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ABSTRACT

Gain of dual pump parametric amplifiers has been analyzed with respect to
different fiber parameters. It has been observed high gain is achievable of up
to 51 dB using normal pump powers of less than 1 W over a wide bandwidth
of more than 150 nm using dual pump parametric amplifiers. Careful
optimization of dispersion parameters is required to achieve flat gain with gain

ripple as low as 2 dB.
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INTRODUCTION

Parametric amplification in optical fibers
was first observed this way by Stolen in 1975 [1]. In
[2], Marhic et al. showed that by tuning A, near A, it
is also possible to obtain gain regions that are
hundreds of nanometers wide, even with commonly
available communication fibers, and reasonable
pump powers (of the order of 1W) . Wong et al [3]
reviewed the progress on FOPA emphasizing on its
advantages- High Gain, large variety of gain spectra,
large gain bandwidth upto 400 nm, tunable gain. [4]
OPA
architecture that provides a nearly flat gain over a

Theoretically investigated a multi-section
100-nm bandwidth without any gain-equalization
filter.

and by tuning the pump wavelength near ZDWL,

[5] By suitably choosing the fiber properties

wide gain bandwidth can be achieved. Using single
pump parametric amplification in HNLF, maximum
on-off gain of 65 dB is achievable over 400nm
bandwidth. In dispersion-shifted fibers, tunable gain
regions less than 1 nm wide, up to 200 nm from the
pump were achieved. [6]Effects of zero-dispersion
wavelength (ZDWL) fluctuations on dual-pump fiber-
optic parametric amplifiers were found to be highly
non-uniform. Signal gain also varied considerably

from fiber to fiber. Reducing the wavelength

separation between the two pumps minimizes the
effect of ZDWL fluctuations on gain but at cost of
[71Gain of 29.2 dB
with 0.63W of single pump using high repetition rate

reduced amplifier bandwidth.

pulsed pump was achieved. [8]The demonstrated
peak gain of 91.4dB in high nonlinear PCF with
effect of ZDWL fluctuations and low
dispersion slope over a very wide spectral range. In
[9], Mussot et al demonstrated PCF based
all-fiber parametric
amplifier in the 1 um band with a record bandwidth
of more than 20 THz with \peak gain of almost 40 dB.
In [10] single pump FOPA was investigated for 8-

minimal

continuous-wave optical

channel WDM system. It was shown for low number
of channels the dominant cause of performance
degradation at high power levels is the nonlinear
effects of the transmission fibers rather than the
nonlinear cross-talk due to the FOPA. But for large
number of WDM channels the nonlinear cross-talk
due to the FOPA
performance degradation at large power levels. Use

is the dominant cause of

of dual-pump FOPA for generation of uniform pulses
[11] with duty cycle of 0.265 and 5 Ghz pulse
repetition rate over 40 nm bandwidth by bounding
the phase mismatch between -3yP, and yP, to
achieve a constant peak gain was demonstrated. PCF-
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based optical parametric amplifier [12] pumped by a
homemade mode-locked ytterbium doped fiber laser
was demonstrated to give maximum parametric gain
of 58 dB from 999 nm to 1139 nm when pumped
near the zero dispersion wavelength. The dispersion
and nonlinear properties of the PCF are exploited to
fulfill the phase matching condition for four wave
mixing (FWM).

Theoretical Model: Fiber-optic parametric amplifiers
(FOPAs) employ the nonlinear phenomenon of four
wave mixing (FWM) to transfer energy from one or
two strong pump fields to weak signal fields. Since
then, FOPAs have proved to be a versatile for
important applications [13], [14].

FWM is governed by:

Wy =Wy + Wy —wg (1)

Where, w;, w,, w3 and w, are two pump frequencies,
signal frequency and the idler frequency.
For length ‘I’ of HNLF used for
amplification gain of signal is expressed as:

1+(1+K:f4gg)sinhg (g{.)l (2)

parametric

G(w3) =

2 2 K\?
Where, g° = 4y“ P, P, —(:) for ‘v’ as non-

linear coefficient and P4, P, are pump wavelengths.
RESULTS AND DISCUSSIONS
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Figure 1 Single pump vs dual pump gain variation for
pump powers of 1W in 100m of HNLF, y=10W ‘Km™,
B,=-2.2X107 ps’/km’,B,=1.34X10"" ps*/km* ko= 1550
nm,Ap=1540.2 nm (single pump) and A;= 1540.2nm
and A,= 1560 nm(dual pump)
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Figure 2 Gain curve of dual-pump single-section

FOPA with  y=18 W-1km-1, Ay=1550 nm, Ap;=1540

nm, Ap,=1560 nm,P1=P2=1 W, L=0.1 km, B85=0.12
psakm'land 6°=2.5x10" ps4km'1.

