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OPTICAL AMPLI FIERS – TEST METH ODS 

 
Part  4-3:  Power transient  parameters –  

Sing le  channel  opti cal  ampl i fiers  i n  output  power control  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC Nati onal  Comm i ttees) .  The  object  of  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  pu bl i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  N ati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evant  subjects  s i nce  each  techn i cal  com m i ttee  has  representat i on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recom m endati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim um  exten t  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons .  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  c l earl y i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependent  cert i f i cat i on  bod ies  provi de  con form i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC m arks  of  con form i ty.  I EC i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r  ag en ts  i ncl u d i ng  i n d i vi dual  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or  
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  of  the  publ i cati on ,  u se  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or  any other I EC  
Publ i cat i ons .   

8)  Atten ti on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for the  correct  appl i cati on  of  th i s  publ i cat i on .  

9)  Atten ti on  i s  d rawn  to  the  poss ibi l i ty  that  som e of  the  e l em ents  of  th i s  I EC  Publ i cati on  m ay be  the  su bject  o f  
paten t  ri g h ts .  I EC  shal l  not  be  held  respons ibl e  for  i den t i fyi ng  any or  a l l  such  paten t  ri gh ts .  

I n ternati onal  Standard  I EC  61 290-4-3  has  been  prepared  by subcomm i ttee  86C:  F ibre  optic  
system s  and  acti ve  devices,  of  I EC  techn ical  com m i ttee  86:  F ibre  optics.  

Th is  I n ternational  Standard  i s  to  be  used  i n  con j uncti on  wi th  I EC  61 291 - 1 :201 2,  on  the  bas is  
of  wh ich  i t  was  establ ished .  

The  text  of  th is  s tandard  i s  based  on  the  fo l lowing  docum ents:  

FDI S  Report  on  vot i ng  

86C/1 31 0/FDI S  86C/1 329/RVD  

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  s tandard  can  be  found  i n  the  report  on  
vot i ng  ind icated  in  the  above  table.  

Th is  publ icati on  has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves,  Part  2.   
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A l i s t  of  al l  parts  of  the  I EC 61 290  series,  publ ished  under the  general  t i t l e  Optical amplifiers – 

Test methods 1 )  can  be  found  on  the  I EC  webs i te.  

The  comm i ttee  has  decided  that  the  con ten ts  of  th is  publ icati on  wi l l  rem ain  unchanged  unt i l  
the  stabi l i ty date  ind icated  on  the  IEC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data  
re lated  to  the  speci f ic  publ icati on .  At  th is  date,  the  publ ication  wi l l  be   

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A bi l i ngual  vers ion  of  th is  publ icati on  m ay be  i ssued  at  a  l ater date.  

 

I M PORTANT – Th e 'col ou r i n si d e'  l og o  on  th e  cover pag e  of  th i s  pu bl i cati on  i n d i cates 
th at  i t  con tai n s col ou rs wh i ch  are con si d ered  to  be u sefu l  for th e correct  
u n d erstan d i n g  of  i ts  con ten ts.  U sers sh ou l d  th erefore pri n t  th i s  d ocu m en t  u si n g  a  
col ou r pri n ter.  

 

___________ 

1 )  The  f i rst  ed i t i ons  of  som e  of  these  parts  were  pu bl i shed  under the  general  t i t l e  Optical fibre amplifiers  – Basic 
specification or Optical amplifier test methods.   
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OPTICAL AMPLI FIERS – TEST METH ODS 
 

Part  4-3:  Power transient  parameters –  
Sing le  channel  opti cal  ampl i fiers  i n  output  power control  

 
 
 

1  Scope 

This  part  of  IEC  61 290  appl ies  to  ou tpu t  power contro l led  optical l y am pl i f ied ,  e l em en tary sub-
system s.  I t  appl ies  to  optical  f i bre  am pl i f i ers  (OFA)  usi ng  acti ve  f i bres  con tain i ng  rare-earth  
dopan ts,  presentl y com mercial l y avai lable,  as  i nd i cated  i n  I EC  61 291 - 1 ,  as  wel l  as  al ternative  
optical  am pl i f iers  that  can  be  used  for s i ng le  channel  ou tpu t  power con tro l led  operati on ,  such  
as  sem iconductor  optical  am pl i f iers  (SOA) .  

The  object  of  th is  standard  i s  to  provide  the  general  background  for optical  am pl i f i er  (OA)  
power trans ien ts  and  i ts  m easurem ents  and  to  i nd icate  those  I EC  standard  test  m ethods  for  
accurate  and  re l iable  m easurem ents  of  the  fo l l owing  trans ient  param eters:  

a)  Trans ient  power response  

b)  Trans ient  power overcom pensati on  response  

c)  Steady-state  power  offset  

d )  Trans ient  power response  t im e  

The  s tim u lus  and  responses  behaviours  under cons iderati on  incl ude:  

 Channel  power i ncrease  (step trans ient)  1 )

 Channel  power reducti on  ( i nverse  s tep trans ien t)  2)

 Channel  power i ncrease/reducti on  (pu lse  trans ient)  3)

 Channel  power reduction /i ncrease  ( i nverse  pu lse  trans ient)  4)

 Channel  power i ncrease/reducti on/i ncrease  ( l i gh tn i ng  bo l t  trans ien t)  5)

 Channel  power reducti on /increase/reduction  ( i nverse  l i gh tn ing  bo l t  trans ien t)  6)

These  param eters  have  been  i ncl uded  to  provide  a  com plete  descript ion  of  the  trans ien t  
behaviour of  an  ou tpu t  power trans ien t  contro l led  OA.  The  test  defi n i t i on  defi ned  here  are  
appl icable  i f  the  am pl i f i er  i s  an  OFA or an  al ternati ve  OA.  H owever,  the  description  i n  
Annex A of  th is  docum ent concentrates  on  the  phys ical  perform ance  of  an  OFA and  provides  
a  detai l ed  descript ion  of  the  behaviour  of  OFA;  i t  does  not  g i ve  a  s im i lar descript ion  of  other 
OA types.   

2 Normati ve referen ces  

The fo l l owing  docum ents,  i n  whole  or  i n  part,  are  norm ati vel y referenced  i n  th is  docum en t and  
are  i nd ispensable  for i ts  appl ication .  For dated  references,  on l y the  ed i t i on  ci ted  appl i es.  For 
undated  references,  the  l atest  ed i t i on  of  the  referenced  docum ent  ( i nclud ing  an y 
am endm ents)  appl i es .  

IEC 61 291 -1 :201 2,  Optical amplifiers – Part 1: Generic specification  
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3 Terms,  defi n i ti on s an d  abbrevi ati on s  

3. 1  Term s an d  d efi n i t i on s  

For the  purposes  of  th is  docum ent,  the  fo l l owing  term s  and  defi n i t i ons  apply.  

3. 1 . 1   
i n pu t  si g n al  
optical  s ignal  that  i s  i npu t  to  the  OA 

3. 1 . 2   
i n pu t  power excu rsi on  
re lati ve  i npu t  power d i fference  i n  dB  before,  duri ng  and  after  the  i npu t  power s tim u lus  event  
that  causes  an  OA trans ien t  power excurs ion .   

