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Abstract—We have constructed a series of new code families system performance [4]. It has been shown that the effect of
for the spectral-amplitude-coding optical code-division mul- PJIN is proportional to the square of photocurrent and the
tiple-access (CDMA) system, and proposed new transmitter and system performance cannot be improved by simply increasing

receiver structures based on tunable chirped fiber Bra ratings . - ,
(FBGs). The proposed system has beer? analyzed b?/gtagking ?nto the received optlcajng?wer [‘L::]' To SgE’E"eSS PIIN’s effect, a new
=L 4°=1 4" =1} has been intro-

account the effects of phase-induced intensity noise, shot noisecode defined ag £ s i e
and thermal noise. We have also compared the performance of q4,ced in [6] based on the theorem of block designs. It has been

this system with that of a former system where a Hadamard : . : .
code is used. It has been shown that the new code families canfOund that the intensity noise can be effectively suppressed by

suppress the intensity noise effectively and improve the system using this COd_e and, hen(_:e,_a higher signal-to-rloise rat_io (SNR)
performance significantly. When the effective power is large (i.e., results. The higher SNR is, in fact, due to the higher ratio of the
>—10 dBm), the intensity noise is the main factor that limits the autocorrelation peak to the fixed in-phase cross correlation as
system performance. When the effective power is not sufficiently compared withm-sequence or Hadamard code. However, no
large, thermal and shot noise sources become the main limiting clear code construction approach was presented in [6]. In this

factors and the effect of thermal noise is much larger than that of .
shot noise. paper, we have proposed a series of igt-p, p+1, 1) codes

Index Terms—Fiber Bragg gratings (FBGs), modified quadratic for each p“'f”e numbep based on the quadratic congruence
congruence (MQC) code, multiuser interference (MUI), optical (QC) codesin [7]. It has been shown that these new codes have
code division multiple access (CDMA), spectral amplitude coding. Similar properties with the former code in [6].

In recent years, fiber Bragg gratings (FBGs) have been used
to implement the encoder—decoder for optical CDMA. A novel
coherent spectral phase-encoder composed of FBGs has been

PTICAL code-division multiple-access (CDMA) sys-proposed in [8]. Similarly, we have designed both the trans-

tems are getting more and more attractive in the field efitter and receiver structures for an SAC system based on our
all-optical communications as multiple users can access f@posed new codes. We have also analyzed the performance
network asynchronously and simultaneously with high levely Gaussian approximation taking into account the effects of
of transmission security [1], [2]. Spectral-amplitude-coding|IN, shot noise, and thermal noise. The result has been com-
(SAC) optical CDMA systems are now receiving more atterpared with that of a former system where a Hadamard code is
tion because the multiuser interference (MUI) can be cancelgsed [5].
when code sequences with fixed in-phase cross correlationt has been pointed out that when both the PIIN and shot noise
(such asm-Sequence or Hadamard codes) are used [3]. L&fe considered, the count of the arrived photons obeys negative
A = )—i %iy; be defined as the in-phase cross correlatigginomial distribution [4]. If there is only one active user, the neg-
of two different sequenceX’ = (w1, z, ... xn) @ndY = ative-binomial-distributed photoelectron counting will result in
(41, y2, - .- yn). We can denote a code W, w, A) where 5 |ower bit error rate (BER) than Gaussian approximation be-
Nis th(_e length.w is the weight, and\ is its in-phase cross cayse of its lower probability tails [9]. This result has also been
correlation. verified experimentally by Dennis and Young [10]. However, in

However, as broad-band thermal sources (BTS) are usedyiioptical CDMA system, the pulse hit (overlap) often occurs
such systems, the phase-induced intensity noise (PIIN) thahecially when the active user number is large. Therefore, it is
is due to the intensity fluctuation of BTS severely affects thasonable to use Gaussian approximation in such a system.

