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R, KEKRFRZRE LA AR MG = E o880 T2, E£E5°
KRR RS TEB7ERHBE THEEREEF AT o 2R T L0726 0T
Hb. KFFROZEITIZH72Y), BEL LHBUR, HHHET B o7/ M =8I E
LEVBBOBERZRTLIRETHS.

Kim e £LOBIZBL, RKRIFERFRFELEFERBIZRINZZ 2L, K
RARFRFE LA AR ETERT AV F — LEHREIE IR — I By TE
% HHEEUR, HBMELR o/, TIRNREBHOBELERTILIKRETDH .

KRR FREREEFF L ) @8ELFEkS JIORMRICEL THEOR, #HEE%
W o 72 KRR R L se Rt Bdzm S — AR L, MBS OEEL, F=kK
—Et, FERESREL, KRRFEERNEMATSHR THEE L2 Lo L5
KRR FERFZRE LR FERNIE TR ER 5 PICEFFHRT AV F — TEERDE
FTAF, LEEBERFRERKBERL (TRRRFRFERE LEM AR A EEIR) ,
IR BIR IR R 2+ (ﬁﬁfgﬁﬁiﬁiﬁliﬁﬁ FERLEBIR) , TTRBURF
KFbE TR A HEE T () ICECEHHEL LT 5.

¥z, HHEIL ) BLOZ2MEERE BERHDE, HFERNAHELH 72K
BRARERF LA RER BB EABRIE IO L DS L B 5.

Tz, iFEoELE, FaseMBhs oy, W0z B HRRTE R
i REAMRE L, BHAREAIERXST HEIINEUR, BMRXSENITF o€
Jaturong Sangiamwong %I U 0 & 35 KR AFRKFREELE R 5 ISR
B, EEELR, HEBBERT IE 00 &+ 2 KBRS ASE R TR B Ty
BR/NEIFE R OFERICERH AL LT 5.
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REERE

R, EEEHT 2001 £ 5 2005 20T TRIRAZERER TR %0
AT RERNA N v F Y e RESENRT 7 ANERAY P T -7 BT HE
mEEEHMICETAMERREZ FE O30 THY, UTOSZEICL DERIN
TW5,

FIEIFRTH Y, KRCCHEET 5T BIT 2H5EORRICDOWT
Lo, RO SO HME, HEY, EREZBEMICTAZEZHNEL TV 5,

E2ETI, 77 ANERR Y N T -2 Il BIT A ERERTERBSE SR L
LTRESNTVWLHEENAA v 57 ViP5 584 8 /%07 U0 TR
LFBHEREE R L. KIS, AFRCBOTEREOHFFILET I BAL v T

X9 B IRRO FTEIZOVTHRN S,

BIETI, BEEEAA v TF v e rESELRICBIT 52 FHIEERIC L5
FEFERET, B ENT 5 BUERRE R REL, T0HRO CI
i (CIR : Carrier-to-Interference power Ratio) cXERIFAZ DV TR HEAERLEER & 1T
7. Y, EBREHICOVCTERN, HHERUHL 22 SN TS M AT % IL#HCR
Fle L TH W FHBIEERZ TV, BRI (OPRC : Optical Polarity
Reversing Correlator ) Z WA Z L IZ X D NS R—=FHFEOFEHNPTETH S Z
L, RUFSRILKICE ) CLIEFESSWETRTH L Z L 2R T. RIZ, MAG
& Prime ff5 % AWT, MEOFFRIIHNT 5 CLIEER R E L, MRFIC
£ CLESER R EN T WA I L ZRY. BRIC, MATIONI V7 EAEM
BRI H L 2HREERZEAAZREL, COEBIZOWTHRN, FHEEEL
ERIZE o THERAL, BAA Y F DAL v F U 7V iREx@mELT 52 L2 ClR
B ERBHICT O 22N TELI L ZWHLRIZT 5.

WARTE, BEEAAL v T v I HFGESERRD AL v FHEE R F LR
ErEETA2IE2HANELT, ZU Ty 7 OTHAEHLETEER & 4 AYLECRY
RO ILEAT SRR = T%%% L, ZOBME T 5. &6 IR
7703 AEAM (CD M Carrier-to-Distortion power Ratio) D T{zERNFIC
OVWTEEHRERE T, T, HHUEEL SR 2B T L) bETS
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LRI ETMESINEREZ L) 7Y 0 T O T ABNOBER» S, %E
BICEFUEZMR ALY TV 70T HE ?fﬂ}j—:ﬁfﬁ'éfﬂffﬁfiﬁ%%ﬁ?f
RIS, KL, WA AWFRINC L 22072 Y 7 OTHRIEDRE MR T 524
2, R EMRA R ER T ATV, BN ) T S Os ARSI (CD
) oREHMRERT. RIZ, T4 V5 NVERBEREOGEEREZITV, YRV
#t ) 3 (SER : Symbol Error Rate) DELED L, ZEBEXN LI T Y7 OT AR
71 (SD e : Signal-to-Distortion power Ratio) AR % RY. RAIC, EiE
FOEZEAROTEREZOL )7 ¥ ¥ FHERED FEHRERL TV, RES
NI & A LEEICHT 5 SD UER LU 5 bR E R RO ERE R &
RY
SEIERTHY, RFRTHONT R HBIET 5.



=P
F1E Fi
1.1 BEEGEEEBEL T 7 ANERA Yy NT—2 L
1.2 AFERESERFRNEERLAAL v F 0 I /FE0ELERN .
1.3 ABFFEORSWEREE . .. .
B2E EEXXM9FUIRSRESENT 7 ANEBERX Y NT—7
2.1 BT .
22 EEEAAvFUIFESEISZERNX ... .
2.2.1 FHBEIEBEE ... ..
2.2.2 HKRT V7)) X7 HRROCE T > 7)) IR E £
DEBEBEBRANOIH .
2.3 EEEAL v F I ErEEEARXOMBEL ZOMEFs .. ..
231 AL v TFOHECHICEET ARES ...
232 ALY FOARAL v FHEEIZEESTLRES .
24 RET .
F3E8 THUEFREHEDREREBLUBRZEARDRE
31 T
3.2 FEBRIBR . . ...
3.3 JmMEERAERS %% (OPRC) Z Fl v /= CT e/ E .. . . . . . ..
3.3.1 MAFE Prime &%) . . . .
3.3.2 EBREEE ... ...
34 BUERZEHRORE . ... L.

341 BUERZEAX . ... .

19
20
21
24
30



vi

%

ZS

fif

3.5 KT .,

48 HFRALERINEBWNEXAT v For T RERBEFEE
A1 BT .,

42 VTV T OTHRBIIORATE I ARHRIIOFREE . . ...
4.2.1  EECRINC X B EEE DTN 7 ) V7 O B R
422 ITUTIYUYITUOTAHAORELEFSIEE .. ...
423 KA AWECRFIDER ...

43 TUTYYTOTARMEER ...
431 EERRER . ... ...
432 FEBEER ...

44 FES .

58 &

= mk

BT BIREFRN

A BEEXX A v Fr 7RSS ERXOHEEERREE

47
47
49
49
o4
58
62
62
62
68

69

73

83

87



1.1
1.2

2.1
2.2

2.3
2.4
2.5
2.6

3.1
3.2
3.3
3.4
3.9
3.6
3.7

4.1
4.2

4.3
44
4.5

vil

B X

BEEAEANOFFFROB o 6
BBRBRE~O/FEACHR. .. 7
BEEXEAAy T I aEIZERR. . 18
QRO T ) VR L B A, (b)) BRI T

Dy rhER, (F)ESFEer Ty, o 19
HAA v FOEE ZEEL 28855 B CLEARME. . ... L. 23
MARFIDAS v 7 v FOWALERY A7 LICBIT5HOHBEER. 25
TVTFNY FERT - ANOFRE. . 27
ITUTY I TOTARBEEORE. 29
ERMEA. ... 32
ERREEBEL. . ... 34
BEMMREL .. 35
SEMMERL. ... 36
MARFIE Prime fF5O/FFRFE. .. .. .. . 39
RERACIIRE . . . . . L. 41
BUERZEFNC LS CIHEEMNSE. ... 45
W T ) T HROEHIEANRT MV, oo 51
(a) EHIE B OB (k) DR, (b) Fiky > 7 v 7 SRR
BOARZ MV (KI<1). . 53
rEARZINVIYTIVTORG 54
SD LOBMERIEDADIRE (1<r<2). . ... ... ... ... 56

pISxY B SD HASE (far=1.9 GHz, Bre=300 kHz). . . . . .. . . 57



viii

4.6
4.7
4.8

49
4.10

r R4 SD HRRE

........................... 61
EERRMERL. ... ... 62
FEWSZERBTI O AT MV (L=127, r=1/4). (a) REWHER
(Chaos-seq.). (b) ZfEWEE (M-seq.). (c) ZAEZF (Chaos-seq.).
(d) ZBEEFYE M-seq.). (e) BfEZ. ... ... ... ... ... 64

8T —xt SER Bl R. (L=63, 1<r<2) .. ........ 66
FHEZEBBIIO AT MV (L=127, r=1/4). (a) ZEWENE
(Chaos-seq.). (b) ZfE#ENH (M-seq.). (c) ZfEZ W (Chaos-seq.).

| (d) BT M-seq.). . . . o v oo 67



ix

&= B X

3.1

4.1

4.2

4.3
4.4

EEZOMKE .. 37
EERRADOMKED. . . 63
4.8 DEBRIZAC 7 HLRERHOILET TR k & |p(k)| D

BEAR. 65
B 4.9 DEFIC AW 5RO k L |o(k)| B8R ... ... 65

4.10 DEBRIC AW THIEBRAEOILES 5250 k & |o(k)| D
BEAR. . 66






F1 e
1.1 FEEISBEEERENT FAINERBRX Y NT =7

20 MALKIC D EAS o WHERE Y Y AL, ol HicHE sy 7 IEL
TREL, 20 #RICZ > TERZHLL L7727 AV L ABARIE HICHRESER Y 5
LEZLNTWE., L LI, HRERYT — AR R LAN OFIHEOHEINK
MERREDO BHEAL & WV o 7 ERBEHMO RN, TR0 29 AAhs LD EH
LT BER L, [WOTH . EZTH - ZNETH |HMESTEELE VI ERELTRIC
LTHY, EEEEOFEME - BIRFENOHFREY, o )®mT Vit T i
LTHAb.

COBAEMICE L WIE L AT 7 EREE R oW TIET 5. 52 iH#E
BRhy A7 L & LT 800MHz i KU 1.5GHz D EXE W #% H\v» 5 PDC(Personal
Digital Cellular) 2% %. PDC ZHERDILHHAEN T WL EFEGGE S AT
ATHY, ZOMAZEEKIL, 20044 9 HBEET, #5900 HTATHS [1]. IMT-
2000(International Mobile Telecommunication-2000) [2] [3] & EFEEH/ZI1F T% <,
TERAM, MEETVTF AT 4T 2Bl TEEZTVZVE W) BREFRIZ, 77—
Y BEEEREL KIBICHBEL 2L THONEEIHAEFEF AT LTD
h, PREOETEFY —E 2L Z0E I EAANOBRITPEA TS, W-CDMA
eBNCET B &, B EDOT — & BEREIIENEILRET 2Mbps, KEBEHT
384kbps, FIEBERT 144kbps ZH K-+ LTHY, WEROBEMELICHE ) KEF
BT EEICHTAREICDIDRZ TS,

72, PC(Personal Computer) DE RKIZHE, £ —% v PFIHAOS A
LTRFEZ 0% BT 4 2EWNT5—-FThHbh. KEIZIE, ADSL(Asymmetric
Digital Subscriber Line), CATV(Cable Television), FTTH(Fiber To The Home)
7% & DIEEEED IMbps # BT 7 B —F NV FEREMHIN A IMAZR A Y b T —
I HRELTZ.



2 w1E P

EMLAN L, [AEDT—FBE | L b, FI224CHzHD ISM /N K
(Industrial Scientific Medical Band) DEHEZHMAHL, + 7 1 ARKELE DEW
TLAN R ZEBETHHEEICHONTWA, [EEE(Institute of Electrical and
Electronics Engineers: KEEAE FHAMEHE) 13, 1997 4, 24GHz D EHK %
fio7- A DEHE LAN FIHE [EEES02.11 2 5EL 72, #D & X O{n%#E L 2Mbps
THo72hS, D% IEEES02.11b, a, gHH#AEL, 54Mbps DIEERE F TERKL
7= [7] [8].

BWA (Broadband Wireless Access) DCERY 7 M F HArIC, 22/26/38GHz
T 5% 3 1) 35 FWA(Fixed Wireless Access) [5] [6] 2°® 5. Z O JHHEEG I,
WIRERBERMEOESFZRT I LT, BRBEOHELERLT ALV B
25, 1998 FICHEBHE I L > THBR S BT ch s, BB EFHESL 1
% 1 T A P-P(Point-to-Point) R, BHFT > 7FO¥E — A 2 FIHEF AT
TR, BELZED A LT, &K 156Mbps DIEERE & # 4km DRk IEEEL 7
N—=T& 5. —7, #£H#RF & EHEDOFIHFE T 5 P-MP(Point-to-Multipoint) /7
i3, 26/38GHz iz AV, E#MREETBRONHETKE T 55, KMzt v b
T — A TREE T4, (REEEAT 10Mbps, ZREEHEN 1km TH 5. £ D1,
60GHz @ X V) % v 2 #EAEAS [9] 13, (RN 622Mbps 2 5 1Gbps & A4
MTOEENPTRET, PORBO/NULETRELE T5. COERY AT 11T, 3%
NT ORBEEER LAN O [10], 7 —7)V TV OEHER [11], BEEEEY
AT b (12] FNORAFEZ LN TS,

JEEAREAE [13] [14] 1, RIMEE V7T — @BV AT LTHY, 2 v b T—
7 R DT — SRk, 47 1 ANOEMRLAN 28, HEHEEEHEOE il
B, 774 ACNVED L ) % PHEEBEENOHHEFZINS Twb. [ZEERER,
100Mbps %* 5 2 Gbps & E#E CERRERENK 2km ThH ), FERFV AL THE
HDOBNZ &6 FHPLERICR (, R RBNAES TH 5—7F, xRkl
THERE, LrENT AREYLLE OREOEEL ZE T LLENlH 5.

A R AT LR BICET, EOREICOWTHRA: [15]- [19] 45, 20X
) % BIEER Y AT LRAET H2BEORREZZ 2 L, B sh, B—bsh
FEREETFRCAHROBRAMZE-TO ZLRATRTH Y, TH20RE
UAHESINS. Tbb, R4 LHFHLVERFHEE EERBERIHRE - LHL



1.1, BREEGEERBRLE LT 7 ANESELA Yy VT -7 3

ENTWKHIDETFEING, $72, BRI 2 —FHIE, BELIVLILIIE
MECKBEELRERA VY — 4y MR —EAZERL, 216 2 IE R LHE
T AL BEEESVEL LI LRBHITEILNS.

)V o2fFEOH, 7 7 A /N E#E (Radio on Fiber) v b7 =213, Th
LOBERE - TILEE LAy VT =2 DFEHELTEZLNTYS [20] [21]. &
Tr AN Y T =20, BREEE TSR RREAR T AN
470 I ) FEOBARE OB FARRERE L THOTOUE7REICEE SR
BEDERER R ZATHIDDOTHY, ThEHHALZE~ A 70V BEHHEE
3, HFEVOBEREMBE N7 7 ANEHCWTHEOERGIHEFE EERT 2D 0
TH5H. EHEWRFICIIERET L HET L OXREE (O/E-E/0) 2 2R/ ¥,
FEREDEFUHLGIHBICER IS LITLD, EEEMR{E Ry P T —7
DPHREEZFHDO TN 5S.

