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I N TE RN ATI ON AL E LE CTROTE CH N I C AL COM M I S S I O N  

____________ 

 
OPTICAL AMPLIFIERS – TEST METHODS –  

 
Part  1 -1 :  Power and  gain  parameters –  
Optical  spectrum  analyzer method  

 
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 acti vi t i e s ,  I E C  p u bl i s h e s  I n te rn ati o n al  S t an d a rd s ,  Te ch n i cal  S pe ci 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 ati 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 at i 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 at i o n al  C o m m i tt e 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 rt s  are  m ad e  t o  e n s u re  th at  t h e  t e ch 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  can n o t  b e  h e l d  re s p o n s i bl 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 t 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  p ro vi d e  c o n fo rm i t y  
as s e s s m e n t  s e rvi c e s  an d ,  i n  s o m e  are as ,  acce s s  t o  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  ce rt i f i c at i 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  th e  l ate s t  e d i t i o n  o f  t h i s  pu bl i c at i o n .  

7)  N o  l i a b i l i t y  s h al l  at t ach  to  I E C  o r  i ts  d i re c to rs ,  e m p l o y e e s ,  s e rvan t s  o r  ag e n ts  i n cl u d i n g  i n d i vi d u al  e xpe rts  an d  
m em b e rs  o f  i t s  t e c h n i cal  c o m m i tt e e s  an d  I E C  N ati o n al  C o m m i t te e s  fo r  a n y pe rs o n al  i n j u ry,  pr o pe rty  d am ag e  o r  
o t h e r d am ag e  o f  a n y n atu re  wh at s o e ve r,  wh e th e r d i re ct  o r  i n d i re ct ,  o r  fo r  c o s t s  ( 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 bl i cati o n ,  u s e  o f,  o r  re l i a n c e  u p o n ,  th i s  I E C  P u b l i cati o n  o r  an y o th e r I E C  
P u b l i cat i o n s .   

8 )  Atte 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  p u bl i cat i o n .  U s e  o f  th e  re f e re n ce d  p u b l i cati o n s  i s  
i n d i s p e n s a bl e  fo r th e  co rre c t  ap pl i cati o n  o f  th i s  p u b l i c at i o n .  

9 )  Atte n ti o n  i s  d ra wn  t o  th e  p o s s i b i l i t y  th 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 bl i cat i o n  m ay b e  t h e  s u b j e ct  o f  
pate n t  ri g h t s .  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  pat e n t  ri g h ts .  

I n te rn ati o n al  S tan d ard  I E C  6 1 2 9 0 - 1 - 1  h as  b e e n  pre p are d  b y s u bc o m m i tte e  8 6 C :  F i bre  o p ti c  
s ys te m s  an d  acti 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 p ti c s .  

Th i s  th i rd  e d i t i o n  c an ce l s  an d  re p l ace s  th e  s e c o n d  e d i ti o n  p u b l i s h e d  i n  2 0 0 6  an d  co n s ti tu te s  a  
te c h n i c al  re vi s i o n .   

Th i s  e d i ti o n  i n c l u d e s  th e  fo l l o wi n g  s i g n i f i c an t  te c h n i c al  ch an g e s  wi th  re s p e ct  to  th e  pre vi o u s  
e d i t i o n :  

a)  u p d ate s  o n  th e  ch aracte ri s t i cs  o f  m e as u re m e n t  ap paratu s ;  

b)  re vi s e d  l i s t  o f  ad d re s s e d  o p ti cal  am p l i f i e r  param e te rs .  
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Th e  te x t  o f  th i s  s tan d ard  i s  b as e d  o n  th e  fo l l o wi n g  d o c u m e n ts :  

F D I S  R e p o rt  o n  vo t i n g  

8 6 C /1 3 0 9 /F D I S  8 6 C /1 3 2 8 /R VD  

 
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  s tan d ard  c an  b e  fo u n d  i n  th e  re po 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 .  

Th i s  p u b l i c ati o n  h as  b e e n  d rafte d  i n  acc o rd an c e  wi th  th e  I S O/I E C  D i re cti ve s ,  P art  2 .  

Th i s  s tan d ard  s h al l  b e  u s e d  i n  c o n j u n c ti o n  wi th  I E C  6 1 2 9 0 - 1  an d  I E C  6 1 2 9 1 - 1 .  

A l i s t  o f  al l  p arts  o f  th e  I E C  6 1 2 9 0  s e ri e s ,  p u b l i s h e d  u n d e r  th e  g e n e ral  t i t l e  Optical amplifiers – 

Test methods 1  can  b e  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  co n te n ts  o f  th i s  p u b l i c ati o n  wi l l  re m ai n  u n c h an g e d  u n t i l  
th e  s tabi 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  sp e c i f i c  p u b l i cati o n .  At  th i s  d ate ,  th e  p u b l i c ati o n  wi l l  b e   

•  re co n fi rm e d ,  

•  wi th d rawn ,  

•  re p l ac e 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 cati o n  m a y be  i s s u e d  at  a  l ate r d ate  

 

  

————————— 
1   Th e  f i rs t  e d i t i o n s  o f  s o m e  o f  th e s e  p arts  we re  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  Optical fibre amplifiers  – Basic 

specification o r Optical amplifier test methods.   
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OPTICAL AMPLIFIERS – TEST METHODS –  
 

Part  1 -1 :  Power and  gain  parameters –  
Optical  spectrum  analyzer method  

 
 
 

1  Scope 

Th i s  p art  o f  I E C  6 1 2 9 0  ap p l i e s  to  al l  c o m m e rci al l y avai l abl e  o p ti cal  am pl i f i e rs  ( O As )  an d  
o p ti cal l y am p l i f i e d  m o d u l e s .  I t  ap p l i e s  to  O As  u s i n g  o pti c al l y p u m p e d  f i bre s  ( OF As  b as e d  o n  
e i th e r  rare - e arth  d o pe d  f i bre s  o r o n  th e  R am an  e ffe ct) ,  s e m i co n d u c to r  O As  ( S O As )  an d  p l an ar 
o p ti cal  wave g u i d e  am p l i f i e rs  ( P OW As ) .  