3. 1 . 3   
i n pu t  power ri se t i m e  
tim e  i t  takes  for the  i npu t  optical  s i gnal  to  ri se  from  1 0  %  to  90  %  of  the  total  d i fference  
between  the  i n i t i al  and  f i nal  s ignal  l evels  during  an  i ncreas ing  power excursion  event  

Note  1  to  en try:  see  Fi g u re  A. 2  

3. 1 . 4   
i n pu t  power fal l  t i m e  
tim e  i t  takes  for the  i npu t  optical  s ignal  to  fal l  from  1 0  % to  90  % of  the  total  d i fference  
between  the  i n i t i al  and  f i nal  s ignal  levels  du ring  a  decreas ing  power excursion  event  

Note  1  to  en try:  see  Fi g u re  A. 2  

3. 1 . 5   
sl ew rate  
m axim um  rate  of  change  of  the  i npu t  optical  s i gnal  during  a  power excurs ion  even t  

3. 1 . 6   
tran si en t  power respon se  
m axim um  or m in im um  deviation  (overshoot  or  u ndershoot)  i n  dB  between  the  OA’s  target  
power and  the  observed  power excurs ion  i nduced  by a change  in  an  i npu t  channel  power 
excurs ion   

Note  1  to  en try:  Once  the  ou tpu t  power of  an  am pl i f i ed  channel  devi ates  from  i ts  target  power,  the  con tro l  
e l ectron i cs  i n  the  OA shou ld  at tem pt  to  com pensate  for  the  power d i fference  or  trans ien t  power  response,  bri ng i ng  
the  OA ou tpu t  power back to  i ts  ori g i nal  targ et  l evel .  

3. 1 . 7   
tran si en t  power settl i n g  t i m e  
am oun t of  t im e  taken  to  restore  the  power of  the  OA to  a stable  power l evel  close  to  the  target  
power l evel   

Note  1  to  en try:  Th i s  param eter i s  m easured  f rom  the  t im e  when  s t im u lus  event  that  created  the  power f l uctuati on  
to  the  t im e  at  wh i ch  the  OA power response  i s  s tabl e  and  wi th i n  speci f i cat i on .  

3. 1 . 8   
tran si en t  power overcom pen sati on  respon se 
m axim um  deviat i on  i n  dB  between  the  am pl i f i er’s  target  ou tpu t  power and  the  power resu l t i ng  
from  the  con tro l  e l ectron ics  i nstabi l i ty  

Note  1  to  en try:  Transien t  power overcom pensati on  response  occurs  after  a  power excu rs i on ,  when  an  am pl i f i er’ s  
con tro l  e l ectron i cs  attem pts  to  bri ng  the  power back to  the  am pl i f i er’ s  targ et  l evel .  The  con trol  process  i s  i terat i ve,  
and  con trol  e l ectron i cs  m ay i n i t i al l y  overcom pensate  for  the  power excurs i on  un t i l  subsequ entl y  reach ing  the  
des i red  target  power l evel .   
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Note  2  to  en try:  The  t rans ien t  power overcom pensati on  response  param eter i s  general l y  of  l esser m agn i tude  than  
the  trans ien t  power response  and  has  the  opposi te  s i g n .  

3.1 .9   
steady state  power offset  
d i fference  i n  dB  between  the  f i nal  and  i n i t i al  ou tpu t  power of  the  OA,  pri or to  the  power  
excurs ion  s tim u lus  event  

Note  1  to  en try:  Norm al l y,  the  s teady  s tate  power  l eve l  fo l l owi ng  a  power  excu rs ion  d i ffers  from  the  OA power  
before  the  i npu t  power s t im u lus  even t.  The  trans ien t  con tro l l er  attem pts  to  overcom e th i s  offset  us i ng  feedback.   

3.2  Abbreviations  

AFF ASE f latten ing  f i l ter  

AGC  au tom atic  gain  con tro l ler  

APC  au tom atic  power con trol  

ASE  am pl i f i ed  spon taneous  em ission  

ASEP  am pl i f i ed  spon taneous  em ission  power  

BER  bi t  error  rat io  

DFB  d istri bu ted  feedback ( l aser)  

DWDM dense  wavelength  d i vis i on  m u l t iplexing  

EDF  Erbium -doped  f i bre  

EDFA Erbium -doped  f i bre  am pl i f ier  

GFF  gain  f latten ing  f i l ter  

NEM  network equ ipm en t m anu facturers  

NSP  network service  providers  

O/E  optical - to-e lectrical  

OA optical  am pl i f i er  

OD  optical  dam age  

OFA optical  f i bre  am pl i f i er  

OSA optical  spectrum  anal yser 

OSNR optical  s ignal - to-noise  rat i o  

PDs  photod iodes  

PI D  proporti onal  i n tegral  deri vati ve  

SOA sem iconductor  optical  am pl i f i er  

SAR  s ignal - to-ASE rati o  

S igP  s i gnal  power  

SOP  state  of  po lari zati on  

VOA variable  optical  attenuator 

WDM wavelength  d i vis ion  m u l t ip lexi ng  

4 Apparatus  

4.1  Test  set-up  

Figu re  1  shows  a generic  set-up to  characterise  the  trans ient  response  propert ies  of  ou tpu t  
power contro l l ed  s i ng le  channel  OAs.  
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Figure 1  – Power transient  test  set-up  

4.2  Characteristi cs  of  test  equ ipment  

The test  equ ipm ent  l i sted  below i s  needed,  wi th  the  requ i red  characterist ics  

a)  Laser  source  for suppl ying  the  OA i nput  s ignal  wi th  the  fo l l owing  characteri stics :  

– Abi l i ty to  support  the  range  of  s i gnal  waveleng ths  for wh ich  the  OA under test  i s  to  be  
tested .  Th is  cou ld  be  provided  for  exam ple  by a tuneable  l aser,  or  a  bank of  d is tribu ted  
feedback (DFB)  lasers .  

– An  ach ievable  average  ou tpu t  power such  that  at  the  i npu t  to  the  OA under test  the  
power wi l l  be  above  the  m axim um  speci f i ed  i npu t  power of  the  OA,  i ncl ud ing  l oss  of  
any subsequent  test  equ ipm ent  between  the  l aser  source  and  OA under test.  

b)  Polari zati on  scram bler  to  random ize  the  i ncom ing  po lari zati on  s tate  of  the  l aser  source,  or  
to  con trol  i t  to  a  def ined  s tate  of  po lari zati on  (SOP) .  The  po lari zation  scram bler i s  
opt ional .  

c)  Variable  optical  attenuator (VOA)  wi th  a dynam ic  range  su ff ic ient  to  support  the  requ i red  
range  of  su rvi vi ng  s i gnal  l evels  at  wh ich  the  OA under  test  i s  to  be  tested .  

NOTE  I f  the  ou tpu t  power of  the  l aser sou rce  can  be  vari ed  over the  requ i red  dynam ic  range,  then  a  VOA i s  
not  needed.  

d)  Optical  m odu lator to  m od i fy the  OA i npu t  s i gnal  to  the  defi ned  power excurs ion  wi th  the  
fo l l owing  characteristics .  

– Exti nct ion  ratio  at  rewri te  wi thou t  pu tt ing  num ber  h i gher than  the  m axim um  drop l evel  
for  wh ich  the  OA under test  i s  to  be  tested .  

