FEORER 2009 4F 55 194 45 3 1#7:242 ~ 246

doi: 10.3772/j.issn. 1002-0470.2009.03. 005

—HHHNEN I AALEBERERA"

T &

M oAk XAk X B AHEZFE

(e AFITENEREFER K 410082)

i B ZBRHRT - HHNRELRXIBIWATRELEERAL, RRAREFOHER
FAARALR Fl B AARA M E X PR AR ERMERE S LEX
W AR R B 3k s RO AT B AL AR A O s o TR R WL RS & i
KA EAEEWRE, EARTAELANWRENNRERRN, ZALEKERE

S AL B R

R A L& (ROF) R4, 2R T, B2 KW, N4 A f 4 LMt (FBG)

0 3 &

ARRA L FNTCL P 45 1 i T TR A BRI A3 BT
TR T S KB LR H AR N B AL,
N TENARBRA R WIS W ABHME,
IR 2 ff Y6 47 To 4k (radio-over-fiber, ROF) &R 4t
ROF RSLHE W 78 43 Fl FI LA 19 B K 58 DARR AR B
A, FH B TCLAE R TR B R TG M LA S K T P 45 01
R HATREG A4 A, R T T R S8
TLBEANRARRHEARZ ", HAI ROF &
235 T i PR —4 R R e 4] AL 6 (base station, BS)
HIEEH , R AR A o SCER[5][6] 492 T FH
HC 3 (central station, CS) FH U 2RI Bk 78 FE 0 64T
BREMBITR . EESCHR[5] & A RIE T 174
PR A& LI, T SCER [ 6] A R A D8 #7161 (optical
carrier suppress, OCS) = 4E JE 2K I B Iy i, % ik
TR — R 1 H Bk 4% 1 B (direct current, DC)
fist Fe RN R B 5931 (radio frequency, RF) 5%, 18 &
BEE S, SCRR[7 ]3R T 2R FAR L 8 ) 28 A g 2
HMINAE Z% 0y H 5 1 B B, TR AL T OB KRB AR
ZelE HRIFEA EERFE S ASCR I —F
B2 X T (full-duplex) ROF R4t , ' F FAH AL & il #5
(phase modulator, PM) F1 G £F A7 $7 4% Y Ml ( fiber Bragg
grating, FBG) I:[F]/E F = A B Z oK . B FAHAL
&% To R B L, AT AR B4R , T EA TR E B iR
FER R i B, BRI T RE R E etk 7E
Ol RERTREFNE 5 MR R B 5K

AR FNEG , ERE R BATEEBR M E S AR 2
TATEERS T FBC Ak BRIk b, X RIS
BOCEEHTER, AR 763 %, Fa
AT FpC R B R, R B2 IR EE T
Ol AR O M LA GIR . X 7 kAT 58
B 45 S 8w, B £ X T 2. 5Gbit/s $U¥E A 78
20km FF Vi BA R Y £T (single-mode fiber, SMF) 7 %, 21
&5

1 R #

2 SR Y KR RDGAE AL R i #R DG LT AR RIS O
= A B EE K DA R A B T AT B Y S L
W 1 iR, fErpOuh, BT RBOLES A 200
¥ (continuous wave, CW) , 5% FH Y AH L I8 il #5 K¢ 1E 7%
BE S R D8 E, A ERA— 16
4% (circulator, Cir) FIJGEF A 1L A% YA X Hr 0 B2,
BCHEATINR] , 7 A B A~ — B T O G K, Th
L G ERBORE H G EF AT RIS AN S Bk BT
Al — i D o 8 B G HUK 2% (erbium
doped fiber amplifier, EDFA) X & Z K # TR )G ,
B F Y55 B 18 ) 2% (intensity modulator, IM) ;- T 17
FERR AT E SR BEDE AR B BE M 3dB
Y& 2% (optical coupler, OC)¥f ¥ T T 47 B 2
AR RL RIS AR B B OB T
WG, ErCE MR B, B, 75—k
AT AR FDGCER A RS A IR 70 B rho D R R AL
ZKWE, S LRI | S8 — AT DGR

