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cross-correlation operation is performed in the decoder,
and multi-access inierference will appear in the output.

In the proposed method, the structure of decoder
is essentially the same except the phase shifts in G2 is
different with in G4,
consideration of encoder, then decoder.

The length of every subgrating in the SCFBG is
required to be the same and there is little overlap

those so we first take

between the central peaks of the adjacent spectrums.
Thus when the index modulation An is small, the
reflection characteristics of spectral band A, + AA/2

expressed by reflection

(5]

can be approximately

coefficients of the nth subgrating, hence
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when phase shifts are incorporated into the
subgratings, we have
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where « is coupling constant,§B, is the detuning from

Braggresonance ,a, = \/k’ - 88 ,¢;/2 € {m/2,0},
,ifpf(k means the k-th user) is additional phase shift

of reflection coefficient r,. According to Eq. (1) and
(2), the phase shifts between subgratings only
produce a term of additional phase shift for reflection
coefficient r_. The total reflection coefficient is the sum
of the reflection coefficients of all the subgratings.

N
rznglr" (3)
if phase shift (i.e., 0 or 77/2) are inserted between
subgratings according to the address code, which
satisfy the relationship

exp (iX¢)) =] (4)
where ¢! represents the n-th code element of the

address code sequence ¢* = (c*,ct,-+-,c%) of the k-th

user, then
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The n-th code element information is involved in the
refelection coefficient r,. Thus spectral phase optical
CDMA coding based on step chirped fiber Bragg

grating can be constructed.

In order to satisfy exp (ié}(p;‘) =c*,a mapping for
address code needs to be established: no change for
the first code element; for the others, each has to be
compared with the one in front of it, if they are the
same, the mapping code element is 1, otherwise —1.
For example, the mapping code of the m sequence
address code with length7 ( -1 -1 =111 -11) is
(=111 -11 -1 -1). The sequence elements
oi/2e{m/2,01,le {1,N},corresponding to | — 1
1} of mapping code element, is added in front of the
corresponding subgrating. Thus, for G2 in Fig. 1,
from A, + AA/2 to A, = AA/2, the additional phase
shift of the reflection coefficient of each subgrating is;

{yhl = {I_ilipff ={mw,m, 7,27, 2%, 37, 4w!.

m-sequence 1s used as the address code in our
system. Assigning an address code to the k" and v
user respectively :c* = (¢t ,ch, -, ck) and ¢ = (¢!, ¢,
o,ch), where ¢&* e {1, -1} k,ve {1,N}|. It is
widely known that the correlation function of ¢* and ¢°
can be written as

0.() =L S LS g (6)

N< Y NS

which result to 6,,(0) =1 for l =0 and 6,,(1) =1/N
for ] =1 to N. By assigning N cycle shifts 1o N
subscribers, an OCDMA network that supports up to N
simultaneous users can be obtained.

In the decoder, correlation operation is realized.
In order to compensate the additional phase shift in the
reflection coefficients, the step dispersion order of G4
in the decoder is set to be opposite to that of G2 in the
encoder, the code element in decoder is also set in the
reverse order with that in the encoder as shown in
Fig.1 (b). Thus from A, + AA/2 to A, £ AA/2, the
additional phase shift of each reflection coefficient is:

[t =1 S bt =10, m,2m,2m,3m,3m, 3w If the
decoder does not match the encoder, no compensation
can be provided, and a cross-correlation output will
appear. It should be noted that if the first code element
of mapping code is — 1, no phase shift is added to the
first subgrating, as a phase shift of w in the first
subgrating leads to all the reflection coefficient spectral
band experience the same phase shift and as a result,
no influence on the correlation property.

2 Numerical simulation results and
discussions

Numerical simulation method is used to investigate
the performance of the proposed system. Transmission
property of encoder/decoder based on SCFBGs is
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simulated by the use of transfer matrix method. A
series of Gaussuan shape pulse trains of 0. 1 ps pulse
width is introduced to the encoder. The configuration
of encoder/decoder is shown in Fig. 1, where an m-
sequence address code with code length of 7 is
demonstrated for simplicity. Actually the m-sequence
with code length of 15 is used as the address code,
thus SCFBG consists of 15 subgratings, each of length
of 2. 7 mm, and bandwidth of about 0. 3 nm. Bragg
wavelength of the subgrating is increased by a step of
0.3 nm from 1540. 3 nm to 1545. 0 nm. Effective
mode index n; =1.456 and An =2.5 x 10 * are used
in simulation.

The configuration of encoder/decoder is shown in
Fig. 1, where an m-sequence address code with code
length of 7 is demonstrated for simplicity. Actually the
m-sequence with code length of 15 is used as the
address code, thus SCFBG consists of 15 subgratings,
each of length of 2. 7 mm , and bandwidth of about 0. 3 nm.
Bragg wavelengths of subgratings are increased by a
step of 0. 3 nm from 1540. 3 nm to 1545. 0 nm.
Effective mode index n; =1. 456 and An =2.5 x107*
are used in the simulations.

Fig. 2 shows the correlation curves corresponding
to the encoded signal passed through the decoder.
When the
correlation output can be observed in Fig. 2 (a);

decoder matches the encoder, auto-
otherwise, cross-correlation output appears as shown in
Fig. 2 (b). The intensity ratioc of autocorrelation to
cross-correlation obtained is 5:1. From Fig. 2 (a), it
can be seen that autocorrelation peak is not situated
exactly at zero point, which is due to the time delay of

the pulses passed through 4 SCFBGs.
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(a)Auto-correlation curve after signal through
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Fig.2 Correlation curve based on step chirped FBGs decoder
with m sequence of code length 15

In order to satisfy Eq. (1), a small An is
required in writing the encoder/decoder based on
SCFBGs. Fig. 3 demonstrates the auto-correlation and
cross-correlation output curves corresponding to different
values of An. When An =1 %1077, it is difficult to
distinguish between auto-correlation and cross- correlation
outputs as shown in Fig.3(a). If An =3.5 x10"*,
the intensity ratio of the auto-correlation to cross-
correlation becomes 2. 4:1 and the auto-correlation
output can be clearly recognized as demonstrated in
Fig.3(b). For An =1.5 x 10™* the intensity ratio
becomes 7:1 and the auto-correlation output becomes
extremely dominant as shown in Fig. 3(¢).
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Fig.3 Correlation curves with code length 15 under different An

For m-sequence address code, better correlation
property will be got when increasing code length.

3 Fabrication of specially designed
SCFBG

With the development of fabrication technology of
fiber grating, it is possible to fabricate SCFBGs with
precise control of phase shift that needs to be
incorporated into the subgrating. The most direct

method is to use the phase mask with specially
designed phase shift, but such a method is expensive.
Another method is the so called " continuous grating

. (2.6
technique'* *’ |

writing " which effectively writes
gratings on a grating plane and allows the fabrication of
gratings with truly complex refractive index profiles.
This technique uses a simple phase mask with uniform
pitch and relies upon precise control of the positioning

of the fiber relative to the mask and the exposure of
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ultraviolet light used to write the grating. A single
phase mask can thus be used to write a wide range of
complex grating structures.

It is worth notice that too small index modulation
An will result in large loss in the encoder/decoder,
while too large An will influence performance of
encoding/decoding. So appropriate value for An is
need to be consideration in fabrication.

In summary, we have proposed and numerically
simulated a new method for realizing spectral phase
optical CDMA SCFBGs. By

appropriately choose the value of , good correlation

coding based on

property can be obtained.
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