1  W S S  

D e g re e  2  

D
e

g
re

e
 8

 

A
d

d
/D

ro
p

 

R x  T x  

IEC  

D
e

g
re

e
 1

 

8  ×  1  W S S  

8  ×  1  W S S  

8  ×  1  W S S  

D e g re e  2  

D
e

g
re

e
 8

 

A
d

d
/D

ro
p

 

R x  T x  

1  ×  8  W S S  

1  ×  8  W S S  



 – 1 8  – I E C  TR  6 2 3 4 3 - 6 - 4: 2 0 1 7  © I E C  2 0 1 7  

I n  ad d i ti o n  to  C D C  f e atu re s ,  th e s e  R O AD M s  are  al s o  e x pe c te d  to  pro vi d e  f l ex i bl e  ban d wi d th  
cap ab i l i t y i n  o rd e r  to  s u p po rt  th e  l arg e r b an d wi d th  re q u i re m e n t  o f  fu tu re  4 0 0  G b/s  an d  1  Tb /s  
ch an n e l s .  Th i s  p o s e s  an  ad d i t i o n al  c h al l e n g e  fo r  th e  wave l e n g th  s e l e cti ve  s wi tch e s  (W S S )  
co n s ti tu ti n g  th e  R O AD M s .  

R O AD M s  c an  b e  bro ad l y cl as s i f i e d  i n  th e  fo l l o wi n g  g e n e rati o n s :  

– P as t  

1 s t  g e n e rati o n  R O AD M s  i n tro d u ce d  re - co n fi g u rab i l i t y i n  ad d /d ro p  ch an n e l s .  H o we ve r,  
th es e  n o d e s  we re  re s tri cte d  to  two  d i re cti o n s .  

– P res e n t  

2 n d  g e n e rati o n  R O AD M s  i n tro d u c e d  th e  fo l l o wi n g  fe atu re s  m u l t i - d e g re e  c ap abi l i t y,  f o r  
e xam p l e  4  o r  8  d i re c ti o n s  pe r n o d e .  H o we ve r,  th e s e  n o d e s  are  “ co l o u re d ”  an d  “d i re cti o n al ” .  

– Fu tu re  

3 rd  g e n e rati o n  R O AD M s  wi l l  i n tro d u ce  m o re  “ m e s h ”  fe atu re s :   

•  s i g n i f i c an t  f l e x i b i l i t y i n  pro vi s i o n i n g  an d  re s to rati o n ;   

•  co l o u rl e s s ,  d i re cti o n l e s s ,  co n te n ti o n l e s s  an d  “g ri d l e s s ”  ( f l e x i b l e  s pe ctru m ) .  

W ave l e n g th  s e l e cti ve  s wi tch e s  (W S S )  wi th  1  x  9  an d  9  x  1  f u n c ti o n al i t y are  ke y co m po n e n ts  o f  
R O AD M  n o d e s  to d a y.  H o we ve r,  to  re al i ze  th e  n e xt  g e n e rati o n  R OAD M  n o d e  s h o wn  i n  F i g u re  
1 2  th at  s u p po rts  co l o u rl e s s ,  d i re c ti o n l e s s  an d  c o n te n ti o n l e s s  capab i l i t i e s ,  two  n e w t yp e s  o f  
W S S  wi l l  be  n e e d e d :  an  8  x  8  W S S  an d  a 2 4  x  1  o r  1  x  2 4  W S S .  Th e  8  x  8  W S S  i s  s t i l l  s o m e  
ye ars  awa y fro m  i m pl e m e n tati o n ,  an d  th e re  are  o th e r l e s s  e l e g an t  wa ys  to  re al i z e  i ts  
fu n cti o n al i t y i n  th e  i n te ri m .  On  th e  o th e r  h an d ,  th e  h i g h  po rt  co u n t  1  x  2 4  W S S  can  
i m m e d i ate l y f u l f i l  d e m an d  fo r  m as s i ve  co l o u rl e s s  l o c al  ad d /d ro p c apab i l i ty ( s h o wn  i n  F i g u re  
1 2 ) ,  as  we l l  as  s u pp o rt  l arg e  m u l t i - d e g re e  n o d e s  an d  s tacke d  ri n g  i n te rc o n n e cti o n .  