T T ANERS Y b T =7 BT A ERIEDOSELNE, 77 ARSI
EHWRTZESNIEHEOZERVCERRT LD DODNLELNEL TLEFTZRLS,
AWM EE R SRR BT, FBEREER, BER2E Lol F5LE
REPLTTH OIS EERFMTH L. TNFET, o7 7 ANICER SN B
EMBOSEFAE LT, BHATy M 2 E#FHEICE D U THRIESLE (Time
Division Multiplexing) 53 [22] [23], #7% % BEROBIMZE z L FEICEHD
LT B EIE S E (Subcarrier Multiplexing) B3 [24] [25], BHBEICELR 58
WREED BT HUEESEI%L E (Wavelength Division Multiplexing) 773 [26] [27),
EHRBIIFTEH ) B TEH504E % E (Code Division Multiplexing) /77 [28]
0D 5.

FHEoEZERNE, R—EREER FER#7 7t AZON Iz B T5. &6
WCHEESEILZERN [29] %07 7 AN X B M 55EZE S (Space Division
Multiplexing) [30] ZF & BT 5 Z & TINAFEEM B UETEE [31] TH Y, Lo
7 7R AFREOBMER @ AL VR D, _

K7 7 ANERT 7 & AIEATTREZ CDMA /iR % Kil$ 5 &, BRHEE CDMA
FR L BB CDMA AR H 5. BERHEE CDMA 7L, HHRERFTRES
N7 BT, TOBRBSRICBOWTIHHMEARL TBE, ZOEFICL o ThiFEZ®
BERTAI LI o THRONLIETZ 7 7 A/ME T 55N TH 5. NLEEH
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FEXEKTTbNL A 70, BEREBEOWEHIRIC L ) ILEFEAHIR S, Sk
HAEARS Z LA TER . RIS L T, FHE CDMA 3L, £7 /31 R
DI AW OB BRI T 5 2 EFTRETH 1), SVREFGEE
BT WVEVSFIEE BT S, ECOMA FRDO LT, EHEKICL > TEH
SN HBEETE DS, HEEED0, 159 — Y IIELTRAL v F 242 4
795 ETIE - I E AT ) BELA A v F 7 (Direct Optical Switching :
DOS )-CDMA 53\ [32] i%, HMEA A v FolRwEEEEr HHICFIATE, 612
RTEBERSEETHLE, MNMULICTELRZEDETENRLTWS, AH X,
Z ® DOS-CDMA AR % MRICL T, Z0EmEERELREEMNIC OV THR
bOTH 5.

REITIE, TNFTRESINE CDOMA FRE25HL, Zho6 Ot kX,
K77 ANERS Y VT =T DL BT I REEANOBERABEICOWTRETT
b, SO0, KFRXIIBWTHERETLHEENRA A v F¥ 7 CDMA & DOBE
IZDOWT RN %,

1.2 AFSREZEFXEEBERIAM v F I HFERE]

VYT NVE=F T ANERCERETRIE, TOB/BERME - LWEMEIC L
WEE Yy ML — P CREBEEETRE TS0y M7 — 27 2BET 570 OB
ELTHWONL L) o7, v T —22FBRTLLETROEEL I LT,
BHETAL-VFRLEMBFA Y VT BB RETEILTHA. KEFHE
% & (OCDM:Optical Code Division Multiplexing) Fffiid, &7 7 4 /3% w72
LAN(Local Area Network) Zxf&IZL T, gL WEEHIEZITOTICERLGT 7 &
AETFEL L, S5 —FOEIMITL TA¥E MEHLE &7 % %\ (Graceful
Degradation) & Vo 7282 BT HV AT L TH 5.

FEADNK CDMA X, > ak—L ¥ bV AFIDOR5RE [34] [35] [36] = H
W FEDSIRE Sz, K [35] 12, GoldFEEHWTT 4V ¥ )LD “1”i12xt L
THEHFTRIND/NS — Lo TH Y F IHFEINTHEFTE, 0L T



12. W FRELENNEEZEA A v T 7 HErEEET 5

A —NVEOEREL, ZEREIEET VS EHCTHELREZT 272, 2T
LT, XK [36) Tid, [35] DFETIRFHLHIT BEXMIAT LN B 720 MBS
B, MBERBAHTCERTERWEERHL, 7 v I GIELERE (Tapped Delay
Line) & FAWTH/ IV A2 REMBYICIBL , ZERTREEG7 VI T ok —
LY M —2 &l 58\, BEFTLREIC L 2LENGOUE REL 7.
L2l A3 —L Y FECDMA AREHWALET 1V ¥ VEFHD AL
DA E 5L B, EHO CDMA THWSHILS M RFIR Gold 55 [37]
EVSTNAR=TFEEHBHTELRVWEWVWIREZET LS., DL, Prime 55
% 00C(Optical Orthogonal Code) D 1=K — J 55 [38] [39] 2TRZFE S 7> [40].
LrL, IS DHFFENA K= I 5OMERIC EARZERERE RO F 5RO
HTH%o Tz, IO COMAICBIF 52 DL ) LHlRE BT 5%, FBiAD
at—1 ¥} JECDMA FRAFRE SN2, KAHMOFFL T [41] [42] % &
IR BVWTIHANRSY P NHEOFFHE [43] [44] TH 5.

SO T — L ¥ AEE AL 2 FEICE, SR EHRE AW T ARE
%479 2 & T DS-CDMA % G THr ) Tk [41]0°H 5. COFEORMERE L
T, FERPOBEFTRETH S H, HEOFEHE V7 b PRIBOTRLEICLS
BEMELIO BT OoN S, F72, SCBL[45], [46], [63]1F, R —L ¥ A&
DBV AE T 9T T & FRIESRIC X 0 RIS NS B B S 7 4
KL KaD/ VR0 F 2 n OMMBEE DT BB ERTH L. ZEMHE
WTH/OVRE =L Y MIEHRT A2 & THEEE T A, 2ok,
Ny T BB bBLOEFETREET S, T2 FTIORLAFREFICT 4D
§VE B BRI B THRILT 57200 FRTH Y, B7 7 AVEHRE Y b
T = I BWTHBEERASNEREO L ) %2 7 Fa s/ G5 2555 AR
LT#DFEHATHILIRTEL Y, 11, BT 7 ANEREY FT =20
7 F a7 HAEF OB A IANOF S RO 2 RT.

B 1.1IRd AL, ERFEOREBICL > TLD 2 ERELHRL, S50
BOME LT EFEOFERO 2O R THAL T, 2R L AHE L TEH T 7D
PN /8% — ¥ DBERFIC L o THREI SN 5 B/ ERERAR 2 & 2 ML TFBfLE
19. ZEBIBUT 2BIEFOLE, FoRlELL 2 HERDO PN/Sy — 12
Lo THEERGERE S, FERONLETLZEHESIES. COHEBEIEIZERFS
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fnt
Eilg

Voltage Ts PNpattern Voltage PN pattern

s

I ’ Fiber-Opti )
RF network t integrator
M v v Y
LD EOM EOM == PD j | output

t
v
Intensity
t
LD :Laser Diode ‘Interference El ] I t

EOM : External Optical Modulator
IM : Intensity Modulation

RF : Radio Frequency

PN : Pseudo Noise

PD : Photo Detector

B 1.1: B AR5 R OB

EZEROBFFORBICHYT L. BONIBES*BRETICERL 28T
&, BRI SVAERINERER-TBY, TOBREFEEE 7 V71
HBEIELZETREFODHELIT). 7ANVIIZLAEMEEIL, MIIRTHT
B (T) BV TR ZERF L ZEROFZORAEROMBEHEETH L%, 2
DEHETHBEEESETTAI LIk 5b, FHRICEL T, F#EHDO/ V2K
DLW L THRVE, BIOPIESHIZERENHESND,

—F, TNFTOEMARNDOFFIIZHL, T8AS Ipsec AT IR —L ¥ F 2%
WVRAETV—F 47 bl v X% v CEEBEEIC B 255055 [43] [44]
PRESINZ, Ly ARMMYAZ ELTERL, LY XOERZHEL T0,n ®
NMAZIZ X B FEiTo T D, ZOFFHHRD TIZT 1Y ¥ VEF = HHEE
CHET 2 FHETH 5. HEREBTH LT 2 ARERT 7 ANERE Y T —
I OFESESERFNICERAL 202K 121277, K1.20EEI2RT R [65)
i, AWG(Arrayed Wave Guide) & fLAH~ X 7 % W72 B BEEIC BT 5 I AR
7 M VOB AR TH 5. EEROFIIGD 2 E0 B0 FI (T,) O 53
W AR E BB 5LE (FE) I AT 5. BERETFSLEE7L /8
W (AWG) EMHI~ A 7 TR S, ZO(EEEIIEY B THN 45 RFD
F o TEICHESTY T PEO, T DN T VT DIy = b oT WA, BIREF



1.2. AFFAESEARLERLA A v F Y I FeaELETR 7

FE/FD £
Phase [== . @ .
= Mask = AWGJ— desire interference
f £ f
Fiber-Optic
RF network
integrator

Optical clock |4 poM output

pulse gen.

]
I
|
I
|
]

s I :

)

]

1

1

]

!

: / K 1
Intensi:cly ¥ 15 ¥ ¥

_» L Intensity Intensity Intensity desire interference
t t t t t
“~ O W
Ts Ts

Positive phase . .
Fiber-Optic

RF, 4
JW~1 / MOM 2322 network
Light g
Source
Reversed phase
/] N A
01234567
EOM : External Optical Modulator AWG : Arrayed wave guide
IM : Intensity Modulation RF : Radio Frequency
PIM : Pulsed Intensity Modulation PD : Photodetector
FE : optical Frequency Encoder BPF : Bandpass filter

FD : optical Frequency Decoder

1.2: BREAIEAN DR 5L



T ATIBED AWG IZ ATI ENTH SV ADEEEANRY b vefifi~v A7 b
22BN RET A, ZBRAIC A SN OV A BB IE AR A 212
LoTOFELRaOMMY 7 M 055-2 67208, HIED AWG % 8L TFT
DEBERGPEO LN L., ZOFFILOER, b LDV AZEET 5 AR K
VRO AEEMEA NS Z L1280, BRI OV 2RISR
HIZ B S N AR IROBA RN 5. ZEMTHLROBREL ZET B8
i3, RERTEZMMEY 7 FBHERT 55, BEBESEICED &0k v R
PEHESNS., EFLEROEREONR OV B CTENHEST BN ET
by, VAP BEINTHESROBIESHoN S, PDHAZTET 1V 512
WEIEDLIET, VVAERINZESE T, O EHREEFEL TS, 20K
RIS T LA ROBRICLEE 2 o -5 ALEE LEE LW, i
t—L Y F CDMA ARICED WK TH 5%, BEOEREENESL L UHFF1
FINA ADFEBUEANDERNEE . —fkic, B#hicx L szt ) FREE
BRI L THFEEET ) AR EZBELTD, oo —L Y AEEZ Hwb
Tk —L ¥ b CDMA 5L, EZEHROTHFTNAR-IH5E2BHATETSH S
Bz, 1v3e—1L v CDMA ICHERTEZEERERFTRIBO I TENL TN
D5, EOMMB L ORERHBEZLEE L, S5IXBERLFFLE LOESLT /N4
ANDFERHUNBREN DB ETFNA AMETHEZAPREL, BEBR A
GICEBEICTER VI ERS, 2y M7 — 7 OIRERREMEO S TRFITH S &
Z2bNb. EHIT, ZROERR RV SEOEBIEIRAL TIRREIN LT 7
ANER I Y T —2712BWT, KOOI —L vV A% o TERELEXTAI L
ETLSREMLIZ VI WERE, 77 ANNERL Y T — 27 & OB
HEZnWEEZ LN,

Dk X H%ae—L v CDMA FROMEIIL, 12k —L ¥ b RGO
Ttk % FV %06 CDMA THAA R = I 52 @A L T 55 L WiFT L= [50]
SHMEZERO T —% 7 7 F 51 BIRE SN 72 47 [54). Sk 51 TIE, %
I =R —SHFSTHRL, ZEAMENS Y ARZERICIVZESN2Z
R—IFEENAR—FHELEOMBEENITONLE, J—L Yy (T L
AEDOMBEBENELN LI EDRENT. TOTFHEE, 22R-SHFFDORA
ThHhAFFHE T —L ¥ CDMA OEEEMEN % A#EL T\w5 . Griffin [47],



12, AT EZEAREERAAL v TV 7 HE5oEIZETN 9

Zaccarin [48], Brandt-Pearce [49], Nguyen [50] 5 DfF 5t FkIL, JAHHTA >~
a2 =L ¥ hRAED AT PVOFFICEDINTEY, ZOBEBEFEIEFRE
OB AL THIFREEN S Ll _TWw5, ZORRIZEID, Bk 3E
FAML—FRLD Ly T —L ¥ FRIC X2 TFHTH S [56] [57). AL ERIC X
by AT LEEDHIRIL, JEIHGEKE S E (SCM:Subcarrier Multiplexing) [58] %
T —L » h & E (Coherent Multiplexing) [59] TH#EZ 1), T % [EEE - KRBT 5
F[60] I-ESINT NS,

i TlX, FBG(Fiber Bragg Grating) WA Z &2k ), LR LD
Jer OV R xF L TRy AREELEILE 5. 2, B AW & OBREES I IEET 5 6 E
BBEERY YT 61|05, ZEBRTIEERELED Y —VDOFBG AV, %
BREOBERBIEEZITHHEL, ST —%4rae—L Y MIEKT 5. FBC X
TN — D ABRPBENTNAATHY), INETOTLV =T 1427 LM~ A
7% AVTIERICHAS, SBREOWE;FIFTE L. £, RELUERIOZ
RICTHET 5 Z LI & DEENFTHEML, WAL —FROWEFRIN
72. FBG &NT ¥ ARIZERKE V72 A [62] T, IEAF 512 M ARSI % Hw
52 ETERIGEVHEFFEZFABL 2 ARPREN TS, FBG 2 /HF 57/
fRELTHGDRT 7 A NEER 9 N T — 2 0B 2B SRS ESR [66)
RESINTVE, TOHROMEHEZH1.20 THIRT. ZOANTIE, EHE
X o TILWIBELERZ LA 2D~y /Ny 2 ¥ —BDOMELRREFIZLY
REEARRT A Z T, ETEROWEINITHELETE O GAERD BRI ORIED £
NIFAHE S E 2 A HEFTIFELNS. TDHK, FBG % AW TikERA Mtk
DARZ FVITHEBT 5. HOBE, A, As, Aoy Ar DEEIE L TIRAERE O E
HOSEREATE 2D, Ao, A2, A3, Mg DERITH U T IEHRIE O HAH O 7 AT
5.2 5. SERTIE, FBGENS Y AIF TV 7/ ZERICIVELRETI L
T, WAR-IFHFEZOBHAZUEEICLTWAES, HIFFELTAY vy 7E v M & fF
ALZZERM R 2 BnbZ & TERICEWY CILESFEIEO NS L o Bz
bD. L2L, FBG % HWTEME L ERBEBICHET 5 AL, TRFEZ LR
RAERAL, R REEBICHIEN T A Z L TCIRESELE OB EEL ) L
TLIMERNTHLL IV WVWEEZLNS.,

5z, Zoff, FBG ZHVAFELARD ) bERFME FERFEO KT
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5L 2 47 ) 3 [64] TIE, AWG(Arrayed Wave Guide) & flEE7:FRD $ 1,
JFEFEREEER MO Z O b RUITE T 2 ILETF 5 OBRESRESI N TN 5.