Th e  o bj e ct  o f  th i s  s tan d ard  i s  to  e s tab l i s h  u n i fo rm  re q u i re m e n ts  f o r  acc u rate  an d  re l i ab l e  
m e as u re m e n ts ,  b y m e an s  o f  th e  o p ti cal  s p e ctru m  an al yze r te s t  m e th o d ,  o f  th e  fo l l o wi n g  O A 
param e te rs ,  as  d e f i n e d  i n  I E C  6 1 2 9 1 - 1 :  

a)  n o m i n al  o u tp u t  s i g n al  po we r;  

b)  g ai n ;  

c)  po l ari zati o n - d e p e n d e n t  g ai n ;  

d )  m axi m u m  o u tpu t  s i g n al  p o we r;  

e)  m axi m u m  to tal  o u tp u t  po we r.  

N O TE  Al l  n u m e ri cal  val u e s  fo l l o we d  b y ( ‡ )  are  s u g g e s t e d  va l u e s  fo r  wh i c h  th e  m e as u re m e n t  i s  as s u re d .   

Th e  o bj e c t  o f  th i s  s tan d ard  i s  s p e c i f i c al l y d i re cte d  to  s i n g l e - ch an n e l  am pl i f i e rs .  F o r  
m u l t i ch an n e l  am pl i f i e rs ,  o n e  s h o u l d  re f e r to  th e  I E C  6 1 2 9 0 - 1 0  s e ri e s  [1 ] 2.  

2 Normative references  

Th e  fo l l o wi n g  d o c u m e n ts ,  i n  wh o l e  o r  i n  p art,  are  n o rm ati ve l y re fe re n ce d  i n  th i s  d o c u m e n t an d  
are  i n d i s p e n s ab l e  fo r i ts  ap p l i cati o n .  F o r d ate d  re fe re n ce s ,  o n l y th e  e d i t i o n  c i te d  ap p l i e s .  F o r 
u n d ate d  re fe re n ce s ,  th e  l ate s t  e d i t i o n  o f  th e  re fe re n ce d  d o c u m e n t  ( i n c l u d i n g  an y 
am e n d m e n ts )  ap p l i e s .  

I E C  6 1 2 9 0 - 1 ,  Optical amplifiers - Test methods - Part 1 : Power and gain parameters  

I E C  6 1 2 9 1 - 1 ,  Optical amplifiers - Part 1: Generic specification  

3 Terms,  defin i tions and  abbreviations 

3.1  Terms and  defin i t ions  

Fo r th e  pu rp o s e s  o f  th i s  d o c u m e n t,  th e  te rm s  an d  d e fi n i t i o n s  g i ve n  i n  I E C  6 1 2 9 1 - 1  ap p l y.   

3.2  Abbreviat ions  

AS E  am pl i f i e d  s po n tan e o u s  e m i s s i o n  

D B R  d i s tri bu te d  Brag g  re fl e cto r ( l as e r d i o d e )  

D F B  d i s tri bu te d  fe e d - b ack ( l as e r d i o d e )  

————————— 
2  N u m be rs  i n  s q u a re  b racke ts  re fe r to  t h e  B i b l i o g rap h y  
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E C L e xte rn al  cavi t y l as e r  ( d i o d e )  

LE D  l i g h t  e m i tt i n g  d i o d e  

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

OFA o p ti cal  f i bre  am pl i f i e r  

P OW A p l an ar o pti c al  wave g u i d e  am pl i f i e r  

SO A s e m i co n d u c to r  o p ti c al  am pl i f i e r  

4 Apparatus  

A d i ag ram  o f  th e  m e as u re m e n t  s e t- u p  i s  g i ve n  i n  Fi g u re  1 .  

 

 

Figure  1 a  – Cal ibration  

 

Figure  1 b  – Inpu t  si gnal  power measurement  

 

Figure  1 c  – Outpu t  power measurement  

Figure 1  – Typical  arrangement  of  the  optical  spectrum   
analyzer test  apparatus  for gain  and  power measurements  

Th e  te s t  e q u i pm e n t  l i s te d  b e l o w,  wi th  th e  re q u i re d  ch arac te ri s ti cs ,  i s  n e e d e d .  

a) optical source: 

Th e  o p ti cal  s o u rc e  s h al l  be  e i th e r  at  f i xe d  wave l e n g th  o r  wave l e n g th - tu n e ab l e .  