– Swi tch ing  t im e  fast  enough  to  support  the  fastest  s lew rate  for wh ich  the  OA under test  
i s  to  be  tested.  

e)  Channel  pass-band  f i l ter:  an  optical  f i l ter  des igned  to  d is t ingu ish  the  s i gnal  waveleng th  
wi th  the  fo l l owing  characterist ics .  Note  the  use  of  a  channel  pass-band  f i l ter  i s  opt ional .  

– Abi l i ty to  support  the  range  of  s i gnal  wavelengths  for wh ich  the  OA under test  i s  to  be  
tested .  Th is  cou ld  be  provided  for  exam ple  by a tun eable  f i l ter,  or  a  seri es  of  d i screte  
f i l ters .  

– 1 dB  pass-band  of  at  l east  ±20  GH z cen tred  around  the  s i gnal  wavelength .  

– At  least  20  dB  attenuati on  level  be low the  m in im um  insert i on  l oss  across  the  en ti re  
speci f ied  transm ission  band  of  the  OA under test  except  wi th in  a range  of  ±1 00  GH z 
cen tred  around  the  s i gnal  waveleng th .  

f)  Opto-electron ic  (O/E)  convertor to  detect  the  f i l tered  ou tpu t  of  the  OA under test  wi th  the  
fo l l owing  characterist ics .  

– A su ffi cien tl y wide  optical  and  electrical  bandwid th  to  support  the  fastest  s lew rate  for  
wh ich  the  OA i s  to  be  tested .  

– A l i near  response  wi th i n  a ±5  dB  range  of  al l  s ignal  l evels  for wh ich  the  OA under  test  
i s  to  be  tested .  

Laser sou rce  VOA 
Opti cal  

modu lator  

OA 
under  
test  

Channel  pass-
band  f i l ter  

O/E  converter  

Osci l l oscope  

Functi on  generator  

Polari zati on  
scram bler  

IEC 
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g )  Osci l loscope  to  m easure  and  capture  the  trans ient  response  of  the  optical l y f i l tered  ou tpu t  
of  the  OA under test,  wi th  a  su ff ic ientl y wide  e lectrical  bandwid th  to  support  the  fastest  
s lew rate  for  wh ich  the  OA i s  to  be  tested .  

h )  Functi on  generator  to  generate  the  i npu t  power trans ien t  waveform s  to  d ri ve  the  optical  
m odu lator,  wi th  e l ectrical  pu lse  wid th  short  enough  and  e lectrical  s lew rate  h i gh  enough  to  
support  the  fastest  s l ew rate  for wh ich  the  OA under test  i s  to  be  tested .  

5 Test  sampl e  

The OA shal l  operate  under  nom inal  operating  cond i t i ons.  I f  the  OA is  l i kel y to  cause  l aser 
osci l l at i ons  due  to  u nwanted  ref lections,  optical  i so lators  shou ld  be  used  to  i solate  the  OA 
under test.  Th is  wi l l  m in im ize  s ignal  i nstabi l i ty.  

6 Procedure 

6. 1  Test  preparati on  

I n  the  set-up shown  i n  Fi gure  1 ,  the  i npu t  optical  s i gnal  power in j ected  i n to  the  am pl i f i er  be ing  
tested  i s  generated  from  a su i table  l aser source.  The  optical  power i s  passed  through  an  
optional  po lari zati on  scram bler  to  al l ow random ization  or con tro l  of  the  s i gnal  polari zati on  
state  and  i s  subsequentl y ad j usted  wi th  a VOA to  the  des i red  optical  i npu t  power l evels.  The  
s i gnal  then  passes  through  an  optical  m odu lator  dri ven  by a  functi on  generator that  provides  
the  des i red  i npu t  power test  waveform  to  st im u late  the  trans ien t  i npu t  power excurs ions.  The  
s i gnal  i s  then  in j ected  i n to  the  am pl i f i er  be ing  tested.  A channel  pass-band  f i l ter (such  as  a  
tuneable  optical  f i l ter,  f i xed  optical  f i l ter  or  s im i l ar  com ponent)  m ay be  used  to  se lect  on l y the  
re levant  channel  waveleng th  under test,  fo l l owed  by an  O/E  converter  and  an  osci l l oscope  at  
the  ou tpu t  of  the  am pl i f i er.  The  ou tpu t  channel  se lected  by the  optional  channel  pass-band  
fi l ter  and  i ts  trans ien t  response  i s  m on i tored  wi th  the  O/E  converter  and  osci l loscope.  
Waveform s  s im i lar to  those  shown  in  F i gu re  A. 3  are  captured  via the  osci l l oscope  for 
subsequent  com puter process ing .  

Pri or to  m easurem ent of  the  trans ien t  response ,  the  i npu t  power waveform  trace  shal l  be  
recorded.  Use  the  set-up  of  F i gure  1  wi thout  the  OFA under test.  The  i npu t  optical  connector 
from  the  optical  m odu lator i s  connected  to  the  channel  pass  f i l ter.  

For  th is  test  to  s tim u late  a  power excurs ion  at  the  i npu t  of  the  OA under  test,  the  source  laser  
power at  the  OA i nput  i s  set  at  som e typi cal  power leve l .  The  functi on  generator waveform  i s  
chosen  to  i ncrease  or decrease  the  i npu t  power to  the  OA under test  wi th  power excurs ions  
and  s lew rate  re levant  to  the  defi ned  test  cond i t i on .  For exam ple,  for  a  typ ical  num ber in  the  
case  of  an  optical  receiver,  the  i npu t  power to  the  OA cou ld  be  i ncreased  by 7  dB  i n  a  

tim efram e of  50  µs  and  then  held  at  th is  power value  to  s im u late  a  power i ncrease  transient  
power response  (step  trans ient)  cond i t i on  as  shown  i n  F igu re  A. 1 (1 ) .  For  al ternative  trans ien t  
con trol  m easurem ents,  the  s ignal  generator  waveform  i s  con tro l led  appropriate l y,  and  the  
VOA is  ad j usted  accord ing l y.   

6. 2  Test  con d i t i on s  

Several  sequential  trans ien t  contro l  m easurem en ts  can  be  perform ed  accord ing  to  the  optical  
am pl i f i er’s  speci f ied  operati ng  cond i t i ons .  Exam ples  of  power excurs ion  scenarios  are  shown  
i n  Table  1 .  These  m easurem ents  are  typi cal l y perform ed  over a broad  range  of  i npu t  power 
l eve ls .  
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Tabl e  1  – Exam pl es of  tran si en t  con trol  m easu rem en t  test  con d i t i on s  

Scen ari o  Power excu rsi on  Sl ew rate  

I npu t  power s tep  trans i en t  i ncrease/reducti on   3  dB,  7  dB  500  µs,  200  µs,  50  µs  

I npu t  power pu l se  trans ien t  3  dB,  7  dB  500  µs,  200  µs,  50  µs  

I npu t  power l i gh tn i ng  bo l t  trans ien t  ±3  dB,  ±7  dB  500  µs,  200  µs,  50  µs  

 

7 Cal cul ati ons  

Transient  param eters  can  be  calcu lated  by process ing  am pl i f i er  ou tpu t  power trans ient  
waveform s  shown  i n  F igu re  2,  us i ng  the  fo l lowing  cri teria.  