B 4 7% 6 CDMA FROKEB A BAL 7225, B EICBRAHF5b e B x
INITIE, BEETTFR /B2 B0 7Ll e L, B7F /N4 20 s#k
T TICEPELFFITHEEL T, MELRSINAES 2B 5 OHET >
Y LNy = THY G TEERAT I A A v FIC XD EEEOIEE 1T ) B
A A v F 7 (DOS : Direct Optical Switching)-CDMA F3 [32] BSfREFE SN T W
L. ZOLNIE, REEROBEEIE O/EERBEFLE AL vy FEITTHETE, 75
EHREAA v FOF 7 F 7R & o THREEREOFFL L MR FHEY 7
VYT 24T . REETIE, REREFERICEAS Yy FIL ) IETT ). X
£y FICL BEILFH TN 7 F a7 v ABBEERH SN REFIELNR, Zh
T EIETICERRL 2R, WET AV ORSERIC L) 7SV 2L SN T ERRED
MM Z4T ) L FRIZ SV ADIE 21T ). ZOFFARIE, R ERERICRE
Kiflge 2 A Ay F L U THHAL, EHIRIC X L IGREEREONERERHIRE LT
RWbHZENTMERETH L7720, MNULRTREFE®EICEL TWbEwz b, MR T,
DOS-CDMA 7T, EROEL 2BFEMHMT 2 LI2L ) F—DiLgRIIz
Lo TR ENTZ BRI, ZEZFA—DERBEERTHoTOZEROER
TANVZIZE > TR TH 55, KGR EH—-THVLHEIZINTIETF
BENBORRBEREL 2Ty ANVEERRTHIENTRTH ), KESES
X&DFHBDPFBNE VR B,

KICAFROFF ROV THRS. DOS-CDMA FA T, ThEFTEE
BICHE—~DNA AL v F 2 AVLHEICE, NMR-IHFBFRAPFEHTEY, 55
BPELR N ERZBRENRNZ EREPHEL 2o TW2, ZHITHL, NT
VARIF VU ZERETHVLI LT, RERIINAR - I B L
T % Ottt iEAERS%s (OPRC : Optical Polarity Reversing Correlator) 25323 & il
7z. DOS-CDMA 732 OPRC Z#MA ¥ 5 2 & TREMITA >+ 7Oy 2T &
50,1DLZR—F )Ny =X BHIE, EEE 1O R-F /85 -2 &
LIPS RRIC 2 Y, B LU REREOWESHRMNIIRIN [33]. L
2L 3311, AR EZOATERNGREEICIZI V2o TR, 22T, K
XTIE T, DOS-CDMA A2 OPRC 2 #AH L 725450 THIEdER R £



1.2, AFFRENSESRNEERNLAS v F ¥ 7 FoEIZELN 11

BRRICHOPIC T A2 L2 E—FHOHBE L T A,

RIZ, DOS-CDMA AR BT HHERRKRBER L B2 8T 5. Lk X HI12FE
BRI BEENS 2 ENTWARWZ L2z, TNFTOBITTIE, BEREOFE(LE
CEELF Y TEWESITON TS LIREL TWAHD, A4 v FOF »HDER
JRT — LA TREOFEBIENT — DO (R TR TN 2 & R 7 ERIC
RELELEDZEWIRTETH D, F TEORTEEL N T —OEWEITRIC X 5 IR
HRT = X BEEN L THHERESBO N2 25 Z L TFRERINLY, ITh
REATPENIZ ENTWERWV, AL v FUEBBW TR WEHEE T 55 50EE
mE T AEETHLPICT 2LEND 5.

72, DOS-CDMA FRiE, AL v FOF 4 7ERIC X ) B IR~ 5 1L
THFETHLHE, FXGFREOFSRMELELTL. EBHBEOFTHELE
FERICBY 5 FAHEERCAPESFESEHTRETS 555, b zEREOL
HIC Lo TEHAL 28B4, BREBOTEHRIC X o URHFBILOYITFIc 52 &
BTEING., L7228 TRTINA ADIRAsidiE % 2 LoD, RSN ERS N
BRI —L Y P EELEE LR WHSFEMFEIC OV TRET 2 LB D 5.

XiZ, DOS-CDMA /=i, JoRX A v F 04 >4 7RI & ) MEEREEE OV
AT B Z L TERBIEOFFIE Ry Y T v 72 fToTW5. 20K, %E
BICBOWTOT A% BRI BET B121E, BAA v FAEREEE H 155
L% 47 ) BE (RS LTI SN EFFLEE & IE8) 247 < & b ko iR
DL LI 2T NE R vk vworz, et MEICET AL RINS.
L, WEY T ) S EBEMHENTE Y, £k CDMA AR, 7
T a7 e bl TRRET 570128 FE SN 72 DOS-CDMA /iR %E K7 7 AN
EAEA Y T —ZICEAL 2RISR EIN A0S TH S, Tz, 2
N FTRE SN TE72 DOS-CDMA FRu, M—#EREHEERZTiEE $52
L HMELT, R~ A7 Vilifgy A7 ANDIGHZEHRE SN THY,
BT 2V ECHERT 2 EREARKIEEL o T A D, RLRREEZ Ty
2. L AT EY — o7 ABREFICBWTEIYVFNY FERT—E X TH 5
CEPR—EHTH Y, WHOBEN - EEROERFEETZEL 2T 05 2w,
Lizif~<72 X 912 DOS-CDMA AU, Wit v 7V v F @BICEDS W55
BEHRNTHL%H, &5 VICERT 2EROERLILFEZ O & DO L 7%
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LT, SNEHbETHFLREZEML 20 6% %5, LAIL, ITNIE
—DDHEHIRDP DB LA v T OERE AL v F ¥ 7 REZFHFAHAL T
LEFVZR, HEoT, TNVFNYFERT - AD(E%ICB VT DOS-CDMA
FROKAAL v FOBEREAA v T 7 BELZTHENL, EBRIEZ LT 5T
BARICOWTHRE T ALEFH 5.

& 512 DOS-CDMA FRi, FEY > 7V vy F g8t £ W EHEE SR T
HY, TERDOAEET BB OFIRIGD 2 B L L0 HEEIFTILEES —F S ¢
RIFNUTZ SR\, ZNFET, DOS-CDMA RO TFHHERRELZLET S ICIEE
WESEOIEE T THEESLT 5 L STV, LEFESOF v 9B EEh
5F v 7T RERFEROILKICHHAL THMT LI LIC2), KALvTFDAALY
Fr 7 BEICEEE NPT BOTAL v F R T ICTRHENRESET LT
BEIZOWTHET 2 LEF D 5.

51T, Fy T REIERETHEED 2 fFiCx L, FoRICHEIL TE#EL
ENTBY, BERAPROEHN TV 7Y v 7 BETLERKBEOEE AL,
F=N=H TV TRy, FALVFOAL vFV TEEICABE >T VD,
D, ALY FDAAL 9T v T RELERT 5 FEEIEAL v FTFTNAZAD A
Ry 7 EGNTAERCTEERREHL VW 5.

1.3 AHMREDR LW ERE

XD BN, BE, KXzl s E&EZOMEIIONTHRRS,
EBXAL v F v 7 HEESELESFRE, BAERECERL BREE T
T BRI LD 2OV 2T B LRSS TN SEL TR A7, ZHUdERE
ERBEAML TWAZ LICHET L. ZERTIEEVIIHERT 8L T 50
ALy F NG v AR AR = W72t RCEEAH B 2y (OPRC) ORI L D,
M RFI% Gold FHicfUESNINAR - S HFE2HATEREELTE S, {toT,
NI TEL DI CDMA THY HNT &7 Prime 52 HHT 2 HEITHN, ZF
BERFSEROUENHONS I LDSICHK [32], [33] THERMICEHL Iz STz,
FIT, KX Tlt, TTEELAL v F v 7 E5EL4EF RO THBHEREY
ERICHLPIC T2 —FHOBWE L, KEBOEIFERZITo T 5.
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F/z, BEEEAAL v F U IFEREEERATIE, KA v FE2HANT, IE-
WAL AT 9 7200, SBLBIENSTTREZER [ v F & Huiud, SWRERE KD
BB % ZERTE A5, EBRIEE T 7 v 7 @IS W TRE - BAL
TWh., 208, ZEBIBNTOTAL CERETHEET S0, FELREL
A7 &S EIEOTIIED 2L EICL 20 6w, o T, EREATA
WAL T 5I12E, R BRREESENT 53 ErmE T L0ICLER
AA v FHENHRILL, AL v FFNL AQEHEPKEL 2 B0 BEND
. ZOREIIL, KX TR, AL v TFOARAL v F 7 REIZEEBZ»IT S
LR ETRELUET A RUBERZTEARTREL (79 EHMERERICIY
FILTWwb, Iz, FefbtdEz EewEiED 2L L2Ge, FaRBmicE
SIWVADS G VF LI/ 5 =V TRELTWSLE, TRH OV AL BFEHkR
7)Y S REEF S LREIC ERTERICERTH ), w7 ) v 7 Df
ERLEF =N T T hoTnAh, D2F), RGO AL VT V7 HE
CREZBHZBELTVWEI LR L. #oT, ALY TFOAL v F v T EER
BT 5 2 LI3HERD DOS-CDMA FRICBITAEERFE L W2 5bIFTH 5.
ALy T2 T REEENT HFHEELT, FolbBEL#RL T FHTELEL
TLFREL, FEReMRLCEIFFRELERT 2 FESBTONS. BE
DFFEAA v F v T REOHELR BB TRTS 20, FrEFE (528 T
WA 5 OO B R ETmELAFRIN L. TRITHL, BEDT
B LRI > 7 v S ERIC L o TiRE SN A ERIE B2 TIE S
bk, WYY 7)) 2 7 BEO BB BT 5 BRTIEFE I 0 BIRZE
LERITEZ D, RRXTRBEOHEICED WS EERBETELREL T
W5 (72 FEbEEZFEZHEHREO 2EBEL ) bEITEE, ZYT VY7 E A
L D EFRENSET AMECKL, T TV S OTAERETLFENIN
FTITRESIN TS, B (7113, EF 7RO RICE > TRETHZ YT
VYT OTRIZE BEGHIEHE OOTHBEOMER R L WETREE 7 4V 5 1
FIZDOWTHBRRTWE, LALadS, STREITERESNLT AV T IIZERICHE
M ErUBPLETH 5720, EHONEEFMERIN TS, KF@HXTIET
V7Y 0T AEEEIBRETHOTE R, TRBHETHRE T CHETL,
EEMmELERTL 0T THL I EICEFBL, KAL v T OFSEE % (R
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LZEBRIZEEST AT )7V 70T A%, XBRICESLEZNZ 52 &% (It
R ILHCRYIOBREZ REL [75], ZOWESFO@EMEE L Th 4+ AILBUS 5
PEAT A LEZREL T, SHIIREL2AF AR OL ) 72 > 7D
TAIERRICOVWTERERZ TV, TOFERZRL TV,

R IIE5 BT INTBY, UT, F2BEPLESBITOMEZ RS,

EOBTIE, X7 7 ANERIIBII 2ERERCEMBBLSEFR L L THRER
NTWVLEENLEA A v F ¥ I eRE%E /4R T RO L T ERE %
WD, KT, AARCBNTEMEREGREZEZ EHT 5 0DOMERD ) b,
9, AL v FOEBHHIIC X 5 EEHRE B THEIH (CLE - Carrier-to-
Interference power Ratio) HLAFEZ BATIC L DAL 2T T 5. RIZ, THHIERD
RERETALDICEAA v F UV 7 BREOBRLIIATHETS 5 &\ ) HEICD W
THN, ZORMBEIIHL, KGRI MRINFFICAS vy 7E Y M & BALER
MAFIZBAT 52 LT, THHREMIRPYUETHETHHILERT. LALIOD
S, EROEEMAFO L ) ICHCHEOY — 7 EUSZ T OIZFHZ L
FTEY, THHEDROLEL L TEARTITHLI L2RB/ND. &R, FF
{LREZ B 5iTEH 251X, ERL 258l EG5HtERE 25y 72 T
OFADBREDLEM 2 RS . UL EICBT M2 R 5507 70 —FIi2D0
WTHEN, FEANOHEL B,

EIETIE, BEUAA vy F ¥ 75 5E4E RN BT 5 THIHEEED FEER
X B RHEMERREREZIT) LB, FEtEEr S e TICCIzET 5
BUEZZEF R REL FHERERZT). ¥, EBRERICOVWTHAL,
ILEGRFIE U CHEBIAFMASHE & 2212 ST B M RFIE Flv 72 T ESEERIC X
0 e S EEAHEIER (OPRC : Optical Polarity Reversing Correlator ) % vy 5 Z
ETNAR=IHBEOBANURETH LI LERT. RIZ, MARFIE Prime 5
EHWT, MEOMFFRIONT S CIIUEMNRZ EL, MAYIC X 5 CI Hok
ERRVPBR TSI L EZRT. &EIC, MARVIOER EHMEBIKICEE L 725
PIEA A AT 7RIS CLER O UES B O NS 2 & 2 HERIICH S 512
L, COERE#EE ERIICELT 5.

BAETE, EREAA vy F Y IFEREASEATXDHEAL v T DAL v FRE
RUMFSIEELZRET AL HMELT, TV TV Y 7O HEHETRER
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F AIECRIN e Wi s EEE T REL, T Hw/ & 2 OEGIRRE
ML YT YT OTABEIH(CD . Carrier-to-Distortion power Ratio) 12D
THEMZEERZIT). 7, FoLEEEZEFHED 2B L) SET SR
ErmBESNMERE L L) TV 70T ABIHOBNERDS, ZBRICES
MEEMZ A2 TY Y703 heETRR LG EREL R T.
RKIZ, WA AEBRINC L AT )72 v 7 OTAMERREMET 412, BE
AR RS W ERR ATV, BRRRE ST TV 7O AEN I (CD k) ok
ERRERT. RIZ, T4 V5 VERBERBEOERE TV, ¥ Y AFIVERY = (SER
: Symbol Error Rate) DEIE» S, ZEFFNTYT VY 7O TAENL (SD I :
Signal-to-Distortion power Ratio) SNERIR T EEAIIR Y. &ERIZ, B4 A
RIS 2L )T ¥ 2 FIIERROERMEEER 1TV, REFNICL S SD ek
EXR PSRRI RO BEFT AR R T.
FBEEIHMTHY, AFETHONTERZRTET 5.