– fixed-wavelength optical source:  Th i s  o p ti cal  s o u rce  s h al l  g e n e rate  a  l i g h t  wi th  a  
wave l e n g th  an d  o pti c al  po we r s pe ci f i e d  i n  th e  re l e van t  d e tai l  s pe c i f i cati o n .  U n l e s s  
o th e rwi s e  s pe c i f i e d ,  th e  o p ti cal  s o u rc e  s h al l  e m i t  a  co n ti n u o u s  wave  wi th  th e  fu l l  wi d th  
at  h al f  m axi m u m  o f  th e  s pe c tru m  n arro we r th an  1  n m  ( ‡ ) .  A d i s tri bu te d  fe e d - b ack ( D F B )  
l as e r,  a  d i s tri bu te d  B rag g  re f l e cto r  ( D B R )  l as e r,  an  e xte rn al  c avi t y l as e r  ( E C L)  d i o d e  
an d  a  l i g h t  e m i tt i n g  d i o d e  ( LE D )  wi th  a  n arro w- b an d  f i l te r  are  ap p l i cab l e ,  fo r  e xam p l e .  
Th e  s u ppres s i o n  rati o  f o r  th e  s i d e  m o d e s  fo r  th e  D F B  l as e r,  th e  D B R  l as e r o r  th e  E C L 
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s h al l  b e  h i g h e r  th an  3 0  d B  ( ‡ ) .  Th e  o u tp u t  p o we r f l u ctu ati o n  s h al l  b e  l e s s  th an  0 , 0 5  d B  
( ‡ ) ,  wh i ch  m a y b e  b e tte r attai n ab l e  wi th  an  o p ti cal  i s o l ato r at  th e  o u tpu t  p o rt  o f  th e  
o p ti cal  s o u rc e .  S pe c tral  bro ad e n i n g  at  th e  fo o t  o f  th e  l as i n g  s pe c tru m  s h al l  be  m i n i m al  
fo r  l as e r s o u rc e s  an d  th e  rat i o  o f  th e  s o u rce  po we r to  to tal  s p o n tan e o u s  e m i s s i o n  
po we r o f  th e  l as e r  s h al l  b e  m o re  th an  3 0  d B ;  

– wavelength-tuneable optical source:  Th i s  o p ti cal  s o u rc e  s h al l  b e  ab l e  to  g e n e rate  a  
wave l e n g th - tu n ab l e  l i g h t  wi th i n  th e  ran g e  s p e ci fi e d  i n  th e  re l e van t  d e tai l  s pe c i f i cati o n .  
I ts  o p ti c al  p o we r s h al l  b e  s pe ci f i e d  i n  th e  re l e van t  d e tai l  s pe c i fi cati o n .  U n l e s s  
o th e rwi s e  s pe c i fi e d ,  th e  o p ti cal  s o u rce  s h al l  e m i t  a  c o n t i n u o u s  wave  wi th  th e  fu l l  wi d th  
at  h al f  m ax i m u m  o f  th e  s pe c tru m  n arro we r  th an  1  n m  ( ‡ ) .  An  E C L o r  an  LE D  wi th  a  
n arro w b an d p as s  o pti c al  f i l te r  i s  ap p l i cab l e ,  fo r  e x am pl e .  Th e  s u ppre s s i o n  rati o  o f  s i d e  
m o d e s  f o r th e  E C L s h al l  b e  h i g h e r  th an  3 0  d B  ( ‡ ) .  Th e  o u tp u t  p o we r  f l u ctu ati o n  s h al l  
be  l e s s  th an  0 , 0 5  d B ,  wh i ch  m ay b e  m o re  e as i l y  attai n ab l e  wi th  an  o pti c al  i s o l ato r at  
th e  o u tp u t  p o rt  o f  th e  o pti c al  s o u rce .  S pe c tral  bro ad e n i n g  at  th e  fo o t  o f  th e  l as i n g  
s pe c tru m  s h al l  be  m i n i m al  fo r  th e  E C L.  S pe c tral  bro ad e n i n g  at  th e  fo o t  o f  th e  l as i n g  
s pe c tru m  s h al l  b e  m i n i m al  fo r  l as e r  s o u rce s  an d  th e  rat i o  o f  th e  s o u rc e  p o we r to  to tal  
s po n tan e o u s  e m i s s i o n  p o we r o f  th e  l as e r  s h al l  be  m o re  th an  3 0  d B .  

Th e  u s e  o f  an  LE D  s h al l  be  l i m i te d  to  s m al l - s i g n al  g ai n  m e as u re m e n ts .  

b) optical power meter: 

I t  s h al l  h ave  a m e as u re m e n t u n ce rtai n t y b e tte r  th an  ±0 , 2  d B ,  i rre s p e cti ve  o f  th e  s tate  o f  
po l ari zati o n ,  wi th i n  th e  o p e rati o n al  wave l e n g th  ban d wi d th  o f  th e  O A.  A d yn am i c  ran g e  
e xce e d i n g  th e  m e as u re d  g ai n  i s  re q u i re d  ( e . g .  4 0  d B ) ;  

c) optical spectrum analyzer: 

W i th i n  th e  o p e rati o n al  wave l e n g th  ban d wi d th  o f  th e  O A,  th e  l i n e ari t y o f  th e  s p e ctral  p o we r 

m e as u re m e n t  s h al l  be  b e tte r  th an  th e  d e s i re d  g ai n  u n ce rtai n t y an d  at  m o s t  ±0 , 5  d B ,  an d  
th e  am pl i tu d e  s tab i l i t y o f  th e  s p e ctral  p o we r m e as u re m e n t  s h al l  b e  b e tte r  th an  th e  d e s i re d  
po we r u n ce rtai n t y an d  at  l e as t  b e tte r th an  ± 0 , 2  d B  o ve r th e  d u rati o n  o f  th e  m e as u re m e n t.  

P o l ari z ati o n  d e p e n d e n ce  o f  th e  s p e ctral  p o we r  m e as u re m e n t  s h al l  b e  b e tte r  th an  ±0 , 5  d B .  