– Trans ient  power response  (dB)  =  B  – A 

– Trans ient  power overcom pensation  response  (dB)  =  G  – A 

– Steady state  power offset  (dB)  =  E  – A 

– Transient  power response time (μs)  =  D  – C  
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a)  Ch an n el  i n pu t  power i n crease  

 

b)  Ch an n el  i n pu t  power d ecrease  

Fi g u re 2  – OA ou tpu t  power tran si en t  respon se of  a)  i n pu t  power i n crease 

8 Test  resul ts  

8. 1  Test  setti n g s  

The fo l l owing  test  sett ing  cond i t ions  shal l  be  recorded .  

a)  Arrangem ent  of  the  test  set-up  

b)  Detai l s  (m ake  and  m odel )  of  each  p i ece  of  test  equ ipm ent  

c)  Set-up  cond i t ion  of  each  p iece  of  test  equ ipm ent (e. g .  operating  speed  of  po lari zation  
scram bler,  resolu t ion  bandwidth  of  opt ical  spectrum  anal yzer (OSA) )  

d )  Mounting  m ethod  of  test  sam ple  

e)  Am bient  cond i t ions  for the  test  sam ple  
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f)  I npu t  optical  wavelength  λ i n  

8.2  Test  data  

The fo l l owing  test  data shal l  be  recorded.  

a)  I npu t  optical  power,  Pi n  trace  

b)  Output  optical  power Pout  trace  

c)  S ignal - to-ASE rati o  (SAR)  at  operati ng  cond i ti on  before  and  after  excurs ion  

d )  OFA laser  pum p power before  and  after  excurs ion  

e)  OA reported  i npu t  power before  and  after i npu t  excurs ion  (where  avai lable)  

f)  OA reported  ou tpu t  power before  and  after  i npu t  excurs ion  

g )  OA reported  i n ternal  tem perature  (where  avai lable)  

h )  Measurem ent  accuracy of  each  pi ece  of  test  equ ipm ent  

i )  Tem perature  of  test  sample  

j )  Trans ient  power response  

k)  Trans ient  power overcom pensati on  

l )  Steady state  power offset 

m )  Transient  power response t im e  
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An nex A 
( in formative)  

 
Overvi ew of power transien t even ts in  si ng le  channel  EDFA 

A. 1  Backg rou nd  

The i npu t  s i gnal  to  a  term inal  OFA i s  norm al l y a  s i ng le  channel  erbi um  doped  f ibre  am pl i f ier  
(EDFA)  wi th  a  wide  dyn am ic  range  as  a resu l t  of  channel  power excurs ions  th roughou t  the  
network.  The  i npu t  s ignal  wi l l  accum u late  fast  power variat ions  wh ich  are  caused  by 
concatenati on  of  trans ient  overshoot/undershoot  excurs ions  from  the  preced ing  chain  of  
im perfect  EDFA that  transport  channels.  Those  wel l -known  gain  trans ien ts  arise  as  a resu l t  of  
add/drop events  th roughou t  the  network,  even  though  each  EDFA i s  operated  i n  constant  gain  
m ode  wi th  state  of  the  art  gai n  trans ien t  suppression  ( typical l y,  l ess  than  ±1  dB  gain  
overshoot/undershoot  from  each  EDFA) .  The  tem poral  s teepness  and  over/undershoot  
m agn i tude  of  those  trans ients  wi l l  accum u late  wi th  the  num ber of  EDFAs  passed ,  and  
even tual l y a  transient  even t  wi th  cons iderable  power variat ions  wi l l  arri ve  at  the  i npu t  of  the  
term inal  EDFA.  The  shape  of  th is  s i ng le-channel  power trans ien t  even t  i s  d i rectl y dependent  
on  the  trans ien t  ou tpu t  power shape  of  the  preced ing  in l i ne  EDFAs.  

A. 2  Characteri sti c  i nput  power behavi our  

The characterist ic  i npu t  power behaviour of  a  s ing le  channel  term inal  OFA i s  shown  i n  
Figu re  A. 1 ,  wh ich  i s  a  consequence  of  add/drop even ts  i n  the  preced ing  am pl i f i er  chain .  The  
f ig ure  speci f ical l y represen ts  t im e  dependence  of  the  i npu t  power changes  wi th  exam ple  
tim ings.  The  step,  pu lse  and  l i gh tn i ng  bo l t  trans ient  power response,  and  power offset  
response  are  particu larl y cri t ical  to  carri ers  and  network equ ipm ent  m anufacturers  (NEM) ,  
g i ven  that  the  term inal  OA i s  im m ediatel y fo l l owed  by a  channel  receiver.  A properl y des i gned  

OA wi l l  have  sm al l  values  for these  trans ien t  param eters .   
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NOTE  As  an  exam ple  of  recei vers ,  these  are  exam ple  n um bers .  

Fi g u re A. 1  – Exam pl e OA i n pu t  power tran si en t  cases for  a  recei ver appl i cati on  

Speci fi c  m easurem en t param eters  of  the  i npu t  power changes  are  detai l ed  i n  Fi gure  A. 2  wi th  
reference  to  the  l i g h tn ing  bo l t  scenario .  
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a)  Input  power i ncrease  

 

b)  Input  power decrease  

Figure A.2  – Input  power measurement  parameters  for  
a)  input  power increase and  b)  i nput  power decrease  

I t  i s  im portan t  that  a  s i ng le  channel  OA placed  next  to  a  receiver i s  operated  in  au tom atic  
power con tro l  (APC)  m ode  i n  order to  suppress  these  i npu t  power trans ien t  excurs ions .  Th is  
i s  referred  to  as  ou tpu t  power  trans ient  con tro l led  operati on .  Moderate  trans ient  power 
excurs ions  i ncident  on  the  receiver are  m anageable,  depend ing  on  the  receiver dynam ic  
range  and  the  bandwidth  of  the  receiver au tom atic  gain  con trol l er (AGC) .  However,  excessive  
optical  powers  at  the  receiver e i ther can  resu l t  i n  data m iss-read ings  g i vi ng  unwanted  b i t  
errors  or  can  permanentl y dam age  the  receiver.  

A.3  Parameters for characterizing  transient  behaviour  

The param eters  general l y used  to  characteri ze  the  trans ien t  behaviour of  a  power contro l l ed  
OA for the  case  of  channel  step  i ncrease/reducti on  are  defi ned  in  F igu re  A. 3.  Fi gure  A 3a)  
speci f i cal l y represen ts  the  t im e  dependence  of  the  ou tpu t  power of  the  OA when  the  i npu t  
power i s  rapid l y i ncreased .  Likewise,  the  trans ient  power behaviour for  the  case  when  the  
i npu t  power i s  rapid l y decreased  i s  shown  in  F igu re  A. 3b) .  

The  im portant  trans ien t  param eters  are  trans ien t  power overshoot/undershoot,  trans i ent  
power response  sett l i ng  t im e  and  s teady state  power offset.  For a power-con trol led  am pl i f i er,  
a  reducti on  i n  i npu t  power resu l ts  i n  an  ou tpu t  power undershoot,  and  an  i ncrease  i n  ou tpu t  
resu l ts  i n  an  ou tpu t  power overshoot.  Th is  i s  i n  contrast  to  a  gain -con trol l ed  am pl i f ier,  where  a  
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reducti on  i n  i npu t  power  resu l ts  i n  a  gai n  overshoot,  and  an  increase  i n  i npu t  power resu l ts  i n  
a gai n  undershoot.  

