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Abstract

The group delay characteridics of gpodized , linearly chirped dud overwritten fiber Bragg gratings

and their potential as digerdon conpensators have been invedigated. It is denondrated that the group delay
characterigics are dfected dgnificantly by period difference A A and different chirp parameter C. The results
in this paper have inplications on higher order fiber digerdon conmpensation and opticd CDMA.
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0 Introduction

Dud overwritten FBGs will be found potentia
gpplications in optic communication and sendr sygems.
The reflection gectra and group delay characteridics of
dual overwritten fiber grating are digtinguished obvioudy
from that of dnge FBG because o the difference of
phydca dructure between them. The reflection Fectra
characterigics of dual overwritten fiber gratings have been
gudied sytemeticaly in severa articles®*?!.

It is well known that chirped refractive-index Bragg
gratings can be used for conpensating for the digergon of
optical fiber waveguides® . In this paper , the genera
theoretical nodel used for the cdculation of the chirped
dual overwritten grating regoonse is described. The dfects
o the various period difference A A, different chimp
parameter C and gratings length L on the group delay
characterigics of gpodized, linearly chirped dud
overwritten fiber Bragg gratings are discussed. The results
show that it is posible to ocondruct a thirdrorder
digperdon oconpensgtor by usng a dud overwritten
grating. The second gpplication isto use dua ovenwritten
grating as encoder/ decoder in opticd CDMA sygems.

1 Theoretical modd

For genera gpodized, chirped fiber gratings, the
change in refractive index n(z) asafunction of distance
z from the center is

n(2z) = ngt + Oner (2) (1)

Onet (2) :8_nde(Z){1+ vQ0S [2/7_;Z+ &2]} (2)
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where ngr is the dfective refractive index, Sng is the
“dc” index change atialy averaged over a grating
period , v isthe fringe vishility of the index change, A is
the nomind period ,A(z) is the goodization prdfile, and
C isthe grating chirp rate.

Dual overwritten PBG condds of two gratings with
different Bragg wavelength written in the same postion in
fiber. In index liner nodulation by UV photoirradiation,
the total index perturbation induced by dua overwritten
fiber gratings can be conddered as the sum of the index
perturbation induced by each fiber grating. Fom Eq.
(2) , we have

e (2) = OmarAu (2 {1+ s [ 5 2+ G20} (3)

Snzer (2) = Ot Az (2) {1 + v005 [ZAEZH 21} (4)

Ongt (2) = Omuer (2) + Onpat (2) (5

The reflection <ectral characterigics of dud
ovenwritten fiber gratings have been gudied sysemeticaly
by using coupled-node theory!™. However , in this paper
we work with the trander matrix formalisn'®! | based on
thinfilmfilter computational techniques. This method is
based on the sanpling of refractive index variationswithin
the Bragg grating period. In this way , the nog relevant
advantage o the proposed method is that any
ronuniformities of the ABG can be nodded (chirps,
phase shifts, gpodization , etc) with high accuracy.

2 Numerical results

2.1 Index linear modulation

We will invedigate the dfects due to the difference
between the parameters of two gratings. Snply , each the
"dc” index change is assumed to be zero. In the noddls
described above the “dc” index change is st to a sl
vaue while the 7 ac index
change is meintained a the desred vaue , here
v1 Smugr = vo Oagr =8 X10™ 4 by assuming a large fringe
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vighility. Assumingtha A; = A, and Ay = Ay + A A,
The main gpodization profiles, conddered in the present
invedigation, include a Gaussan, a rasdosdne, a
raeddne, and a dne prdfile, etc. Here we
oongder the case of the dneprdfile ,i . e. Ay (z) =
Ax(2) =dn (rz/ L).

When the period difference A A and grating length L
stidy

AAL > A% 7 (6)

The reflection ectra of the two snde gratings are
separate enough , the two gratings are independent of each
other. The relection gectrum of the dua overwritten
grating is composed of two reflection peaks, which have
their own gouwp dday characterigics regectively
determined by their own parameters, as shown in Fg. 1
and FHg. 2. By adjuging the period difference and the
chirped parameter, we can redize different digerdon
conpensgtion in two separate opticd wave band. It is
usful to the disperson conpensation in WDM sygem.
The parameters satify Eq. (6) with vi Smagr = vo Snpes
=8 X10™*, and the chirp parameter C; = C, =5.23 X
10°m %, asshownin Fig. 1, and C; = - C, =7.58 X
10°’m™ 2, as shown in Ag. 2.
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2.2 Index nonlinear modulation