B2E EEXRMyvFLIFERE
SENT 7 AINEREx Y b
7=

FxEam 3 [67,80]

2.1 EE

WEEAA v F > T HESE

1ZET 7 ANEHRE Y P T—212D00WT, 20O
B FHHIERBICOWTHERSE., REEHFRICE

3T, EmEERP LEEER
TAHLDIZUTORESZI) -7,

e EAA v FDOHEIL
o WAL YFDAAL v F V7 EE

NS ORERIZOWTRRO T 2 B, RELUBEOMEIZOWTHEIZY 5

2.2 EHEXXAvFLITHEREZEAR

2.2.1 FHIERE

K21ICHEERAA v F v Vo ESEFADY AT LEHEKZ R, EifkE

WJF (BS) TRAE SN2 HMHE TL —FF 14— (LD) % 5FEZFR (IM : Intensity
Modulation) 3 5. 55N 7258EEZEHRIE (IM signal) &, FMEBZERHEE L THA S
NANA A v F (PSW : Photonic Switch) I & o TH ¥ F 753N 5 & [

17



18 E2E BEBENEAAvF U ERESENRT 7 ANEREAY PT =2

Base station(BS)#1 -
IM/CDMA signal

RF antenna o —— BS#N(interference}—
¥ IM signal S AV
H— On-off encode
1 PS W, . g u)qr
“as d

RF signal F/O Liel & bandpass sampling

Optical fiber

Control station(CS)

OPRC Regenerated RF signal

' desired interfference BMPD
de-spreading code i §§ ﬂ o
m f | desired

interference
(suppressed)

*PSW: Photonic Switch *OPRC: Optical Polarity Reversing Correlator
*BMPD: Balanced Mixing Photodetector

Bl 2.1: BEEXAL v F Vv I FELELEHR.

WY Ty 7 En, IM/CDMAE &7 ELN 5. IM/CDMABFIE AT S
2Lk o THEINGIEF (CS : Control Station) F Tfak &N 5.

CS TREINLHERL, Zo0T7 I3V FIHT btk BEWICHRIT AL >
T 7EMER AT A A v F I L DI T A, TET T2 F O Inversed code
F LT 75D PSW 2 BRE)§ 5 0, 1 DILEIT 5 % B R S ¢ 5 T
5T ERRT. NG AN 3% 7 PD(BMPD : Balanced Mixing Photodetector)
&5 O/EEMDR, w7 1)V % (BPF : Bandpass Filter) 12 & V) #8830 FHAE
ROHES 7)Y VI Lo TRELIZZ AU T ADBRENTTDN S,

RICHFEEB LU TEESERBROBVICOWTIRNS, HERSE®RIE, 2E
RENDF v F 7785 — 2 & HHEECRIIN — 8T 5720, HEEFIERNES L&Y
TYFRLDAFELNS. IR L THERZERICIIZE SN S IM/CDMAF
T ENRAA T % BREY 5 RIS —EHET, BRI 7 25O PD )
5 RSO N, BMPD ROEBZRESVFEWVII BIELD )%, MEINT:
HAESROND.



29, HEIENEAAL vV X ESESERR 19

222 ERYLTULIARROBHETRLY > T UL T ARE %
D B HHERAN DS

DOS-CDMA FRDHFFF LRI BV TEREEZ 55/ — V1o TH Y+ 7
it s 2 LIZEREOY T T LEMTH Y, ARY PVEICEZ B LT
YTV T Lo TERE LR LD ARS MDY 7 v RN /T, Z
CREETHIEIZRL, TV I E o TREL BREARY MV (Fiw
TRIDARZ M VEGEZ AT ALER) FAEREBRENBEREFTH S
DT, INEZWHT ANVIELTHNT, 7ANVZ )7 T5Z LI2L)EHIEDR
BB IR RE L 22 B [67].

Voltage Ts
i > Optical fiber
RF t

LD EOM " " o 8 ¥ Ne— PD ] BPF — Output
{RF : center freq. ! !
l i 1/Ts
It't;tv § dﬁﬁ]
ntensi | ‘ I H) i £
Voltage ¢ 0 fre  fre
<>
RF Eﬂj*t
_W_ v trigger 0
——— S&H LD " sms W W N E——— PD T LPF — output
e @
Intensit)1 m M . 1/Ts
t ! <>
: A o f
0 trr
RF : Radio Frequency EOM : External Optical Modulator
S & H: Sample and Hold circuit - IM : Intensity Modulation
LD : Laser Diode BPF : Bandpass filter
PD : Photo Detector LPF :Lowpass filter

M 2.2 2HEOH YT Y Y7 FHIC L B EERER. (b)) ARERY > 7Y
ﬁﬁy (_F) Eﬁgﬂzlziﬂ'ftﬂ‘ Mava V2 7“75‘3,:&:

X 2.2 1Y > 7 ) L o THRRIED BB R 21T O ROF T Y > 7
FiEE 20y, K220 EEICRT AN, BREORIEIC L o T LD & BHRE



20 HoE HEENXAAvFUVIHEFOESENLT T ANERE A T -7

i

AL, HONIHIHAEROMEZ HEMEFTOTEIED 2EOEHTH 2 T, % Bk
LESEL T+ 7D PN — > OBERERC & o THE SN 2 6/ 8 aHes
LERMERTLERTET T ) Y7 HRTHY, PN -V DERETZT —
MEEELTHY, /O AOEEFSESEOEHRE BECETHATH L. PDR
BHROBEEEDIIEHERT 4 V5 2 AV CHEORLEREROES 2 BET 2. —
77, FTEOORT AR, EREE T, U7 S ERE R VT
AQERE TFHEL, BONBA VARG THIRE RELRT R TH 5.
ZEBIIBVWTERGS 2GRk, BTV IEBSELZ L TREBTOE
2479, MEDHRNOFHZ LFITRY. HBPELARL OV 22 Hv/z@fE
Th oL, RIT 2 EBEROBLESUE SN, BEROMEETL VT AT
RS BLEEHIENTE L, SHITERED AR VSRR &
T B8, ZEMIBNTY Y Y AUy N— T 52 L% LEBOBHRES ) BT
ZEHTEL. LoL, HELEERETTbRTUE S L v, HRMEY >
T T HRCHAREGR AL v F ¥ 7 BEPEONT, EHHAETITE BRI
BRENT ARG PR OS O BN S 5. & 510, ERTILSRTRHER%N
FBOBTIIIE Fao TV \WE, ZEMTRE SN2 MMRHE B O B AL
BTH LA, BERTHAREMGT 2BV S 2.

il

2.3 BEEXXAvFLTHEREZEAXDOMEE ZD
R &t

KUY AT LBV CEMBERETRETERT A 5DOMEED O b, KGR TH
D) MR LRI OVTHRS., 7, AL v T OREELHIELITKE
CIfbsd s b e, BANE CIREBL2DICLEL R 2HEBLEHS 2
25 5.

RIZ, ALY FORAy FHEIHET HER T 325 TR, FRD
JigtiZonwTiHliR %, 12HIE, ClEZUETHITET v 7L — F OFER(ATLE
ThHbHILrilkR5B, 20HIZ, wIVFNYNERY—E ACHETT 512137551t
HEOERNMDPLETH LI L x5, 3D0HIZ, HEHT Y7 ) vy gl ED



2.3. HEFENAA v F 2 7 gFaEZERRNOMEL £ OFRT & 21

CAERERTREBLZLED FOFEETAL v FREBEL TWAI LIZRY, BAAL vF
WCEHEDPTTHWAZ L2 RT.

2.3.1 XXM v FOHENLEICEET MER

HIEIC, EEXA A v F ¥ 7 FeRESESROTHEIERBIZOWT, A
A FOWEKEPHEHBHIEBRRTHL Z L 2BEL TWDEA, KA1y FOHN
gL 7256, UTo X ) 2EZERTEENZ CLEE» o £bT5EILNS.

o AUNSERIITE YISy FhoRNI-ESICLLRE
o THRZERICHT SV F2BARTLNEFTOT VINT VX

KETIE, AL v FOBAEL, NTV AN IFT V7 PDOZERELEA
PRI LD, B A v FOMERESILIC L5 CLIESLE TSI IT 5.

e, 1, To %, TNENREBEDEAA v F O, ZEBLERTTEDEA
Ao FOEXLET L, 22T, HELEE, BAL v F2E#HTLER VAN
F v DB T AT — L F T OICHEBT AT DR TH L, || B
LEZNEN, ZEEOLTEORAL vy FOBARELELEL, oy K oy 2 FNE
NZEROLETEO PD DXEREEL L L, HEUXERO LETEDOPDHIO

TEEIL 001 BT o0 13,

. (07

ool = ml—l (Lcl + Ttrchg) Pr (21)
1

iCOQ = m% (T'QLcl -+ T’thg) PT (22)
2

&b, 22T, mid, LDIZBIT A RERELZEL, P RIFHZERIT -2 X
T. Lo KO Lo i, FWEHEO )L, FNEFNLETEORAL v FE2 4 T 5
FERIGTTA/IVAT2—=T 1 ThHbH. TNLONVAT2—F 11%, JEEICH
WHBFFIZLoTERILL,, MR EHWAEE, La, LeldFhen L2, L L7,

é. ::T, T, M2 &Zﬁ A?’]&i, %ﬂ%‘ﬂal/ll, Otg/lg &U\\‘ ?72/7]1 &?Z) ﬁ(21),
(22) P LEBIFEE LT M R5 2 BV B0 RLEEDZEES, C, |,

(2.3)

2L 2L

1 L—1 L+1,]° RG
C:-é‘l:mpr’l’]l{(l—TQA’I’])——'—+7",§(T1—A’I7) :| . 1



22 £2E BERNEAN VT U IHERESERT 7 ANERL Y N T =7

L b, Gk, BREON VDXL THY, R, SEEBOEHMETH 5.
%%%%@%ﬁ%ﬁotM%ﬂ%&@?7%LtM%W%?%&%%ﬁ#éﬁ
e LTEN S TS, PDEDETED PDICHRE ENTZNER, i1, i D

FIRRIZRD AT LD TE, #NFh
'I;Iol = m%l (L[l + ’r‘lLIQ -+ rthg + TtTlLM) PT (24)

. o
lio2 = ml—2 (TQLH + L[g + ’l”tTQng -+ T'tL[4) PT (25)
2

LT A, T, Lpld, BEAXALvFIFUTHY, LBEEALS v TR
LT BV ADEERICHNT AV AT 2 =5 4, Lk, ZEMEAL v Fi5F
YTHY, TEBAA v FE2FT7ETHENVADHFFERIIHT SISV AT 2—F 1,
L id, BEEEAL v FB-+7THY, EEEASN v TF 24 LT 500 XADFF
FRICHTENNVAT 2 -5 4, L, BEAEAA v F28F7THY, FTEE
x4y%%ﬁﬁ?éﬂwzmﬁ%ﬁmﬁ#éﬂwxfi—%4%%h%h%?.
X (24), (25) &0, THEFTOET, Lu, 3,

Toga = %{mprm{(l — r2AAn) % + (ry — An) %;—3
+ 7 (1 —1mAn) % + 7 (rp — An) %—%EHQ . % (2.6)
YETE, WAy, r, m RO LEEELS CLEIE,
CIR(ryri,72,L) = “(1—7§An)Ld—%n(m——An)Lﬂ}
/ {(1=r28n) Ly + (r1 — An) Lo
+—rﬂl—mAMLm+n01—AmLM42 (2.7)

- 4[{@ s A (e ) L rir —1— An(r, — o))
/@ +r) (1 1) = An(L+r)(1+72) L

2
— (I+7re+rr —3r1— An(rg+riro + 14 — 3))}} (2.8)

Ele ., W7 T FOINT—ZENRNT—ICHFSNDL LIKEL, KBTI Anp =
12 8L,
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3ODHAL v FOWKAEEIEBICKE VLT 5L, ClLH =24 &
%Y, LOADREKE 2L, —F, LEERRKEARET S L, CLIEE, HEHOHA
DEfERDY,

(2.9)

2
CIR(T‘t,Tl,T'Q) :4{1+7"t7"1—7’t—7'2}

(14 7¢)(ry — 7o)
E b,

X (29) £V, CllE r=1¢%57 —AZBRWTr & P ELWEIZ, ERK
EbZ bbb, =1 RREEHTAL Yy F U7 E2iTbaWEaERL, KR
WTIEZDr—RAIEEET, REAXA L vy TFOEtErEREREIRET S L,
CIHiE,

1-— T2 2
CIR(Tt = 00, 7'1,’]"2) =4 < ) (210)

Ty — T2
b, N(210) X0 CIE, REKEFTENRITRT Y F DAL v T D
REPRETNTEETE, THEREFENX, LTERONXX L v FOHEEERDOT
YNNGV RZE DG T A LA,

70 ¢
L ( ) Extinction ratio of
co | ri,ri,r2 lower side PSW
s =(34,35,00)[dB] _r2=30dB
50 |
& : _r2=20dB
© i
30
10/
10! 102 10° 10*

code length : L

M 2.3: A A v FOENEIEZR L 7290805 &4 CL 4.



24 F2E EENMAA Y TF U IFERESENT 7 ANERA Y P T2

2312, TERIEAAL v TFOEBLDOSBILE /T 2= & L5 Ex ClLi
Rz Ry, BEEREA Ay F ROZER LRI A v FOEGHIE, #heh 34
dB, 35dB &L, (29 ZHWTEHELZ. FHFEFSEWVIIL ClIiZgESL
503, BEMIZry =00 & L7ZEDPS DB KEL, TERT TV FORAA v T
DA 10 ABETH UL, CLEIZH 25 dBIZEFL TL v, &5 EAHS 1000
T, 30dBHLTHZ b5, LirL, O, HXHD 30 dB THNIT,
CIIIZ 27T dB®ET A2 b0 5. CILIEDLILEHCIZIE, BWILBFTED
FrRTHVWAIEBEVWHELELRD A A v FEHVDLZEBLETH LI 0D
Polz.

2.3.2 XXM YvFDIAAM v FEREICEET RHBER
CIttEZEEF v 7L — h DEERE

RYAT LTI, BAAL v TFOF F TEEIC L ) BREOIFHEITo T 5
5, HERG (EREOTBIRICNT 2F v 7L — b)) 2%ET LHI2IE, KA
A9 FDAL v FREZRLEIELIENLERTRTHE. 2020, LHhKRE
RCIEEEDICBIVERLR AL v F ¥ TEENTREEAAL v FI2 Xk o THS
L2479 %, MBEBEO BWFEE2 AR R 52w ik b, BIEDOFE
EERE AL v FVRLBELL D, TINAADARy ZICEEENT 57280, TE
MEBEBEOFENL T L v, —RICAXRZ MVIERUC v 51 5 M RFI% Gold &
5, KasamiRH%E 10 &3 5B FIEEFICRBVHEEEL oI L0350 o
TWah. &510Z, 3CHK (73], [T4] TIE, HERO MARFIFFHIZAS v 7 v b 2ilA
T5ZET, MAOBCHBEBEEOE — 7S 208962 L TIEDO M RS
EREIY 7ML MARFIPERT I ENRREINTWAE, ZNEFFELMIT
Z &% ALY EL TB Y, DOS-CDMA FRUCEATE, 1F v 7450
F o7V = OE@ELZT T CIERETRE 2 5.

ZOHTIE, MARFNIRAS vy 7y M ZHATHI LT, 18RO M AR50 HTCAH
BBV - EUSNEAET 5 FIEE RS AT MCERL 25 EOMBEEROZE
bz fFaR 15D MAFEFIZ L > TRT. K24 1XHF5R 15 O MARY (EKEIHE
Nrt+23+1) ICAZ v 7€y P REAL 2 M AF%Z FAVWT/2840 DOS-CDMA
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010011011100001 Autocorrelation
16

12

. w/ stuff bit
\\ Adda . w/o stuff bit
stuff bit P / —\
V X/ N/ AV4
0

*Code period Ts’=L’Tc’(fixed)
*Code length =L+1
*Chip width Tc’=Ts/(L+1)

> < Te'<Tc

-

\4

Ts’=Ts

K24 MRFIOAZ v 7w hOFAERY A7 212807 5 HCOHBER .