 

a)  Ch an n el  i n pu t  power i n crease  

 

b)  Ch an n el  i n pu t  power d ecrease  

Fi g u re A. 3  – OA ou tpu t  power tran si en t  respon se  of   
a)  i n pu t  power i n crease an d  b)  i n pu t  power d ecrease 
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An nex B  
( in formative)  

 
Backg roun d  on  power transien t phenomena  

i n  a  si n gl e channel  EDFA 

B.1  Am pl i fi er chai n s i n  opti cal  networks 

Optical  networks  comm on l y i ncorporate  a chain  of  optical  am pl i f iers  to  manage  f i bre  l oss  as  
wel l  as  l osses  i ncurred  by optical  com ponen ts  provid ing  functi ons  such  as  d ispers ion  
com pensation  or channel  add/drop.  As  the  network i s  developing  i n to  a m esh  structure,  
channels  m ay pass  th rough  a num ber of  d i fferent  optical  paths  before  arri vi ng  at  a  receiver 
wi th  a  consequen tial  im pact  of  unexpected  power variations  due  to  com pounded  
com pensation  of  channel  add-drops  wi th i n  networks  com ponents ,  especial l y transient  con tro l  
of  i n - l i ne  optical  am pl i f i ers.  The  res i l i ence  of  the  receiver to  these  unexpected  optical  power 
variations  i s  key to  a  correctl y function ing  optical  network.  

I t  i s  com m on  i n  exis t ing  1 0  Gb/s  system s  for the  last  l i ne  am pl i f i er  i n  the  WDM  l i nk to  be  a 
pream pl i f ier  wi th  the  en ti re  dense  waveleng th  d i vis i on  m u l t ip lexing  (DWDM)  com b be ing  
am pl i f i ed  co l lect i vel y.  Neverthe less,  there  i s  an  i ncreas ing  need  for am pl i f i ers  on  each  
channel  to  pre-am pl i fy fu rther the  optical  channel  prior  to  the  receiver.  Th is  s i ng le  channel  
OFA i s  i nserted  to  help  m eet  the  stri ngent  optical  s i gnal - to-noise  rat io  (OSNR)  requ i rem ents  
of  m odern  m odu lati on  form ats  and  overcom e the  l osses  of  special i zed  optical  com ponents ,  
i ncl ud ing  optical  d iscrim inators  or  dem odu lators,  po lari zation  dem u l tip lexers,  tuneable  
d ispers ion  com pensators ,  and  tuneable  f i l ters  i n  the  receiver chain .  The  to tal  ou tpu t  power of  
th is  s i ng le-channel  OFA i s  com posed  of  s i gnal  power and  am pl i f i ed  spon taneous  em iss ion  
(ASE)  no ise.  The  s i gnal  power and  ASE  power  i s  som etim es  unfi l tered  and  not  attenuated  by 
an  optical  band-pass  f i l ter,  dem u l t ip lexer or  special i zed  com ponents  downstream  of  the  OFA.  
Th is  i s  particu larl y true  for co lourless  receivers ,  wh ich  are  broadband  and  not  waveleng th  
speci f i c.  

B.2  Typi cal  opti cal  ampl i fi er desi g n  

The typical  des ign  of  an  optical l y am pl i f i ed  receiver cons ists  of  a  channel  se lector,  an  OFA,  a  
photon  detector,  a  l im i t i ng  am pl i f i er,  and  an  e lectrical  l ow pass  f i l ter.  Pre-am pl i f i er  OFAs  have  
becom e an  i n tegral  part  of  optical  receivers  s ince  thei r  perform ance  boosts  the  sensi t i vi ty of  
the  receiver photon  detector.  H owever,  no ise  i s  generated  wi th in  a pre-amp EDFA as  a  resu l t  
of  spontaneous  de-exci tat ion  of  the  exci ted  erbium  ions .  As  the  i ons  have  a f in i te  exci ted  
state  l i fe tim e,  som e retu rn  spontaneousl y to  the  g round  s tate  em i tt i ng  a photon  that  i s  
i ncoheren t  wi th  respect  to  the  i ncom ing  optical  s i gnal ,  as  opposed  to  a photon  generated  by 
stim u lated  em ission .  Th i s  background  no ise  i s  known  as  am pl i f i ed  spontaneous  em ission  
(ASE) ,  and  i t  i s  the  dom inan t  no ise  e lem ent  i n  pre-am pl i f i er  EDFAs.  

Optical  power transients  are  sub-m i l l i second  f l uctuati ons  i n  network power l eve ls  that  are  
caused  by even ts  such  as  planned  or acciden tal  channel  l oad ing  changes,  pass ive  l oss  
variat ions,  or  network protecti on  swi tch ing .  I n  a  dynam ic networking  envi ronm ent,  optical  
am pl i f i ers  need  to  be  able  to  com pensate  for such  power variat ions  i n  order to  avo id  poten tial  
degradation  of  qual i ty of  service.  For i nstance,  i n  a  network reconf igurati on  scenario ,  the  
num ber of  DWDM channels  at  the  i npu t  of  an  OFA m ay sudden l y decrease,  i ncreas ing  the  
am pl i f i er’s  popu lati on  i nvers ion  wi th  a correspond ing  i ncrease  i n  gai n ,  i n  a  m atter of  
m icroseconds.  Th is  gain  change  resu l ts  i n  channel  power overshoot  wh ich  i s  detrim en tal  to  
network service  providers  (NSPs) ,  g i ven  that  the i r  networks  wi l l  no  l onger  operate  at  the  gain  
l eve l  for  wh ich  they were  optim ized ,  poten tial l y im pacting  service  qual i ty.  Power f l uctuations  
accum u late  wi th  each  OFA i n  the  system  and,  i f  l e ft  unabated ,  wi l l  en ter a s i ng le  channel  OFA 
upstream  of  a  receiver and  wi l l  be  am pl i f i ed ,  causing  the  trans ient  to  en ter the  receiver.  Th is  
can  resu l t  i n  a  cum u lati ve  trans ient  overshoot  or  undershoot  at  the  receiver that  can  g row to  
exceed  the  dynam ic  range  of  the  receiver.  The  subsequent  i ncrease  i n  b i t  error rat io  (BER)  
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resu l ts  i n  qual i ty of  service  degradati on  or,  i n  som e ci rcum stances ,  can  even  dam age  a  
receiver  as  a  resu l t  of  excessive  optical  power.  

Line  OFA in  the  optical  repeaters  along  the  transm ission  system  typical l y operate  in  constan t  
gain  m ode.  An  OFA that  i s  operating  wi th  constan t  gain  wi l l  repl i cate  and  am pl i fy channel  
power trans ien ts  en teri ng  the  i npu t  at  the  ou tpu t,  wh ich  i s  detrim en tal  for  a  s ing le  channel  
am pl i f i er  i n  an  am pl i f i ed  receiver.  