Th e  wave l e n g th  m e as u re m e n t  u n c e rtai n t y s h al l  be  be tte r  th an  ±0 , 5  n m .  A d yn am i c  ran g e  
e xce e d i n g  th e  m e as u re d  g ai n  i s  re q u i re d  ( e . g .  4 0  d B ) .  Th e  s p e ctral  re s o l u t i o n  s h al l  b e  
e q u al  o r  b e tte r  th an  1  n m ;  

d) optical isolator:  

Opti cal  i s o l ato rs  m ay b e  u s e d  to  b racke t  th e  O A.  Th e  p o l ari zati o n - d e pe n d e n t  l o s s  vari ati o n  
o f  th e  i s o l ato r s h al l  b e  b e tte r  th an  0 , 2  d B  ( ‡ ) .  O p ti c al  i s o l ati o n  s h al l  be  b e tte r th an  
40  d B  ( ‡ ) .  Th e  re fl e ctan c e  fro m  th i s  d e vi c e  s h al l  b e  s m al l e r  th an  –4 0  d B ( ‡ )  at  e ach  p o rt;  

e) variable optical attenuator: 

Th e  atte n u ati o n  ran g e  an d  s tab i l i t y s h al l  b e  o ve r  4 0  d B ( ‡ )  an d  be tte r th an  ±0 , 1  d B  ( ‡ ) ,  
re s p e c ti ve l y.  Th e  re fl e c tan ce  fro m  th i s  d e vi c e  s h al l  b e  s m al l e r  th an  –40  d B  ( ‡ )  at  e ac h  p o rt;  

f)  polarization controller: 

Th i s  d e vi c e  s h al l  be  ab l e  to  pro vi d e  as  i n p u t  s i g n al  l i g h t  al l  p o s s i bl e  s tate s  o f  p o l ari zati o n  
( e . g .  l i n e ar,  e l l i pt i c al  an d  ci rcu l ar) .  F o r  e x am pl e ,  th e  po l ari z ati o n  co n tro l l e r  m ay co n s i s t  o f  
a  l i n e ar  p o l ari ze r  fo l l o we d  b y an  al l - f i b re - t yp e  po l ari zati o n  co n tro l l e r,  o r  b y a  l i n e ar 
po l ari z e r fo l l o we d  b y a  q u arte r- wave  p l ate  ro tatab l e  b y m i n i m u m  o f  9 0 ° ,  an d  a  h al f  wave  
p l ate  ro tatab l e  b y m i n i m u m  o f  1 8 0 ° .  Th e  l o s s  vari at i o n  o f  th e  p o l ari zati o n  co n tro l l e r s h al l  
be  l e s s  th an  0 , 2  d B  ( ‡ ) .  Th e  re fl e ctan ce  fro m  th i s  d e vi ce  s h al l  be  s m al l e r th an  –40  d B  ( ‡ )  
at  e ac h  p o rt.  Th e  u s e  o f  a  p o l ari zati o n  c o n tro l l e r i s  c o n s i d e re d  o pti o n al ,  e xc e pt  fo r  th e  
m e as u re m e n t  o f  po l ari zati o n  d e p e n d e n t  g ai n ,  bu t  m ay al s o  b e  n e ce s s ar y to  ac h i e ve  th e  
d e s i re d  u n ce rtai n t y o f  o th e r  p o we r an d  g ai n  param e te rs  fo r  O A d e vi c e s  e x h i b i t i n g  
s i g n i f i c an t  p o l ari z ati o n  d e p e n d e n t  g ai n ;  

g) optical fibre jumpers: 

Th e  m o d e  f i e l d  d i am e te r  o f  th e  o p ti cal  f i bre  j u m p e rs  u s e d  s h al l  b e  as  cl o s e  as  p o s s i b l e  to  
th at  o f  f i bre s  u s e d  as  i n pu t  an d  o u tp u t  p o rts  o f  th e  OA.  Th e  re f l e c tan ce  fro m  th i s  d e vi ce  
s h al l  b e  s m al l e r th an  –40  d B  ( ‡ )  at  e ach  p o rt,  an d  th e  l e n g th  o f  th e  j u m pe r  s h al l  b e  s h o rte r 
th an  2  m ;  
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S tan d ard  o pti c al  f i b re s  typ e  B 1  as  d e f i n e d  i n  I E C  6 0 7 9 3 - 2 - 5 0  [2 ]  are  re c o m m e n d e d .  
H o we ve r,  o th e r f i bre  t yp e s  m ay b e  u s e d  as  i n p u t/o u tp u t  f i bre .  I n  th i s  cas e ,  typ e  o f  f i bre  wi l l  
be  co n s i d e re d .  

h) optical connectors,  J1  and J2: 

Th e  c o n n e cti o n  l o s s  re p e atabi l i t y s h al l  b e  b e tte r th an  ±0 , 2  d B .  

5 Test  sample  

Th e  O A u n d e r te s t  s h al l  o p e rate  at  n o m i n al  o p e rati n g  co n d i t i o n s .  I f  th e  O A i s  l i ke l y to  c au s e  
l as e r o s c i l l ati o n s  d u e  to  u n wan te d  re fl e ct i o n s ,  o p ti c al  i s o l ato rs  s h al l  b e  u s e d  to  bracke t  th e  
OA u n d e r  te s t.  Th i s  wi l l  m i n i m i z e  th e  s i g n al  i n s tab i l i t y an d  th e  m e as u re m e n t  u n ce rtai n t y.  