 

Figure 1 2  – 8  x  8  WSS and  l arge port  count  1  x  24  WSS based  colourless,   
d i rectionless  and  contention less ROADM  arch i tectu re  

Two  i m po rtan t  d i re cti o n s  fo r fu tu re  W S S  d e vi ce s  fo r s u p po rti n g  f u l l  m e s h  fu n cti o n al i t y are  
be c o m i n g  e vi d e n t.  Th e s e  i n c l u d e  l arg e  p o rt  c o u n t  1  x  N (N >  2 0 )  W SS  an d  M x N W S S  d e vi ce s  
wi th  M =  4 ,  M  =  8 ,  N =  8  an d  N =  2 4 .  
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M o re o ve r,  R O AD M  arch i te ctu re  wi l l  be  s i m p l i f i e d  b y th e  i n tro d u cti o n  o f  co h e re n t  d e te cti o n ,  
wh i c h  au to m ati cal l y i n c l u d e s  th e  wave l e n g th  c h an n e l  s e l e c ti o n  fu n c ti o n .  T h i s  wi l l  o b vi ate  th e  
n e e d  f o r wave l e n g th  s e l e cti ve  f i l te ri n g  at  th e  d ro p p o rts ,  m aki n g  th e  arc h i te c tu re  s i m pl e r an d  
ch e ape r.  

R O AD M s  h ave  e vo l ve d  fro m  co l o u re d  an d  d i re cti o n al  R O AD M s  to  h avi n g  fu l l  C D C  
fu n cti o n al i t y,  as  s h o wn  i n  F i g u re  1 3 .  

 

Figure 1 3  – Coloured  and  d i rectional  ROADM  arch i tecture  includ ing  WSS,   
spl i tters,  AWGs and  transceivers (TRx)  

4.4.3.2  Colourless  and  d i rectional  

Tran s p o n d e rs  are  p e rm an e n tl y c o n n e c te d  to  an  ad d /d ro p  p o rt  b u t  c an  b e  re m o te l y tu n e d  to  
an y wave l e n g th .  H o we ve r,  th e y can  o n l y c arr y traffi c  i n  o n e  pre d e te rm i n e d  d i re cti o n ,  an d  th at  
can n o t  b e  ch an g e d  re m o te l y wi th o u t  o n s i te  i n te rve n ti o n .  A t yp i cal  cu rre n t  m u l t i - d e g re e  n o d e  
u s e s  bro ad cas t  an d  s e l e ct  arc h i te ctu re  c o n s i s ti n g  o f  1  x  N W S Ss ,  1  x  M s p l i tte rs  an d  AW G s .  
Th i s  n o d e  i s  co l o u re d  an d  d i re cti o n al .  Th i s  i s  be c au s e  th e  wave l e n g th  c h an n e l s  o f  th e  AW G s 
are  f i x e d  o n  e ac h  p o rt.  

4.4.3.3  Colourless  and  d i rectionless  

Tran s p o n d e rs  are  p e rm an e n tl y c o n n e c te d  to  an  ad d /d ro p  p o rt  b u t  c an  b e  re m o te l y tu n e d  to  
an y wave l e n g th  an d  an y d i re c ti o n .  H o we ve r,  o n l y o n e  wave l e n g th  pe r  ad d /d ro p  tre e  can  b e  
u s e d  at  a  t i m e ,  l e ad i n g  to  wave l e n g th  bl o cki n g  ( al s o  re fe rre d  to  as  wave l e n g th  c o n te n ti o n ) .  
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Figure 1 4  – Colourless,  d i rectionless  and  contention less  
ROADM  arch i tecture  

4.4.3.4  Colourless,  d i rectionless  and  contentionless  

Th e  n e x t  g e n e rati o n  m u l t i - d e g re e  n o d e ,  d e p i cte d  i n  F i g u re  1 4,  re q u i re s  a C D C  d e vi ce  th at  can  
co n n e ct  an y wave l e n g th  ch an n e l  i n  an y d i re cti o n  wi th o u t  wave l e n g th  c o n te n ti o n ,  an d  th e re  
are  te c h n o l o g i e s  avai l ab l e  to  re al i z e  C D C  d e vi ce s  fo r th e s e  n e two rks .  Tran s p o n d e rs  
pe rm an e n tl y co n n e cte d  to  an  ad d /d ro p  po rt  can  be  re m o te l y tu n e d  to  an y wave l e n g th  an d  
pas s  an y d i re cti o n .  U p  to  N wave l e n g th s  can  b e  re p e ate d  p e r  ad d /d ro p  tre e ,  e l i m i n ati n g  
wave l e n g th  c o n te n ti o n .  

Th e re  are  th re e  po te n ti al  te c h n o l o g i e s  f o r C D C  d e vi ce s  be i n g  d i s cu s s e d  n o w:  

– N x M W S S  i s  s t i l l  a  c h al l e n g i n g  te c h n o l o g y to  re al i ze  an d  u s e ;  

– co m bi n ati o n  o f  1  x  M W SS s  an d  N x  1  s wi tch e s  i s  po s s i b l e ,  b u t  co s t  wi l l  be  h i g h ;  

– co m bi n ati o n  o f  1  x  M s p l i tte rs ,  N x  1  s wi tch e s  an d  tu n e ab l e  f i l te rs  i s  co m pe ti t i ve  i n  te rm s  o f  
bal an ce  o f  p e rfo rm an c e  an d  co s t.   

