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Analysis on Energy Fluctuation in High Speed Optical Soliton Transmission System Over

Long Distance with Soliton Controlling

Ruomei Mu (Ph.D Student} Xiongyan Tang (Post Ph.D} and Peida Ye

A Quantum Theory Model

(IEEE

Fellow)

P.0.BOX 57 Beijing University of Posts and Telecommunications

Beijing  P.R.China

[Abstract]

We report the theoretical study of solitons'
collision in active birefringence fiber with the
help of optical quantum theory, and
demonstrate the switching character of
salitons in active soliton dragged logic gate

comparing with passive one,

L Introduction
Recently, Information Superhighway becomes
am  attracting subject , so does in
telecommunication area, Having
property

fransmission system, solitor transmission

incomparable in  high speed
system will be more competent for being the

dominate transmission medium  in
Information Superhighway. Afier the soliton
controlling technique had been emploved in
the soliton system by introducing the filters or
the modulators behind each amplifier . the
well known Gordon-Haus effect!} . which
hinders the improvement of the system
capacity, had been reduced considerably. The
time fluctuation led by the amplified
spontaneous noises will no long be the
ébstruction in the soliton transmission. But .
expected. The

inserting of filters or modulators to suppress

world never develop as

the time fluctuation introduced an excess

100088
gain , which compensated for the loss due to
the limit bandwidth. Thus , the excess gain
resulted in an extremely large amplitude
fluctuation , especially in the high speed
system. Several research{2] had focused on
this subject . For our knowledge, the complete
mathematical model for the

fluctuation , or for energy jitters , has not yet

amplitude

been given,

In our paper , we first derive the full couple
equations about the four operators associated
with the soliton: photon number, phase,
momentum(frequency), and position, from
the noise perturbing nonlinear Schrodinger
equation. The couple equations apply for the
with

soliton transmission

amplified
modulators along the line. Then we discuss

dvnamic

periodically filters and
the energy jitters on the system with filters
and modulators separately. The expressions
for the variance of photon number fluctuation
are presented in both cases. the variance of
photon number fluctuation  increases
exponentially with the distance . Meanwhile.
we figure out the variance of photon number
fluctuation in the following system . which

stands for the energy fluctuation:



If we only take in account the action of filter ,
it shows that the vaniances of photon number
fluctuation are much relative to  propagation
between
bandwidth of the filter = High transmission

rate, distance amplifiers, and
rate , long repeat distance enlarge the energy
jitters . The wide filter bandwidth reduces the
energy jitters. Furthermore, if the bandwidth
of filter is wide enough, the transmission rate
and the reshape distance will make less
effects on the variance of photon number

fluctuation.

Then we give the numencal results of the
system on the modulator action. It is
noticeable that the amplify space in the line
affects energy jitters lightly. Only the high
speed leads of the system to obvious energy
jitters. Comparing action between the filter
and the modulator | we find that there exists a
critical distance in this kind of soliton
transmission. Over that point the variance of

photon number fluctuation increases rapidly.

In the earlier paperf3] , we learned that the
variance of time fluctuation inverses to the
filter bandwidth . How to solve this dilemma
is the last problem we discuss in our paper.
We derive the simplified expression of the
energy jitters and the time jitters on the basis
of enginecr consideration, and work out how
to choose the optimum system parameters of
such soliton system , which may be useful for

the design of the soliton transmission system.

II. Couple quantum equations describing

the perturbation parameters

Mecozzi had given the linearized NLSE

perturbed by modulator, filter and noise[3] as

iAu+j(—Dpz+Df‘rj)Au
oz

. 0."2 1 . 12 2 oyprd »
=~j Dz dut2r U Au+r* SUZ Av)

+AgU, - g ®, [t~ T) +2(t - )T + T,

|
=1

& a 5
+ —=2jp—-p* YU, +S(z,t
Qﬂ(éf' oy P YU, +5(z,1)

1)

where the explain for the parameters 1is the

same as Mecozzi. Here we set out our analysis
from Eq(1), while taking the assumption :
Au=An(2) f,(+48(2) f5(2)+Ap(z) [, (2)
+AT(2)f; (z2)+Au,
)
among . An, A6, Ap, AT are four perturb
parameters of soliton pulse, £, , /5, /. /& are
the solution of eq(1) without the noise, and

eq(1) has adjoint solution &, in the sense of ;
Re[¢, fydi=6,i,j=n,6pT

(3)

meanwhile , the continue part Au, is also
orthogonal to the adjoint function 7, . One
of  perturbation

parameter An, A8, Ap, AT by projecting out

may find the solution

their functional dependence via the adjoint
function. All the calculations is vigorous

approach to the first order in the perturbation.



So we introduce expansion (2) into eq(1), and

take a series of mathematical operation, then III. Solution of energy perturbation
get the following couple equations: parameter An.