Fo r m e as u re m e n ts  o f  th e  p aram e te rs  o f  C l au s e  1 ,  care  s h al l  b e  take n  i n  m ai n tai n i n g  th e  s tate  
o f  p o l ari z ati o n  o f  th e  i n p u t  l i g h t  d u ri n g  th e  m e as u re m e n t.  C h an g e s  i n  th e  po l ari z ati o n  s tate  o f  
th e  i n p u t  l i g h t  m ay re s u l t  i n  i n p u t  o pti c al  p o we r ch an g e s  b e cau s e  o f  th e  s l i g h t  p o l ari z ati o n  
d e p e n d e n c y e xp e cte d  fro m  al l  th e  o p ti c al  co m p o n e n ts  u s e d ,  th i s  l e ad i n g  to  m e as u re m e n t  
e rro rs .  

6 Procedure 

Th e  pro ce d u re  i s  as  f o l l o ws :  

a) Gain and nominal output signal power:  

Th i s  m e th o d  p e rm i ts  d e te rm i n ati o n  o f  th e  g ai n  th ro u g h  th e  m e as u re m e n ts  o f  th e  O A i n p u t  
s i g n al  p o we r,  P i n ,  th e  O A o u tp u t  po we r,  Po u t ,  an d  th e  O A am pl i f i e d  s p o n tan e o u s  e m i s s i o n  
( AS E )  po we r,  PAS E  at  th e  s i g n al  wave l e n g th .  T h e  m e as u re m e n t  pro c e d u re s  d e s cri b e d  
be l o w s h al l  b e  fo l l o we d :  

1 )  s e t  th e  o pti c al  s o u rce  at  th e  te s t  wave l e n g th  s pe ci fi e d  i n  th e  re l e van t  d e tai l  
s pe c i f i cati o n .  S e t  th e  o p ti cal  s o u rce  an d  th e  vari ab l e  o pti c al  atte n u ato r  i n  a  wa y to  
pro vi d e ,  at  th e  i n pu t  po rt  o f  th e  O A,  th e  o p ti cal  p o we r Pi n  s p e c i f i e d  i n  th e  re l e van t  
d e tai l  s p e c i f i c ati o n ;  

2 )  m e as u re  P i n  wi th  th e  o pti cal  p o we r m e te r,  as  s h o wn  i n  Fi g u re  1 a,  to  cal i brate  th e  
o p ti cal  s p e c tru m  an al yz e r;  

3 )  m e as u re  Pi n  wi th  th e  o p ti cal  s pe c tru m  an al yze r,  as  s h o wn  i n  F i g u re  1 b;  

4)  m e as u re  Po u t  wi th  th e  o p ti cal  s p e ctru m  an al yz e r,  as  s h o wn  i n  F i g u re  1 c;  

5 )  m e as u re  PAS E  wi th  th e  o pti c al  s p e ctru m  an al yze r,  as  s h o wn  i n  F i g u re  1 c,  acco rd i n g  to  
th e  te ch n i q u e  s p e ci f i e d  i n  th e  re l e van t  d e tai l  s pe c i fi cati o n ;  

I n  cas e s  u s i n g  a po l ari z a ti o n  c o n tro l l e r,  th e  fo l l o wi n g  pro c e d u re  s h al l  b e  u s e d :  

6 )  m e as u re  Po u t  b y ad j u s ti n g  th e  p o l ari zati o n  co n tro l l e r u n t i l  a  m i n i m u m  Po u t  i s  ac h i e ve d  
an d  re p e at s te p  5 ) .  

Vari o u s  te c h n i q u e s  f o r PAS E  m e as u re m e n ts  are  app l i c ab l e .  O n e  te c h n i q u e  m ake s  u s e  o f  
an  i n te rp o l ati o n  pro ce d u re  to  e val u ate  th e  AS E  l e ve l  at  th e  s i g n al  wave l e n g th  b y 
m e as u ri n g  th e  AS E  l e ve l  at  wave l e n g th  o ffs e t  to  bo th  s i d e  o f  s i g n al  wave l e n g th  o n  th e  
o p ti cal  s p e ctru m  an al yze r d i s p l a y.  An o th e r  te ch n i q u e  e m pl o ys  a  p o l ari z e r,  p l ace d  be twe e n  
th e  vari ab l e  o pti cal  atte n u ato r an d  th e  O A u n d e r te s t,  to  e l i m i n ate  th e  s i g n al  co m po n e n t  
fro m  th e  O A o u tp u t  to  m e as u re  th e  AS E  l e ve l  wi th o u t  be i n g  affe cte d  b y th e  am pl i f i e d  
s i g n al  s p e c tru m .  I n  th e  l atte r c as e ,  th e  i n pu t  o p ti cal  s i g n al  s h al l  b e  l i n e arl y p o l ari ze d  wi th  
an  e x ti n c ti o n  rat i o  be tte r th an  3 0  d B ( ‡ ) ,  an d  Po u t  s h al l  b e  cal cu l ate d  as  an  ave rag e d  val u e  
o ve ral l  th e  p o l ari z ati o n  s tate s .  I f  th e  po l ari ze r  te ch n i q u e  can n o t  s u ffi ci e n t l y e l i m i n ate  th e  
s i g n al  p o we r,  th e  i n te rp o l at i o n  te c h n i q u e  c an  be  u s e d  i n  ad d i t i o n  to  th e  p o l ari z e r  te c h n i q u e .  