Th e s e  are  s h o wn  i n  F i g u re  1 5 .  A m u l t i c as t  o pti cal  s wi tch  i s  th e  p art  i n cl u d i n g  1  x M s p l i tte rs  
an d  N x  1  s wi tch e s .  I n tro d u c ti o n  o f  co h e re n t  d e te cti o n  wi l l  be  e x p e cte d  fo r m u l t i cas t  o pti c al  
s wi tc h  arch i te ctu re  to  b e  s i m pl e ,  be c au s e  i t  au to m ati c al l y i n c l u d e s  th e  wave l e n g th  c h an n e l  
s e l e c ti o n  f u n cti o n .  
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e)  Wi th  N x M WSS f)  Wi th  a  combination  of  
1  x  M WSS and  N x 1  

swi tch  

g )  Mu l ticast  optical  swi tch  
consist ing  of  1  x  M  
spl i tter and  N x 1  

swi tches combined  wi th  
tuneable  fi l ters  (TFs)  for 

channel  selection  

Figure 1 5  – Technolog ies  for contentionless  arch i tecture  

4.4.3.5  Flexible g rid  ROADMs 

Th e  i n tro d u cti o n  o f  h i g h e r d ata- rate  c h an n e l s  at  4 0 0  G b/s  an d  1  Tb /s  i n  th e  f u tu re  wi l l  re q u i re  
re co n s i d e rati o n  o f  th e  wave l e n g th  g ri d .  Th e  5 0 - G H z I TU - T g ri d  i s  ad e q u ate  to  s u pp o rt  th e  
cu rre n tl y p re val e n t  ch an n e l s  at  bi t  rate s  o f  1 0  G b /s ,  4 0  G b/s  an d  1 0 0  G b /s .  Th e  tran s m i s s i o n  
ban d wi d th  re q u i re m e n t f o r e ach  W D M  ch an n e l  f i ts  we l l  wi th i n  th e  avai l ab l e  5 0 - G H z b an d wi d th  
fo r e ac h  ch an n e l  c e n tre d  o n  th e  I TU  g ri d .  I n  th e  cas e  o f  fu tu re  4 0 0 - G b /s  an d  1 - Tb /s  c h an n e l s ,  
th e  b an d wi d th  re q u i re m e n ts  ( a)  wi l l  be  h i g h e r  th an  5 0  G H z  an d  ( b)  m ay n o t  be  a m u l t i pl e  o f  
50  G H z .  F o r e x am pl e ,  a  40 0 - G  c h an n e l  m i g h t  n e e d  8 0  G H z o f  ban d wi d th ,  wh i ch  i n  th e  cu rre n t  
g ri d  wi l l  n e e d  two  co n ti g u o u s  ch an n e l s  o f  5 0  G H z e ac h  ( to tal  1 0 0  G H z) .  Th i s  wi l l  re s u l t  i n  
s i g n i f i c an t  was te ,  th e re b y l o we ri n g  s p e ctral  e ff i ci e n c y.  S m al l e r  g ran u l ari t y o n  th e  I TU - T g ri d ,  
fo r  e xam p l e  wi th  1 2 , 5  G H z ch an n e l  s e p arati o n ,  wi l l  re d u ce  ban d wi d th  was te ,  s i n c e  n o w 
7  s l o ts  o f  1 2 , 5  G H z e ach  ( to tal  8 7 , 5  G H z)  wi l l  be  s u ffi c i e n t.  I n  th i s  cas e ,  th e  b an d wi d th  
i n e ffi ci e n c y wi l l  b e  re d u ce d .  

Fo r R O AD M s  s u p po rt i n g  th e  e ffi c i e n t  ban d wi d th  m an ag e m e n t  o f  n e xt  g e n e rati o n  h i g h e r b i t  
rate  o p ti cal  n e two rks ,  th e  fo l l o wi n g  m aj o r  i s s u e s  h ave  to  be  ad d re s s e d  i n  o rd e r  to  m e e t  th e  
f l e x i bl e  s p e ctru m  al l o cati o n  re q u i re m e n t .  

– Th e  s p e ctral  g ap ( d i ps  an d  p e aks )  b e twe e n  th e  c h an n e l s  wi l l  h ave  to  b e  n e g l i g i b l e ,  s u ch  
th at  wh e n  s e ve ral  c h an n e l s  are  co m bi n e d  to  fo rm  a  l arg e r b an d wi d th  ch an n e l ,  i t  wi l l  h ave  
f l at  to p p as s ban d  c h aracte ri s t i cs  c o n d u c i ve  to  th e  e rro r- fre e  tran s m i s s i o n  o f  o p ti cal  
ch an n e l s .  