Compared with that of single-pump FOPA, the gain

flatness of dual-pump FOPA is considerably improved
[14] asis seen in figure 1.
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Figure 3 At constant B, =10 variation of gain with B,
using HNLF with attn=0.8db/km and L=500m with

A1=1495 and A,=1570,y=17.
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4 Variation
P,=P,=0.25W, B3=0.1, B,=10"" ps/nm*/km using HNLF
with a=0.8 dB/km and L=500m with X;=1495 and
1,=1570

Figure pump FOPA at
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of pumps wavelengths closer to ZDWL, A,=1540 and
A,=1600 gain is stable at 20.8428 dB.
As observed from figure 7 as length of HNLF used for

As seen value of B4 has little effect on gain and is
mainly dominated by second order dispersion

parameter.

parametric amplification is increased gain increases.
With fiber length ‘L’ = 200 m maximum gain is 10.24

35 ! ! ! !
1400 1480 1500 1580 1600 =
Wavelengthinrm)

Figure 5 Variation of r= AB/y(P.+P,) at different
values of y, P;=P,=0.25W, B,=0.1, B,=10"* ps/nm*/km
using HNLF with a=0.8 dB/km and L=500m with
A1=1495 and A,=1570
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Figure 6 Variation of dual pump gain with different
values of pump wavelengths P;=P,=0.25W, [(53=0.1,
[34=1O'4 ps/nm*/km using HNLF with a=0.8 dB/km and
L=500m

When pump wavelengths are detuned at A,=1495
and A,=1595, maximum gain achieved is 2 20.8428
dB, while dip in gain is reduces gain to minimum
20.01702dBat 1544 nm. For asymmetrical pump
detuning towards the ZDWL, at A,=1495 and A,=1565
maximum gain starts reducing to 20.8422 dB over
88nm flat gain bandwidth from 1486 nm to 1574 nm
deepens to 19.1547 dB.
symmetrical pump wavelength tuning A,=1525 and

while gain dip For

A,=1575 maximum gain is 20.8428 while minimum
gain in flat gain bandwidth is 20.670. Further tuning

dB over 102 nm bandwidth from 1480 nm to

nm while gain dips to 4.677dB at 1530nm.

increase in fiber length to 500 m maximum

1582
For
gain

increases to 15.0058 dB with gain bandwidth of 90
nm from 1486 nm to and gain dip occurs at 1530 nm
with gain =9.7798 dB. But as we increase fiber length
from few meters to ‘kilometers’ increase in gain
starts getting saturated and beyond fiber length of
10km no significant increase in gain occurs.

HNLF
attenuation higher than single mode fibers. The

used for parametric amplification have
effect of gain variation with attenuation in dual pump
parametric amplifiers is shown in figure 8. For HNLF
the attenuation varies between 0.3 to 1 dB/km. But
value of attenuation is generally kept high around
0.8dB/km. As the attenuation increases the gain
decreases For shorter lengths attenuation effect is
negligible both for dual pump as well as single pump
parametric amplifiers as length of fiber used is small
~ 100m. In case of PCFs fiber length used is small as
50 m because highly non-linear characteristics of PCF
give high gain to signal along with idlers. For this
reason effect of attenuation is generally ignored by

considering only actual length of fiber.

¢ =l o
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Figure 7 Variation gain at different values of fiber
length ‘L’ at P;=P,=0.25W, A,=1545 nm and A,=1565
and y=11.45
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Figure 8 Variation gain at different values of
attenuation (a) at P,=P,=0.25W, using HNLF L=500m
with A,=1495 and A,=1565 and y=11.45

Conclusion

We have analyzed the performance of dual

pump parametric amplifiers with respect to different

fiber parameters. Results show careful optimization

of HNLF parameters leads to flat gain parametric

amplification over wide bandwidth with gains as high

at 51 dB with normal pump powers of less than 1 W.

This is important for design of wideband high gain

tunable amplifiers required for evolving broadband

communication systems.
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