O pti c al  c o n n e cto rs  J 1  an d  J 2  s h al l  n o t  b e  re m o ve d  d u ri n g  th e  m e as u re m e n t to  avo i d  
m e as u re m e n t  e rro rs  d u e  to  re - co n n e cti o n .  

b) Polarization-dependent gain variation:  
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As  i n  a) ,  bu t  u s e  a  po l ari zati o n  c o n tro l l e r b e twe e n  th e  vari ab l e  o pti cal  att e n u ato r an d  th e  
co n n e cto r J 1  ( s e e  F i g u re  1 ) ,  re p e at  al l  pro ce d u re s  at  d i ffe re n t  s tate s  o f  p o l ari zati o n  as  
s pe ci f i e d  i n  th e  re l e van t  d e tai l  s p e c i f i c ati o n ,  an d  rep l ac e  pro ce d u re  1 )  wi th  th e  f o l l o wi n g :  

1 )  s e t  th e  o pti c al  s o u rce  to  th e  te s t  wave l e n g th  s p e ci f i e d  i n  th e  re l e van t  d e tai l  s pe ci f i c ati o n .  
S e t  th e  p o l ari z ati o n  co n tro l l e r  at  a  g i ve n  s tate  o f  p o l ari z ati o n  as  s p e c i fi e d  i n  th e  re l e van t  
d e tai l  s pe c i f i cati o n .  S e t  th e  o pti c al  s o u rce  an d  th e  vari abl e  o p ti cal  atte n u ato r  i n  a  wa y to  
pro vi d e ,  at  th e  i n p u t  p o rt  o f  th e  O A,  th e  o p ti cal  po we r Pi n  s p e ci fi e d  i n  th e  re l e van t  d e tai l  
s pe ci f i cati o n .  

c) Maximum output signal power:  

As  i n  a) ,  b u t  th i s  param e te r  i s  d e te rm i n e d  b y re p e ati n g  al l  s te ps  at  d i ffe re n t  wave l e n g th s  
s pe c i f i e d  i n  d e tai l e d  s p e c i f i c ati o n ,  an d  re pl ac e  s te ps  1 ) ,  4) ,  an d  6 )  wi th  th e  fo l l o wi n g :  

1 )  s e t  th e  wave l e n g th - tu n e ab l e  o pti c al  s o u rce  at  th e  te s t  wave l e n g th  s p e ci fi e d  i n  th e  
re l e van t  d e tai l  s p e c i fi cati o n .  S e t  th e  o pti c al  s o u rc e  an d  th e  vari ab l e  o p ti c al  atte n u ato r  
i n  a  wa y to  pro vi d e ,  at  th e  i n p u t  p o rt  o f  th e  O A,  th e  m axi m u m  i n p u t  o pti c al  p o we r  
Pi n  m ax  s pe c i f i e d  i n  th e  re l e van t  d e tai l  s p e c i fi cati o n ;  

4)  acti vate  O A an d  ad j u s t  th e  m axi m u m  pu m p po we r o r  m axi m u m  pu m p cu rre n t  o f  O A to  
th e  n o m i n al  c o n d i ti o n  as  s p e c i f i e d  i n  th e  re l e van t  d e tai l  s p e c i f i c ati o n .  W h e n  th e  O A 
u n d e r te s t  i s  i n te g rate d  wi th  co n tro l  c i rcu i tr y,  th e  O A s h al l  b e  te s te d  wi th  c o n s tan t  
pu m p po we r m o d e  o r c o n s tan t  pu m p cu rre n t  m o d e  an d  m e as u re  Po u t  wi th  th e  o p ti c al  
s pe c tru m  an al yz e r,  as  s h o wn  i n  Fi g u re  1 c;  

6 )  m e as u re  m axi m u m  o u tp u t  s i g n al  po we r b y ad j u s ti n g  th e  p o l ari zati o n  co n tro l l e r u n ti l  a  
m axi m u m  Po u t  i s  ac h i e ve d ,  an d  re pe at  6  a) ,  s te p  5 ) .  

d) Maximum total output power: 

S am e  pro ce d u re  as  f o r c) .  

Th e  s tate  o f  p o l ari z ati o n  o f  th e  i n pu t  s i g n al  s h al l  be  ch an g e d  afte r e ach  m e as u re m e n t  o f  
Pi n ,  Po u t  an d  PAS E  b y m e an s  o f  th e  po l ari zati o n  co n tro l l e r,  s o  th at  s u bs tan ti al l y al l  th e  
s tate s  o f  p o l ari zati o n ,  i n  pri n c i p l e ,  are  s u cc e s s i ve l y l au n ch e d  i n to  th e  i n p u t  p o rt  o f  th e  O A 
u n d e r te s t.   

 

Th e  p o l ari z ati o n  co n tro l l e r s h al l  b e  o p e rate d  as  s pe c i f i e d  i n  th e  re l e van t  d e tai l  s p e c i f i c ati o n s .  
A po s s i b l e  wa y,  wh e n  u s i n g  a  l i n e ar po l ari z e r f o l l o we d  b y a  q u arte r- wave  ro tatabl e  p l ate ,  i s  
th e  fo l l o wi n g :  th e  l i n e ar  po l ari z e r i s  ad j u s te d  s o  th at  th e  O A o u tp u t  po we r i s  m axi m i z e d ;  th e  

q u arte r- wave  p l ate  i s  th e n  ro tate d  b y a  m i n i m u m  o f  9 0°  s te p- b y- s te p .  At  e ach  s te p ,  th e  h al f-

wave  p l ate  i s  ro tate d  b y a  m i n i m u m  o f  1 8 0°  s te p- b y- s te p .  An o th e r po s s i b l e  wa y i s  to  s e l e c t  
fo u r kn o wn  an d  s p e ci f i e d  s tate s  o f  p o l ari z ati o n  to  al l o w m atri x  cal cu l at i o n  o f  th e  re s u l t i n g  
po l ari z ati o n  d e pe n d e n t  g ai n .  

