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The capacity of SCM-based optical
communication system can be severely
degraded due to the presence of optical
beat interference (OBI).
reduce the effect of OBI, we propose a
novel technique using S-CDMA and
in-band

To efficiently

clipping camer techrique.
The suppression of OBI 1s aclueved by
using the in-band clipping carmier, and
the system multiple access capability 1s
provided by 5-CDMA technicue. It 1s
mmportant to note that the S-CDMA
signal and the m-band clipping carrier
are combined coherently. In addition
to the suppression of OBI, the
bandwidth of laser transmitter can also
be saved. Moreover, we also propose
the system design concept of optimal
OMI ratio S-CDMA signal to in-band
clipping carrier.

S HERRREN
7 SCM-based H LB A

R R OUR AR R AR
W hRATR (AR SRR LRI



EEPER KR Z IR BIE OE A
FeiRg 2 B AR B Y Tl E I
IR EIGEE B ARDERRADOLE
ZHERRE AR DRIz AT
TSP Al %R E R R Y
BRI ETERSZEEPTRK
Hit BN FNNAE Tt aE
TP BEFR Rz BT
R EY L T RsEpRrt — TR A
RERRMAF P ER{E AL ER BT
FRIGH PR E—EDL ERERP R
Womis A =i #HEE oL BIlERh & —
fOUEE R SRR E B ROL =
DIRE T AT BSR4 R R A
EEERH = P A= (FERL#EROL
B ER R W RIS R i R R (2
BFET

5 B3 2 S eI R B AT 1
FEDERE T EH R T E &
TR RILER R S IR R THY
R TTiE T H AR R AT R
BYTERR R AR |

(1) && NRERYT LS 5 T B

R

() (ER/RERERR T

() FIZEFEH#ERF EHES
SRER BN F R T

B =F RN EFEE RIgRE AR
3 FIESRE A E S —EReth LR
HE S R R R SRR A R (R
tRETEE T ERIEFE §Y
igERtRETE RO E LR
AR TS R =T 260 B
TR S ROk R, T B oh R8s
RS R R B R E T AT R E
R T E RS AT LRt TR #a R
HIRRBLT St AR E A AER S e

BRI T

WO PR BIE A =R RIR AR
55 FIUEZRE SR E T Rt A
EsbtaEr TEEF Ealthg Rk
JRESE HRTIR SR £ W/ T3
= LR EFEFIREITH RS
FARBERAE 5 Bie AT LR R E
& H MBSt AR B T EPE =%
FiERRSRE T HEQ)EZQ)FFH
SEEE RS RITh ABEL R BT DATEIR 1
HHAE T E TRt /148
ERE R TEL R AR R AT R 2 Y
TEFSEP R & & TEE AR
IR RTINS T B LA BB B i
HIL/MBEREL R TR SRR LR
L& ER Ry Rl R Al & Rt 2 E
WE T

RIR Lt Feis R Rl %04 7E
JE B8 T Th BB R & E A i Rech
DEFDERE TEEZPRFS TR
THIWERET

(D) tBETEENEBRIIUE

(2) ZEBITHIRTRE

(3) ERMEFEFESN TER

(4) LB A FESE R

SRR BRIt R E A7 JREERY T
hhf RiFS FE SRR TE RN
AR AMFEL B R EDLBRE
TERRShERT -E500 B
i L

L HERERRET
T FERMAHRL SRR R

SEEIHTH R RASES TR
B —E— EE AR BRI S



AIEE ek EEISH RIS Tt
SRR BIRE BB R B Y R
SE e g R g RE T
BT TE S TH T3 X E R R A rEE
(5L b TESRRAEERART
el %o aal:=)i: b HAR Sl -2
FRPFEENBD LR MTHERm R
FIREEA® T

TR i R PR R R (R TR
BSEERNNEES FESEEH
B R B B RE B R A S s L
R ELFE T ORI R EFAE BLIERS 169
EAREIPES PN code FFEISRH
bR AT R GRIE AR 1L 107 (&
THitt3E ) =R S TR
PEEBRRG I R T EE R
185 O 8 B R A T IR L B (8 7R
BRI TS 185 25 T A Mt
FRE e 2 EEL ARSI R E
B TE R EE R S R BRI E T
38 |- oh R R IETHE T oeH e 6y
TS R h HE AR a
BT TR+ SR = E %G 8 E
EEERIR S hErE % MRrF 519
B T A LR SR R i o Fh e
S HIRR AT IR BIROR SRR M8y
R hR RS TRES B
THRAHES G S EEMER T

BIRELRIT ERE S8 S T
SERIR AP ENEFEE
FATRR]RISRER B WA TP ES
T h IR i A SRER B R W T
KRR R EDERE TER ST
BTERBIPISRER BUR LT TP R B R
FHABPEA RIRP ELIFE EH
LGRS R R rraR IR EA R 2 th
R=tETRE AN L EEARTAST
pEmA0 Fig.1 Brill T