– C u rre n t  5 0  G H z c h an n e l i ze d  W S S  d e vi ce s  wi l l  n o t  b e  s u ffi c i e n t  an d  wo u l d  h ave  to  c h an g e  
to  a  f i n e r  c h an n e l  s e parati o n  o f  1 2 , 5  G H z ,  e ac h  wi th  th e  s am e  b an d wi d th .  Th i s  wi l l  re s u l t  
i n  m o re  e ffi c i e n t  b an d wi d th  u s ag e ,  e n h an c i n g  th e  s pe ctral  e ff i ci e n c y.  

N e two rk m an ag e m e n t  to o l s  wi l l  h ave  to  e vo l ve  to  b e  ab l e  to  d yn am i c al l y al l o c ate  an d  m an ag e  
d i ffe re n t  am o u n ts  o f  b an d wi d th  fo r a  m u l t i - rate  s i g n al  e n vi ro n m e n t,  trave rs i n g  th e  n o d e s  o f  th e  
n e two rk.  
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5 WSS performance characteristics  

As  d i s cu s s e d  e arl i e r,  W S S  i s  a  ke y e l e m e n t o f  th e  pre s e n t  d a y R O AD M s .  R O AD M  
pe rf o rm an c e  c h arac te ri s t i cs  are  d e te rm i n e d  b y th e  W S S  p aram e te rs .  A typ i c al  l i s t  o f  W S S  
param e te rs  i s  g i ve n  i n  Tab l e  1 .  

Table  1  – List  of  key WSS parameters  

Parameters  Un i ts  

I n s e rt i o n  l o s s  d B  

N u m be r o f  ch an n e l s   

C h an n e l  s p ac i n g  G H z  

B an d p as s  G H z  

3 - d B  p as s b an d  wi d th   

Ad j ace n t  c h a n n e l  cro s s tal k  d B  

Ad j ace n t  c h a n n e l  p o rt  i s o l ati o n  d B  

I n s e rt i o n  l o s s  ri p pl e  d B  

P D L  d B  

P M D  p s  

S wi t ch i n g  t i m e  m s  

P o we r co n s u m pt i o n  W 

N O TE  F o r m o re  d e tai l s ,  s e e  I E C  6 2 3 4 3 - 3 - 3 .  
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Annex A 
( i n fo rm ati ve )  

 
ROADM (WSS)  component technologies 

A.1  General  description  

R O AD M s  h ave  pro g re s s e d  th ro u g h  s e ve ral  te ch n o l o g y g e n e rati o n s :  s tarti n g  fro m  s i m pl e  f i l te rs  
i n  th e  1 9 9 0 s  to  wave l e n g th  b l o cke rs  (W B s )  an d  p l an ar  l i g h twave  c i rcu i ts  ( P LC )  bas e d  d e vi c e s  
i n  th e  e arl y 2 0 0 0 s  to  th e  cu rre n t  wave l e n g th  s e l e c ti ve  s wi tch e s  (W SS ) .  I n  th i s  an n e x ,  
co m po n e n t  te c h n o l o g i e s  fo r th e  R O AD M  s u bs ys te m s  are  d e s c ri b e d .  P LC  d e vi ce s  th at  re l y o n  
AW G  m u x/d e m u x are  d i s cu s s e d  f i rs t.  I n  th e  fo l l o wi n g  c l au s e s ,  s wi tch i n g  te ch n o l o g i e s  bas e d  
o n  M E M S ,  LC O S  LC  an d  D LP  are  d i s cu s s e d .  Th e s e  are  i m p l e m e n te d  i n  a  W SS  i n  co n j u n cti o n  
wi th  a d i s p e rs i ve  e l e m e n t  s u ch  as  a  g rati n g ,  wh i c h  s pati al l y s e p arate  th e  wave l e n g th s  b e fo re  
th e y are  s e l e c ti ve l y d e f l e cte d  to  th e  o u tp u t  f i bre  p o rt( s ) .  