During the early dages of grating growth, it is
ocomnonly assumed that the fiber core meteria reacts
linearly to UV photoirradiation. The illumination causes a

peffect snusidd perturbation of the refractive index in
the Ge doped fiber core. In practice the recording process
is monlinear with continued exposure of the grating
resllting in saturation of the index perturbation.
Gonsdering the saturation dfects, the refractive index
perturbation can be express as' ™

An(E) =Ang[1-ep (- E/ EJ] ()
The index increase of dual wavelength grating can be
written as!!

An(z2) =Anp{l-ep [ - I1(1+ vi00s (2/%2+
1

C1A) - Th(L+ v00s (2A“—22+ CA) 1) ®)

where E is the UV fluence ,A ny, is the maximum index
increase and Esis the saturation UV fluence, 17 and I3
are the fluence index of each grating , regectively , which
are proportiond to the intendty of the UV beam.

In the case of refractive index ronlinear noduletion
the reflectivity and group delay characteri dics are different
from the case of linear nodulation. FHg 3 and FHg. 4 show
the reflection goectral and group delay characterigics with
index ronlinear nodulation. The parameters are as
follows. The greting lenggh L =1 cm,v1 = v, =1, and
I = I, =0. 83. Here we only cond der the case without
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gpodizetion, © the group delay curves for ronlinear
recording (Fg. 3 and Fg. 4) are markedly roider than
those for linear recording (Fig. 1 and Fg.2) .
3 Discussion

From the results above , we can know that the group
delay characterigics of dual overwritten fiber grating were
determined by the period difference A A, chirp parameter
C, and fiber grating lengh L. By adjuding these
parameters, we can get the group delay characterigics
needed. Here we  oondder amther  case.
AssumingL =1cm, A; =1550nm, A, = 1550. 8nm, C; =
- 6.064 X10°m 2, and C, = 6.064 X10°m 2. Fg.5

shows the group delay characteridics of that case.
10 r ~ 200
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By adjuding the parameters of the two gratings,
different delays can be achieved in the reflection gectrum
o chirped dud overwritten fiber grating. One possble
goplication is that such dua overwritten FBGs can be
further expanded as ecidly desgned grating sequences
to meet orthogona code requirements anong different
channel s for opticl CDMA systems'®"1.

At lagt , we condder arother gpplication. It's well
known that the chirped fiber gratings can be used for
higher-order di persion conpensation® ). The diperson
D (A) o a diperdon shifted fiber (DSF) is
goproximetely given by

D(4) = DoL (4 - Ao) (9
where Dy isthe digerdon dope or third-order digerson
(TOD) , Ao is the zero digperson wavdength, and L is
the fiber length. A chirped fiber Bragg grating can only
have a ddlay thet changes norotonically with wavelength ,
therefore , the digerdon characterigic of Eq. (9) cannot
be compensated with a Snge grating. To conpensate that
o Eg. (9) usng fiber Bragg gratings, we mug use a
cacade of two rorrlinearly chirped gratings with different
delay characteridics. However the chirped dud
ovenwritten fiber gratings can achieve a dday that
aoproximately changes parabolicaly with waveength.
Fg. 6 sows tha a regon (1549 ~ 1551 nm) with
goproximately paralolic group delay characteridics is
achieved in the reflection ectra of dua grating. FHg 7

shows the group delay characterigtics of that region which
can be used to conpensate the TOD of a 400-kmrlong
di person shifted fiber. The dotted line corregponds to a

paralolic fit , which is the ided case.
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4 Conclusions

We have andyzed the group delay characteridics of
dual overwritten FB Gs based on trander metrix formaliam.
The group dday characterigics of dua ovenwritten fiber
gratings are diginguished obvioudy from that of snde
B Gs because o the difference of physca dructure
between them. Because of the different characteridics,
dual overwritten fiber grating will be found potentia
goplications in thirdorder digerson conmpensation and
opticad CDMA. This device has the potentid to play an
inportant  role in the future high bit rate optical
trangmisson sygems. In addition, they can d< achieve
different digperdon conpensation in different optical wave
band by adjuging the rmomind period and chirped
parameter of the dua overwritten fiber grating.
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