TR R R R R T
HEEEF HREEERDERET
PERIRE R E T 25 A S B R L
TRITEEZEFRMTER AR
FRRRLR AT H WECR & T A
ERATREHE) TEFS PR EFER
FRER BRI IR AT R & T RAT
B R B T AR ST
RS R R T ARIA SRR TR B
Wit B % A =2 o B oy il 8 £ (18 B
BF AR & A o AL AT B R R R
& Aot #5558 0] B R AR B
TRt {5 F S RER B R T T
B LRBERMATRE R AT
TR M M B AT R R AT AR B
TEEEMLIFF 2 A5% mE &R 1%
FERIE RIS EEPR MR TE NS
RIS i IR AT B Peheht Bl
5 BRI EE 7T & L E ] %
Pl pigsran | T

Fig2 Fr il &AM &0, B e 5
TFEEEE A hRIS TRESES T
PR ESTREARARERE KT
e T3 AR R AR R B =i Gilbert
cell [RRZHTHERRITRIESS T 785 12
Bt T th iR _E T
HIES TrFfe MR #E Bs ch bk EEg;
BAES 1.5625 MblstHf IE R IERTEE
B 128 bitdh g Hr (5 AR TR IER AR
200 MblsTRAE L B5#y S-CDMA £
SechLISEME S 672 MHz RUSE T E#E
{EERHRES 2 et 58 Bm Ay S-CDMA
FEREEiERIS 672 MHz RYPIAEER
R T B L EIERE S A0k
#ALEEEN e A TFEBRIR
EATETE B RO SRS (R TE R
Bech TSRS oL R E TSR
S FFEAE R 672 MHz RIRIFAZ IR 2



R AR AR R 2R I = EARARER TP AR
1= I AR AR B K B R AR ER
BIFFE ST Fig.2 driE R A5
RS R T (e e e i TE
BRI R LS EIRE R R T T
ENREBFOLRETEERIRE L
HhREEN e B R
ATEEDOSD R4S BES A
A=V ERRIE A REN R E{( L=
R OtRETERT

B MR PISER R TR E
TS LR B B A B 9E
BT RS SR @AM AL
T 20 Fig 3 ERRE BT 8t
s ez K@ DSI &9k ThiE B-19
dBm ZLoh (e EaR RN B RE AR IS
7 107 DU R oo s R MR,
EEHES R AR OUTHIBERYE R
BORE T2 WA (MIL=ML) T &%
J40 Fig.3 prill Tfa Fig 3 w5 ehE
{55 ) B =2 FRRK 4k 0I5 1 T B
& @ rh2a /5 PSR B S T R E
FAREDETHR R R 2 B
FERsE = E) R S5dB LI ET

S AR A Hth PR (5 P PSR R BUR:
BT OtRE T EE BHE R
((RIEIE=S—eli|==EgiEi kil g
EAE4 AL EETEEAESN U RA
1# 5-CDMA FFER = PIsRER B R 75
RRE B BREAE At ET
RS T AR MRRSE
¥ B8 L. S-CDMA SRS K POARER B
R TR hERE A RDURET
PR S o R T D 3 B TEER A SR S
S TR B A7 3R Ay s R g
PRESS RIN Nowse By—5 T3l
T iR RIN $55RRE EoREotE
E T # & £ ¥ K

2 2 2 D\
R.[NOBI_<7'OB]>/IAEFEEEFI<10_BI>%7E

RETEREFRMm ], SIREERY: 2
EHEROLEE LA BIRIRM AR
HiZ 2 #T8Y RINop FEFREZ T Pk
1= 8li$ MIL=ML=180%if1 RINog 53
BIR-T1.1981 5L K-90 9 dB/Hz Zeh
AMATRIEIEERTZ R JLThET
RIR TraEnl Fig4 Frill T Fig4
HAM Rl §i$ RINge=-90.9 dB/Hz
ERRGATR BTN % T2
& LEELBSHAYE{EFO0.9 dB/Hz
#J RINopr f7/2IFH BRERT RIN F55R
T —{E7R{E,DFB Eh+ —fiRe# RIN
BT -155 dB/Hzrhifm FP &5 —
fEReAy RIN $EERLD RE-130~-140
dB/Hz ZF A TR FNEDLERE#R (R4
B RFTRFCRTZ RIN fEERTH R
et R 7F-120 dBHz AT T

R USSR T8 F e )
BREEDE S T ERRE BN
AR FL A A TS LARTER B R 5 R B
REINIRH R B RIS TPl E A (5
B8R T8 ) o B 1T A R AT R R
oh T B F K BEEHE 5 R BIER
serh R A TR E TS %RIRE
B AT A ThE R T
RERSE T TR B9 5 R AL AT R F M
KRB E AT B Re AT HRL B B R
TR 8 T ShiE S8R SR8E ThiE, L)
T EEIEL GRS £y E s — ERech R Ahe
MEERESEE 107 DI T EhFEY R
) BPETHIREL SRBE B R st T
R T RIRAIR T4 AN Fig.5 il T
EEE R IR R R RE T
BAFTSEBUEES 130%RER
BT EMERES 150%Z T ESRLs:
F-HITHEEE R RO ER



Bl T

g -~

B aA L

TR EH B R shst #ht iR E TR

RehRfiERT —EFNHIE T
R T ANPEHR IS i W BSR4 L BRA

et}

W REAM B9 ERRRI EFER B AU

R EREE 5iE TR iR iR ey

P EN AR S NEFE A%
ST ARRIER FSTHER T TR It A R
i T

References

[1]

[2]

(3]

[4

C. Desem, "Optical Interference m

subcarrier multiplexed systems
with multiple optical carriers,”
IEEE J Select Areas Commun.,
vol. 8, pp. 1290-1295, 1990.

