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Prime Sequences S, for P=5

Prime Code Sequences C, for P=5

X J 0 1 2 3 4 frame O frame 1 frame 2 frame 3 frame 4
0 0 0 0 0 0 Code C, 10000 10000 10000 10000 10000
1 0 1 2 3 4 Code C, 10000 01000 00100 00010 00001
2 0 2 4 1 3 Code C, 10000 00100 00001 01000 00010
3 0 3 1 4 2 Code C; 10000 00010 01000 00001 00100
4 0 4 3 2 1 Code C, 10000 00001 00010 00100 01000




602  FZZEIA] 148 A 635, 2003d 129

Photonics Routing

Optical Fiber

Virtual Radio Free Space

1% 1. Radio-over-Fiber (RoF) YIEH A 7W'd=(0O/E: Optical to
Electrical Converter, E/O: Electrical to Optical Converter).

Sty
| § ]

—
i

|-thRBS ] ]
e

\ esired signal

l Gult) LI
k-th RBS “Il l[Ill ck(t)nmll

_ow
- k—TE

Cult) SHYCKY

soeso L ) g g

Notup v

23 2. 40 GHz DOS-CDMA A|2El¢] AT

LRI LG

Interference noise

A€ CSoll A HE B3l HEE T HFHo= HEZR XY
"ok

T8 2% RBS $A710M 2HEY &4t JA S S
AetellA b3 4 veEPd 40 GHz DOS-CDMA A]2:5€]
T/d=oltt, of¥ kA RBSOIA FAE MMW 4A%= LD
E FH HRAIAA F7F=HZ(intensity modulation: IM)E
A2 HEE T od Qs FEgol od =elelBg
Z29 X (optical switch: OSW)PIA onfoff 2= A =W 2
E& 3ik(spread spectrum: SSYy2 A7t} olm) FA9xl &
g2 535 Ck@t) o] w} BAE0] YA He FBA
F1ZH Z(pulse amplitnde modulation: PAM) 230, o8
RBSEHE The R52 Rsslso] HPH Fulsel 34 3
HfE S3 Csoll At 2#=E x| RBSOIA #53)
d BAse kAR RBSAIA FEskd 35} A FAS
# (optical coupler: OC)OIA FAHZITE CSolf 41 @ 3
AM/IM AEe A B29X0M B3 Coell Y3l s
A, sd B39 Yxsk= Aawt BE3Hdecoding)ET}. & k
A5 RBSOIA F5 Cunoll 213 2HAE FPAMIM 413
= CSollA kARl K5 Cyoel o3l B33lect o] Bas5ig
FASE Yee] MMW 32 B317] 93] 37HE7]1(PD)
Z A AEs3, dSS5A = (band pass filter: BPR)E 2
43P T 4EE o] (bandpass sampling theory)!'+'?
A wet Bzt o8] B-Ec) gy ofg) £3Hd A% &
14 o AR dolElE &7] $3l] ExvldA Bzt
kH& RBSOIA S MMW A& Gt #2932 S84
AM/IM A% 735 (intensity)es 242t 2] (3), @2 FFHc} N6

G ()=Re[m,(1)é """, 3)
P (t)=P,[1+G(D]C.(1), (G

fre NElol ok (carrier frequency), m(f)e ™ Eo]
B & 7= B4 I, P 19 93 FEHolo P
= F7V7F Tr%) B3E Gl 3l =efold #© F2A9A )
A AEHEEZ 9B UET AsolH, ARAe] A% ¥
A FeHE U2 X3 AelolA gl s entE
g 9tk 29 29 YEhd A E3E Fle T2 vHE
=, B2F ol MMW 2188 B-9A)717] sl 128,
Z2AY A H3d 7] 1.8 Feorit. a2y ¥34d F
7] TrE E°le ARt 294 &8 waA 3k Rl 9
FFelng 23y | Te AR Tr=12B,2 ¥
Eh5= MMW 218 RAIti7Hd8] (carrier-to-interference
power ratio: CIRYE 3417171 93 UA] 2ZoA H™E
ZeQl REES olg3le AHEY abRdEat Azl ¢S
FA7A dA7)17E kAR 2] 38 ool ds =
olEE o kA RBSERE FiE FPAM/IM ATE F&
3 "t} olw PDOX FEE e B3 T F3¥9
vkl o] 7 AN S e ¢ o, 4 (H)E Fo)R
];],'[12,17]
cir=C-_ P
I Gm-1)
Zglo] WMFol3, MS RBS F, oE =k Wir}
2 7R A9 sl 7ledt ZE ZE] Rode 4%