The rest of this paper is organized as follows. Section Il is
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TABLE |
SEQUENCESY.., s(k) AND s, s(k) WHENp = 5, d = 1, AND b = 2

alp Y ,S(k) Sy B(k)

0(0]| 014412 10000 01000 00001 00001 01000 00100

110} 144103 01000 00001 00001 01000 10000 00010

410 101441 01000 10000 01000 00001 00001 01000

113] 422433 00001 00100 00100 00001 00010 00010

314 304030 00010 10000 00001 10000 00010 10000
Il. CoDE CONSTRUCTION AND CODE PROPERTIES 45,®

A. Codes Construction

H Y0 1014412

t

»
(R

The new proposed code familiég® + p, p + 1, 1), which
are referred to as modified quadratic congruence (MQC) code
can be constructed using the following steps.
» Step 1:We first construct a sequence of integer numbers
asy., s(k) that are elements of a finite field G&) over
an odd primep (p > 2) by using the following expression: 50,00

® {[d(k+a)2+/3](m0dp), k=0,1,...,p—1 EEmmmE mEmw B EEEEE NS
Yo, s =

100000100000001000010100000100
[+ bl(modp), k= p

O = W

(1) Fig. 1. Generation ofig, o(k) ands,, o(k)forp =5, d=1,b = 2.

whered € {1,2,3,...,p — 1} and b, or, B €
{0,1,2,..., p— 1}. Each resulting sequenag, (k) Because of these two properties, MQC codes are much better
has (p + ]_) e|ement3, and we can gener@f’edifﬁérent than Hadamard codes for the SAC Optical CDMA systems. The
sequences for each pair of fixed parametérand b first property can be easily obtained from the mapping method
by changing parameters and 3. Thesep? different @as explained in step 2, and the second one comes from the fol-
sequences form a code family. Therefore, there are, Ifwing definition and theorem.
total, p(p — 1) code families whem andb change. Definition: Letn be a fixed positive integer. Two integets

« Step 2:We next construct a sequence of binary numbe@§ld® are said to beongruent modula, symbolized byn =
(O, l) ass, B(k) based onthe generated Sequejw@(k-) b(mOdTL), if n divides the difference — b; that iS, prOVided that

by using the fo”owing mappmg method: a — b = kn for some integek. For examp|63 = 24(m0d7)
Theorem: Let d andb be constant numbers apde a prime
U if i =kp+ya, k), number > 2). Then the following congruent equation has one
Sa,5(1) = incongruent solution except when = «-» andg; = 3, where
0, otherwise there arg(p + 1) incongruent solutions:
(2)
Y = Ya1,p1(k) = Ya2, g2(k) = 0. (39)

wherei =0, 1,2, ..., p?> —landk = L%J Here,|4/p|
denotes the largest integer less than or equal to the value proof: It should be noted that whea{ = az andg, =
of (i/p). /3,) the two sequences are the same. Therefgre; 1) incon-

In Fig. 1, we have shown the procedure for generating (0, d)uent solutions result in that case. To solve (3a) under other
sequence,, s(k) based on the number sequenges (k). We  conditions, let us substitute (1) into it and consider the following
have also shown some code sequences in Table | for parametigtscases.
p=>5d=1andb = 2. Case 1) Whet =0, 1, 2, ..., p — 1, then (3a) becomes
B. Properties of MQC Codes

2d( vy —cw)k+dai—das+p1—B2 =0 (modp) (3b)
For a given fixed value of, we can construdip — 1) distinc-

tive code families by using different values of parametein whered € {1,2,3,...,p — 1} anday, oz, B,
each of these families, there ar&code sequences having fol- B2 € {0, 1, 2'7 o p—1}. Notihg thatp > 2, this
lowing properties. equation can be analyzed as follows. When #
+ Each code sequence hgls+ p elements that can be di- a2, by Lagrange’s theorem and its corollary, there
vided into(p 4+ 1) groups, and each group contains one exists only one solution given by

“1"and (p — 1) “0"s.
* In-phase cross correlationbetween any two sequences _ d(a3 —a?)+ B — B
is always equal to 1. k= 2dcs — ) (modp). (3c)
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Fig. 2. Block diagram of the SAC optical CDMA system.
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Fig. 3. Block diagram of SAC optical CDMA systems using MQC code.