A.2  PLC technology 

E arl y d e s i g n  f o r R O AD M s  i s  bas e d  o n  p l an ar l i g h twave  c i rcu i ts  e m p l o yi n g  s i l i c a o n  s i l i co n  
te c h n o l o g y.  A fu n c ti o n al  d i ag ram  o f  P LC  bas e d  R O AD M  i s  d e s cri be d  i n  F i g u re  7.  An  e xam p l e  
o f  s i l i c a- bas e d  P LC  d e vi c e  fo r  R O AD M s  i s  s h o wn  i n  F i g u re  A. 1 .  Th i s  f i g u re  d e p i cts  i n te g rati o n  
o f  an  arra ye d  wave g u i d e  g rati n g  m u l t i /d e m u l t i p l e xe rs ,  th e rm o - o p ti c  s wi tch e s  an d  vari ab l e  
op ti cal  atte n u ato rs .  An  arra y o f  P LC  b as e d  th e rm al l y ac tu ate d  2  x  2  s wi tc h e s  i s  n e s te d  
be twe e n  a d e m u l t i p l e x e r  an d  m u l t i p l e x e r to  p ro vi d e  o pti c al  b yp as s  f u n cti o n al i t y b as e d  o n  
arra ye d  wave g u i d e  g rati n g s .  I n  AW G s ,  th e  s wi tc h e s  an d  atte n u ato rs  are  th e rm al l y ac tu ate d  
an d  e m p l o y M ac h - Z e h n d e r i n te rfe ro m e te rs ,  wh i c h  al l o w re l ati ve l y f as t  s wi tch i n g  t i m e  ( ~ 1  m s ) ,  
en ab l i n g  o pti c al  pro te c ti o n  s wi tc h i n g  ap p l i c ati o n s .  T h e  m u l t i p l e xi n g  an d  d e m u l t i p l e x i n g  o f  
ch an n e l s  i n  a  W D M  ag g re g ate  o f  c o l o u rs  i s  d o n e  i n  wave g u i d e s  i n te g rate d  o n to  a  s i n g l e  
s u bs trate ,  s o  fe we r  f i bre  co n n e cti o n s  are  n e e d e d .  As  te c h n o l o g y ad van ce d ,  s o  d i d  th e  l e ve l  o f  
i n te g rati o n ,  wi th  co m po n e n t  ve n d o rs  e ve n tu al l y i n te g rati n g  al l  th e  ke y f u n cti o n s  re q u i re d  i n to  
a s i n g l e  s u bs trate  u s i n g  P LC  te ch n o l o g y.  

 

Figure A. 1  – Example of  PLC devices for  ROADM  systems 

On e  l i m i tati o n  o f  P LC  te ch n o l o g y d e s i g n  i s  th at  i t  o n l y s u p p o rts  two  d e g re e  R O AD M s .  Th e  
ad d /d ro p f i bre  po rts  are  pre - as s i g n e d  to  a  s p e c i f i c  wave l e n g th  c h an n e l  an d  a s p e ci f i c  
d i re cti o n  ( c o l o u re d  an d  d i re cti o n al ) .  M o re o ve r,  b e cau s e  o f  th e  l arg e  n u m be r o f  paral l e l  o pti cal  
path s  i n s i d e  th e  d e vi c e ,  i t  i s  pro n e  to  m u l t i  p ath  i n te rfe re n ce  th ro u g h  an y l e akag e  o f  o p t i cal  
po we r th ro u g h  AW G  po rts .  Ad d i t i o n al l y,  b e c au s e  o f  th e  p as s ban d  c h aracte ri s ti cs  o f  th e  AW G s ,  
cas cad i n g  o f  th e s e  d e vi ce s  i n  a  n e two rk can  c au s e  s i g n i f i c an t  b an d wi d th  n arro wi n g .  D e s p i te  
th e s e  l i m i tati o n s ,  P LC  R OAD M s  we re  s u cce s s fu l l y d e p l o ye d  e arl y o n  i n  s m al l e r m e tro  r i n g s .  

IEC  

S wi tc h  an d  VO A  

AW G  ×  2  
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A.3  MEMS  (micro-electromechanical  system)  technology 

Fi g u re  A. 2  s h o ws  th e  g e n e ri c  s ch e m ati c  o f  th e  i n te rn al  c o n fi g u rati o n  o f  a  1  x  N W SS  
e m pl o yi n g  M E M S  te c h n o l o g y as  a s wi tch i n g  e n g i n e .  Th e  i n p u t  an d  o u tp u t  p o rts  o f  W S S 
co n s i s t  o f  an  arra y o f  o pt i c al  f i b re s .  Th e  to pm o s t  o p ti cal  f i bre  i n  th e  arra y i s  fo r  th e  i n pu t  po rt,  
wh e re as  th e  o th e r f i bre s  are  fo r th e  o u tpu t  po rts .  Th e  l i g h t  fro m  th e  i n p u t  po rt  i s  d i re c te d  to  a  
re fl e ct i o n  g rati n g ,  an d  d i ffe re n t  W D M  ch an n e l s  are  d i ffracte d  at  d i ffe re n t  an g l e s .  A s ph e ri cal  
m i rro r fo c u s e s  th e  d i ffracte d  wave l e n g th s  o n  d i f fe re n t  e l e m e n ts  o f  th e  M E M S  m i rro r  wi th  
i n d i vi d u al  W D M  ch an n e l s  s pati al l y s e p arate d  an d  fal l i n g  o n  s e p arate  m i rro rs ,  as  s h o wn  i n  
Fi g u re  A. 3 .  Th e  s wi tc h i n g  an d  atte n u ati o n  fu n cti o n s  are  re al i z e d  b y ad j u s ti n g  th e  t i l t  an g l e  o f  
th e  M E M S  m i rro rs .  

