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Abstract

Spectral-amplitude-coding optical CDMA systems using codes based upon Hadamard matrices have very restrictive

code lengths of 2" and high phase-induced intensity noise(PIIN). In this paper a new code family, namely modified
Hadamard code, is proposed to relax the code length restriction and the number of simultaneous users. The improved
performance of the proposed system is analysed with the consideration of noise.
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II. Modified Hadamard Code Designs

1. Modified Hadamard Code2 74
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Table 1. Modified Hadamard codewords when M=3.
k codeword C,
1 00000101
2 00000011
3 00000110
4 01010000
5 00110000
6 01100000

(423)

28t Modified Hadamard Code

matrixs= T3 Zo] 3x49 normalized Hadamard
0101

matrix H; = (00117} =™ 7} 3& normalized
0110

Hadamard code”} # T},
o] H; matrixs WH A Hy matrixe= 2] (2)¢F 2

o).

00000101
00000011
00000110
01010000("
00110000
01100000

o] matrix?] 7} #-& <& 1>¢] codeword C,ol WERY}
21+ modified Hadamard code”} 1t} oA A st 4
o]l Hadamard matrix®] 7} 3< 3¢ normalized
code®] ZolE 40l o}  modifided
Hadamard codeword®] Zol= 4x2=8% Z7}5H ¥
™ codeword®] it F W ® F7bek 60] Hr} FLE
0 0 M
0 H; 0
Hy 0 0
S 4 222 modified Hadamard codeword®] 2 o] <}k
AHE 7V5 e codeword 8 FAEAl 283 4 9tk

= 4

) AH8AF 4 K, ¢ codeword Zo] N7 BAE

m

@)o.z vepd = 9l

Hadamard
=

(<3}

WHoR H, & 7o R =}

=
=

B! Hy=

K,

3 - (3)

2. N2" Sy

Modified Hadamard codeZ&
CDMA Y E9 == 29 13 o] 4
Mol F541717} star couples A= o
A EHA AFER 41719 S3Y incoherent optical
source?] LED(light emitting diode) Z5-E] 2= Hloj
electro-optic  modulator(EOM)E  ©]&3}4]  on-off
keying@ Hl = A82te] ARE A=tk 7} dlojHe| 3|
3= fiber Bragg grating(FBG)oll A
spectral slicing @B| & encoding® th. FBGOllA WAL
spectrum> AF&#+] modified Hadamard code®ll
(Ck.17“'7ck,1\')i el o 7] A
N code®] Zol7b H|H ¢ €{0,1} for 1 <n< N

o] %5} fiber—optic

E /\ O]E]‘ Km
skl A=

BT =

5= code vector C, =



20119 88 MASets ==X X 48 # SD #H X 8 = 7

FBG

LED EOM

PD1
Star coupler

n_U d

ser 1 data
User 1 data P2
LED EOM
PD1

™ K
D2 User K data

User K data N
% 1. Spectra-amplitude OCDMA A| A&
Fig. 1. Spectral-amplitude OCDMA system.

kA AL8219) spectral code?} H T}
K,, X K,, 2| passive star coupleri= ©] A]Z~Elo]| A
local network AH82AHE AZAs= 93-S StEE
{2F9] A7) spectrum encoded 213
71 Al broadcaststAl ¥ Tl whEhA

spectrum= EE AEA7E Fa08E Al

_o,]

fol

K
r=3d,c.0ol Brk o Aol g.e{0,1} for k=1,..,K
k=1

= kWA AFE2E9] information bito] il K A 4
AR} grolt), =AIERS: optical bandpass
filer(OBF)& At&ste] O FolA 0o=vE 44
blocks A|A3stx FBGZ T4 % optical correlator®t
balanced receivers A&kl F4l¥ A F=HE
3= A3 E FE9 W) Correlatord &do= 93
= Azl H3hA multiple-access
interference(MAD 7} EA 5 o] glorz MAIZ Z0]7]
$8t orthogonal codeE AME3ith & =FoAe
orthogonal code® modified Hadamard codeE A}-&3}
31 FBG$} balanced receiverS decoder@ Ah-&-8h},

o] A|~dle] F2& ApA|8] AHety] Yste] #4171
Hol <X 1>9 A HA codewordE A3 A5 o=
=k FA1719] $Eef 91 A% OBF= 29| 4 bitE #1A
B2 4, 59 6W codewordg AH&-3h= MALE 7] A7
3lo] phase-induced intensity noise(PIIN)Z 7FAA]7]+=
715< dlFth FBG1 29 49 25 & WAA| 74l U
A B AL G & 4hitE AAS data '1'9] 3
Z3l= 010172 PD(photodiode) 1014 A18H 5 3l
AFEAE 1T W(k=1D)oA AEE 27| JaidE ¢ 9
codewordE AH&3foF atRE U] codesS AHEA
1HA A= 2% interference”} ©tt. kgkol 4, 59 69 7
¥ OBFelA B5F AAEHIL kgto] 29k 391 74
FBGLol A 77} 15h9] A WAL B F e o] A2 e
PDoll A =215 o] balanced detector oA A= A% =

ek Qe

g Az

O
T

2 interferenceEo] ¥ A|AHE FZolt}

3. N2 45 =4

Encoding process ©|% passive star couplerol ] &
& 71 optical bandpass filterS #'¢ codeword?] 2
ol Neolgt & uwf 11 5L N/2719 02 N/27)
of T= FAH i 7} codeworditoll= 7483
N/270e) 1AM Fde gh& zhar YA N/27
o] fAdgAE e gE et ¢ 6@)E kWA
codeword?] A 24 8 codeworde] 542 4

(4= vehdoh

oly z+

=

=

N g, k=1¢
ch(i)c/(z) N kts1,--, K, .(4a)
=1 —, k=t

4
N 0, k=/
Z_;ck(z)cg(z)z IN’ b ki<, K, (4b)
(A F=A1719] PD1¥ PD29lA] power spectral

density(PSD)+= 4] 5)Z JEd &= 9t

Gi(v) = 2 kfjldkifjlckmq (i) - (50)
{u u—yo—%(—N+2i—2)]}
—u[v—uo—%(—N+2i)]-

G, (v) = Z*‘; éd’“ﬁc’“(im(i) .