Whenay = azandp; = s, there arep solutions  data bit is “1” and a pulse with complementary spectral dis-
for k& in (3b) whereas when; = asandg; # 2, tribution A(v) when the data bit is “0.” The shape df(v) is

no solution can be obtained. a sequence of spectral pulses arranged according to Hadamard

Case 2) Whert = p, (3a) becomes code. All pulses from all users are mixed up at the star coupler,
and then this superimposed signal is sent back to each user. At

oy —az =0 (modp). (3d) the receiver, the received optical signal is split and decoded by

two complimentary decoders at first. Then, after balanced detec-
tion, low-pass filter (LPF), and threshold decision, the original
data can be recovered. In [5], it has been shown that the MUI
can be eliminated in such an optical CDMA system.

This equation is valid only when; = a» and its
solution isk = p.

Consequently, when; = i ands; = o, there are, in total,
(p + 1) solutions ofk in (3a). Whereas when eithe®{ = «»
andg; # f2) orag # «z, (3a) has one solution &f Therefore,
there is exactly one solution férexcept ife; = o and3; =

B. An SAC System Usir(dm:*l ¢ 1 (IWlfl) Code

1 > q=17 g¢g-1

B2 when there arép + 1) incongruent solutions. A detailed functional block diagram (see Fig. 3) has been pro-
For a(N, w, A\) code, the upper bound of the code sizés posed in [6] for the use of the above code in an SAC optical
given by [11] CDMA system. In this system, a pulse with specified spectral
distribution is sent when the data bit is “1” and nothing is sent

AN, w, \) < N(w— /\)7 w?> N ) when the data bit is “0.” At the receiver side,la« splitter
T w?—NA is used, at first, to divide the received signal into two parts.

9 _ _ Then, they are input, respectively, into two decoders with com-

For MQC code,N = p” + p, w = p+1, and\ = 1, the tplementary decoding functions. (fV, w, A) code is used, the
MuUI coming from(k — 1) undesired users at the first photode-
tector (PD1) is equal ték — 1)\, and that at PD2 is equal to
alw — A)(k —1). Whena = A/(w — ), these two MUI com-
ponents are equal. Therefore, after balanced photodetection, the
effects of MUI can be canceled [6]. This functional block dia-
A. Former SAC System Using a Hadamard Code gram can also be used for MQC codes because they have fixed

The block function of an SAC system using a Hadamatf-Phase cross correlation, just like the code in [6].
code is shown in Fig. 2 [5]. It should be noted that the used
Hadamard code is unipolar because we can only detect the En-
ergy of an optical pulse. The detail procedures to generate @&igs. 4 and 5 show our proposed transmitter and receiver
unipolar Hadamard code refer to [5]. For each bit of data, os&ructures (based on FBGs and MQC codes), respectively, for
broad-band optical pulse from the LED is encoded. The trarSAC optical CDMA. When a broad-band pulse is input into a
mitter sends a pulse with spectral distributidifv)when the group of FBGs, the spectral components correspondintf 10

upper bound of code size j&. Therefore, an MQC code tha
hasp? code sequences in each family is an optimal code that
can obtain.

Ill. SYSTEM DESIGN AND DISCUSSION

Structure of Transmitter and Receiver Based on FBG
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o B uf== pulse is generated by the reflection of a fiber grating and, hence,
=1 FBGs 1f=>4 FBGs at the receiver, the power of original data pulse will be com-
N s il pletely reflected when the grating is sufficiently long.

