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Abstract ' All optical gain-clamped (GC) long wavelength band (L-band, 1570  ̂ 1610 mm) erbium-doped fibre amplifier (EDFA) is 
demonstrated using a counter propagating ring resonator, in order to achieve cowsiant gam with minimum gam variation. ITie clamped-gam level 
am be selected by controlling cavity loss using an optical attenuator or la.sing wavelength in the clamping-loop u.smg a tuneable bandpaas filter 
rhe optical gam ot'lhe amplifier decreased from 18.9 to 13 9 dB, and the corresponding noise figure degraded from 4.3 to 6 5 dB for the input 
15K0 nm signal power o f -30 dBm when the clamping-loop attenuation of 1550 nm hvsing wavelengUi is varied from 26 6 dB to 0 dB. Varying a 
lasing wavelength from 1565 to 1540 nm could also be used to control the clamped-gain level from 7 to 18 dB. However, the corresponding noise 
figuie IS deip*aded from 5.6 to 7.8 dB.
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1, In t ro d u c tio n

Tlie exp losive  g ro w th  o f  In te rn e t tra ff ic  h a s  p lace d  severe 
dem and on  h ig h  c a p a c ity  d e n se  w a v e le n g th  d iv is io n  

m ultip lex ing  (D W D M ) sys tem  w ith  h ig h e r  D W D M  ch an n e l 

count. R ecen tly , th e  so -ca lle d  L -b an d  E D F A s (1,2J w ith  th e  

extended g a in  re g io n  o f  1570 ~  1610 n m  h av e  em erg ed  to  
satisfy th e  h u n g e r  o f  tra n sm iss io n  b a n d w id th  w h ile  in  

com bination  w ith  co n v en tio n a l b a n d  (C -b an d ) E D F A  in  a 

single o p tica l fib re  lin k . In  D W D M  n e tw o rk s , s ta b ilis in g  th e  

clianncl g a in  co n s tan t o f  e a c h  E D F A  in  th e  p re sen ce  o f  

dynam ic in p u t p o w er v a ria tio n  o r a d d /d ro p  o f  optical chan n e ls  

IS very im p o rta n t to  e lim in a te  th e  p o w er tra n s ie n t cfTecls a n d  

to m a in ta in  sa tis fac to ry  sy s tem  p e rfo rm a n c e  o f  th e  su rv iv in g  

channels. T h e  o p tica l g a in  c la m p in g  te c h n iq u e  h as  b een  

extensively  ex p lo re d  in  C -b a n d  su ch  a s  fo rm in g  a  feedback  

fibre loop o r  p la c in g  a  fib re  B ra g g  g ra tin g  [3], H ow ever, th e  

gain c lam p in g  te c h n iq u e  fo r L -b an d  E D F A ’s h as  n o t b een  
addressed.

In  th is  c o m m u n ic a tio n , a  d e s ig n  o f  th e  L -b an d  g a in -  

d a m p e d  E D F A  u s in g  a  c o u n te r  p ro p a g a tin g  r in g  re so n a to r 

IS p roposed  a n d  e x p e rim e n ta lly  d em o n s tra ted . A  p o rtio n  o f
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th e  C -b an d  back w ard  am p lified  sp o n tan eo u s em iss io n  (A S E ) 

is  rou ted  in to  th e  feedback  loop  a t th e  in p u t o f  th e  am p lif ie r , 
f ilte red  a t a se lec ted  w aveleng th , a tte n u a te d  a n d  fin a lly  

re in jec ted  a t th e  o u tp u t en d  o f  th e  am p lif ie r . T h e  v a rio u s  
la s in g  w av e len g th  fo r optioal g a in  c la m p in g  o p e ra tio n  o f  th e  

/.-b a n d  G C -E D F A s in  te rm s o f  d iffe ren t c la m p in g  loop  
a tten u a tio n  a rc  ex am ined .

2. E x p e r im e n t

F ig u re  1 d ep ic ts  th e  co n fig u ra tio n  o f  th e  p ro p o se d  L -b an d  
G C -E D F A , w h ich  in c lu d e s  a p a ir  o f  op tica l c irc u la to rs  (O C l 

an d  O C 2 ), th e  co n v en tio n a l fo rw a rd  p u m p e d  / .-b a n d  E D F A , 
a n  o p tica l tu n eab le  b an d -p a s s  f ilte r  (T B F ) a n d  a  v a riab le  

op tica l a tte n u a to r  (V G A ). T h e  c o n v e n tio n a l /.-b a n d  E D F A  
is p u m p ed  by a  la se r  d iode  a t 980  n m  w ith  a  m a x im u m  p o w er 

a t th e  fib re  en d  o f  98  m W . P u m p  a n d  s ig n a l a re  co u p led  in to  
a p iece  o f  e rb iu m -d o p e d  fib re  (E D F ) th ro u g h  a  w av e le n g th  

se lec tive  co u p le r (W S C ). A 50  m  le n g th  o f  e rb iu m -d o p e d  
fib re  w ith  a n  io n  c o n c e n tra tio n  o f  4 0 0  p p m , n u m e ric a l 