I t  i s  im perative  that  any s i ng le  channel  OFA s i tuated  cl ose  to  a receiver be  operated  i n  
constan t  ou tpu t  power m ode  i n  order to  suppress  trans ien ts.  Th is  i s  referred  to  as  power 
trans ien t  contro l led  operation .  Moderate  trans ien t  power excurs ions  i nciden t  on  the  receiver 
are  m anageable,  depend ing  on  the  receiver dynam ic range  and  the  bandwid th  of  the  receiver  
au tom atic  gain  contro l ler  (AGC) ,  bu t  an  excess ively l arge  power excu rsion  can :  

a)  exceed  the  abso lu te  m axim um  optical  power rati ng  of  the  receiver,  l ead ing  to  poten tial  
catastroph ic  optical  dam age  (OD)  (particu larl y resu l t i ng  from  power overshoot) ;  

b)  exceed  the  m axim um  operati ng  optical  power rati ng  of  the  receiver,  l ead ing  to  eye  
open ing  penal ty and  a  burst  of  errors  l ead ing  to  an  ou tage  (particu larly resu l t i ng  from  
power overshoot  waveform s) ;  

c)  drop below the  m in im um  operati ng  optical  power rati ng  of  the  receiver,  lead ing  to  eye  
open ing  penal ty and  a  burst  of  errors ,  l ead ing  to  an  ou tage  (part icu larl y resu l t i ng  from  
power undershoot  waveform s) ;  

d )  rapid l y osci l late  between  cases  b)  and  c)  above,  caus ing  an  ou tage  (parti cu larl y resu l t i ng  
from  l i gh tn ing  bo l t  power waveform s) .  

I n  add i t i on  to  am pl i fyi ng  optical  channels  carryi ng  data,  an  OFA generates  and  transm i ts  ASE  
no ise.  The  optical  data s i gnal  i s  typical l y centred  on  one  or m ore  wavelengths  corresponding  
to  the  channels  s tandard ised  by the  I n ternati onal  Telecom m unicati ons  Un ion  ( ITU) .  I n  
con trast,  the  ASE  i s  typical l y generated  across  a m uch  broader wavelength  range,  for  
exam ple  around  40  nm ,  wh ich  i s  substan tial l y wi th in  the  gain  bandwidth  reg ion  of  the  OFA.  
The  level  of  ASE depends  upon  the  optical  s i gnal  channel  gain ,  the  overal l  popu lation  
i nvers ion  and  tem perature  of  the  erbium  doped  f ibre  (EDF) .  Further,  the  l evel  of  ASE  
produced  by the  OFA wi l l  also  vary due  to  the  l oss  variabi l i ty of  other optical  com ponents  
wi th i n  the  OFA,  s ince  passive  l osses  affect  the  gain  requ i red  i n  the  EDF to  attai n  a target  gain  
i n  the  OFA.  

A m easure  of  the  am ount  of  ASE  re lati ve  to  the  s i gnal  power en tering  a  s i ng le  ch annel  
receiver  i s  def ined  as  the  s i gnal  to  ASE  rat io  (SAR) .  Th is  i s  calcu lated  as :  

(dB)
ASEP

SigP
SAR =

 

where  

SAR   i s  the  s ignal  to  ASE  rati o  i n  dB;  

SigP   i s  the  s ignal  power exi t i ng  the  OFA i n  dBm ;  

ASEP  i s  the  total  ASE  power exi t i ng  the  OFA i n  dBm .  

I deal l y,  the  SAR  o f  an  am pl i f ier  i s  always  pos i t i ve  because  the  s i gnal  power i s  g reater than  the  
sum  of  the  ASE  power exi t i ng  the  OFA.  I t  i s  preferred  that  h i gher leve ls  of  SAR  are  ach ieved  
as  th is  i s  beneficial  to  l ow bi t  error rate  detection  of  s i gnal  data,  and  s i ng le  channel  pre-
am pl i f i er  OFA are  des igned  to  m axim ize  SAR.  S i nce  operational  cond i t ions  affect  the  am ount  
of  ASE,  the  value  of  SAR  wi l l  al so  be  operati onal .  

S ince  the  OFA i s  em ployed  as  a  s i ng le  channel  am pl i f i er,  the  gain  shape  wi th  respect  to  
wavelength  of  the  OFA m ay or m ay not  be  gain  f lattened.  Even  wi th  i deal  gai n  f latten ing ,  the  
gain  of  the  EDF varies  wi th  i npu t  channel  waveleng th .  Therefore,  ASE  generated  by the  OFA 
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varies  widel y over operati onal  cond i t i ons.  Si gnal  wavelength  d iscrim inati on  i s  not  i nherentl y 
i ncorporated  in  the  OFA because  OFA con tro l  PDs  are  unable  to  d iscrim inate  s i gnal  channel  
power from  ASE  and  are,  i deal l y,  re lat i ve l y wavelength  i nsens i t i ve  to  ensure  the  OFA is  
adapted  for  operation  at  a  range  of  I TU  channels.  The  presence  of  an  unpred ictable  am ount  
of  ASE  due  to  OFA i npu t  power or  channel  waveleng th  variati on  l eads  to  trans ient  power gain  
offset  errors,  and  so  the  ou tpu t  channel  power of  the  OFA wi l l  not  have  the  i deal  power l eve l  
at  the  receiver,  wh ich  consequentl y i ncreases  detecti on  errors  i n  an  associated  optical  
network.  

B.3  Approaches to  address detection  errors  

A num ber of  approaches  are  known  to  address  th is  problem .  One  comm on  m ethod  em ployed  
i n  DWDM OFA i s  to  estim ate,  th rough  cal i brati on ,  the  am oun t  of  ASE  for any operati onal  
cond i t i on .  S i nce  s ignal  gain ,  tem perature,  EDF popu lat i on  i nvers ion ,  and  channel  waveleng th  
al l  im pact  the  am ount  o f  ASE,  the  cal ibrati on  rou tine  to  ach ieve  an  accurate  estim ate  i s  
proh ibi t i ve  i n  test  t im e  and  cost.  Al ternati vel y,  i n  a  f i xed ,  s ing le  channel  optical  am pl i f ier,  i t  i s  
known  that  i nserti ng  a f i xed  wavelength  d iscrim inating  f i l ter i n to  the  OFA can  f i l ter  ou t  the  
ASE  at  and  beyond  wavelengths  a few nanom etres  above  and  below the  bandwid th  of  the  
optical  data s i gnal .  H owever,  th is  approach  i s  i n fl exible  and  im practical  because  the  OFA 
becom es  coloured  by a  f i xed  f i l ter and  can  on l y be  used  for  a  f i xed ,  defi ned  channel  
waveleng th  m atch ing  the  f i l ter,  requ i ri ng  a  d i fferent  OFA to  be  m anufactured  for each  s i gnal  
channel  waveleng th .  Us i ng  a  f i xed  wavelength  ASE  d iscrim inating  f i l ter cannot  be  appl i ed  to  
OFAs  i n  system s  that  hand le  m ore  than  one  channel  over l i fetim e,  for exam ple  i n  optical  
networks  com pris ing  transm i tters  that  use  tuneable  l aser sources.  Use  o f  an  ASE  f l atten ing  
f i l ter  (AFF) ,  s im i lar to  a  gain -f latten ing  f i l ter (GFF) ,  can  i ncrease  the  OFA SAR,  as  i t  wi l l  
reduce  the  wavelength  dependence  of  ASE;  bu t  i t  can  on l y be  optim ized  at  a  s i ng le  gain  and  
tem perature,  and  thus  does  not  e l im inate  the  need  for ASE  cal i brati on .  Add i ti onal l y,  the  use  of  
an  AFF adds  cost  to  the  OFA.  I nserti on  of  a  tuneable  optical  f i l ter  i n  the  OFA can  provide  ASE  
suppression  wi th  the  requ i red  f lexibi l i ty.  Al though  tuneable  f i l ters  wi th  requ is i te  optical  
perform ance  are  avai lable,  they are  physical l y l arge,  costl y and  requ i re  add i t i onal  con tro ls ,  
m aking  them  less  attracti ve  for  deploym ent  i n  appl ications  where  cost  or  s i ze  i s  key.  