Y - "y Z Due to the lower weight of MQC codes, we can construct a
r= A== transmitter—receiver with only a few FBGs. Therefore, it is very

A 4

easy to implement. However, if Hadamard codes are used for
R Ca \ N s\ the same purpose, we may need too many FBGs.
D. Consideration of Tunable Range and Bit-Rate Limitation

Fig. 4. Encodefp = 5). Grating tuning can be implemented by fiber stretching using
piezoelectric devices or by temperature adjustment. When MQC
codes are used, due to its first property, the required spectral tun-

ODelay N able range (changing range by tuning) for each grating is equal
— = PD1 to1/(p + 1) of the total utilized bandwidth. Therefore, we can
greatly reduce the required tunable range for each grating by
FBGs FBGs using MQC codes. A grating’s tunable linewidth ran#, can

be expressed a&\; = 0.8AAL/L, whereL is the grating
length andAL is its change by stretching [12]. L&XL/L =
0.005 and operating wavelength = 1550 nm, the tunable
> linewidth range is given byAA; = 6.2 nm. Because there are
N~ PD2 (p+1) gratings in each encoder, we can utilize 37-nm linewidth
if p = 5. On the other hand, when the total linewidth is 30 nm,
Fig. 5. Decodefp = 5). the required value ah L/ L can be reduced to 0.004. Therefore,
the use of MQC codes makes it more convenient to realize the
encoder reconfiguration.
B . In the FBG-based encoding—decoding structure, the length of
Broadband pule___ = ;(w\ the FBG group no longer limits the bit rate, as was the case in
Ay —M [12]. This is because the delay of each spectral component is the
same after delay compensation. Therefore, the bit rate is mainly
Fig. 6. Graphic representation of the FBG's function. limited by two factors: i) the maximal modulation rate of the
BTS and ii) the bandwidths of the photodetectors (PDs) used in

the balanced detection.
will be reflected back, and the output at the other end of the !

grating group will contain all the complementary components
corresponding tod(v) (see Fig. 6). In the receiver shown in IV. SYSTEM PERFORMANCEANALYSIS

Fig. 5, the output from the top of the first FBG group is used | the analysis of the proposed system (see Figs. 4 and 5),
directly as the decoded outpfi(v)Ax(v), whereR(v) is the we have considered incoherent intensity noise, as well as shot
received signal andi.(v) is the complement of the receiverang thermal noises in both PDs. The effect of the receiver’s dark
address sequence. In this way, we can utilize all the receiv@grent is neglected. Gaussian approximation is used for the cal-
optical power efficiently without any need to consider the l0s§,1ation of BER.

incurred by thel : o coupler shown in Fig. 3. The variance of photocurrent due to the detection of an ideally

When bit “1” is sent, an optical pulse from a broad-bangnpolarized thermal light, which is generated by spontaneous
thermal source (BTS) launches into the encoder, whereas no ggrission, can be expressed as

tical pulse is sent if the data bit is “0.” The optical pulse passes

through the first fiber-grating groups and correspondent spectral

components are reflected. For the reconfiguration of the des-

tined address code, the gratings in the encoder are all tunaWﬁHe

which means the central wavelength of the reflected spectral

component of each grating can be changed. The second grou

of FBGs in the transmitter is used to compensate the round-trip

delay of different spectral components so that all the reflected i

components have the same time delay and can be incorporat® ~ coherence time of source;

into a pulse again. At the receiver, each grating is fixed ac-K»  Boltzmann’s constant;

cording to the receiver’s address. MUI can be canceled by bal-Z;,  absolute receiver noise temperature;

anced detection because the in-phase cross correlation betwedgy,  receiver load resistor.

any two code-sequences is always equal to 1. In this equation, the first item results from the shot noise, the
It should be noted that it is unnecessary to divide the soursecond item denotes the effect of PIIN [5], and the third item

spectrum precisely because, in such a system, each transmitéguiesents the effect of thermal noise. (&) be the single