R. D. Feldman, K. Y. Liou, G.
Raybon, and R. F. Austin
"Reduction  of beat

interference In a  subcarner

optical

multiple-access passive optical
network through the use of an
amplified light-emitting diode,
IEEE Photon. Technol Lett, vol.
8, pp. 116-118, 1996.

T. H Wood and N. K.
Shankaranarayanan, "Operation of
a passive optical network with
subcarrier multiplexing 1in the
presence  of  optical  beat
interference," IEEE J Lightwave
Technol., vol. 11, pp. 1632-1640,
1993.

R. D. Feldman, T. H. Wood, G.

[5]

[6]

(7]

[8]

0]

Raybon, and R. F. Austin, "Effect
of optical beat interference on the
dynamic range of a subcarier
multiple access passive optical
network using Fabry-Perot lasers,"
IEEE J. Lightwave Technol, vol.
14, pp. 711-715, 1996.

S. L. Woodward, X. Lu, T. E.
Darcie, and G. E. Bodeep,
"Reduction  of  optical-beat
interference in subcarrier networks,
IEEE Photon. Technol Lett., vol.
8, pp. 694-696, 1996.

N. Hayashi, H. Yoshinaga, and K.
[. Suto, "Eight channel upstream
transmission  demonstration for
subcarrier multiple access
networks," in JOOC'95 Tech. Dig,,
1995, pp. 66-67.

TIA/EIA/NS-95 Interim Standard,
"Mobile
compatibility

station-base  station
standard for

wide-band
spread-spectrum cellular system,"
Industry

dual-mode

Telecommunications
Association, July 1993.
C.C. Hsiao, B. H. Wang, and W. [.
Way, "Multiple access in the
presence of optical-beat and
co-channel interference using
Walsh-code-based  synchromized
CDMA technique," IEEE Photon.
Technol.  Lett, wvol 9, pp.
1173-1175, 1997.

B.H. Wang, C. C. Hsiao, and W. [.
Way, "Suppression of optical beat
interference using synchronized
CDMA technique and in-band



clipping carrier," Electron. Lett, vol. 33, pp. 1888-1890, 1997.

HFE #

X M=EzR 10 18
14 ~

11 16
LR T T = mm;ﬂ?lﬁil
Fami il6 4&
=y | 16
12 | M
| £33 Iﬂﬁﬂu

THREHE
13

X BE B & 20

Fig. 1

Walsh Code Photo M
Generawr #2| 200Mbps detector Tunable Synthesizer

LaserB
Dedayed Tunablke Frequency
(s " —>@— Self-Homodyne[=T o (ton' a0 Converted
In ter ferometer OBI

Monitor

>
. Photo-
detector
I * Laser A A LNA
Power Tunable
o i o = 2V 2 25 v S N > >

Pdint

| >| ;’::::;I »lj;—J

Attenu ator

Pdnt B

200Mbps Delay Line
Spreading| l | Walsh Code I w D espreading] DelayLire
Circuits Circuits =
Walsh C ode
Generator #3

Interfe
nterference
Tester ‘ )

Sairce
Data Source Data Sink
1.5625Mbss




PA(dBm)

-34
) [
[ ]
32F ° -
[} * %
= 1
g _30! 'Y . -
o] [ |
<
o -28f -
A
'S
26k A A -
A A
_24 [ [ | [ | [ | [ [
12 13 14 15 16 17 18 1.9
MIgE=Mly
® S-CDMA 01y, 10081
¢ S-CDMA ard Clpphg Carrer, 100 Bl
B S-CDMA ard Clpphg Carrkr,wh OB |
A S-CDMA orly,wih O BI
Fig. 3
10-4
* e
5 A ]
105 | S e
10 | L4 .
o
i :
m
107 L *
| ]
a
10 | .
(CEN I SR S IR

34 -32 -30 28 -26
Pa(dBm)

® RIN ,=-90.9 dBHz P,=-19 dBm
¢ RIN ,=-81.5 dBHz P,=-16 dBm
B RIN =-77.7 dBHz P,=-13 dBm
A No OBI

Fig. 4

1.8 1.62 1.4 1.2 0.8

-32 L 1 L L L L
0.6 0.8 1 1.2 1.4 1.6 1.8 2
Signa Modulation ihdex (MI,)

Fig, 5