FRXoHCHBEBEHE RY. MbhT, T, T,, LI3FnFRE5EE, Fv 7iE,
BERERT. ARXTRETRII 1 OOF5EOF v T HREET. Ay v Iy
MEFAL 2 EONSEAR, 5o TR, FeERreneEnT, T, I't3 5. A
5y 7€y b OBARMEHAROFFE 32N, T,=T,t95. Zh
&)L =L+1, T.=T,/(L')=T,/(L+1) %2 5%, 1T v750DFy7TRE
DEFADRRE B2 bbb, RIZTRT LIRSy 7 P 2BALTY, H
CHBEEKOE — 7 EUANI0IC 2 2 BIER L 2 L R 2 BIEEHH D, TXTOE
HEEIZBWTOICRDEWVIDIT TRV EXFS0 5. Znid, DOS-CDMA &
ROSRERATE > T 7 HBLERIT) DKL, ZEBEITNAR-FHETHES
EAT)CLICERALTEY, 2oR—-IFFENAR-IFF5 L OMBEERELTo
TWb7:0, FrlbtOBROFFREIRESDLEONA R —-IfF50H ) HTH
KEoTEEL, AF vy 7 PE2HAL TOLTLY CLESEEZEEINEDITT
EZanwZ eghrs. LLEICX D, DOS-CDMA AFRIZHBIT 5 ClHEED AT,
Fo 7l —r @RI T 5L R = FFBENAR—FFF5I2 X HHEERE
AEBEL, ALFFRITHF Y & 70E ) BToBENIC & ) MBS R



26 B2 BEELAAA v F U I FEDELZENLT 7 ANERAY N T — 2

D, CLIELOWEDT RN H 5 Z EPMFTE LI LT o7,

TILFINL R ERY —E XADEH

DOS-CDMA 3, B % TR v 7 ) v 7 OB EDO W THFF LR H
BT A, SEETOTAR CEFEOBELT )L, ERT 2 ERIEO
TR 2L LRI Lo THFLE T ) LEVDH S, HIEET, x4 70kl
BEEBE~NOBEEEHIHT, F— VA TIIESED BRI TEL - 56%
RIRICL Tw/zds, BEERY AT L25RIET 2B T ORI LT L b oL
L\, HESMEN - BB OERIEICT L, BEEEAL v F o 755 5E£ER N
2 & BEMEDEEZATIEE, 1 DOEMF TR ZROMERPO ) HHRD
LGB B OB S & D &\ O RIE RO ERIE £ O & D ORI i
WO v 7 ) v SRk & A L CETIRIED 2 5 EOFBLRENLEL &
B, AL v FORAL v FREICEBENTLETT, LFLIEEO BV IE
TV, BAL v FORAL v FREZRARFET 5720, WESHEN &
BIRIEEICEENA A v TV IR EZEARN e BT 55 50BMHBZ K 2.5
IZRY [70].

X2.5(a)lE, B2 EEEHE 5T HEREITL, BEREA A vF 7 CDMA
RHATLIFETHY, ZELAERETFEH T AV FICL ) SHL, &4 D&
Bicxtl, BEXEAA v F v 70X o THFIEATH) FET, vV FN0 FER
F—E A% —HL THFILT 2 FEICHL, BAAL Y F TN ADJRH 7% JEEF)
BERPIBAZENTRETH L, Tz, NABD T 7 A3) ¥ 712 EHR IR DA
OEFFERFIC B CEEARBOBFRIALTEEL 7555, BENIEAL v F K
LD OREBEDVZEINERFEOBRLZILEER L, K2.50) 1, (a) DFE
IR BSE S EL N 7-FETH L. TIVFNY FEGEY — Y 22 B85 E B
ORI B THEIL 2T A L v FIC X ) BERTHSLE4T ). o8&
N ERIICK L CRICIEBIS 5 Tz fTo -8, EHRBOSEL 4 575,
R LU TH LT 21E, EREOLSED WL 2 5. HHBICB W TH
W ETHHT ANs ) v 72X o THERBREOBEFTRERTH S, (a) ICTHR1ED
AL v FIZ L BFFADTREE 72 AD%, switch 1T & o THEAIE & BB WEE0C 55-E
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7y 2 >/

flﬂ/' f1 s ﬂCode#l

0
*
12 — BPEf1 %LfLD PSW Optical Fiber
Al | D
. BPFf2 |—{ LD PSW

ﬁ Code #2
(a) : (FDM)+(DOS -CDM)

1
! M JEARAN MY C
g ode #1 (,#2)
f2 | BPFf1 P E ﬂ' Optical Fiber
f2 AN, [.gi_LD-PSW
L BPF/f2 Z
(b) : (FDM)+(TDM)+(DOS-CDM)
f1
//v : Code #1 (,;#2)
fa+fsc2| f1+fscl ¢
12 AT Optical Fiber
BPF i LD f=={ PSW pem
f2 ANNY;
' fsc2
fsc]_’_!_‘__—

(c) : (SCM)+(TDM)+(DOS-CDM)

X 2.5: <)V F N N EHEY — Y AN 5.



28 OB MHEBELAAvFUIFFRESENRT T ANERA Y NI -2

THE, WM 7)Y T OEBIIEILAF T YT L =ML o TY D EZ H
EOTRARE 55, $ETLHERED ) bRADFHIEL HOEREICEbE:
B0 B EWESER SN D, M2.5(c) 1 (b)12, BMRESEL AL -FETH
5. FOWERL BRI (i foo) V0 & o TRBMER SN, THREOME
WD LA (fr+ foers fot Foo) DEBD BT 5 L ) ICEEES NIRRT 4V
5 RERL, BT AV S 2 @BL B L TEERAAL v F V70 L I
SALEAT) FETH S, ZOFHES, BHATEERRT & PERES £ 1251D 4
TAHIZETHBENLET I EABBOLENTREE LS.

YT T ERBICEDCERREEREF N T YT

AIEIT 72 X 912, DOS-CDMA SR it > 7 ) v 7 @B RO W I
BIEDERERTHELIT) B, EET 2 EREOTFTRIROD 2 L Lo/ LHEE %
PVEET D, BT, o bEERTEEMO$ERE RS, T LR L EH
WOWIBIRD 2EICRET S L, W AN GEEAORIZT 7 ) v 7
VAN By, Wt T ) v S EENRERLEE T AT T T EEIC T
NRICEREEY T ) v T2 iFoTWAI LIl AB. ZOF =Y T )V 7Ok
R, BAA VT DAL v F v 7 BREZEREOFTBICHARIFFICRE (koTL X
Y. AL v FOBERARY 7 2T BB, AL vF v I REDEKBILIERIC
BEELRETH L.

RIZ, FFbEER A A v T ¥ 7 @EE2wRIRD 2B T ICEB L 7235612 &
ERBINT YV TIIDOWTCHRRE, DTV S OTAEREET S & ZERF
B RO R TREEMRBEOLMERE 2 5. M2.61I2) T 70T H
BEOEMEZIRT., KRV AFLTE, WEY Y7 FE@ficEko 5, 5 {biERE
(fs : encoding rate) % TIHMRD 275 (2-Brp) 12 —HIEEZLTH YT Y 7R
REEHELTVA. SRIHL, BRELMRL T SHBLAELIERT 5 &,
KICRT & 912, FEEEETEET 52 1) 7 APERFS (Original signal) IZE
RAEZETZYT VT REL A, K2.6() IIRT LI ICHFFILEEITFIHIED
2EUTIEUETH 5610, ADOEER —frr PORAELLZANRT PVHE
b, L LEOEEEDP SO AR VL, EREOFLERIIC RS, 5797



23. BEXEAA v F VI FEFESESRNOMBEL € OMRITE 29

«— 5 010011011100001

1/Ts=fs : encoding rate

T L :codelength
Te Wt: code word weight

Ts: code period

Original signal

Alias (from fRF)
i : Alias (from -fkF)

f
(2)fs =2BRF
Original signal
{ sAlias (from f&F)
_4_ 5 P :_,Ahas (from -frF)
f
JRF distortion
(b)fs <2BRF

2.6: TT T O AFEEDFHE.



30 Fol BEREAA YT VIR EDESZERT 7 ANEREE Y T -2

V=D THRNEVIBEIZIZE AL NS CERTE S, A v FOBEBREDT
BRI GHz o T GHz BEETH Y, Fv 7L — FPETLEERE EWIEEIC
FEDOEWREP L DANRT MV ETHEETLLENH S, B2.6(0)ICRT LD
LRSS TFIRIRO 1 U T E 2 5 LIRETOBIEANRS PVDBER D, FRC
CDGEDEFWMELILBEL W ERFHEINS, DEOHEBICLD, BAAL Y
FOFFILRER A A v F 0 7V REZ KRBT H2HEE, 7Y F 4T REMH
VEER D, CHL [T T, BFERMOKICL>THEETLZZ )Ty 70T
AEBREARGIT IV IF X 2T 7 VT OBREL R TWE, Ay—iF
YTV T DEFEAICET AR, [76], [17%F0DH 5.

CDET, BEXAA v F Y /5584 EANICBT 5 THBHIEREIICOW
THAZTV, AV AT L2 AWTEmBEREECE e ER T2 H0MERLL T
FAA v FOHENILE AL v F 2 7 EEICETAIREE NS ICHT B BRRDHE
R UVAN

SR CIEZUBFET H7:0120F, BWHERRT L) SELZ AL v FRETAA v
FY TG ALy FIZE o THERZIT) SEPLETH L b o,
E5IZ, VTNV FEGY — Y AEBROBIC, XA v FoE#EEE 5 Eh
TWLORDOFEEZRIF. 72, DOS-CDMA RO ClItid =R -5 8%5 &
NAR=IFHEEOHBEBREICLVROON, MRAFNIZAZ vy 7€y P EEALT
bEHCHBEROY — 7DD 0127 5 2T & ZHISBF N A K — 5 5 OM
FMEAKRERLZAZ L xRL 7.

BRIZ, RV AT MBI AHET YT ) v S EBICED CEREOY VT ) v
TIEEIZBWT, WERD 2 & e b#lE L —H S Lidd =% 7Y
YTTHY, WAL v FOERARY 7 ZEHMEIE B HICAL vy FRELHTFLHE
AR S AEERICOWTHNL, S50, R HERL - 45 LEE
PARIRL 725 BB E R B LY TV Y JIZOWTHRY, T T 57 v F A4
)T A D LB DT IR,
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£3F TSHIEREEEEER & B
EXREARORE
FEEER L [78-80]
3.1 F&

ERENXAAL v T2 7508 EHRNICBY 5 THIEREE 2B X 1 a2
5. T, BUERZEANEZREL, 2OUENRZWL2I2T5H. EERON
i,

o JEMBVEMEEAHEEEF (OPRC) &N A K =5 55 % A7z CLEEDOd#
o Prime f575 & M A5 % H7z CI BRI R O L5
o BUERZEHINE HVI2HED CLILSER R OFERE

Thb. AIETIE, OPRCIZE N MAFIEDN A KR — FHFEHEHATREIC % 5 Z
ETCCINRUZEROUENBONLZ E2RT. BETIE, MARVIDOEL L
BEMICERTA2 LT, AL v FEELHREL DD, ERITHEV: CLIAF S
BB EERT.

3.2 ZEERIFRK

4.7, R31ICERBRRPEBRIIF AT /NA R8T A= 5 %R,
EERIIERESRER, LWy 44+—F (LD), Rz~ ba—F (PC) %
A4 v F (PSW) &L L THWA T v Y = ¥ ¥ —#lD LN %% (LN-MOD) & 55
RFVFEEZE (Code generatorl) TR SN A, MHE FRARD O A L 7o B
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32 5 3
RF
input
Code generator 1
Code generator 2
receiver
BMPD
PSW {—! l—zl
| wopre ! RF amp. ( 7
E.RF output BPF NOT
PSW E:
G (LN-MOD e PC Att, pd %
rw/o OPRC RF amp. \
LREoutput et} BPF 4 ---- :

B THMEEARERERE BUERZEFRORE

LD : Laser Diode BMPD : Balanced Mixing Photo Detector
PC: Polarization Controller ODL : Optical Delay Line

PSW : Photonic Switch Att : Optical Attenuator

SMF : Single Mode Fiber  BPF : Bandpass Filter

RF amp. : RF amplifier

3.1: AL,
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TLD ZEEHL 2%, BONTNMEFTeHFFTRIIEERICI ) REL ZER
NIVABETC LD AL v F RS AL LI2L D F 2 F 7RHF TN 5.
Bo N RREEFF 5L EIL (IM/CDM : Intensity Modulation/Code Division
Multiplexing) E51& > Y ZIVE=F 77 A /N (SMF) IC £ ) ZERT THEEINS,

ZAERRIL, 20D EHEMRL TV b, —Dik OPRC(w/ OPRC) T, & 95—
Hix, OPRCZHW A WHE—Z A1 v FOHADHER (w/o OPRC) TH 5. OPRC I,
3dB Y77 v 77 (3dB coupler), JGHERF (Att.), A A v F (PSW), mBEREnT —
M (NOT), YEBIEM (ODL), /NF ¥ AF I ¥ ¥ 7 %MKikss (BMPD), RF #IE
% (RF amp.), #1387 1)V % (BPF) THEIN S, ZENEFE, 3dBH T FIC
LFoT20oD/ T o, EWIIERNE 25 L )R SR, EWIZHERKTY
AAYFTHNVATERETHRAL v FITL YV IRER L v F 2 T ER, HNT v
AT S NS, FONL-ERETE, REWIESRICLVEES AR, Fil7 1V
I L) ERESOBEENTONS,

—7J7, OPRCZ AW WHE—EA v FIC L AL, JEA 1 v F (PSW), &
HikE2 (PD), RF HIE53 (RF amp.), #5187 4 ¥ (BPF) CHE SN L. ZEFX
BHE, BALYTFICLDIEREAL v F > 7 &N, BREMKEOE, EHEOH
MRE BESfThNS.

3.2, 3.3, 3.417, EREEME, 2ERER, XERERLRT. X3.20FE
B 542 (HP ESG-D4000A) 70 b J8E S ¥ 7 #4E 5%, DOS-CDMA R#EHIC
i —7 Ve AL TAHNT S, DOS-CDMA EROH T, 77 A /3&#L
T DOS-CDMA %Ik &M b, DOS-CDMA EZEHADE 3 BDRA A v
T, 77y ay/EEELY 2 AL — % (Agilent 33250A) 12 & o TERE & &
TWh, /37 =338/ 87 — 2A—% (HP 8153A) THIMEIL , DOS-CDMA ZE#H
HOEMESNL RF /87— A—% (HP E4418B) TEIflT 5. DOS-CDMA %f5#%
O, [ —7 &AL TIAEBERE 5 SERO REF {536 (HP 70910A)
KATIEN, IP(FREEE) RN — AN FEFICEERER I, N—ANY
NEF /50 (HP 89410A) I A& 5. F72, DOS-CDMA ZERHHIIIE A
7 N VT F 5 A4 (HP 70004A) 12 & » TEIEIT 5.