 

Figure A.2  – Generic  in ternal  configuration  of  WSS  
(example,  MEMS based)  

Th e  arra y o f  M E M S  m i cro m i rro rs  i s  fabri cate d  i n  s i l i co n  u s i n g  s tan d ard  l i th o g rap h i c  pro c e s s e s  
o f  th e  s e m i co n d u cto r  i n d u s try.  E ach  m i rro r  h as  a  h i g h l y re fl e cti n g  c o ati n g  an d  c an  b e  ti l te d  i n  
two  d i re cti o n s  b y th e  ap p l i c ati o n  o f  vo l tag e  to  th e  e l e ctro d e s  d u e  to  e l e ctro s tati c  attracti o n .  
An g u l ar d e fl e cti o n  o f  th e  be am  i n  o n e  d i re c ti o n  s e l e cts  th e  o u tp u t  p o rt  an d  can  be  u s e d  to  
d i re c t  th e  wave l e n g th  c h an n e l  to  th e  d e s i re d  o u tp u t  f i b re  p o rt,  wh i l e  th e  s e co n d  d i re cti o n  can  
s l i g h tl y d e tu n e  th e  co u p l i n g  o f  l i g h t  to  th e  f i bre  p o rt  an d  cre ate  atte n u ati o n .  Th e  s e c o n d  t i l t  
d i re cti o n  i s  al s o  u s e fu l  i n  h i t l e s s  s wi tch i n g  o f  s i g n al s  to  a  d e s i re d  o u tp u t  p o rt.  I n  o rd e r to  
ach i e ve  th i s ,  th e  be am  i s  f i rs t  d i re cte d  awa y fro m  th e  o u tpu t  f i bre s  an d  th e  m i rro r i s  ad j u s te d  
i n  th e  f i rs t  d i re c ti o n  to  re ach  th e  d e s i re d  o u tpu t  po rt.  Th e  t i l t  i n  th e  s e co n d  d i re cti o n  i s  th e n  
ad j u s te d  to  c o u p l e  th e  l i g h t  to  th e  o u tp u t  po rt.  

 

Figure A.3  – Switch ing  eng ine of  MEMS 

IEC  

Arra y o f  o p ti c al  f i b re s  

B u l k 

d i ffract i o n  

g rat i n g  
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arra y  

S p h e ri cal  

m i rro r  

θ  

λ  
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λ  

θp i a n o  
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M E M S  d e vi c e s  are  p o l ari zati o n  i n s e n s i ti ve  an d  h ave  l o w s catte ri n g  d u e  to  a  m i n i m al  n u m be r 
o f  o pti c al  s u rface s .  S i l i c o n  h i n g e s  are  g e n e ral l y ve r y s tabl e  wi th  an  al m o s t  n e g l i g i b l e  am o u n t  
o f  cre e p .  Th e re  i s  al s o  a  n e g l i g i b l e  am o u n t  o f  fri ct i o n  o r  ph ys i c al  co n tac t  fo r  h i g h  re l i ab i l i t y.  
S m al l  m e ch an i c al  d i s tu rb an c e s ,  h o we ve r,  can  s o m e ti m e  cau s e  i n accu racy i n  th e  atte n u ati o n  
s e tt i n g .  Al s o ,  d u e  to  th e  d i s cre e t  m i rro rs  i n  th e  arra y,  th e re  i s  l i m i tati o n  i n  th e  o p e rati o n  i n  
f l e x i bl e  wave l e n g th  g ri d  an d  ch an n e l  p l an .  H o we ve r,  M E M S  W SS  te ch n o l o g y i s  pro ve n  h i g h l y 
re l i ab l e  an d  i s  wi d e l y d e p l o ye d .  

A.4  LCD (l iquid  crystal  device)  technology 

I n  a  l i q u i d  c rys tal  W S S  d e vi c e ,  th e  LC  c e l l  s e l e cti ve l y co n tro l s  th e  p o l ari zati o n  s tate  o f  th e  
tran s m i tte d  l i g h t  b y ap p l i c ati o n  o f  a  co n tro l  vo l tag e .  R an d o m l y p o l ari z e d  l i g h t  i n pu t  i s  
s e p arate d  i n to  two  o rth o g o n al  p o l ari z ati o n s .  Th e  fu n c ti o n  o f  th e  LC D  i s  to  ro tate  th e  
po l ari zati o n  p l an e  o f  th e  l i g h t.  Th e  LC  l a ye r  i s  fo l l o we d  b y a b i re fri n g e n t  m ate ri al ,  wh i ch  acts  
as  a po l ari z ati o n  b e am  s p l i tte r.  B y c o n tro l l i n g  th e  p o l ari zati o n  s tate  o f  th e  l i g h t,  i t  can  b e  
d e f l e c te d  i n to  o n e  o f  th e  two  d i re cti o n s ,  an d  th u s  th e  1  x  2  s wi tc h i n g  f u n c ti o n al i t y can  be  
ach i e ve d .  Th e re f o re ,  b y s tacki n g  o f  N LC  an d  b i re fri n g e n t  we d g e s ,  2N d i s cre te  b e am  an g l e s  
i n to  o u tpu t  p o rts  wi l l  b e  ach i e ve d .  