é,i"_ An(z)=2=-1gm(z)-%r2 7wy An(z)

2 In a uniform fiber, whose loss is uniformly
—#ﬂi MJ(Z)QH(Z)—W—:QH(Z)

Qile compensated by gain, the noise source S (z,t)
___22_.. An(z) A p(z) +5,(2) is delta function-correlated in space, and its

2 Abt) - :_\n:z) 2D 5.0 spectrum is white, such that:
a1 netC (S*(z.08@E ) =2T8(t' -0d(z' ~2) )

g
EQP{Z)P' Ap()+8,(2)

-
3057

9 AT(z)= —ZDap(z)—-%r’ 7 uwl AT(z)+8,(z (1) filter control

é
(;) For simplicity, we discuss the two control
where - technology respectively. First we address the
variance of energy jitters inserting filter. We
S(z)=Re j S(z,0)¢, (t)dt (5)

set pw?.=0, so the eq. (4) can be written
The last two equations are the same as

as:
Mecozzi. g N
' ) — An(z) = —— An(z)Ap(2)+5,(2)
From the first equation of coupled eqs.(4) , if dz Q! (10)
a 4
we let ' _— —— z
¢ 52 PO 3 OO
1, 5 1 5
Ag=—1'nluw’ +———on “ Y
g 2 MO 3Q§ [P = AT(2) = -2DAp(2)+5.(2)
(6) The filter acts as a restoring force to reduce
thus, the first equation is simplified as: the fluctuation of momentum , and indirectly
_;i AR(z) = —par, AT ) an(z) . compresses the timing jitters. Applying the
z , theory of stochastic differential equation, we
o An(z)A p(z) = 5,(2) can derive the variance of An:
. S iz
Ag is named as excess gain. The narrower 3 2 ., 2, 2 1 = ..
& 0 =2x (=) i N2 (Ze” —l4—e )
filter bandwidth, the deeper modulator density, Q51 3 3
the more excess gain. In the calculation of =
] +N (e* =Dz
BER, we get the ASE noise spectrum B F
(n

N=aphvF(G),G=exp{(a+Ag)L,}
(8)

which is the main reason why the emploving

where N, =2T f2r° n.

(2)modulator control

of filter sometimes may destray the BER. The simple coupled equations is as following:
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Figure 1.a

Fig. 1.a The variance of the photon number
fluctuations along distance versus transmission
rate R for filter case.

Za=50 km
Za=30 km
Za=10 km

R=10 Gbit/s
R=20 Gbit/s
R=40 Gbit/s

—‘?(2- An(z) = ~pw) AT*(z)An(z)+ 8, (z)
dz

a

2 Ap(z)=5,(2)

a—i AT(z) = -2DAp(z]—ér:x:‘u(oi AT(z)} +5,(2)
(12)

The restore force leaded bv modulator can
directly play on the timing jitters. so the
improvement of timing jitters after emploving
modulator is better than filter.

On the other hand , we get the approximately
expression of variance of energy jitters in
this case:

o, =(H,r* n)*[(2D)* N, 2 Z}F

(e -4 _ '?): a3

€

o0 | L

1
8

+N, (e -1z,

td | —

Since the expressions are too complex. we

will discuss relation between energy jitters

and parameter of control technology through

the numerical results.

IV. Numerical results

First | wé give the system parameters we

used.

A=155 gm, D=1.0ps/(nmekm),

I =0.055km™(0.25 d B/ km),R = 10Gbit /s,
7=1/5R,n2 =3.2x 10™(m*/w), Za = 50Km

Like part 1II, we discuss the result in two

cases. Additionally, we normalized the

energy jitters to the soliton pulse energy.

(1) filter control _
Fig.1 show the energy jitters are influenced
greatly by the bit rate. amplify space and
filter bandwidth.
In fig l.a ., it demonstrated the ultrahigh

signal rate lead to serious energy jitters.
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Figure 1.b

Fig. 1.b The variance of the photon number
fluctuations along distance versus repeat space
Za for filter case.

R=10 Gbiv/s
R=10 Gbit/s
R=10 Gbit/s

Za=30 km
Za=30 km
Za=30 km

Fig 1.b describes the shorter amplify space .

the worse energy jitters.



From Fig l.c, we can easy drve the
conclusion as part three, the narrower filter

bandwidth give raise of the energy jitters

0. 8p=— T -
oel f
1 o | I L
< A= gﬂ T 7
0 P—— —f—
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0.3 . _/1 —
0 4 5 8 10 12 14 18

X

Distance (Mm)

Figure 1.c

Fig. l.c The variance of the photon number
fluctuations along distance versus filter
bandwidth for filter case.

Bfilts:r = 20 x Bgiiton
""""""" Bfiltcr = 10 x Bso]iton
T Bﬁlter = 40 x Bsnliton
seriously.

(2) modulator control
we only give the result of ultrahigh soliton
system , since the action of modulator ir; such

system can be demonstrated obviously. (Fig.2)

V. Conclusion

We derived couple equations about the
perturbation parameters of soliton, then solve
order

the encrgy jitters in the first

perturbation. The numerical  results

demonstrate our formula coincide the

cxperiment phenomena.
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Fig. 2 The variance of the photon number

fluctuations  along  distance versus
transmission rate for modulator case.
R=10 Gbit/s Za=50km
------------ R=20 Gbit/'s Za=30 km
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