(i) = 2eIB + I*Br. + 4K, T, B/ Ry, ()

electron’s charge;
average photocurrent;
noise-equivalent electrical bandwidth of the receiver;
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sideband power spectral density (PSD) of the source. Its coher-

a3)
ence time can be expressed as [5] a() )
a) I 1
2 G’(v)
.= jo G*(v)dv - -
Av

=G o ©

In (5), the total effect of PIIN and shot noise obeys negatived 7~ The PSD of the received signab).
binomial distribution [4], and thermal noise has a Gaussian dis-
tribution. To simplify our analysis, Gaussian approximation is __ P, Z d Z
used for all of them. In the following analysis, we have consid- k
ered the effects of both shot and thermal noises, as well as the Aw
effect of PIIN. Letey(¢) denote théth element of théth MQC . {u [v —vp — ﬁ( N+ 2 — 2)}
code sequence. The code properties can be written as

N Av
(e p+1, k=1 —U{U—Uo—ﬁ( N+2L)H (11)
; HDald = {1’ k#l (7a) and then

(%)

=1

and oo P,,
N 0, k=1 / Gi(v)dv= N Z dy,
> it = {0 7] ) : e
=1 (]_2)
To analyze the system with transmitter and receiver shown in
Figs. 4 and 5, we assume the following. / Ga(v Z di.  (13)
i) Each light source is ideally unpolarized and its spectrum k=1, kA
is flat over the bandwidthy— Av /2, vo+Av /2], where  To calculate the integral @f?(v) andG3(v), let us first con-
vo is the central optical frequency adkb is the optical sider an example of the PSD [denoteddv)] of the received

source bandwidth in hertz. superimposed signal, which is shown in Fig. 7, whet8 is

if) Each power spectral component has identical specttle amplitude of théth spectral slot with widt{Av/N). The
width. integral of G’?(v)can be expressed as
iii) Each user has equal power at the receiver. o N

iv) Each bit stream from each user is synchronized. / G (v)dv = Av a?(3). (14)
Based on the above assumptions, we can easily analyze the 0 N i=1

system performance using Gaussian approximation. The P$Rerefore, using (10) and (11), we have

of the received optical signals can be written as 1 P2
p X N Av / G2 Ydv= 2 NA
_ tsr . =y _ v
v) = Ay kz_l dy, ; e () { [v vg 2N( N+2i¢ } .
) — A Z { [Z dka ‘| . [Z d’nlcnl(i)‘|}
—u[v vo—ﬁ( N+2L):|} =1 m=1

(15a)
(8) [e9) P2
where P, is the effective power of a broad-band source at the G5 (v) dv=—="

2
receiver (if the loss due to transmission and star couplkeaisd 70 NNAU

power of source pulse i8,, then the received effective power & g
is¢P,), K is the number of active users less than or equafto Z Z diex(i)| - Z (1) | 0-

N is the MQC code length given by = p? + p, d is the data

=1 m=1

bit of the kth user that is “1” or “0,” andu(v) is the unit step (15)
function expressed as In the above equationg, is the data bit of théith user that
1. v>0 is either “1” or “0.” Consequently, the photocurrehtcan be
u(v) = {0: v <0 (9)  expressed as
Therefore, the PSD at PD1 and PD2 (see Fig. 5) ofithe =11, :m/oo Goow) v — §R/°° Gr(v) dv
receiver during one bit penod can be written as 0 0
1P, al P
pAdekE; () =R d, 16)
' where R is the responsivity of the PDs given by
. {u [U — v — Av (=N +2i — 2)} R = (ne)/(hv.). Here,n is the quantum efficiencyg is
2N the electron’s charge, h is the Plank’s constant, ant the

3 u[ 2AN( N+2L):|} (10) central frequency of the original broad-band optical pulse.