S8 A HEE vepie gelth

®

W

V. iy o E3

£ AYoXE 10GHz FEHF B BolAE felzzmert
AL o143 2E F53E 40GHz dolx BAE WYAA
ARt o 18 A F293E 918 sy Wz7)|(MZ-
modulator: Sumitomo Cement TMZ 1.5-10)2 AR&-3]x, off
B 8RA7(pattern generator: Agilent 8133A)E o]&alA 2.5
Gcehips/sec +5E-& AT 73 dele Zeg] Roo 7+
o] 3 yof| 19] wAo] mlg H& T Fe A, AW
Aol AbsAab 20)8k(cross-correlation< 2)Q] oo T B3
k B3 Ct) = 1000100010001000(16 chips)®} j F=& Cin=
1000001000010100(16 chipsyE ABFAT}H, 2 30 zkzt $
age e BTN U2 F71A " AEE e,
olg] 1L A/A A ANEe e © PNE JHS v}
ehdct. el 2 3@y k FEE FEstE FAT S
olH, 28 3= j F3IE Fustd T Sj), 18 3()
T 338 F FAE A S +S0E vERT 28
4= 2.5 Gcehips/sec F&2 F33bE 40GHz B2 5 )
e gk eAEAaE ARE JePdth, 28 4(a)e 40
GHz B2, (b)e 2.5 Gehiplsee F&2 £39 Fo gl
3, s N H& AT U= 40GHz B2ES el
200ps Z& z¥= 713 AE 1chipe] ZEA Qlof] FEAgo)



{J7+=5) Radio-over-Fiber Al2HS 98 40 GHz WlFolA A 3294 CDMA A+ — A

1 Cklt)
>
E 1000100010001000
E Sk(t) IR §
in k
700 ps / div
@)
ﬂ Cift) ﬂ ﬂ ﬁ
2
]
>
E
[T2]
700 ps / div

®)
2 Si(t) + Si(t) :
° I N
>
E
n

700 ps / div
©
1Y 3.2.5Gehipsisec JEE F53le FAE, (a)k HI2 B3
38 BT S, (b) j I F33E FAZE S0, (0
Roslel £ FAze] FA4AE S (1) + Si(t)

100 ps / div

S 4.2.5 Gehips/sec V&2 F35319 40 GHz 29| &g
AL (2)40 GHz H2Y, (b)2.5 Gehiplsee 713 A%
Z 23 1chip, (c)40 GHz ¥AE=2 A3 #3 1 chip.

P Ax vehlEE 40 GHz B499S & HosErh 319,
10 GHz #o|A £E2 FdEHY v:’—‘jﬂ(Ando AQ6317B,
0.01nm)¢} 45 GHz 37327 (NewFocus 1014)E 53] RF &

- dgR 9 603

50 ps / div
(@
122
W
975
0.32inm._}._ .
73 :
0.65inm v/
gy LSS EE
488 veemciaine
244 h
AR
a N W
1551, 86m 1553, 36am 8. 38D 1554, 86nm
AL TMV
Az 220us

@: 155my

: f i T S
©

a9 5.40 GHz H|o|A Z2EEA. (a) LAZAIT AR, (b) 3
2HEZH R Z 065 nm), (¢) A71FRHEEF 4.8 ps,

sech? E2),

Hey H47] 2 50GHz A2 Q=T (Tektronix CSA
803 with sampling head SD-32)Z ZA 1, #lo]A B9
HAEZL 271437 (Femtochrome FR-103XL)E &3 3l
Y Sy AEY oAlEAFya 2% 40 GHz B2Yo)
t}. 40 GHz F2E9] o] 79 YA #esheo] AA
H92LS g 4 k. Iy S(bye 40 GHz #ojA HA



604 FFF3tE|A A 14W A 6%, 2003 12€

[Sk(t) + Si(]Cx(t)

5mV / div

1 ns / div
(a)

sca)

{ sdCit)