a p e rtu re  o f  0 .2 4  a n d  c u t-o ff  w a v e le n g th  o f  962  n m  is  u se d  
a s  th e  ac tiv e  m ed iu m . A  T B F  w ith  a  b a n d w id th  o f  1 .25  n m  

a t  1550 n m  is  p la c e d  in  th e  g a in -c la m p in g  lo o p  to  f i l te r  th e
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C’-band backward ASF and determine the centre wavelength 
of lasing light. The direction of the lasing light is counter
clockwise, which is determined by both OCl and OC2.
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Figure 2. Gain (shaded) and noise figure (clear) as a function of input 
signal power at lasing wavelength of 1550 nm fbr various clamping-loop 
attenuation

the signal gain of the amplifier decreases from 18.9 to 
13.9 dB and the corresponding noise figure degrades from 
4.3 to 6.5 dB for the input power of -30. dBm. It is worthy 
to mention tliai when the clamping-loop attenuation decreases, 
tlic corresponding optical power of the lasing light increases. 
Such an increase induces the incomplete population inversion 
of EDF, and thus the inversion parameter /?sp N2/{N2 -  N\) 
increases, where N2 is the population density of upper 
stale and is the population density of lower state, and 
leading to the noise figure degradation. From Figure 2, the 
strongly damped gain is 14.2 dB while the loop attenuation

equal to 0 dB, corresponding to the strongest laser oscillating 
in the cavity, and the corresponding dynamic input power 
range is about 40 dB (from -40 to 0 dBm).

Figure 3 shows the optical gain and noise figure against 
various clamping-loop attenuations for input signal 
wavelength of 1580 nm and lasing wavelength of 1550 nm.

Figure 1. C'onriguration ot /.-band imp 1 DI A

T he VOA is used to control the cavity loss in the clamping- 
loop. The output of the HDFA can be analysed from the 
output port of OC2 using an optical spectrum analyser 
(OSA).

3. Results and discussion
Figure 2 show.s the gain and noise figure characteristics of 
the /.-band GC-FDFA as a function of input signal power 
against various clamping-loop attenuations with the lasing 
wavelength fixed at 1550 nm. The input signal wavelength 
from tunable laser source (TLS) and pump power is fixed 
at 1580 nm and 98 mW, respectively. It is found that when 
the clamping-loop attenuation changes from 26.6 dB to 0 dB,
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Figure 3. Gam and noise figure against various clamping-loop attenuations 
for input signal wavelength of 1580 nm and lasing wavelength ol 
1550 nm.

The input signal power and pump power is fixed at -30 dBm 
and 98 mW, respectively. By varying the clamping-loop 
attenuation from 0 to 16.5 dB, the clamped-gain is controlled 
from 14.2 to 18.9 dB. The gain is a monotonously increasing 
function of the attenuation from 0 to 16.5 dB. As for tuning 
efficiency, the clamped gain is varied for a different 
attenuation tuning with an allowable linearity of 0.28 dB/dB 
in average. We find that when the clamping-loop attenuation 
is above 16.5 dB, the optical gain becomes consistent at 
18.9 dB and the corresponding noise figure is 4.4 dB. In this 
region, the cavity is operating below lasing threshold. 
Therefore, the condition for clamping effect is not satisfied. 
It is also worth mentioning that when the clamping-loop 
attenuation decreases from 16.5 dB, the gain-clamping effect 
enhanced but the noise figure degraded.

In Figure 4, the impact of varying the lasing wavelength 
is shown for clamping-loop attenuation of 0 dB. The input
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Figure 4. Gain as a function of input signal power for different lasing 
wavelength.
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signal wavelength and pump is fixed at 1580 nm and 98 mW, 
respectively. The figure shows that the clamped-gain level 
IS reduced with tuning the lasing wavelength nearer to the 
si»nal wavelength. The maximum gain is achieved with 
lasing wavelength of 1540 nm. Changing the lasing 
wavelength from 1565 to 1540 nm is able to control the 
clamped-gain level from 7 to 18 dB. However, the 
corresponding noise figure is degraded from 5.6 to 7.8 dB 
as shown in Figure 5. The lower clamped-gain causes the
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Figure 5. Noise figure as a function o f  input signal power for difl'ercnt 

lasing wavelength

population inversion to be clamped at a lower level and 
degrades the noise figure. Figure 5 also shows that the noise 
figure has a dip at high input signal power, especially for 
lasing wavelength of 1545 nm which gives a dip at -5 dBm

input signal power. The dip is attributed to the interplay 
between self-saturation by backward amplified spontaneous 
emission (ASE) and self-induced saturation [4].

4. Conclusion

A |ain-clamped I-band EDFA using a counter propagating 
rin| resonator has been presented. The clamped-gain level 
an4 noise figure can be selected from 18.9 to 13.9 dB and 
fr(^ 18.0 dB to 7 dB, respectively, by controlling the lasing 
wavelength and clamping-loop attenuation. However, the 
noie figure is degraded with the maximum noise figure of 
7.^ dB as the clamped-gain is decreased due to the lower 
levVl of population inversion. This i-band gain-clamped 
ECpFA in combination with C-band gain-clamped EDFA in 
a {liirallel configuration may find important applications in 
DWDM broadband systems and networks to provide constant 
gain with minimum gain variation in the presence of dynamic 
input power variation and add/drop of optical channel.
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