T T oN Because the noises in PD1 and PD2 are independent, the power
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of noise sources that exist in the photocurrent can be writteng 10
(%) =(I7) + (I3) + (I3,)
=2eB(I; + 1) + BI{ 7oy + Bli7.0 + 4K, T, B/ Ry
(17)
Therefore

(I?Y =2¢BR [/OOO G1(v) dv + /OOO Go(v) dv}

+ BR? /0 G2(v) dv + BR? /0 G2(v) dv

SNR

) p=13
+4K,T,,B/Ry. o N ]
When all the users are transmitting bit “1,” using the average el L
value aszi;l ¢ (i) = K/p and the correlation properties, the Hadamard code™ ™~ .
noise power can be written as 10° . . . . . . , .
BRP2K [K -1 0 2 40 B0 8 100 120 140 180 180
<I2> = Au( _'_Sz) 3 < +p+ K) Number of simultaneous users
vip P
p—142K Fig. 8. SNRs versus number of simultaneous users when= —10 dBm.
+2CB§}%PST W +4KanB/RL
Noting that the probability of sending bit “1” at any time for TABLE I
eaCh user iS 1/2 the above equation becomes TYPICAL PARAMETERS USED IN THE CALCULATION
( 2> ~ B§R2P.3TK K-1 Tp4 K PD quantum efficiency n=0.6
T 2Au(p + 1)p? Line-width of the thermal source Av =3.75THz
p—1+2K Operating wavelength Ao=1.55um
FeBRE,: [ 2+p |7 AT B Ry (18) Electrical bandwidth B=80MHz
From (16) and (18), we can get the average SNR, as in (19) at  Data bit rate R, =155 Mbps
the bottom of the page. Using Gaussian approximation, the BER  Receiver noise temperature T, =300K
can be expressed as Receiver load resistor R, =1030Q

P, = %erfc(\/SN—R/E;) : (20)

Fig. 8 shows the relation between the number of simultanecastocorrelation-to-inphase-cross-correlation ratig?) is still

users and the SNR when the prime number used for MQC cddeger. However, this lower autocorrelation will cause the per-
construction isp = 7, p = 11, andp = 13, respectively. formance degradation when other noises sources are considered,
The parameters used in our analysis are listed in Table II. Tegpecially at low signal power, as we will show in Fig. 11.

SNR curve of the former system using Hadamard codes (withFig. 9 shows variations of the BER with the number of simul-
the same effective pulse power and optical bandwidth) is alsaneous users whan,,, = —10 dBm. For comparison, we have
shown as a reference. In this figure, the effective power froaiso included the BER variations of the former system that uses
each user is-10 dBm and the intensity noise is the main nois¢dadamard codes. In the former system, because we also send a
It should be noted that the SNR values plotted in this figure apeilse when the data bit is “0,” the formula used to calculate the
all average values, and each curve ends at the point where BiigR becomed. = (1/2) erfc(1/SNR/2). It has been clearly
number of simultaneous users is equal to the code size. It lsi@wn that the system using MQC codes has a much lower BER
been shown that MQC codes give a much higher SNR wh#ran the one that uses Hadamard codes.

the effective power is large. With a bigger prime numpenot Fig. 10 shows the BER variations with the effective power
only the number of accommodatable simultaneous users is si§» whenp = 7 and the number of simultaneous users is 49.
nificantly increased, but also a higher SNR results. ThereforEhe solid lines represent the BERS, taking into account effects
MQC codes can effectively suppress the effect of intensity nois€ intensity, shot, and thermal noises. The dashed lines indi-
and, hence, result in a much better performance. This suppreste the BER performances when effects of only intensity and
sion, in fact, comes from the lower in-phase cross correlatishot noises are considered. The dotted lines indicate the system
of MQC codes than that of Hadamard codes. Although MQBERs when only intensity and thermal noise sources are con-
codes have a lower autocorrelation due to its lower weight, g&lered. It is shown that, whef,,. is large, both the shot and

(I L)?
_ R2P2. /p?
- BR2P2K[(K —1)/p+p+ K|/[2Av(p + D)p?] + ¢eBRP,,.(p — 1 +2K) /(p? + p) + 4K, T, B/Rr’

(19)
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Fig. 9. BER versus number of simultaneous users whgn= —10 dBm. Fig. 11. BER versus effective pow#,. when number of simultaneous users
is 49, taking into account the intensity noise, shot noise, and thermal noise.