{u y—uo—%(—NJrZi—Q)]} (5b)
—u y—yo—%(—N+2i)].

o714 P, 2 single sourceZ4%-E] OBFE £33+ &
of ¥ AHE Y Aves o] A%< optical
bandwith& WEHH™ w[v]= 4 ()22 FAIE unit

step function®|t}.

= {17
0,
Total incident optical power2} mean square optical

powers ZHzF A (MEZ YR = 9)

/000 G, (v)dv=

v=>0
v <0.

©)

ulv]

ST

(7a)

P
1 (K+d,).



8 Spectral-Amplitude—Coding Optical CDMAE

oo p?
GHv)dy= —=
o, , (7b)
E{c[(z) Lz]dkck(z)] . [ E dmcm(z)] }
i=1 =1 m=
o P
G, (v)dv= 487 (K—d,) (7c)
0
I p?
GHv)dy= —=
oL A (7d)
E{CI(Z) [}deck(l)] ¢ E m m ]
i=1 =1 m=
Photocurrent 7= 4 Q)2 ZAIE 4 Qth
— L= R/O G'l dV—R/O G2 Q
RPS7d[
2

o]

21 (8)ol Al RE PDY responsivityZ2H R= ;Z—e

VC
W nE quantum efficiency, e electron’s charge, h
= Plank 44, v, optical source?] F3F3l=o]t)
A A photocurrent®] variance™ PIIN, shot
noise$} intensity noise® TAEH™ 2 (9= Yepd
ATt

=1 )+ (I )+ {8y )
=2eB(I, + I,) + BI't,, + Bl 1, +

-

.

v

AK,T,B
R,

)

/000 G*v)dv
/OOO G(V)dl/} 2

Boltzmann's constant, 7,

2 (9)ol A coherence time 7, =

= ued 5 slen K=
1 1 i ol R, &
absolute receiver noise temperature®]il [

o] ®th

KR
T

receiver load resistance®|t}. WA 2] (10)

<[2>=QeBR[fmGa(u)du+fmG§(y)du

0 0
4[(,)TB
+BR2/ Gv du+f GHv

0 0 RL

(10)

28t Modified Hadamard Code

=
»—I—U T

TEA 119 A 14 ()=

RP, K
2

Al
2]

b L+1 =

= Y3 noise powers=
(1) = Fox7t},

BR*P2 K(K+1) N
4A\v

4K, 1T B

bt n

7 (11

{(P*)=e¢BRP, K+

AAZ 7 AGAL TS 45T BEE Lolnw

noise power= 2 (12)7} Ft}

4K, T, B

b+t n

Ry

eBRP,K BR*P? K(K+1)
2 8Av

(PP)= . (12)

99 A#E o]83t9 signal-to-noise(SNR)S -3}

ook 4 (13)] €tk
(h—b)
SNR
()
_ 4
¢eBRP, K BR*P:K(K+1) 4K, T,B
SR 8AV * R,
(13)

Gaussian approximations 7}43t12 BER(bit error

rate)S T8 2 (14)7} €t
1 SNR
P, = 5 erfc(\/j)- (14)
<E 29 9E FES o]838le] 7} single source®
HE Fal7le] meel g Zheo] -10 dBm, -20 dBm
a8l -25 dBm?l A EA AR & KE WSHA|
g AnE 19 2¢] YERGITE 1

77t BERS A4t
Y 2004 HEo] FAALEAL 7 A=15 4 W& Al
7HA 7ZS-e] 4ol teld P, =10 7S wEAT=

2 M=15% 7|22 349 modified Hadamard code
= o]&3k gpectral-amplitude-coding OCDMA A] 2~ €l
& ERHow FHE F vk

o9} & Z¥= modified Hadamard code®] A<t
© % optical bandpass filterg Al=glo] F7}sto]
=i [1olA 9 o] A8t 7F F7F5hel whet BER



2011 88 MXASSe ==X H 48 # SD H

ir

2. BER 7ol ALZE #UE.

Table 2. Typical parameters used in the BER
calculation.
PD quantum efficiency | n =10.6

Optical center
frequency
Electron’s charge
Plank’s constant

v, =194 THz(1550nm)

e=1.602x10" " (C)
h=6.626<10"* Js

Responsivity R= ;Z € —0.7477
Effective power P, =-10,-20,-25 dBm
Optical bandwidth v=375 THz
Receiver electrical B =580 M

bandwidth
Boltzmann's constant

K,=1.38x10"% J/K

Absolute receiver noise

T, = 300° K
temperature
Receiver load resistor | £2;, = 103042
Data bit rate R, = 155 Mbps

—— 10dBm
—-— - 20dBm
———25dBm |

Bit error rate
=

! I
25 30 34

1
20
Mumber of simultaneous users

P,,.=10 dBm, -20 dBm and -25 dBm¥ mf &
AALZ XL =0 2 BER

BER versus number of simultaneous users
when P,,.=-10 dBm, 20 dBm and -25 dBm.
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