A s h o rt  o p ti cal  j u m pe r at  th e  O A i n p u t,  ke pt  as  s trai g h t  as  p o s s i b l e ,  s h al l  be  u s e d ,  i n  o rd e r to  
m i n i m i ze  th e  c h an g e  o f  th e  s tate  o f  p o l ari zati o n  i n d u c e d  i n  i t  b y p o s s i b l e  s tre s s  an d  
an i s o tro p y.  

Th e  p o l ari z ati o n - d e pe n d e n t  l o s s  vari at i o n  o f  th e  o p ti cal  co n n e cto r s h al l  b e  l e s s  th an  0 , 2  d B  
( ‡ ) .  

7 Calculation  

Th e  cal cu l at i o n s  s h al l  b e  m ad e  as  f o l l o ws :  

a) Nominal output signal power: 

Th e  n o m i n al  o u tp u t  s i g n al  p o we r Ps i g - o u t - n o m  ( i n  d B m )  s h al l  be  cal c u l ate d  as :  

 Ps i g - o u t - n o m  =  1 0  l o g  (Po u t  – PAS E )  +  Lbj  ( d Bm )  

wh e re  

Po u t  i s  th e  re co rd e d  abs o l u te  val u e  o f  o u tpu t  o pti cal  s i g n al  p o we r  ( i n  m W ) ;  
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PAS E   i s  th e  re c o rd e d  abs o l u te  val u e  o f  o u tp u t  AS E  p o we r  th ro u g h  th e  o p ti cal  ban d p as s  
f i l te r  ( i n  m W ) ;  

Lbj   i s  th e  i n s e rt i o n  l o s s  o f  th e  f i b re  j u m pe r p l ace d  b e twe e n  th e  O A an d  th e  o p ti cal  
po we r m e te r ( i n  d B ) .  

N O TE  1  Th e  m e as u re m e n t  e rro r ca n  b e  b e t te r t h an  1 , 5  d B  ( ‡ ) ,  d e p e n d i n g  o n  t h e  o pt i cal  s p e c tru m  an al y ze r 
u n c e rt ai n t y.  

b) Gain: 

Th e  g ai n  G  at  th e  s i g n al  wave l e n g th  s h al l  be  cal c u l ate d  as :  

 G  =  (Po u t  – PAS E ) /  Pi n  ( l i n e ar u n i ts )  

o r  

 G  =  1 0  l o g  [(Po u t  – PAS E ) /  Pi n ]  ( d B )  

N O TE  2  Th e  s m al l - s i g n al  re g i m e  i s  t h e  ran g e  o f  i n p u t  s i g n al  p o we r s u ff i ci e n tl y  s m al l  s o  th at  t h e  O A u n d e r  
t e s t  o p e rat e s  i n  th e  l i n e ar re g i m e .  Th i s  re g i m e  c an  b e  e s tabl i s h e d  b y p l o t t i n g  G  ve rs u s  P

i n
.  Th e  l i n e a r re g i m e 

d e m an d s  P
i n  to  b e  i n  t h e  ra n g e  wh e re  th e  g ai n  i s  q u i t e  i n d e pe n d e n t  f ro m  P

i n .  An  i n p u t  s i g n al  p o we r ra n g i n g  
fro m  –3 0  d B m  t o  –4 0  d B m  g e n e ra l l y  i s  we l l  wi th i n  th i s  ran g e .  

N O TE  3  Th e  m e as u re m e n t  e rro r ca n  b e  b e tt e r t h a n  ±1 , 5  d B  ( ‡ ) ,  d e p e n d i n g  o n  t h e  o pt i c al  s pe ct ru m  an al yz e r  
u n c e rt ai n t y,  m ai n l y  i n  te rm s  o f  i ts  p o l ari z at i o n  d e p e n d e n c y.  I f  l i n e a rl y  p o l ari z e d  l i g h t  ( i . e .  l i g h t  g e n e rate d  b y a  
l as e r)  a n d  a  po l ari z at i o n  co n tro l l e r  a re  u s e d ,  th e  m e as u re m e n t  e rro r ca n  be  m u ch  re d u c e d  b y ad j u s ti n g  t h e  
s tate  o f  p o l a ri z at i o n  o f  t h e  i n p u t  s i g n al  t o  t h e  O A s o  t h at  t h e  o pt i c al  s pe ct ru m  an al yz e r a l wa ys  i n d i c at e s  th e  
m i n i m u m  ( o r m axi m u m )  s i g n al  po we r i n  e ach  m e as u re m e n t .  O n  th e  o t h e r h a n d ,  an  LE D  an d  a  m o n o c h ro m at o r 

c an  b e  u s e d  as  an  o pt i cal  s o u rce  to  re d u c e  t h e  o p ti cal  s p e c tru m  an al yz e r e rro r to  ±0 , 2  d B ,  s i n ce  LE D s  e m i t  
u n p o l a ri z e d  l i g h t.  H o we ve r,  i t  i s  to  be  n o t e d  t h at  th e  o pt i cal  p o we r l e ve l  o bt ai n abl e  fro m  s u ch  a  s o u rc e  i s  m u c h  
l o we r th an  th at  o f  a  l as e r.  

c) Polarization-dependent gain: 

C al c u l ate  th e  g ai n  val u e s  at  th e  d i ffe re n t  s tate s  o f  po l ari zati o n ,  as  i n  7 ,  po i n t  b)  ab o ve .  
I d e n ti f y th e  m axi m u m ,  Gm ax,  an d  th e  m i n i m u m ,  Gm i n ,  g ai n  as  th e  h i g h e s t  an d  th e  l o we s t  o f  

al l  th e s e  g ai n  val u e s ,  re s pe c ti ve l y.  Th e  p o l ari z ati o n - d e pe n d e n t  g ai n  vari ati o n  ∆Gp  s h al l  b e  
cal cu l ate d  as  fo l l o ws :  