As  a resu l t  of  the  l im i tati ons  of  f i xed  f i l ters  and  the  cost  and  s i ze  of  tuneable  f i l ters,  m any 
si ng le  channel  OFA employ no  gain  f latten ing  ASE  f latten ing  or tuneable  f i l ters .  Thus,  the  
OFA con trol l er wi l l  on l y have  total  ou tpu t  power at  the  ou tpu t  PD  avai lable  as  a contro l  s i gnal  
param eter,  as  the  ou tpu t  PD  i s  exposed  to  the  total  ou tpu t  power com prised  of  both  am pl i f i ed  
s i gnal  channel  and  ASE  power.  

Four factors  determ ine  the  power ou tpu t  of  a  s i ng le  channel  erbi um -doped  optical  f i bre  
am pl i f i ers:  i npu t  optical  power,  i npu t  optical  channel  wavelength ,  optical  pum p power,  and  the  
popu lation  i nvers ion  leve l  of  the  optical  am pl i f ier.  The  i nversion  l evel  of  an  OFA characteri zes  
the  fraction  of  erbium  atom s  that  are  avai lable  to  provide  energ y to  the  i npu t  optical  s i gnal ,  
resu l t ing  i n  opt ical  gain .  Typical l y,  the  i nvers ion  l eve l  i ncreases  wi th  the  i ncrease  i n  optical  
pum p power and  decreases  wi th  the  i ncrease  i n  i npu t  optical  power.  For that  reason ,  i f  
channel  power i ncreases  at  the  OFA i npu t,  the  optical  power of  the  pum ps  wi l l  also  need  to  be  
i ncreased  i n  order to  m ain tain  the  ou tpu t  power.  S im i larl y,  i f  the  channel  power drops  at  the  
OFA input,  the  pum ps  wi l l  need  to  be  rapid l y decreased  i n  order to  m ain tain  a  constant  power.   

The  ou tpu t  power of  an  OFA can  be  set  by con tro l l i ng  the  pum p laser ou tpu t  power via pum p 
curren t  ad justm ents .  The  bas ic  schem e for the  pum p con trol  i nvolves  m aking  m easurem ent of  
i npu t  and  ou tpu t  power of  the  OFA through  s i gnal  taps  and  m on i tor  photod iodes,  com puting  
an  error s i gnal  from  the  m on i tor s i gnals  and  dri vi ng  the  pum p power  via a h i gh -speed  
proporti onal  i n tegral -deri vati ve  PI D  con trol l er that  m ight  em ploy feed  forward  and  feedback 
con trol .  

An y error  i n  post- trans ient  ou tpu t  power i s  known  as  steady s tate  power  offset  error and  i s  
re lated  to  the  post  trans ien t  ASE l evel ,  the  channel  wavelength  and  tem peratu re.  The  tim e  
taken  for the  OFA to  recover  to  the  correct  ou tpu t  power  (cal l ed  the  power trans ien t  sett l ing  
t im e)  i s  determ ined  by the  t im e  for the  pum p contro l ler to  respond  and  the  pum ping  rate  i n to  
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the  EDF,  wh ich  i s  dependen t  upon  m on i toring  response,  con tro l ler bandwid th ,  al gori thm  
latency,  and  the  Er recovery and  Er saturation  t im e  constants .  The  ou tpu t  power trans ien t  
sett l i ng  t im e  i s  the  sum  of  these  param eters  and  i s  dependent  upon  the  ou tpu t  power,  channel  
waveleng th  and  EDF tem perature.  General l y,  a  h i gher ou tpu t  power am pl i f i er  wi l l  have  a  
faster ou tpu t  power trans ien t  response  t im e.  Rais i ng  the  tem perature  of  the  EDF and  l owering  
the  channel  wavelength  wi l l  also  decrease  the  ou tpu t  trans ien t  response  t im e.  

The  i nherent  abi l i ty for  an  OFA to  respond  to  i npu t  transients  depends  upon  two  t im e 
constan ts  re lated  to  the  EDF.  F i rs t  i s  the  Er recovery t im e  constan t,  wh ich  i s  the  t im e  i t  takes  
for pum p power to  create  a change  i n  the  popu lati on  i nvers ion  i n  the  EDF.  The  second  i s  the  
Er  satu ration  t im e  constant,  wh ich  i s  re lated  to  the  decay t im e  of  the  EDF popu lat ion  
i nvers ion .  Both  these  t im e  constants  decrease  wi th  i ncreas ing  popu lat ion  i nvers ion ;  however,  
the  saturati on  rate  can  be  m uch  faster  than  the  Er recovery rate  i n  an  operati onal  OFA.  Both  
recovery and  saturation  tim e  constants  are  wavelength  and  tem perature  dependen t.  Longer  
channel  wavelengths  and  cooler EDF tem peratures  resu l t  i n  the  longest  saturation  t im e 
constan t.  

Any s i ng le  channel  OFA des igned  to  suppress  i npu t  power  trans ien ts  shal l  em ploy a  con trol l er 
that  operates  i n  constan t  ou tpu t  power m ode  wi th  a power trans ien t  suppress ion  con tro l l er  
algori thm  in  operati on  wi th  i ts  own  con tro l ler t im e  constan t.  When  a  s i ng le  channel  i npu t  
power transient  en ters  the  OFA,  the  contro l ler shal l  m odi fy the  pum p power to  attem pt  to  set  
the  ou tpu t  power leve l  to  the  correct  state.  

Cons ider the  OFA power trans ien t  response  wi th  no  pum p power con tro l l er,  i . e.  wi th  the  
con trol l er deactivated.  When  an  i nverse  step  i npu t  power trans ien t  excursion  (reduced  inpu t  
power,  F igure  B. 1 a) )  en ters  the  OFA,  the  gain  of  the  uncon tro l l ed  OFA instan taneousl y 
rem ains  constant,  and  so  the  ou tpu t  power reduces  concom i tan tl y wi th  the  drop  i n  i npu t  power 
(Fi gure  B  1 b) ) .  After the  i npu t  power has  dropped  at  t im e  t0 ,  the  gain  beg ins  to  g row as  a  
resu l t  of  a  change  in  the  am pl i f ier  saturation  cond i t i on  at  the  new l ower i npu t  power and  the  
ou tpu t  power r ises .  Even tual l y,  the  ou tpu t  power settles  at  t im e  tS  at  a  new value  
correspond ing  to  the  new i npu t  power  l evel  and  correspond ing  gain .  Al though  the  post-
trans ien t  gai n  i s  h igher,  the  post- trans ient  ou tpu t  power i s  l ower than  that  prior to  the  i npu t  
power trans ient  excu rsion /power drop,  creating  a steady state  power  offset  error.  The  
m agn i tude  of  power offset  wi l l  depend  upon  the  i npu t  power  value  prior  to  and  post  the  step  
change,  the  tem perature,  ASE  level  and  the  re lat i ve  saturati on  of  the  am pl i f i er  i n  these  
cond i t i ons.  
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Fi g u re B. 1  – Tran si en t  respon se  to  a)  i n pu t  power d rop  
( i n verse  step  tran si en t)  wi th  tran si en t  con trol ,  b)  d eacti vated   