D 863 113 (2007AA017263 ) Fil i 45 2 1 1 o HE 4 (20040532005 ) BE BT H
@ Z, 1978 4R AR, PRI s DS o SRR, Hi— ROTLER IR, R A, E-mail : starryhj @ yeah. net

(e H 3. 2008-02-21)
— 242 —



il BB — M2 b BLER R R

7% (tunable optical filter, TOF) 38 H B> —Bir i1 7 ,
23t PIN JGH MR S 4 U3y 40GHz ML 2K
B, R AT LRI o 38 3 G EF AR R A% G S
BB ERRAE B SO T B AT SR, R B

ﬁ%%ﬁﬁ%@li@—/ﬁl‘%ﬁiﬁ%‘J%%ftélzj"ﬁj:ﬁﬁ%

gy femeE b L. BT LT BIEERAR,
TuﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁK%lﬂtMPaJL Tf55, Xk
B B AN AR

..%

) Tﬁ% 45 wn ﬁﬁ

N OF 1trﬁ£k%

SRRy

S raG i i

cw +|.H}_,, MoD| gl oc |13 AL B
8/

L4 i

o

AT

CW G 5 PC AR PR T 8% s PM: LIRS 5 Cir: SJEERATAR ; FBG: SGEF A HLAR LA s OC: JeAB & &% s SMF: BT

1

2 SLRWBRER

Bl 2 NG R A AR DA I BN AT RE B
BIEHHEW T ROF REM LB BE ., H0uh
MIGZE K P AR AR B e i) R B A% AR 2 98 il 2

ot ‘“"*-n
ra 20GHz -
K 2.5Gbit/s
, pC i Cr G EDFA i o
CwW __m' PM __ ™ - oC

LW T ROF ZG M HIEE

(PM) ¥ T4 (Cir) DGCEF A BLMS LM (FBG) (128
JGEF K 4% (EDFA) G52 BE VR 4% (IM) FDGHE & 8%
(0C) 21 ;s A& 0 #) 't 22 K P B R B ]y DB 3R AT 4%
(Cir) JCEFATRIAR A (FBG) BEGAT UK 2§ (ED-
FA) AT P68 P4 (TOF) | PIN Yt H B s | FE R
2% (electrical amplifier, EA) F1HLJRAF 2% (mixer) 2 i

TOF
FBG EDFA © PIN E.

%,
N
Vs
2

FEH LN, AT BOER A KN 1543, 74nm
WIFESE G . SR FE AR 57 3 i 2% %5 59 % 4 20GHz
¥ RF IE523 (5 5 A S B E M L, LB b R
RF {55 U4 (0 1R B K 249 g A A7 80 41 28 22 08 P S 1)
25% (55 BITIE RE B 3 2 B O BB — B
NS S R, TRATRA Ando 23] 6317 HIJE1E 4

EIRIe——

2.5Gbit/s

TR

FE2EW T ROF RS HILIIEE

PRGN A A EEIEGIE 3(a) BiR , HoBig a4
FRIR T8 B 24 600 ~ 1700nm, 5 /N3 5% 0.01nm,
RIG R FDEER T4 A1 FBG ] o0 3k, I b
PP —BriliH 55 508, FBG 1 3dB
FiH 0.24nm, 78 [T 0 0 Bk K Ab, R ST R RF
25dB, — S ORI — Bl e BOG 2K, 4 B
— 243 —



EHABEIR 200043 H $£19% $£3H

R ADERENE 3(b), Bl AE 2 OB g,
BIINHI R KL A 15dB, 7= A B4~ — B 1 I i
Z I [E R A 40GHz, {55 3t A — B i th—Biril
AR, A SRR KB 7R BB h & S ok
M), BN — Bt 4 o0 5 HHSRTE 2 oK i P Sfe 1R )
TATEE B I BAR 5 59— b FBG RATHY
LRI, FAT RS TR P D BRI R, 7E C A
BREENE 3(c) , eI ginG . BE4Td
EDFA XSGR AT UK, N AT4E I 3 SR (5
Bl M IARBEDERRYE o SRR