3.3 KUK 3.4HD PCiL, Rz b 1 —F (PC : Polarization controller) %
Y. BILVICERIIAWTNAZADIINTG A—F %787, (HILH (extinction ratio)



34 38 THHNERERZERBUERZETRNORE

BEEERESR
(HP ESG-D4000A

J'r./\'7 A
ARG LWLTFTFSAY HP8153A

(Agilent33250A)

DOS-CDMA% (£

LEREGIES S
(HP 70910A)

B 3.2: SEEREE EMRE.

X, CAA v FDOF YOl F 7ORFZHBET LT —DETH L, 72V,

%%%E%%%tLfﬁ%#%%xfv%@kﬁ%iﬁﬁﬂv~%@mﬁmf,@
B LT - RRICELIBERELE RN LEREOETHY), Yy /- U=
v F —ROBERBICBOTUE, EREFO RN SIET DI ELRBEEMETH
5T EDL, FERERLIFD, V, &FRKiLT 5. DOS-CDMA FITBWT V, i,
BRI OEREOE -2 .V — ¥ -2 BERERT. I/, ZEEDO2EBDNLA
Ay FOWAERNELRLZ LIZL > TEL 2EBE/7 —ORBEL, K341
RNYZERONERERDREEZ R T A L THRZRIZL TS

3.3 JeABMREIERI%E (OPRC) % B\ 7= CT s R

REITIX, OPRCE VA Z LICL o T MRFIEDN AR — T 555558 A HE
2% 5 2 E THFROIRICE 2 FHIERIROUGE L F7RVIBROUELFO N
HZEzmd. 7, OPRCE MRIZHWEGELBE—A 1 v F & Prime fF
FEHWIGED CIILEED VELF5RIIBT RO 5, RIZ, EBRICLD, &



3.3.

Je X En A B Zs (OPRC) & v 7z CL B RhR

Laser Diode

Function / Arbitrary
waveform Generator

PSW
(LN MOD)

Optical output

3.3: IBEEREK.

35
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36 F3E THMEREERIERBUERZEIRORE

¥

PSW(LN MOD)

%

Balanced
Mixing PD P®

RF output
| PN input
Optical
Delay Line

coupler

3.4: ZIEHEREHL.



#* 3.1

3.3. JefiEZAERIER (OPRC) & Fiv» 72 CI k&R F

FEER DA

LD module
(ORTEL 3541C)

DFB Laser
wavelength A : 1.3 ym
output power : 3.4 dBm
RIN : -149 dB/Hz
modulation gain v : 0.103 W/A

LN intensity modulator

(transmitter)

(RAMAR corp.)

insertion loss : 6.1 dB
extinction ratio : 35.7 dB
V.:6.0

LN intensity modulator
(receiver)

(SumitomoTMZ1.3-2.5)

insertion loss
6.0 dB (upp.), 4.4 dB (low.)
extinction ratio
33.2 dB (upp.)32.0 dB(low.)
Va: 1.0V (upp.), 1.0V (low.)

PD(NEC NDL5481P1)

responsivity:0.91 A/W

RF modulation

7 /4 shift DQPSK

RF carrier frequency 1.9 GHz
input RF power 10 dBm
bandwidth of RF signal 300 kHz

37



38 3T THMEEBEMHRERE BUERZE T RORE
TERx Cl I EMR % JE7ET 5.

3.3.1 M R%& Prime 25l

M &% & Prime 55 D R5E, Ly, LpliZ,

Ly = 2 —1 (3.1)

Lp = p? (3.2)

DEHICHEET LS. 22T, nid 2 LOBERE, pldFEHKTHA.

CIHORFED VB, R FEARY AT MSEAL 2 BE0MBEEO Y — 2~
BLE—7 DS E DT Y+ T AMCHEITH. MARFIOBE, €— 713 Ly -
1/2, ¥—Z7fEDSMNI1 £ 72 5. Prime 5 DHE, € — 7Bl p, ¥— 7 EDAME
1eRB, ZhED, MARFIE Prime 555 % Fv:7- CLE o AR filld,

<ﬂm4:2wg0%;w dB] (3.3)
CIRp = 10logLp [dB] (3.4)

b,

3.512, RAT 7 b L2HHCRAE THRICEI ) B THI & T, 2R HKER
Bz EXo CI L% METRE2 RFIOE RFIEOBREZ R, BEMCHIGES
DIFFEDY A IV ITHRBRMTH L, AP CODMARLY Y )y 7 EDEEIZEH
MEETH 5.

Prime fF 53 BEFRDO R E p 2T BETRETH 5 DIH L, MARFIIEFRYIE
RFege L THEHATRTH LI Ebh5b.

3.3.2 EERER

36 IHERM CLILOERERZ RT. HLEREGL THEFOZEANRS b
VEHES [T S, OPRC & M R5% AWz H4, FE5kE 10BIERICHL T,
20 dB @ CI bk Bl s, F72, OPRC % Hi\V ¥, Prime 55 % w854
LI EE10BOIKICKTL 10 dB @ CLESENSH S h, BRI EL T



3.3. JGHRMESEEAHREER (OPRC) & Fv 72 CI ik Esh R 39

4
10 ¢
.
o 10 |
b
E
ﬁ ) M-seq.
B 107} !
ot ; :
*g Prime-seq.
B :
1
Q10|
1
1 2 3 4
1 10 10 10 10

Code length: L

3.5: MR% & Prime f55 DfF 52515



40 F3E THMTREEMRERL ROERZETRORE

TAHIENGhoTz. THIZEY, OPRCEHWEZ ETNAR— I HFFOBAL
WEEIC 2D, MRFIZHEAL 72560/ 5RIEKITTT 5 CLEWEN R EN T
WBZ ENBL LR o7z, 30dBD CIEEEHBAI12iE, MAFIE Prime AR5 %
AL7ZEEIL, ZNENOFFENG63, 1849 TH A I 50, MARFZHwv
P2 BDHAAL v F DAL v F 2 T BREOERBTETH S LN G o7z,

¥72, OPRC # W12, MARFE HWHRELRLTBY, ZOBEENS
EAIAL TH CIHE#EMRIBONT, ClEIE 6 dBRETH o7, ZOHH
3, MARINIZZFDORFIFIIBWTO0 L 1 DERERNEL {, H#EEFIIxFL, F
BEEVPHAA v T2 REERT LI LICERTS. 20720, JEETH 3
dB, EXETH6dBO CILL /oM, FrReiKL T 2 DB R
ENBLDTH 5.

3.4 BUBEXZREAXDEREE

BEEXA A v TV IHESESEARTIE, TS 7)Y 7 EHII L ) 5B
WP EEINEE, CLILAUET 2B ICHFREILKT 3L, v 7T RES L
ALBERBAA v TFBRLEERLE Vo 2T N AHETOREENEZ 5. 77,
Clkz g ET MO FEL L CHFROMBEL ET 2 FErEL o b, #
HEOHEEEBTHFHREL TMRANFFICAY v 7EY P2 AT HI LT, H
CHEEEOY — 7 EUADOHBEEZHEL T CILERET L AR H L. L
L, SOHEF 2ETH AR LI, 2EATL=KR-IF5THLHEZTV, %
BRITNAR— T HETHEILREAT ) B, EROFEOFHTIATHTHS. &
DREICHL, HEEFMELZTE, CIhrUETERE T EUERZEHIR
FREL, EBRICLVEEBHEOEFLIT).

BEFRL, BFEEEALEAFRCBIT LI 70V AO< v ¥y 7RI
D, BFEOMBEEESRERLZ LICEBLTWS, LEFTOF »F 759V AD
vy ¥ ERICIE,

o HEDTF v T/ED 1% IV ADF VIZE Y BT H

o TFHDF v TED O =N/ ADFVIZEHY KBTS
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Center freq.:1.9GHz
SPAN:2MHz
10dB/DIV

Desired signal Interference signal

40 |

CIR[dB]
=

20 ¢ Theory and Measured
(Prime -seq. w/o OPRC

0 S S R T
1 10 10 10 10

Codelength: L

3.6: fF5Ext CI easit.
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Vol 2BY) DHEND L. MAFIOBREA L FEEADH DL, BREADM
FHNEHOAHBEEKRO Y~ 27 HEDAS 0L 2 ), ShEWTEE/L ZBAIS,

EZRRRO CLIAFEAEO NS 2 L 2R, HEEM & A7 CT I EH DR
R ERETAT) .

3.4.1 HBUERZRESKX

FEWBBIIEFMPNC 7 7 L AT HBETIER {, EHBEICED BTN
FeEOEMIHELL TWAFEE CDMA HELZREL, AL MRz F v 7T 7
MLZERFIEFFIERAT 256 IRET 5.

M B DOERREAS CS 225 % RBSICIEE SN THE Y, £ RBSIERT 2 ke
BBALEAT ) 2O OWEFETIE, RESY 7 L2 MARFPLTO X ) IZE D Y4
THONTWA, e={cy c1, - Cy -+ cro1}= {a, Ta, ---, TFa, ---, Tt"1a} =
ITTEFy 7 EBEEET, ald, 5 ﬁL@M;@Uﬁ%“(@%&?‘% Z DK,
FXANVEIEIL E% 5., LD kEHOERWE, gp(t) I & > TEME 1 THELEH
ENb. ALV FITLoTHO, 1} DEZFD MRV, ¢, THREENAAL VT
YTENG. HERERITHIET S MATZ ¢, = TFa & L, FEFLERIIHIDT S M
RHNE ey =Tma, (m#k0<m<(M~-1) &35, kFHDRBSfEksh
LICRELETE T I, LESNIREFEIETHE, T3

I, = Ps(1+4+g(t)) - c
M1

m=0
LEz2oND. PSIILDOY—2BATHY, g.(t) RERETHE. P, %F
KB TH Y Pg/Foss EFRD. Floes id, CS & RBSED M — 7 VO NE L
ThHb. FRBSIZNHHIERZMATBY, 2T A VIE Fo EFLLCTHIET
Ps=P, Td® % LRET 5. OPRCIZHBIT 5 BMPD A D HER ¢ K1 iy I3,

M--1

i = Y aPgm(t)em - x(c) (3.6)

m=0

b = oP, {ggmwcm} xewm) (37)
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DEHITHEZHNE., ald BMPD ODRERE, n3BFs 0T v 7H5TH 5.
{HA}@@%%O%W@,X@Mz%mimiof5i6ﬂ%.

L—1
9¢,x(ck)(l) = Z Gt - X(Ckn)
n=0

L-1 M-1

= D Ch+d + D Cminrd) ¢ - X(Chn) (3.8)
n=0 m=0
i

LH52oN B (FEEH). =028 2 HEABMER

A L-1 M-1
n=0 W;é:kO
= > MW1+Z S (2 — 1)
{ckn=1} n;léko {cmn=1}
= 2 > cen— Wiler)
{ckn—l}
M-1
+ 292 20 e — Wilem)
m=0 {Cmn—l}
#k
M-1
= Wiler) + Y. Ocnxten)(0) (3.9)
m=0
#k

%M%()i{oumﬁ%hOfﬂcmk{1+u®m%h0ﬁﬂxﬁwk@m
HMBREZZRT. IhiD,

R Lrl for Wy(cp) = L2
Op,x(c0)(0) = :  Wile) (3.10)
Ll (M —1) for Wy(ex) = 52

k&b,ﬁﬁﬁ&@M%ﬂ%ﬁ%tt%a~i$$&%%£~WE¢é:&ﬁﬂ
HE%D (HRBR).

3.4.2 FEBRER

X 3.7 I2fF 7 Eft 28 CIN LD EBRRAIEH R L /AR MV ERT., EBRT
A — & = LRI EHLET S, SAEANRT P B G B LI, BUERSE
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FRZ W56, THREOBNBEEIZEMMEENCLID NS (HES
n, EXENESELNL. ERTPELERLREFEOLEDRE, FEENT,
64 DHEIFNZEN35dB, 12dBTH 5. REFRE A 5HE, ¥H42dB0%
£ CIN ks fg iz,

3.5 &5

AETIE, OPRC OFHMEEIED RIRMHREERL 1T o7z, oM KM
(OPRC) IZ & WA A v F ¥ V55 EIEERF RN AR -5 5258
AEIC72 A 2 & T, Prime ff5IZ X MR Z HV 5 F 5 EOILRISHT 5 CI
R BEDESBENT VDI EHRENT.

M RFIDOFFFEEA ROMHBEEICEBL, BAA v FORAL v FHE % M
LoD, CliEZUYET 2 RUERZE ARz REL HERRERICLY, 20F
R SEREL 7.
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Center: 1.9GHz
SAPN : 100kHz
5dB/DIV
] | I [ I
[ O L O o
L L AT R O O
L [ ot ) ot L utf AN A T AT
Interference (proposed) Interference (conventional)
507
Even weight Mseq. (proposed)-
N D)
40
S | 35dB
& 30}
S | " 0dd weight
°§ 20 | M-seq. (conventional)
s |
=
10 |
ol

1 2 3 4
1 10 10 10 10
Codelength: L

3.7 MUERZEFRICL S CI L ER R,
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AT A RALECRIEAVWER
19 F 27 RERBTFE

B [72,75]

4.1 F=

DOS-CDMA AR TIE, & > 7 ) ¥ F OEBICETVTESEREIT S,
ZEBOTFIRT 4V TOT A% HEREL BET 51013, FoI0EE L SR
DWBIRO P72 L b 2D EICT 2UEND L. FEHbRELFEIED 245121
72, FOF T L - PEAFFLEBEICH L SRS REESNEEL L.
SHIZZ DN, FFEEANTFEROLSRED PNRFIZY T ) FRHEL
THWSE, BURY%2) O V2%, 2% ) PENeTy 7)) v 7 ERE
iE, FEbEREIOS L R EAPRESNAEEL 2D, a7 ) vy gl
Lo THRFELULERBEROY 7 )V T EBEICURTRIIEGERR Y T Y 7
ZfToTWVWA I LI A, ZOF—N=YK T ) TORR, ALV FDALY
T 7 BREIFFEEICHRTIERIIERIC L L E VI MESIH L. AL v T
DERARY 7 2 EIRT BB, AL v TV 7 HE, BIEFLEEZ RS 2 E
FHICOWTIEELE, F2BTHEN, RETHE, FEEEMERLZ T 5L
HEEZERT LI L TAL v F VT BERREBT A2 FEEREL V5. FEEL
MEFEL 72 F I LB TR 25 T IR T 5 &, BEEBAICHEET S
TYT T T OTRIIL BETmEDHILR T ER T RREMREDOBINTE 5.
THICKL, CER [71] T, FERARHOEKRICL > TRET LY TV Y 70T
AEHNBHELODOCIREZSRET LTI Y IXF v T 7 4 V5 OERBICD
WTHBRTWS, F72, REY—H 7Y I hoDEFOFEIITERERETL
BASLE [69] [76] [77) TH YV, BHAEETORBIIEMT 55N E OFEII
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DOS-CDMA AU EHTRETH 5. KETITTT, FEbEEZEFETHIEBIRD 2
BEDBETIELRETREAMERE 25 L) 7 2 0 7T AEIIDFIE
REhL, ZEBIEFLELZMALZ LRI T Yy 7T Az ETREZR L
etk R