Fi g u re  A. 4  s h o ws  th e  s wi tch i n g  e n g i n e  o f  LC  b as e d  W S S .  As  d e s cri be d  ab o ve ,  th e  o p ti cal  
e l e m e n ts  co n s i s t  o f  th e  LC  an d  a  b i re fri n g e n t  we d g e  cr ys tal .  Th e  fu n cti o n  o f  th e  LC D  h e re  i s  
to  ro tate  th e  p o l ari zati o n  p l an e  o f  l i g h t.  B y c h an g i n g  th e  ro tat i o n  an g l e ,  th e  s wi tch i n g  fu n cti o n  
i s  re al i ze d  s i m i l arl y to  th e  M E M S  s wi tch .  An  array o f  s u c h  d e fl e cti o n  e n g i n e s  i s  al i g n e d  to  th e  
wave l e n g th  d i s pe rs i o n  d i re c ti o n  f o l l o wi n g  th e  d i s pe rs i ve  e l e m e n t ,  s u ch  as  a  g rati n g .  
Ad d i ti o n al l y,  p arti al  o r  fu l l  p o l ari zati o n  ro tati o n  can  pro vi d e  p o we r atte n u ati o n  o r a  b l o cki n g  
fu n cti o n .  H o we ve r,  th e  o u tp u t  p o rt  c o m bi n ati o n  an d  rati o s  are  n o t  i n d e p e n d e n t.  

 

Figure A.4  – LC  swi tch ing  eng ine  

Th e  LC  s wi tc h i n g  d e vi ce  h as  a m i n i m u m  be am  s i z e  s i n ce ,  wh i l e  p as s i n g  th ro u g h  th e  s tack o f  
LC s  an d  we d g e s ,  th e  o p ti cal  b e am  m u s t  re m ai n  c o l l i m ate d  th ro u g h  th e  e n t i re  s tack o f  LC  ce l l s  
an d  po l ari zati o n  co m po n e n ts .  Th i s  l e ad s  to  a  m i n i m u m  be am  rad i u s  an d  h e n c e  a  m i n i m u m  
op ti cs  s i z e .  M o re o ve r,  s i n ce  th e  o p ti cal  be am s  pas s e s  th ro u g h  a l arg e  n u m be r  o f  o pt i c al  
su rfac e s ,  i t  acc u m u l ate s  s catte r.  

A.5  LCOS  (l iquid  crystal  on  si l icon)  

LC O S  c o n s i s ts  o f  l i q u i d  crys tal  ( LC )  d i s p l a y te ch n o l o g y th at  i n co rp o rate s  d ri ve  ci rcu i tr y i n  a  
s i l i co n  s u bs trate  ad j ac e n t  to  th e  l i q u i d  cr ys tal  l a ye r.  Th e  ac ti ve  s u bs trate  e n ab l e s  l arg e  2 D  
arra ys  o f  p i x e l s  to  b e  ad d re s s e d  i n d e p e n d e n tl y.  Th e s e  d e vi c e s  h ave  a  l arg e  arra y o f  two  
d i m e n s i o n al  o pt i c al  p h as e  m o d u l ato rs .  U s u al l y th e re  are  m u l ti p l e  p i xe l  c o l u m n s  p e r 
wave l e n g th  c h an n e l  i n  LC O S  d e vi c e s .  A 2π  p h as e  s h i ft  acts  l i ke  a t i l te d  m i rro r  fo r a  s i n g l e  
wave l e n g th .  B y c o n tro l l i n g  th e  p h as e  o f  e ach  pi xe l ,  b e am  s te e ri n g  can  be  i m pl e m e n te d  b y 
cre ati n g  l i n e ar  o p ti cal  p h as e  re tard ati o n  i n  th e  d i re c ti o n  o f  th e  i n te n d e d  d e f l e ct i o n .  Th i s  i s  
s i m i l ar  to  a  t i l t i n g  m i rro r  s te e ri n g  a  b e am  b y i m parti n g  a  l i n e arl y i n cre as i n g  ph as e .  