 ∆Gp  =  Gm a x- po l  – Gm i n - p o l  ( d B )  

N O TE  4  ∆G
p  d o e s  n o t  n e ce s s ari l y  i n d i cate  th e  p o s s i bl e  m a xi m u m  vari ati o n  o f  t h e  p o l a ri z at i o n  d e pe n d e n cy.  I n  

fact ,  t h e  e vo l u t i o n  o f  t h e  s t at e  o f  po l ari z ati o n  i n s i d e  th e  O A  d e pe n d s  o n  te m pe ratu re  an d  o t h e r p aram e t e rs ,  
an d  t h e  at te n u ati o n  t h ro u g h  t h e  O A u n d e r t e s t  i s  m axi m u m  o n l y  wh e n  e ach  i n p u t  s t at e  o f  p o l a ri z ati o n  
s i m u l tan e o u s l y yi e l d s  m axi m u m  at te n u at i o n  fo r e ac h  co m po n e n t  i n  th e  O A u n d e r te s t.  

N O TE  5  Th e  m e as u re m e n t  e rro r ca n  b e  b e t te r t h an  ±1  d B  ( ‡ ) ,  d e p e n d i n g  o n  th e  o p ti cal  s p e c tru m  an al y ze r  
u n ce rt ai n t y,  m ai n l y i n  t e rm s  o f  i t s  po l ari z at i o n  d e p e n d e n cy.  

d) Maximum output signal power: 

Th e  m axi m u m  o u tpu t  s i g n al  p o we r  Ps i g - o u t - m a x ( i n  d B m )  s h al l  b e  c al cu l ate d  as :  

 Ps i g - o u t - m a x =  Po u t - m a x  – PAS E   ( l i n e ar u n i ts )  

 Ps i g - o u t - m a x =  1 0  l o g  (Po u t - m ax  – PAS E )  ( d B m )  

wh e re  

Po u t- m a x  i s  th e  re c o rd e d  abs o l u te  m axi m u m  val u e  o f  o u tpu t  o pti c al  po we r ( i n  m W ) ;  

e) Maximum total output power: 

Th e  m axi m u m  to tal  o u tp u t  po we r Po u t - m a x  ( i n  d B m )  s h al l  be  c al c u l ate d  as :  

 Po u t - m ax  =  1 0  l o g  (P  o u t - m a x)  ( d B m )  

wh e re  
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Po u t- m a x  i s  th e  re c o rd e d  abs o l u te  m axi m u m  val u e  o f  o u tpu t  o pti c al  po we r ( i n  m W ) .  

8 Test  resul ts  

Te s t  re s u l ts  are  as  fo l l o ws :  

a) Nominal output signal power: 

Th e  fo l l o wi n g  d e tai l s  s h al l  b e  pre s e n te d  

1 )  arran g e m e n t  o f  th e  te s t  s e t- u p;  

2 )  typ e  o f  o p t i cal  s o u rc e ;   

3 )  i n d i c ati o n  o f  th e  o p ti cal  p u m p p o we r  ( i f  ap p l i c ab l e ) ;  

4)  o p e rati n g  te m pe ratu re  ( wh e n  re q u i re d ) ;  

5 )  i n p u t  s i g n al  o p ti cal  po we r,  Pi n ;  

6 )  re s o l u t i o n  b an d wi d th  o f  th e  o pti cal  s p e ctru m  an al yz e r;  

7)  wave l e n g th  o f  th e  m e as u re m en t .  

b) Gain: 

Th e  d e tai l s  1 )  to  7) ,  pre vi o u s l y l i s te d  fo r n o m i n al  o u tpu t  s i g n al  p o we r,  s h al l  b e  pre s e n te d  
an d ,  i n  ad d i t i o n  

8 )  g ai n .  

c) Polarization-dependent gain: 

Th e  d e tai l s  1 )  to  7) ,  pre vi o u s l y l i s te d  fo r n o m i n al  o u tpu t  s i g n al  p o we r,  s h al l  b e  pre s e n te d  
an d ,  i n  ad d i t i o n  

8 )  po l ari zati o n  d e pe n d e n c y o f  th e  o p ti cal  s p e c tru m  an al yze r p o we r u n c e rtai n ty;  

9 )  th e  m ax i m u m  an d  m i n i m u m  g ai n ,  Gm a x- p o l  an d  Gm i n - po l ;  

1 0 )  po l ari zati o n - d e p e n d e n t  g ai n  vari at i o n ;  

1 1 )  ch an g e  i n  th e  s tate  o f  p o l ari zati o n  g i ve n  to  th e  i n p u t  s i g n al  l i g h t.  

d) Maximum output signal power: 

Th e  d e tai l s  1 )  to  7) ,  p re vi o u s l y l i s te d  fo r  th e  n o m i n al  o u tp u t  s i g n al  p o we r,  s h al l  be  
pre s e n te d  an d ,  i n  ad d i ti o n  

8 )  m axi m u m  o u tpu t  s i g n al  p o we r Ps i g - o u t - m a x  

e) Maximum total output power: 

Th e  d e tai l s  1 )  to  7) ,  p re vi o u s l y l i s te d  fo r  th e  n o m i n al  o u tp u t  s i g n al  p o we r,  s h al l  be  
pre s e n te d  an d ,  i n  ad d i ti o n  

8 )  m axi m u m  to tal  o u tp u t  po we r  Po u t - m a x 
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