RIZZ YT TOTHRIZE BB FREHCOEER & 2 2IEF5OBEME L
THF ANFRINE BT 2 FEZREL TW5hH. 74 AERFNIERD A7
M VHEELT RV 515 Gold SRFIR° Kasami 7512 X THB O 22 \WEIEEBE S
LU B & ORI Z R FTRETH 5 Z L THIL TV 5 [81] [82]. H
WMLRTEFIETRL 2 WMERZ 52 5720 CHMLF T L HBICERTRETH Y,
JFREBNZF 5 RIVBOHBS 2 WEDKED D 5. (ERDILESFERFID %22 b
TANT AMEDED G E ) T 7 R$ 2 P HFRFTE 5%, FRFIO
o & OMEBEZZT2GEITE, KROFFRINIDFOMH5EIZ AT 2 DA
P4 B LN TFEEINS. DOS-CDMA FROTEY > 7 ¥ 7247 ) BRIC, R
TYFIANT V7 BE LSRRI 2 ER LGS, FotEEr KL
1235 RO O N APLEAT 5 1T TR & O3 AEERIR B L /51515
EV)BETTALREEE S DI EPVEE NS, DEOHEBLY, EROIHR
F 5 Tld7e <, BIEMIZIAR 2522 % & D 4 AWEGRIID 6 &2 E 57
FRINERL BT &) ke v,

RETIE, DX ALBRINC L A )T 7 OT AT R T RS 5512,
ATEGE IR ER 21TV, EBEfcEET ) 7 Y 70T AENR (CD ) ©
WERHREERT. KIZ, 74V 5§ VERBREOERE T, ¥RV ED R (SER
: Symbol Error Rate) DERHP L, ZEEFHZ 7Y 7 O0TAEIR (SD I .
Signal-to-Distortion power Ratio) BRI R & EEAIZ/R Y. RRIZ, 74+ AW
RANDS SO )T Ly S HERIRO FEERER TV, REFRUT LB SD il
BRR & F LR E R RO BB EARE R T.
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4.2 IVUTILTU0TAEHDENE A IILBEIRFID
BaE

4.2.1 WEVRINC L B EAZFOEIHY > T ) > F OB RN
BB frr DRIIES r(¢) 1T,

r(t) = Re {g(t)e’*" /o t} (4.1)

LEED. ZIT ()1, WEN—ANY FEETHY, ZOMMITE Bar &5 5.
FEHOLMREICH Y UTHONLEMRFOWEHE s() ETHE, s(t) i,

§:§:Q ) - pr.(t — mT, — IT), (4.2)

l=—0c0om=0
ERED., 22T, g(m)e (0,1} dmEFEHOF v TOELERT. L & T, iZ2h
TNILHCRIIR, WHECRIIANIZ KT, pr(t) &, Fy 7SV ARETHY, 20
BIEMRIENENLET, L T5L, pr(t) 13,

(4.3)

NDEHEED,
pr.(t) DEEEANRT P v, Pr(f), & f=0%F0LSHE sinafT,) /7 fT,
DRERY, /T, Mo S5 HET 5.
HAA Y T LW DT ¥ & 7S LRITHS > 7 ) v 7 L EMTH
D, 7SV AL LIRS REG W7 AV VT OT AR CEET SIS
3, 2L EFOFBIFO 2EU EOREETH Y TV v T ELERSH B, 2
SR
1 1

fe= f = 2Brr
DEHIFEKED [68]. KL T f, s M HILEELIFATY S
ZEBOWET 1 VO X (WERLN) E5, #t), &,

oo

() =r(t)- D silt —1Ts) - {s;(t —IT%) — 5;(t — iT5) }, (4.5)

l=—0o0

(4.4)
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LERED, TIT, s(t) 13 FEHOSIEE SRR EERL, 5;(0) 1, s;() A
%ﬁﬁ%éhf#%ﬁ%f%é;&%mb,mmch&tX4y%%%@é%
LEFTHE. s;(0)1F, UTFTOLHIIREN B,

L-1

s;(t) = 3_ c;(m)pr.(t —mT.). (4.6)

m=0
) IE, YT I TEMNT, TH D LEOFEMEY T ) 7 RIN L DR
BERY T T ENEREONTH D,

() = 3 Fmlt)

3

o0

in() = alm)-(cj(m)—c;(m)) Y r(mT. +1T,) - pro(t — mT. — IT,)(4.7)

l=—

LEREDL.
P(t) DREWBEANRT D IvE R(f) &ET AL,
R(f) = 26U ~ fr) + 5G*(~1 ~ far), (4.8)
G(f) = :gémm, (4.9)
Gl ) = cslm) - {ey(m) 50} 72
k:;fmﬁi;fg%%§<ﬂ—£>éﬂ”%. (4.10)

LERED [76] [77]. W41, TSI U S BOTEESERT. BEFOW
Wig% Bpp & $4. 7)Y 7T ENTBBERART P VIZBWT, ZAfYUT A
ARY b fo=1/T,[Hz] I EIREE SN TB Y, FOIRBEEHILEEES 7
b &Nz sine BEICE D EAMITFENS.

X (4.8), (410)DRT LI, G CGn(f) DmICHETAHBITH 5. R (4.10)
DL 1D ¢;(m)-(c;(m)-c;(m) 1&, TZHR—=F8FF ¢; LMK =T FFFHITEBRL
72c; L OMEBEBEKE 25, REOMMEIL, BRPFEHLTEREN LT M VT
H5.

SEMERROENARZ P VE G ETHE, G 7,

. T, s f—k L T,
&(f) = eci,m)(r)-i-Smf(_m;s)c:(f—kwi)-¢<k>, (4.11)
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G(f)

BRrF

NN

+ R(f)

LG frn T GUARD
3G frr i)

RS S +fRF—fs +fRF+fs
(b)

41 BTV S BOERIEANRY ML
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p(k) = S e N e (4.12)

{ei(m)-cj(m)=1} {ei(m) g5 (m)=1}
ERED . Oy (1) BIFECRT ¢; & ¢; ® DOS-CDMA LA TOMEMEE K=
FT [80]. Oe;xiey)(T) BT DI H AT 5.

Geuntep(r) = 2 exlm) - x{eslm+ 7)),
0<r<L-1), (4.13)

T, TRFVTBEETH S, X (4.12) OMAHEOBHTH 1, AHHES (k)
3, BERZ IV TH L, K@) DO 1IHE 25HIZ, ZNEFN OPRCOLTET
5 F BB AREONMEARY MVOEKTH L. ZERCBNTHERET %
AR B 72O HILRGRIND ¢;(t) =ci(t) THA%HE, cla—6)=¢ THAHDT,

Ocixc(0) = Wila), (4.14)
pk) = > eE (4.15)
{ei(m)=1}

Lh, 22T, Wile) QHEERN ¢ DNI Y T EATHY, ¢ FO 1V OKEER
T. k=0T 5 AT MVEGDBIREFTZ, k#0115 AT PIVEE
GVLA )T A% ENENERT. M4BT 5 OWHE ¢(k) DGR, FET >
TN T ENTEREDOANRY MV ([KL]) 2R T, R& DTS o OFFRE
NIVIZERMIEFNENLS, TTHAH. ZORT |pk)| &, BRI ci(m) =1
L BTy THBTHE B AEE . K (4.15) LD, 41| & Lé(1) EERER,
20& 1405 BELEIE SN L. [4.2(c) XY~ 7 ) ¥ 7 SN RO S
BRANRZ MV (k] <) 2RT. k=00FEFEEL, kA0 TA YT AANR
JMVERT., TAYTAARY MVIIFFELEE f, Z & ISR B -
CERESNS, 7238 (4.11) &), Z20ORIBMHEIE ¢(k) DRE SITL o THEAMS
FONDZENbRDE. 2O Lhs, |¢pk)| D/NEBEDHFTRIZ WS Z
Lo TRFUELZLICEEFEHDIA YT AZHETRETH LI G0 5. £
72, |o(k)| & kSR L CBRATH D, |o(=k)|=|6(k)| TH 5. |p(k)| 1t k=0 TH
KEW(c;)) 2 &), k20T, 0L, Wile) ETOERELZ & 5. |p(k)|iE, Tk
RYITHE—THY, €y b7 LZRCIEFRVITO ED L 2\,



42. T)VT I T OTRBIOBENE I 4+ AVERFI DR 53

Spreading sequence

¢i=010011011100001

(length L=15, Wici)=7)

(a) resultant component

A
s 0
<«——— original signal component (k=0)

alias component (A=-1) alias component (k=1)

. | . > f
s 0 5

(b)

4.2: (a) EIFEOWTGE S(k) DR, (b) HHH ¥ 7Y ¥ 7 S 7= WHHED A
7 RV (K<),
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4.2.2 INT7ILT0TADRELESLILFE
rEFEEY TS - N EEFHEIEORE L,

_A__ fs
Brr

DEINEEL, A vF UV EERBIREDIBELTH. HHTANVFIZIDH

r (4.16)

—— from fRF
................ from 'ﬂeF

tR(Sf)

ILLY T
" L]

“hr RS
I<r<2

l ﬁ( f ) fs* distortion

—t

X 4.3: 7 & ARZ MLV T VT DOERE

HEENTEHRIREIT AT AARY PADEEFOARS MVIZER A Z EIZiER
THOTHRICEVEFTRENHILT A, M43IRT LI, ricX WV EFWES
bERITEELZYTAOELZ D HFDECERT. 1 <r <2054, FHHX (a)
DR LD ICEEE, —frp BRAERLTLZIT IV TOTAESRD, 0<r <1



42. TVTF IV T OTHRBIIOMNT & I F ALERYI D34 55

DA, M (b)—frr K frr 2 REBRLTEIIAVT AL AT A )T AT
RBRES D, 7)) 70V AEBERZ BATFEF TSV /TR, anb
DIAVTADORE L, 7)Y TEMBRFY 7 2 700 AR & o Tk
5.

o1 <7 <20%E

—frr BRERETEIAVTAD ) LFRT ANV 2 @BBETL5H0% kxHW
THRET DL,

- ’VZfRF—BRFl k< ffRF—i-BRF
fs - fs

&Y, BEHEETIE —frr+Ekf ICMET S, SNOEDART M UVTL) T
YIZOTARDERER L. |z]id, zIiZFEL WD, 2 L DASVWRROBREEL,
[z] &, zIZFEL WD, 2 LD REVRNADERZEY. H44ITRTEIHICTAY
TV TOTARICEL SD KOREME AED 5.

ARG N NVHBBERSIZBES, AT ANRROLLE 52 5512, BETA
N7 MVOBIREFERE L, MAHARZ b Vid|o(k)|= Wile) & L7z,

SD ki,

J = Kmas, (4.17)

BRF

, T, 2°
kaaz l . Sln(kﬂ‘T_Z)
k=kp:y Coveriap kw%

DEITEED. T2T loperiap 1, K43D)IIBVWT, BEFLIAYTADE
HAHMERERLTED,

lovertap = { fo— T (fRF > —2frr + Tﬁ)

fu—1i (fRF < =2frp + 7%)

YEIFA, ZIT, SVRRBT, 0% T TV ADTF v T L — % f=1/T.,

FoTL— M EREOPLEERDO T, LTOLIICERTS.
s Jo
frF

4512, frr=1.9GHz Brr=300 kHz ®3HED plxt$ 5 SD o FTREZ R

9. SD IO TRRMEOFEIL, (sinnfT.)/nfT, ¥BfE% & 58 f = (2n +1)/2T,

(n = =£1,42,...) [68] ZHW/z. F/2, AXRZ MVOBREERLL, A7 b

VOELZRVIZEBEFTHESLSIESRERICEA X HICLA. K&, SD oL

SDR =

(4.18)

(4.19)

p (4.20)
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Shape of spectrum : rectangular

R(S)

envelope extremum

functlon A/l

e S of +fRFﬁ +fRF+ﬁ
(b)

4.4: SD kO HEFTED BORE (1<r<2).

—f



4.2.

SDR[dB]

TNT Y T O HRBENOMNE 714 ATLERIIO A

10° 10° 10 10"

4.5: p x4 % SD i (frr=1.9 GHz, Brr=300 kHz).

o7
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p—1 &2 BHE, REL BB ENDOML. ZHIL, Fy 7L — NPV EROHLEE
BRI LICE D, TDBLARZ MVOBENINKEL L S7:0TH5. SD
Hid, p® 10 FEEMICHL-20dB DL RSN L. T1UL, B (sinz)/z D&
Bl B 5 2FAWMEN 1/22 £ % 572D TH S [68]. r=1DH, SD HIEEHKED
Bl & 2505, IhE, S 7Tl oT, AT AARY M AEiEEHE
BIZBWTHEZ (BET H720TH L. EHRPLEAEBISHL, 100070157
FEOF v 7L —bThHL (p<1073), Fuv 7L — 2 EFEERSEBRT A2 %L
75dB L LD SD KABSNADT, HiELICE AT 7L 2 7 OFBIERT
&5.

e 0<r<1DYE

M 4.3(b)iE, 0<r <1DBFEDANRT M VOMNBBFEERT. 22T, p<1073
ARELIDEL ARZ P VOBBIERATES HWASWET D, JOFHT
3, frrllBHRTAIYT7 V7B L7 CDIEFMmTS.

BE WA (Brp) WCHETLL )TV 7 ART PVICHIET 5 ki,

7z 9. AT oM, ,
sinkﬂ% . 199
E ) (422)

72 HEITIE, kI 5 CD M (CDR(k)) &, ¢(0) & 20D ¢(k) & Dt
NPT LI ENTE,
|¢(0)]
CDR(k) = 20log dB]. 4.23
(k) = 20log 727 (B (4.23)
DEIICHED LI ENTES,

4.2.3 HF AILEARFTIDER

R (4.11) X0, FEEEET f=far+k/T BT B4 Y 7 2B (G(far +
E/T.)) &, HOBEEEOBRS (k=0) BT, |¢(k)|FRESND Z L5007,
lp(k)| DAEE, F v THER1TH 5, ¢(m)=1, &ifilzTF v 7 ESmOBELE
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DAAFE EOFRLE—MRZ PV OEENRZ MVOIRIBETH D, [p(k)| OES
IEWRFITHIUE, T TV V7 OTAPIETRETH 5.