IEC  
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Fi g u re  A. 5  s h o ws  th e  s wi tch i n g  e n g i n e  o f  LC O S  bas e d  W S S .  Th e re  are  m an y s m al l  s i ze d  
p i xe l s .  LC O S  b e h ave s  s i m i l arl y to  p as s e d  arra y.  Th e  p i xe l  s i ze  i s  s m al l e r  th an  th e  b e am  s p o t  
s i ze .  Th e  o th e r  ax i s  o f  th e  arra y i s  al i g n e d  wi th  th e  wave l e n g th  d i s p e rs i o n  d i re c ti o n .  

 

Figure A.5  – LCOS swi tch ing  eng ine  

LC O S - b as e d  W S S d e vi c e s  h ave  b e e n  u s e d  i n  h i g h  p o rt  c o u n t  (N =  2 0 )  R O AD M S  an d  are  
wi d e l y d e p l o ye d  i n  o pti c al  n e two rks .  

A.6  DLP (d ig i tal  l ight  processor)  mirror arrays  

D LP  m i rro r  te ch n o l o g y i s  b as e d  o n  d i s p l a y te c h n o l o g y f o r  pro j e cto rs .  I t  c o n s i s ts  o f  a  2 D  arra y 
o f  s i n g l e  t i l t  ax i s  an d  2 - ti l t  p o s i t i o n  m i rro rs .  E ach  wave l e n g th  ch an n e l  afte r d i ffracti o n  i s  
d i re cte d  to  th e  2 D  arra y m i rro rs .  As  s h o wn  i n  F i g u re  A. 6 ,  th e  b e am  s p o t  s i z e  i s  l arg e r th an  th e  
m i rro r s i ze .  Al l  m i rro rs  fo r a  g i ve n  wave l e n g t h  are  actu ate d  to  th e  s am e  b i n ar y s t ate ,  
d e f l e c t i n g  th e  e n t i re  b e am .  U s u al l y,  m u l t i p l e  b o u n ce s  are  re q u i re d  f o r atte n u ati o n  h i g h e r p o rt  
d e vi c e s  wi th  N > 2 .  S i n ce  i t  i s  a  re fl e ct i ve  d e vi c e ,  i t  i s  p o l ari z ati o n  i n s e n s i t i ve ;  h o we ve r,  
d i ffracti o n  fro m  m i rro r e d g e s ,  s u bs trate  re fl e cti o n s ,  an d  i m pe rfe ct  ph as e  m atch i n g  be twe e n  
m i rro rs  can  cau s e  p o o r i s o l ati o n  an d  i n cre as e d  I L.  M u l t i p l e  b o u n c e s  wi l l  i m pro ve  i s o l ati o n  b u t  
can  al s o  fu rth e r i n cre as e  I L.  

Fi g u re  A. 6  s h o ws  th e  s wi tch i n g  e n g i n e  o f  D LP  b as e d  W S S .  Th e  D LP  acts  as  a  p h as e d  arra y.  
Th e  m o s t  g e n e ral  ap p l i c ati o n  o f  th e  D LP  i s  fo r  l arg e  s cre e n  pro j e cti o n .  Th e  m i rro r  s i ze  i s  
sm al l e r th an  th e  b e am  s i z e ,  as  i n  th e  LC OS .  Th e  m i rro rs  t i l t  i n  two  d i re cti o n s .   

 

Figure A.6  – DLP swi tch ing  eng ine  

A.7  Feature comparison  of  each  swi tching  eng ine technology 

Tabl e  A. 1  c o m pare s  th e  fe atu re s  o f  W S S s  h avi n g  d i ffe re n t  s wi tch  e n g i n e  te ch n o l o g i e s .  
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Table  A. 1  – WSS swi tch  eng ine  feature comparison  

Featu re  PLC MEMS LCOS  LC  LC +  MEMS DLP 

5 0  G H z  a n d  1 0 0  G H z  c h an n e l  
s p aci n g  

Ye s  Ye s  Ye s  Ye s  Ye s  Ye s  

H igh  port  coun t (≥  1 6 )  N o  Ye s  Ye s  Ye s  Ye s  N o  

F l e xi b l e  s p ec tru m  N o  N o  Ye s  N o  N o  Ye s  

W i d e  f l at  ban d wi d th  N o  Ye s  Ye s  Ye s  Ye s  Ye s  

Lo w l o s s  -  Ye s  Ye s  N o  Ye s  N o  

S m al l  s i z e  N o  Ye s  Ye s  N o  N o  Ye s  

F as t  s wi tch i n g  s p e e d  Ye s  N o  N o  N o  N o  Ye s  

H i g h  po rt  i s o l at i o n  Ye s  Ye s  N o  N o  Ye s  N o  

Atte n u ati o n  ac cu racy  Ye s  N o  Ye s  Ye s  Ye s  Ye s  
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