0

10 T T T T T T T T v
T 10’ . : : . ; —
RN = ss IS
10 1
Sl T Hadamard code o 10"
@ 10 ) ST D ]
] N 4]
q K =
8 | ¢ 10" ]
[ Y o]
] N =]
o ’ S ;
o 0 \ v 10 R (1) Psr=-10dBm E
ot 1oL X o /S { (2) Psr=-20dBm
@ * - 25 S ; (3)Psr=-304Bm
»\ m 1wy : {4)Psr=-33dBn B
==« intensity noisetshot noise ‘\ :‘
+ intensity noisetthermal noise 10‘30 Il — MQC code (p:1 1)
—— intensity noiset+shot noisetthermal .' ~-- Hadamard code (N=128) ]
15 noise i
10 L L f :
60 55 450 45 40 35 A0 25 20 15 -0 10 - s : s : '
Effective power from each user:Ps (dBm) 0 2 40 &0 80 100 120 140
Number of simultaneous users

Fig. 10. BER versus effective powé,. when number of simultaneous users_ . L
is 49. Fig. 12. BER versus number of simultaneous users whgris different.
thermal noises are negligibly small compared with the intensi‘ﬁe power loss incurred by Hadamard-code encoding is always
noise, which becomes the main limitation factor of the syste 2, regardless of the code length.

performance. However, whel,,. is low, the effect of intensity . If we use an_ array ofp + 1) tunable lasers, we can pro-
noise becomes minimal, and, hence, the thermal noise sou\ﬂ’cdee large: optical power even after the MQC encodgr. In
becomes the main factor that limits the system performanceéf’ case, the required tunable range of each laser is only

is also shown that thermal noise is much more influential th (p + 1) of the total optical bandwidth. This method does

not have any limitation on the shape of PSD, as in the case of

shot noise on system performance. th | d I | h tical ded
Fig. 11 shows the BER variations wiff,. when the number b erlc’jna_dtsr(])?rcel, ?n V\t’e (;]qnha SgNeIQ a_lfge fe op II(t:ﬁ enrc]:?he
of simultaneous users is 49 apd= 7, p = 11, andp = 13. andwidih fre€ly fo get a higher - therefore, although the
erent interference between the overlapped optical pulses

The performance of the former system using Hadamard codé R .
also shown for comparison. Fig. 12 shows variations of the B h the same wave_lgngt_h may cause degradation, a better
versus number of simultaneous users for different valugs,of performance is promising in such a laser-array system.
In these two figures, we have considered effects of the intensity,
V. CONCLUSION

shot, and thermal noise sources. It is shown that wHRgnis
less than—25 dBm, the former system using Hadamard codes|n this paper, we have proposed a construction method for

will have better performance than the system using MQC codasseries of new code families with a fixed in-phase cross cor-
This is because the large value of prime numbeauses a large relation value of 1. The properties of these codes have been
power losg= 1/p) in the transmitter, and, hence, the shot angroved and discussed. New structures of both the transmitter
thermal noise sources will severely affect the system perfand receiver for the SAC optical CDMA system have been de-
mance, especially wheR;,. is not sufficiently large. However, signed using FBG groups. The performance of the system with
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the new transmitter and receiver structures has been analy
using MQC codes and taking into account effects of the inte
sity, shot, and thermal noise sources. The BER performance:
both this system and a former one using Hadamard code h:
been compared. It has been shown that the new code fami
can suppress intensity noise effectively and improve the syst
performance significantly. Wheh,,. is large, the intensity noise

is the main factor that limits the system performance. Howeved Régeﬁgﬁ'ggnigp?\;‘i rﬁ;‘t?;‘%*f‘?;Jsi'seg%“?e‘fg&aﬂﬂ‘i
whenP;, is not sufficiently large, thermal and shot noise SOUrC&R-ations, Shanghai, China, where was éngaged in research and development

become the main limiting factors, and the effect of thermal noise common channel signaling and computer—telecommunication integration.

is much Iager than that of shot noise. His research interests include optical CDMA, digital signal processing, asyn-
chronous transfer mode, and dense wavelength division multiplexing.
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