SRFRK N 2~ 1 5 2.56biv/s KIHFENLFS], B 5
5K Anritsu MP1763C [T R 2 A 25 7=k, K w1
JCHEN 12.56hit/s. A T HHLNERIEEMT 11T
HERE  BAVEFH—A 3dB YA AR T T8
HATBIRE B LRI R B FBG SR BRI HIE
BB THES BB EMESE E SR
FIEEAE 3(d) BT . TR TATRER B 20km
W RARCET AR R RN, , B B A L b=
KU HIBHER Jg 8dBm, L LRI B h R H R =K I
HRE KR,

11.2 -8.2
40GHz
d]131%1 REF A R -(]ﬁ‘z REF
g E
8 g
g i 282 —WrinH
® lss /\ /\ 382 A !
-28.8 — 482 /\ / / /\ \
1543.49nm 1543.74nm 1543.99nm  1543.24nm 1543.74nm 1544.24nm
B4 (nm) B (m)
(a) A ST EL RO A R % Hh 1 e B I (b) B Ml B REHIEE
9.4 03
_ B4 AT
5
~ -10.6
ol -19.7
=
= -20.6 207
-306 A L -39.7 /
1543.49nm 1543.74nm 1543.99nm 1543.49nm 1543.74nm 1543.99nm
K (nm) FK (nm)

(c) C R K943 B P O BB T

(d) E B KRS 0BRBH SR E

B3 XiEE

FEFE VR EZE R A AL YRR P 2 5 —
SEEERTES A FBG T, ZIMTAS M FBG 5
s AR R . i FBG AW MER : — Rk
B DRI B A G KR T R ATEER s BB
—J7 X D R AT A R T R ATEEE . X
T RATHER R BE i — %/ ME S BA 30dB
W25 F AL EDFA BEAT TR, R — a5 R
0. 5nm )] P SEUE P AR TIE ORI HI KB B £
EETMR S SR F 4 3dB 58 A 60GHz Y PIN Y
RIAS AT R, B AR S H — O R
FN 40GHz, 5 55 10GHz BB TROR BT, R i #,
TRATAAER F P Zomnd T T8RS B 15 5 B Tz icAn

— 244 —

TEVRZEKIE , (555 40GHz W5 IR (5 B 1R RS R iR
BEREEFIRE S T AT, R L
KRB AE N E LW, RAFERK R 2% - 1 XK
2.5Gbiv's PATE S #AT RS . SR L 4R [0 2]
O, FMRBA RS R B L AT E S, L6
RRAT LA R 58 5 — R # g% .

S SR FDEERT 2 FBG ] L3R A
40GHz FIEZEKIY , J AT Yo B I il #be N A TR Y
FATBHR AR B2 K L, BRATHFI T Agilent86100C
NEARTE D MBI E S WIREWNE 4(a) i, H
R PG 2R A R AT B I R IR & 15
B BRI FAEE ) 2.56hit/s SEAFEHRIS S0 Ik



il BB — M2 b BLER R R

FEZY N 400ps, B HE T (back-to-back, B-T-B) &L T,
FEIEYEE ST 55— PR T A A FBG M L BRI 2l
HDEZEHR B, 2334 560 0. Snm [ B I3 6 I8 I 2%
J& TR FH 3dB #7585 k7 60GHz BYGHAG I AR HE1 T
e, FACHLR 2.5Chivs ARG S EE RSN
Anritsu MP1764C RS { G ER, 7E G RER B
AR 4(b) , BT LAE BIAR EARE T . bk
TATHERG EH (E B 3 SMF SeF1E5int, B TR

100ps/div

B-T-B

(a) D RIUEHDGESIRE

FBG 1l o 2808 7= A /U8 e [ > 40GHE F)O%
ZAIE(ES  TERA 17ps/nmm/km B ESHH SMF 3%
LA CHUE W, f55 20km JBFE F A
ENESHIREWE 5(a) B, 7T W 40GHz 2K
FEmTZADLL M EETEm, REEE T, B 5(b)
JfEHs 20km J5 T AR A 2. SGhit/s A BIE 5 5@
TR BRI G SR MARE . Eid 20km Ob
LG RRRNETES IR BRE TR I