5mV / div

1 ns/ div
(b)
I 6. 5538 A3 (¢t 7S ) 2AZAIZALL

o] F2AeH S JehEd)], 10 GHz 7+4(0.08 nm)l| 3l
= R ogtEo] %17, 032 nme) 74§ e newt
S OB 40 GHz fZxRedd] gAago) g
& &= Qith 40 GHz #o|A B2g9S A7z &
HAzo 97 5(c)l vePdth 40 GHz dlolAe] g2

te oft mg

ol it
Mo rob mlo > ob

J

Eo 48 psold, AZEL 065 nmIem, A G FL 0.39
2 H3ATF sech’ &0 7HA SR HATH

FA5E 7+ RBSOIM €S2 #A$® Fof ZH RBSAA H&
3 g wio} 22 Fo ofgf thi| EssiEct 28 3(a)-cPl
velhd AAYE k F& [Ct) = 100010001000100012 F-&3+
" AEE dsks A% syEk sk, j F& [Cy = 100000
1000010100] £ B3538l9 AFE 74 A% Sjnzt $e o,
KA 17100 Si(e) + Si(0) = [1000101010011100]°] A1,
a8 6@l JErd MY k F3E FIsE A5 Szt
k #3532 553 Ho, 72T S 2™ 6bel veRt R
A AAHE A4S IR F Aok 28 7= EskE 4
3 3%l Uig F23 e RF SHEH, a7 by 7t
A Aol digk 739 HEon, Fg AT E 553}
g FAse 7 Fe] Aolrk 20dB A=Y S HAFH
B3 FE 156 MHz(2.5 Geps/16)0| 22 533 AHEY
el W& (spectral aliasing canceling) §l°]% 78
MHz MMW 4135 dl9Z8 zh= 218 o4 5 Avh@At dig
T AEYS 53 Lo WEHoE Hrh & Yo F
< 7K F Joh ) AR, AA Zle HERE MMW AS
£ A%l 953 gE ME% (bandpass filter sampling)s
53 deie] MMW A58 BHddhs ITE A 73T 9
Folr}.

=]

5dE T

Freg Span =
ROV LAV LR 11,

v
e e e L
i
'

CF:39.85164GHz Span: 19, 3MHz
(a)
5dB. N Tr—H
,
1]
Frell Span = :

108, Rod fuodda

O

F:3%.63164GH= Span: 10. 3MH=z

(b)
a2y 7. B531E A5 @9 MRS b)) RFEFHER,

vLd E

E Ao ME= RoF UIEYAHA DOS-CDMA HHo=
40 GHz MMW (millimeter wave)tjJoll, XD ol FEA e
EM 40 GHz MMW DOS-CDMA Al2=¥g 93 Ras)/=
33} AFE AgH o YY) 733 g ES3lo] AME-
€ Aw 235e 2oy ¥59 o] g o 18] 2o
v Ao =34 Fele] Adsaddo] 20]8f(cross-correlation
<2y §3. Zeol= 16 chipsel™, &2 2.5 Gehips/seltt.
Basle A5 I FSe) RPF=Ae)7E ZER |/
ol= 20dB AEE vl¢ A vEldth ol AR ¥
37 #34 el 19 AF7E AS #uk ol AR te
5548 7 10] BA) 2] o 9EE 2o AR
Y A3AE g5 Re] AY 00 7M7) difelt), Ed 23
FIE 156 MHz(2.5 Geps/16)°1 B2 53] ~HEHY oY
glo]d A& glole 78 MHz MMW A3 9 &g 2k
RE & F Uk AMERS F7t o} Bolx|, A Ui
T AEY PHE olgst AHEY Jdejold WEE 3t
AV o3 XEEF0 FFA FE(bipolar codeys A3t



ATF=E) Radio-over-Fiber A12¥12 918 40 GHz oA AH 3F29% CDMA 9+ — HAY - AgH 9 605

= 719e HE8ATIEEA A theFe] e FoluA A
SRS A TN F AE Aot

ZAlel 2
HA s e] A7e AFTekRe) E47)%R01-2000-

00-00249-0)H+ R <llgtne] HAAYPFr)e AFAH
ERC) d7H] X|Qoz o|Fojxom, o]o A=l

n]

nEH

[1] D. C. Cox, “A radio system proposal for widespread low
power tetherless communication,” IEEE Trans. Commun.,
vol. 39, no. 2, pp. 324-335, Feb. 1991.