FRFFETIE, =UT 2 Y 70T AL IHCRIIOBREE LT o+ RHEH
51 [85] [86] DEH ERET H. HF AWHRINE, WA APLREL 2TV 5 A
RH0% 0,1 DILECRFNCEI ) ST, BUZRFIETHBUAL. tnoDH L, [¢k)]
DEAFTE D CD H & 72 1525 & #IRT L, FEORVIROILECRE © #RO
RREHDP S BIRTEL I LITR L. IETARVIE (L) OFBAICEN LD 5
WERZ ORI (L) B REEL, LRI ZBEPRET 5L, HRHERFIOE
WA, REDOT ) 7Y Y FHMENTE R L b Loz L, JEF
MEEL2 SO F RAZEATHI LT LNICHFNERSEET SO % \HL TWw
L. BT AWECRINCE, S£BABICI YTV VIO TAMESZETS L,
DT 2 008l LENL. (1) HEEFT T HILBRY, o 1233 % |¢(k))
IX, BP0 CD RV SD Z 138 +9/h 3w, (2) FHEF I B
FFl, ¢;12iE, OPRC THWOH N AHIHCRI, ci(c; — ), 10T 5 (k)| H3AT
2O CDIHEU SDLEE AT HIEE Ha/hS v,

71 7 RIERCRIIO m EHOF v 71E, ci(m) (0<m<L—1) 1%, [0,1] DEKEL
b BRI 2, 7 & IR M1 =M (2,), (0<Sm<L) & HAT, EED RS
ELOWERINDTF v I Mlici(m) %

1, z>0.5

c(m) = { (4.24)
0, 2<0.5

DEDITEY L TH, AFETHCLIFEEEE M IUTOL I 20T A7 1y
7 5% [83]
Tl = 4Tm (1 — Tpp) (4.25)

ThHhb. O AT Ay 7EHETERIND “pure chaos” EMHIN S I F A 6155
N5 2MERFNIHEDOBWELETH Y [84], A2 M VIEHGEEDILET B~ D
AIZBICH SN TS 81). B2 50HET 52562 LT, fMOFEIFHLNG.
EAME (20) WS X D RET L8 — VR 578, T TRAPECL>THFE
EROTIE L, BELLAF ALERHOL) 73 ¥ ZUEHRORK (4.23) 12 &
LRENVEROAzZEL THFELERT 5. 22T, BRIZSGZ 20UHEL
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DB B O RREIFRAH & 2 THIIF TR KIRICEMTE 5 Z L2
RTE50, HERTEZOBREAHTH 25, FFFEOKREHEL L TB L.
RIZ, HEREOFIHERRL. FTHOICHERDOFFILIIERT 504 X
MBS 8ETAH. COB, FEFHNICELZLZ AT AAXT MO |¢(k)]
BN VRN ELS, RIZ, THREOHFFLICHERT S0+ AL 5% 5
BT 5H, ZOB, B5HBNICERLZA YT RAART MO |¢(k)| D557/
Ry ELR, 61T, HEEROZL=R—J8/5 & OPRCOfEHIC X ) mRfbL
P FBERONA R =155 L 2 TEL 205585 (ci(c;5)) KD, ZORFD
6(k)| 25+ ST ITIRAT 2. ik, FERFTEROEERET BT
AT AARZ P VEHET LI L LEMTHY, ZETLTTO I 4 AHFLTF
FREICBVWTERYL TWAZ EPULETH 5.

o HLEWZERHOTY T LV F T AIE

R A2 ITRESIETRFIE 127 O 5 & APLEGRY] (Chaos-seq.) & FRFIEDO M
RH (M-seq.) D k & |¢(k)] & CDR(k) Z7~¥. EH D CDR(k) X, =R (4.23) & H
WTFEIEL 72, I A5 |k <30 ) 7 AMELRFIHRE L THRAE S 7,
£ 4.3125E SHTRTIR 63 D 7 & ZYLEGRY (Chaos-seq.) & FRFIRD MRS
(M-seq.) D k & |$(k)| Z7RT. 7+ AWBFFE k| <3O A Y7 AIEZ B
ELTHESIRT.

o THHSERDOLAY) T ¥ 7 UOTHIE

R 44 1TRAESERYIE 127 O 7 4 AHEHGRY (Chaos-seq.) & [FRFIEDO M
RH (M-seq.) 1IZ2WT, RAQIIRTHEEREL FHICETLE L ¢k)| &
CDR(k) Z7~9. HHF D CDR(k) &, X (4.23) 2 HWTEIHEL 7. /4 R LB
Xk <3O AT AMEL AR E L TRESE7.

BI 46120 <7 <1DRRIZE 42 OF 5 HCIGED r & SD HOKMHERHERE
ReRd. SDHFBEOBRIZK 46 LR &2 REL . BHROZ, F5ART
MVORRE R EAREL /2. B & D ATE SD At 20 dB ORI, B4 AYLEGRY
EMRBIIZFERAL 2B LEE L BEHHRIOTL TERENI0FD 1, 2
FO1LETRRTELZ LGP 5E. I ARG M RN L TEZ #
BL TR EELBREBL 2RICRET 2B 5 MBS I L0 TETH L
EWTNB.
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[ e Qe Cha0s-seq.(127)
70 | ] e M-s€.(127)

SDR[dB]

4.6: r ®fE SD AFE
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4.3 IYF7ILT0¢ AHIEEER
4.3.1 ZEERIER

Transmitter

freq.=1.9 GHz A=13
RF standard 1.0 lm ] SMF
signal generator| LBEF— LD =i PC LN-MOD J

)

cunnin,

E—ICode generatorl |--~1 clock

Receiver o—|Code generator2 |-
f Balanced mixing PD
RF standard
signal demodulator 4 - L'/
o
LD : Laser diode OC : 3dB optical coupler
BPF : Bandpass filter ATT : optical attenuator
LN-MOD:LN intensity modulater (Photonic SW) ODL: optical delay line
SMF : single mode fiber PC: polarization controller

4.7: FEERIERR.

M 4.7 &E41 ICEBBREPEEBRICHW TN, R8T A—F 2Rd. 3=
DEBERELEFLTHA.

4.3.2 FEEBREGE
AERICET 3 ERER

B 4.8 ICHBWZEROZEERETIO AR P VR, HHFFICE, £ 42
R ILEAT I Tz,

M RFN % HW72 B0 R, REL 27 F AHBRT 2 B 5481, =4
TAARZ MUVBSHEIESINTEY, K (4.23)IC LB HMED Vil (F4.2) LI1FITEHL
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F* 4.1 EERROMHER 2.

RF standard

signal generator

HP ESG-D4000A
PHS (RCR STD-28)

RF modulation

7/4 shift DQPSK

(ORTEL 3541C)

RF carrier frequency 1.9 GHz

output RF power 10 dBm

bandwidth of RF signal 300 kHz
LD module DFB Laser

wavelength A : 1.3 pum
output power : 3.4 dBm
RIN : -149 dB/Hz
modulation gain 7 : 0.103 W/A

LN intensity modulator

(transmitter)

(RAMAR corp.)

insertion loss : 6.1 dB
extinetion ratio : 35.7 dB
Ve: 60V

LN intensity modulator
(receiver)

(SumitomoTMZ1.3-2.5)

insertion loss
6.0 dB (upp.), 4.4 dB (low.)
extinction ratio
33.2 dB (upp.), 32.0 dB (low.)
Ve 1.0V (upp.), 1.0V (low.)

PD(NEC NDL5481P1)

responsivity : 0.91 A/W

BPF (receiver)

2nd-order butterworth filter

center : 1.9 GHz, bandwidth : 70 MHz

RF standard

signal demodulator

HP 70910A (RF part)
HP 89410A (baseband part)
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CDR(1)CDR(2) CDR(3) CDR(1)CDR(2) CDR(3)
@Bl — =34 =44 =30E[dB] - =21 =21 =21 [dB]
- SPAN 100kHz 444 ] - SPAN 100kHz 4414
- 5dB/DIV J - 5dB/DIV ;
| 566
1 | N A
J | O O
I J \HJHHHf [y lwf j” I
1.9 [GHz]
(b)
[dB]l—— —
SPAN IMHz - SPAN 1MHz
5dB/DIV - 5dB/DIV

1.9 [GHz] [GHz]

(c)

[dB]

1.9
(d)

SPAN 1MHz
5dB/DIV

4.8 HFHEEZEHRBTDOANRY kv (L=127, r=1/4). (a) ZEW%EFE (Chaos
seq.). (b) REMEW (M-seq.). (c¢) ZEEHRE (Chaos-seq.). (d) ZEEFWE (M-

seq.). (e) RIE75.



YTV T OT RIPEEER

% 4.2 {48 DERIC AR LRBIA QBT FRFIO b & |¢(k)| ORI,

k o] 1|2 | 3| 4

M-seq.(127) (k)| |64.0| 5.66 | 5.66 | 5.66 | 5.66
CDR(k)[dB] 21.07|21.07{21.07|21.07
Chaos-seq.(127)|  |¢(k)| |61.0|0.874]0.220(1.887|5.352
CDR(k)[dB] 36.87(48.8630.19|21.14

WZ EDRbRs.

B 4.9 12 7/ADQPSK Z3fl U 7= fidk & 3 4.9 1R AT 5 % v Tk L 72
BOSZEX T =y VRV —L — s OBBERERT. R EREIERE
WEWAL, BT %2R, ZEROANRTE=SY I 7L 2doEll%E

o7z, MRAFIEHWES, /8T —OEINc L U SER OESR S5 578,

&K 4.3 M49DERIZHCALBIF RO k & |p(k)| DEEFR.

k ol 1| 2| 3|4

M-seq. (63) lo(k)]  |32.0| 4.00 | 4.00 | 4.00 |4.00
CDR(k)[dB] 18.1 | 18.1 | 18.1 |18.1
Chaos-seq.(63)||  |¢(k)| |36.0/0.077]0.295|0.331]3.60
CDR(k)[dB] 53.4 | 41.7 | 40.7 |20.0

OFABINCE N ZOUENFIZEBMEA SN DI, B+ AEERT % v
THETIE, Ty IO TAEIERNFRICLD, 109U FD SER # T X,
IQFATTILET A87 =2 &I BIF LR TERENFEHAITE 7.

THIRICET 52 REHFER

B 4.10 I FHBEZEROZERBIIO AR MVERT. IEBESICIE, F 44
ORTILRUT 5 2 vz,

B 4.10 2 FHBEZERO, ZEBHIOARZ P VERT., MR ZBN5
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0
10"

e

<

& 10”

Yt

Q

=

i

S 107t

g

w2

10° Chaos-seq(63) \

10°
40 35 -30 ;

Received Optical Power [dBm ]

10_5 ; / I/Q diagram and eye pattern
: |
S 2 R R 2 Y |

25

4.9: ZFH/37 —xF SER BLlAE#R. (L=63, r=1/4)

F 4.4 M410 DERIZFCZ THRBHOILHEIT 5RO k & |¢(k)| OB

k 1 2 3 4

M-seq.(127) lo(k)| 7.225(11.12| 9.89 | 4.10
CDR(k)[dB]|18.95|15.20|16.22| 23.87

Chaos-seq.(127) (k)| 2.31] 1.24 | 2.60 | 6.87
CDR(k)[dB] | 28.41 | 33.86|27.40[19.09
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CDR(1) CDR(2) CDR(3) CDR(1)CDR(2) CDR(3)
=28 =32 =26 dB] =17 =15 =16 [dB]
[dBl— 7 7 A 4 4 T A 3 4
- SPAN 100kHz - SPAN 100kHz
- 5dB/DIV - 5dB/DIV v
v
L n
| \E R T
[ YO e e
N O 1 0 o
T T Sl U T T T e T T[T
L A L I T I A A T A,
1.9 [GHz] 1.9 [GHZ]
(a) (b)
[dB — .
. SPAN IMHZ oot e SPAN IMHz
. 5dB/DIV — 5dB/DIV

.

1.9 [GHz] 1.9 [GHz]

(c) (d)

4.10: FHEZERLIOARS MV (L=127, r=1/4). (a) ZE %N (Chaos-
seq.). (b) REMENW (M-seq.). (c) RIELMIZ (Chaos-seq.). (d) ZEZEHFUE (M-

seq.).
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BITHA, -EL 727 4 AR E VW2 5E810, TA )T AARY MIVHSHIE
ENTHBY, N(423)ICL2RMED VE(FLL) EEFEFEL W LR S,

4.4 &

(=]

AETH, BERLEAA v F ¥ I eREZEARIIBIT 50T 7 ) v 7w
IZED WAL BT, AL v TFDARAL v F U IV EERRRTAZ &%
HEEL, TREERTL2OICHAL v FIZ X o TERBHEOF L Z AT O BOK
FALEE LRI T 5 FHECOWT, FELRESEREOTIIRD 2572 THS &
BICRETHLY T T OTARIERT 2E5mEAS LR ERTEL ERS L
XL, ZEBRCHZIEFLEL N 52 &%, BT ILET 5 OMRIE
FREL. COWBUFEOEME L Th 4 AHR AT ROEBES L LT
BHATHZ EEREL, EREERICL)ZERICHICEFTLAELMZ 52 &4 <
YTV TOTREIMEL ODORAAL v FOHFRELERTRTH S L %2R
L7,

HFOERIBRERICBNT, 24 ALERI 2 HHL 725805 wisigEo
107D 1, MAVTIZ 25501, Feft#Ez2 KL TH, £ 20dB L LD
EEMEL B TELI LDl o2, LEL, B I AWERYIEAWIEEI18
L, MAFITIEEROERBEEEITRETD, EROEREMFOE O ERE T
BEEAITHIE, TOREFREFEETELVWI LD S o7z,
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E5E iR

N2

KL T, 77 ANVEREERY DT =218 2 ERERCERERROS
B/ STUERARE L TRESATWS, BELAL v F v 7 F55E 4 E R
IZoWT, ZOTHRIEOFEERERZ IO L L, BREEREELEDERE
B9 E LT, BEEAA v 7V 75082 ERANERDP L b OMERIZOWT
BETL, ZOMRRICOVTHREL:. TTHEDICEY AT LAOTHHEMNR T &
OHIIZIFEFREEZIRL THEEZ KR 22 EFLETH Y, TORDHITIEHA
AV FDAAL Y F 2 7 EEOEMIATEHTH S L SNTW, TIZHL, K
LTRIEESGFOT v T HEBAA v T OF L F T35 - DE) B THIZEET
5ZETMANOHCHBEEZOE - 7 EDA R 0 L, ThEMBONES S
CEID BT ETERRENE RS, BUERZEAREREL 22 kI, T
T EBRETHEFEERTETHELETE, BXEFICHL TR
WRHE R L — P TE =TS T2 iTh R I% 6T, T NAADZA Ay
FU 7 REICEEEPITTWD, ZOMBEICKL, HF RALEFE 2wy 7Y
YTDFYT) Y TRINE L GERL, RERIIH T YT T AMET0E
Y & RO FILRE T BRI REE § 5 AR IREL 2. AT
PLEIZBARZREA ROV TENENE IR L FABII BV THGRNRET 217T-
72, SHIZINS ORFEFROFEEERO BIZERNWETFL T o7, KL THro
IeEBRNE % LTICRT.

L BN A v F 2 7 e EEE RO FSNERRLOFSRIERISTT S
ClittEmsh e TN ENHRRTAHZ &

2. BUERZEHNIC L 5 Cl REERIREZMERETH L

3. WA AYEBRANE T 7Y v ZFOF ARMEMEEfERT L2 &

LTz, AMETHRONERE T 05,
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o HELA A v F v 7 ESEL RO THIED R B« EEBRIICHEL 7z,

o TERITEMEEMEZGT AVbZ LT, FrEOILKICHL TTFHIE
SEPYUBEND Z AL, NI R-FHFFRIE L TMAY%E, 2
ZR=IHF R E L T Prime RAVEFEHL 723560 CLILOUER R I
BL, fFeEO 10O RITHL, AL 20 dB, £EE 10 dB OUENH
L, MARFO CILELENRERIBENRTVDL I LWLk o7, 2O
21D, 20dBD CIHZHREL 20 10 BOEMBE SET 5 DI LELRFH
i3, MAFITIZ63THHDIZxL, Prime RFITIZ 1849 ThH 5 Z LA %
20, NAR—=F/FEEHLHEAESERIN.

o CIHICEIL T, BMERZEFROBHIC L D IZIZERFELEL I L8
ERICHRTE 2. BUERZEARZAVEE, XEREITHES
DO ZEMMESTICTRENDL LIk, KFREHWRVEAICERT
HFEEN 7O 35 dB, 55 A 63 OE:C 12 dB @ CLESEN S LN,

o Ml 2 L 2RICE S mERUTERBICH L RIS 2w+ AL
BRI OWTIREL, IS & Hn/ e {bRERREICXST S SD L%
Riol. ZORE, BE-REROEGEIIBVT, F5& 127D 0+ AHLH
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