100ps/div

B-T-B

(b) HHEHLT 6 WK FIHESIRE

EH4 FSRE

100ps/div

20km

(a) f&%i 20km S5 7E F A0 B IKDG(E SR
B 5

MAFEEG 1 FBC A S5 1 b R B BE A 5
A8 BE R 1 2% (IM) , 3R 3l 47 808 15 5 A7 18 # o
RIG, LA 5@ id 5 — R 20km ) SMF F4F1%
WEIHOE. BT FBC MR WA R KR
SHEE —/NER A MO R — B RS, bk
Xt EATEER A TR, X SN AR R B E S
R B, PR L RS . SElm I E K -
TR 5 RIS M & 4B 6,24 BER iy 108,
&5 20km J5 FITH M A 1.1dB, LATRERS A Th R
Rfr FER B FRF LR AREIRN, BT
BFSRABEE R RO BT ERE, HET
TR AR AR MR, MITESETREER
BURIYEEF H £ 5 20km J5 F R PIN 2 UHLA 75
FIRARE LA 6  HEE

100ps/div

20km

(b) f&%i 20km JS7E G R B N T ESRE

ESIRE

100ps/div

-Log( R4 )

100ps/div

HHOEE# (dBm)

6 MWEHLTESIRBEHZMRE

— 245 —



EHABEIR 200043 H $£19% $£3H

3 # %

BATIRE —FE B2 X T ROF R4 K LI %
B, A FYeRA RS 8 A FBG FL IR A A b= K
o FiT FBG UE LB, KA B — B
FE R FEZERE AT FATHE R ; 7+ I A FBG UGt %
UL BRI F LATR R . 72 00 R FAH AL 1 45
TmEBEBE, ANREM AR MBS, IR T REN
B3M. HTREEDEF LU, FE AT
FEARIGTR , 7 ELE % R 98 145 B i o 2k ik
TEM, ARULF T RThER, B4 T 2k it
AN SIS T 2. 5Gbit/s BARFEAT 20km B[]
&, LI R BRI E H R, G R, 7E
KRB 24 h A B R

SE

[1] Yu], JiaZ, XuL, et al. A DWDM optical mm-wave genera-
tion for ROF downstream link using optical phase modulator
and optical interleaver. IEEE Photonics Technology Letters,

(2]

(3]

(4]

(5]

(6]

[7]

2006, 18(13):1418-1420

Chen L, Wen H, Wen S C. A radio-over-fiber system with a
novel scheme for millimeter-wave generation and wavelength
reuse for up-link connection. IEEE Photonics Technology Let-
ters , 2006, 18(19) : 2056-2058

Chen L, Shao Y, Lei X, et al. A novel Radio-over-Fiber sys-
tem with wavelength reuse for upstream data connection. [EEE
Photonics Technology Letters , 2007, 19(6) : 387-389

Chang G K, YuJ, Jia Z, et al. Novel optical-wireless access
network architecture for simultaneously providing broadband
wireless and wired services. In: Proceedings of the Optical
Fiber Communication, Anaheim, 2006. OFM1-1-OFM1-3
Kaszubowska A, Hu L, Barry L P. Remote down-conversion
with wavelength reuse for the radio/fiber uplink connection.
IEEE Photonics Technology Letters , 2006, 18(4): 562-564
JiaZ, Yu], Chang G K. A full-duplex radio-over-fiber system
based on optical carrier suppression and reuse. IEEE Photon-
ics Technology Letters , 2006, 18(16): 1726-1728

Qi G, Yao J, Seregelyi J, et al. Optical generation and distri-
bution of continuously tunable millimeter-wave signals using an
optical phase modulator. Journal of Lighiwave Technology,
2005, 23(9) : 2687-2695

A novel full-duplex radio-over-fiber system

He Jing, Chen Lin, Wen Shuangchun, Wen Hong, Yu Jianjun

(School of Computer and Communication, Hunan University, Changsha 410082)
Abstract
A novel full-duplex radio-over-fiber (ROF) system was proposed and experimentally demonstrated. The system gen-

erates the optical millimeter wave using a phase modulator and a fiber Bragg grating at central station, and simultaneous-

ly, transmits the un-modulated optical carrier and the generated optical millimeter to the base station, at which the un-

modulated optical carrier separated by the circulator and the fiber Bragg grating can be used for the uplink. The results of

the experiment on the eye diagrams of the uplink and the downlink show that the proposed system has good performance in

long-distance transmission.
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