[2] S. Komaki, K. Tsukamoto, M. Okada, and H. Harada, “Pro-
posal of radio highway networks for future multimedia-per-
sonal wireless communications,” Proc. of ICPWC'9%4, pp.
204-208, Aug. 1994.

[3] M. M. Banet and M. Kavehrad, “Reduction of optical beat
interference in SCM/WDM networks using pseudorandom
phase modulation,” [EEE J. Lightwave Technol., vol. LT-12,
no. 10, pp. 1863-1868, Oct. 1994.

[4] S. Park, K. Tsukamoto, and S. Komaki, “Proposal of radio
highway network using a novel direct optical switched
CDMA method,” MWP'96, vol. TU4-6, pp.77-80, 1996.

[5] T. Shokawa, et al., “Experimental demonstration of interfer-
ence suppression with optical polarity-reversing correlator
in DOS-CDMA RoF networks,” The 2nd Korea-Japan
Joint Workshop on Microwave-Photonics, vol. III-4, pp. 55-
58, 2001.

6] T. Higashino, et al., MWP'02, vol. P3-6, pp. 233- , 2002.

[7] T. Higashino, T. Nakanishi, et al., “CIR improvement
method in direct optical switching CDM RoF network,”
The 4th Korea-Japan Joint Workshop on Microwave and
millimeter-Wave Photonics, vol. I-5, pp. 25-28, 2003.

[8] M. Fujise, “Radio-over-Fiber transmission technology for

ITS and mobile communication,” IEICE trans. Funda., vol.
E84-A, pp.1808-1814, 2001.

[9] D. V. Sarwate and M. B. Pursley, “Crosscorrelation proper-
ties of pseudorandom and related sequences,” Proc. IEEE,
vol. 68, pp. 593-619, 1980.

[10] R. Gold, “Optimal binary sequences for spread spectrum
multiplexing,” IEEE Trans. Inform. Theory, vol. IT-13, pp.
619-621, 1967.

f11] S. Tamura, S. Nakano, and K. Okazaki, “Optical code-mul-
tiplex transmission by Gold sequences,” J. Lightwave Tech-
nol., vol. LT-3, pp.121-127, 1985.

[12] A. A. Shaar and P. A. Davies, “Prime sequences : Quasi-
optimal sequences for Or channel code division multiplex-
ing,” Electron. Lett., vol. 19, pp. 888-889, 1983.

[13] A. S. Holmes and R. A. Syms, “All-optical CDMA using
Quasi-prime codes,” J. Lightwave Technol., vol. 10, pp.
279-286, 1992.

[14] A. Kohhlenberg, “Exact interpolation of band limited func-
tions,” J. Appl. Phys, vol. 24, pp. 1432-1436, Dec. 1953.

[15] P. Z. Peebles, Communications systems principles, Addi-
son-wesley, reading, Mass, pp. 305-306, 1976.

[16] S. Kajiya, ef al., “Proposal of iber-optic radio highway net-
works using CDMA method” IEICE Trans. Electron., vol.
E79-C, pp. 111-117, 1996.

[17] W. C. Kwong, et al., “Performance comparison of asynchro-
nous and synchronous code-division multiple-access tech-
niques for fiber-optic local area networks,” IEEE Trans.
commun., vol. 39, no. 11, 1991.

[18] Y. M. Jhon, Y. S. Lee, J. H. Kim, Y. T. Byun, and D. H.
Woo, “Pulse-Amplitude Equalization of Rational-Harmon-
ically Mode-Locked Fiber Ring Laser with Polarization-
Maintaining Laser Resonator,” to be presented at IEEE/
LEOS'03, ThDS5, 2003.

[19] K. Kumamoto, et al., “Proposal of higher-order spread spec-
trum direct optical switching CDMA system,” IEICE
Trans. Commun., vol. E83-B, no. §, pp. 1753-1765, 2000.
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We have experimentally demonstrated a Direct Optical Switching (DOS) CDMA for future wide-band mobile communication
systems at the 40 GHz band by using orthogonal (crosscorrelation < 2) unipolar type codes with code length of 16 and chip rate of
2.5 Geps for radio-over-fiber (RoF) systems. Pulse-amplitude-equalized 40 GHz laser pulses were provided by rational-harmoni-
cally mode-locking a 10 GHz fiber ring laser.
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