(con stan t  pu m p power) ,  an d  c)  acti vated  (power con trol )  

Now cons ider the  OFA trans ien t  response  wi th  the  contro l ler  acti vated  (see  F igure  B  1 c) ) ,  
where  the  pum p contro l l er i s  able  to  respond  to  changes  i n  ou tpu t  power and  thus  attem pt to  
m ain tain  the  sam e total  ou tpu t  power target  (s i nce  ou tpu t  SigP  and  ASEP  cannot  be  
d i fferen tiated) .  When  the  i npu t  power trans ien t  step excu rsion  reduces  the  i nstan taneous  
i npu t  power  at  t im e  t0 ,  the  i nstan taneous  gain  of  the  OFA stays  constant ,  so  the  ou tpu t  power 
drops.  The  m agn i tude of  the  ou tpu t  power change  before  the  contro l ler responds  i s  cal l ed  the  
ou tpu t  power trans ien t  undershoot.  H owever,  the  OFA con trol ler  recogn i zes  the  ou tpu t  power 
has  d ropped  and  changes  the  pum p power  to  i ncrease  the  l eve l  of  i nvers ion  of  the  EDF.   
Duri ng  the  Er recovery t im e  (tR) ,  the  i nvers ion  level  i s  not  changed  s ign i f ican tl y,  so  the  gain  
ri ses  s lowly.  After tR ,  the  contro l ler  i s  able  to  affect  the  ou tpu t  power,  and  the  gain  r i ses  m ore  
qu ickl y than  i n  the  uncon trol l ed  case.  The  post- transien t  ou tpu t  power then  returns  to  a  
m agn i tude  c l ose  to  the  pre- trans ient  l evel ,  wi th  a sm al l er steady s tate  power offset  error  and  
sett l i ng  i n  a  t im e  qu icker,  tC ,  than  the  uncontro l l ed  case.  I f  the  con tro l  i s  not  wel l  dam ped,  
there  m ay be  over com pensati on  of  the  ou tpu t  power before  sett l i ng  to  the  correct  value,  as  
shown  i n  F i gu re  B. 1 c) .  

I n  the  sam e m anner,  cons ider the  case  of  an  i ncrease  i n  i npu t  power for the  OFA trans ien t  
response  wi th  no  pum p power contro l ,  i . e.  wi th  the  con tro l ler  deacti vated .  When  a s tep  
i ncrease  i n  i npu t  power en ters  the  OFA (see  Figure  B. 2a) ) ,  the  gain  of  the  uncontro l led  OFA 
prior to  and  im m ediatel y fo l l owing  the  trans ien t  even t  i s  constant ,  and  so  the  ou tpu t  power 
i ncreases  i n  response  to  the  ri se  i n  i npu t  power,  as  seen  i n  F i gu re  B. 2b) .  Im m ediate l y 
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fo l l owing  the  i npu t  power transient,  the  gain  beg ins  to  decrease  due  to  i ncreased  gain  
saturation .  Even tual l y,  the  ou tpu t  power sett les  at  t im e  tS  at  a  new m agn i tude  correspond ing  
to  the  new i npu t  power  level .  Al though  the  post- transient  gai n  i s  l ower,  the  post- trans ient  
ou tpu t  power i s  h i gher than  that  pri or to  the  i npu t  power trans ien t  excursion ,  creating  a gain  
offset  error.  The  m agn i tude  of  the  gain  offset  error i s  dependent  upon  the  i npu t  power 
cond i t i ons  and  correspond ing  gain  saturation  l eve l .  

 

Fi g u re B. 2  – Tran si en t  respon se to  a)  i n pu t  power ri se (step  tran si en t)  wi th  tran si en t  
con trol ,  b)  d eacti vated  (con stan t  pu m p power) ,  an d  c)  acti vated  (power con trol )  

Now cons ider the  OFA trans ient  response  wi th  the  con tro l l er acti vated  (see  Figure  B.2c) ) ,  
where  the  pum p con trol l er responds  to  changes  i n  ou tpu t  power and  attem pts  to  m ain tain  the  
sam e total  ou tpu t  power target  (s ince  ou tpu t  SigP  and  ASEP  cannot  be  d i fferen tiated) .  When  
the  i npu t  power trans ient  excurs ion  (step trans ien t)  at  t ime  t0 ,  en ters  the  con trol l ed  OFA,  the  
i nstan taneous  gain  of  the  OFA stays  constant  so  the  ou tpu t  power ri ses.  The  m agn i tude  of  the  
ou tpu t  power change  before  the  contro l l er responds  i s  cal led  the  ou tpu t  power trans ien t  
overshoot.  The  OFA contro l ler  acts  to  reduce  the  ou tpu t  power,  and  after the  satu ration  
recovery t im e  tR ,  the  ou tpu t  power drops  qu ickl y due  to  a reduced  invers ion  of  the  EDF.  The  
gain  and  pum p power now fal l  faster than  the  uncon trol led  case ,  and  the  post  trans ien t  ou tpu t  
power retu rns  to  a  m agn i tude  c lose  to  the  pre- trans ien t  leve l  wi th  a  sm al l er steady state  
power offset  error and  sett les  i n  a  t im e  tC ,  m ore  qu ickl y than  the  uncon tro l l ed  case.  I f  the  
con trol  i s  not  wel l  damped ,  there  m ay be  over  com pensation  of  the  ou tpu t  power before  
sett l i ng  to  the  correct  value.   
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An nex C  
( in formative )  

 
Slew rate effect on  transi en t  g ai n  response  

When  channel  powers  ri se  or  fal l ,  the  speed  of  the  i npu t  power trans ien t  shal l  be  cons idered  
wh i l e  m easuri ng  trans ien t  perform ance.  Power trans ient  contro l  of  OFA i s  general l y real i zed  
by m on i toring  of  i npu t  and  ou tpu t  leve ls  and  th rough  ad justm en t of  the  pum p laser cu rrent.  
Optical  des i gn ,  m on i tor  and  con tro l l er bandwid th ,  and  contro l  al gori thm s  affect  trans ient  
response,  as  i nd icated  i n  Annex A.  H owever,  the  s l ew rate  of  the  i npu t  power trans ient  wi l l  
also  affect  the  OFA perform ance.  Variat i on  i n  the  s lew rate  of  the  i npu t  trans ien t  waveform  
resu l ts  from  the  speed  of  the  trans ien t  event  accum u lated  in  the  network or the  swi tch  speed  
used  i n  testi ng  apparatus.  

I f  i npu t  power variations  to  the  OFA change  s l owly,  the  power con tro l  system  m ay be  able  to  
com pensate  trans ien t  phenom ena adequatel y th rough  pum p power  ad justm ent  to  m in im ize  
trans ien t  overshoot  or  undershoot.  Thus,  the  trans ien t  response  of  the  OFA wi l l  be  m in im ized.  

I f  i npu t  power to  OFA changes  rapid l y (a faster s l ew rate  or  swi tch  speed) ,  the  power contro l  
system  m ay not  be  able  to  m in im ize  over or  undershoot  adequate l y,  s i nce  the  con tro l  
m echan ism  of  the  OFA m ay not  be  fast  enough  to  track and  com pensate  the  rapid  i npu t  
power variat ion .  The  response  of  the  OFA wi l l  degrade  as  a  resu l t.  
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