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Millimeter-Wave Generation Utilizing One Phase Modulator

Huang Cheng Chen Lin Yu Jianjun Wen Shuangchun
(School o f Computer and Communication, Hunan University, Changsha, Hunan 410012, China)

Abstract A scheme of millimeter (mm)-wave generation utilizing one phase modulator (PM) has been proposed
experimentally. To generate a mixing signal, the baseband signal is mixed with the radio frequency (RF) signal
using an electric mixer. And the double-sideband (DSB) signal generated from phase modulator which is drived by
the mixing signal is transmitted to base station along an optical fiber. The central carrier and the first-order sideband
are separated by an optical interleaver (IL) at base station. The first-order sideband signals are beaten to generate
the mm-wave with a double repetitive frequency of the RF signal when they are detected by an optical receiver, and
the central optical carrier can be reused as carrier for uplink connection. The transmission performance of the mm-
wave is analyzed. The duty cycle of the code decreases as the transmission distance increases because of the different
delay of the first-order sidebands caused by fiber dispersion. And it limits the lagest transmission distance of the
mm-wave. In the experiment, the 20 GHz RF signal generates 40 GHz mm-wave and 2.5 Gbit/s non-return-zero
(NRZ) is carried by mm-wave. For downlink connection, the power penalty is 0.2 dBm after data transmit over
20 km dispersive fiber.
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Fig. 1 Principle of mm-wave generation utilizing

one modulator

K Tk =0,1) RARE—L LG WFEERE, W H
SRR EETLREM—-HUFES . ZEFET
OB R B E k(55 2R
Ewi(® = /Py {Io[s(t+6,) « yJcos[w.(t +6,0] —
TGO [sCe+ 8 sinCw, + wre) (24 64 +
st 401 sin(w, — wge) (t+0-1) ]}, (3)
A H 0, = Blw. +iwre) L/ (w +iwge) » G =0, + 1),
T RGBT, KA L A EHEER,f(w. +
lwre) HEEHI RS ARV — M e X E A&
(L) 438 —Brik s B, F H — Bl 3 i
PRI N 2wk HIZEKE .
SE B —NRHEES RN
Eou () =— 4/PoJi () X
[s(t+61) » sinCwe + wre) (24 041) +
s(t+041) + sin(w, — wge) (¢4 0-1) ],(4)
AR5 & EH (O/E) & il #5 /il J5 15 2B iR R
I(t, L) = 0.5uP o JI G s +0-1) + s+ 601 +
25(t+0-4) « st + 011 ) cosCaget + 28101, %)
XA p HERET A REE L = F (@) » wre »
L, R —rEaifs BrHEE.X0G) F28 78
Fe R TEE S ERSEMS S &, 5545
BRIUAMERRN 20 ZXRERFES
I (2, L) =pPoJ3 (st +6-1) « 5G4 6:) X
cosCwret +281) (6
MK (6) ATLUE B, BEE AR BB K, AR5 E™
N—Br il B EAE, RBRARENEFTESS
MEMBEHEZE N Ar = 04 — 6, MEHFS KR
B REHRIAEITTH & 25 HAE /N, 8 5 15 7T LA
%ﬂAFﬁﬁwﬁuﬁ¢Dw%ﬁ@ﬂwﬁE§¢
WG froe FAPHUBR £, H A R TR «
A% IT, HIRE A G MR REREEN.L <

ZfoDc s ATDATHEE B0 305 2. 5 Gbit/s i 3R IH

F(NRZ) S AE A0 B M 1534, 4 nm, b5 fE BB
SHEEBRNARE TR AREHER 976 km. & 2 N5
HAGEN A r A T 2 0 HH AR 5 O BR ], oo B-T-B
RAHH# Y (Back-to-Back) f& 4, BIEH IRy 0,
A] DU B WA B R 38, AR 1] B9 T8 B2 o i AR
A%, BRI B0 2R 5 5 R B MBS I0 o 25 H AR/

3 SLRAIR KT
HARBA B A SRR 3 TR R
Ando 24 7 63178 A % 43 47 (46 Wi e 1y 451 3%, 3L



&

B OO % RS AEOLIA &8 A ORI 75

,":3 i
S (
: |
B, KARAAN 0l LARLL
0 0.5 1.0 0 0.5 1.0
Time /bit period Time /bit period
(a) B-T-B (b) 25 km
—_ 2
3
S
21
2
=
£
< 9 JRARME, ] A& h
0 0.5 1.0 0 0.5 1.0
Time /bit period Time /bit period
(¢) 50 km (d) 78 km
B 2 St as i s S IR E
Fig. 2 Eye diagram of electric signals at O/E
;é ?8 (@)] -10 (b) )
2.5 Gbit/s £5 4o e ;;:;WMM 40 Gz
 -50 7
o,

-70
{540 1542 1540 1542
Wavelength /nm  Wavelength /om

power /dBm
S

33 nnnAn

1540 1542
Wavelength /nm

B3 MAAH ST AR RERENEREE. (0
&4 20 km J5 BRI F S BBEE ; (b) JLEXK
PAE B 5 (o) 7B JE B 0 2R B

Fig.3 Experimental setup for

Optical

optical mm-wave

generation by phase modulator. (a) optical

spectrum of DSB after 20 km transmission; (b)
spectrum of optical millimeter-wave; (c) optical

spectrum of central carrier after separated
B VL B B 600 ~ 1700 nm, & /N 4> Bt K K
0.01 nm, % A Agilent 86100C 7~ i #% I & IR & .
HAEH2.5 Ghit/s, FKH 2 —1 B hBELASAE K
THEBNETEERGS  BdRBERS SEEN
0.5 VY20 GHz5 (5 5 #17 IR 515 B i1 Z K 37,
LR IR Bl B o 4 VB LiNDO, 48 4z 1 il
a8 %t B DFB-LD #ot#s ™ A I K 4 1534, 4 nm iy &
St AT ARG B XGAHE 5, YR 55 B
TEATE OB BB — B i, g K 3 i
K () fizs . BUHHES R 2L 5E s, ot 2 5
v 23320 k) EF B BE A2 5 5 W AR XGL R E SR
IRE A 4 . B, SOhHES B R
43 2 8] bR 4 50/25 GHz W im F o6 &8 X &2 A 4%

(JDSU AR A=, #B152 FS501) 43 FF 5L R B &R 43 »
HiF AMFEN 1.17dB, 3dB # % 5T E A
18. 65 GHz, 435 Hi 3k (9 — B 1+ BP S5 40 GHz[# )6
BRZXRP . F—Br AP LR, BRERF LT
W N0. 5 nm By AT IEIE G IR B 4% (TOF) J5 18 3 4f
H B R, AR 3 hiFE (D iR, T
6 3R B T TR 0. 5 nm Y T R S U8 I A U
BERE T LR B R AE i 3 H g (o B, o
B R ER BT LAE b LATRE B R BRI . BER
ZoKk ¥ #E o 3dB W FE B 50 GHz, B 5 3f
XPDV2040R v42 #7553 5t A I 2% 45 B B 2K %
B2 K I E S 540 GHz/ 51 3545 5 1B 0 )5 18 2R
YR P A (LPF) , Xt 7 8 18 3 19 3 B4 (5 5 k1T
BRADA I, W 2 15 B A A5 S 0 IR B & 4 (b) fir
7 T AR B T AT 4% B 9 1R 1S (BER) RedE & 5 fr
o W LLE B R AT 85 Ml SO A A 5 20 km s . 7
W 10 EF T, Y124 80, 2 dBm, FEH
BHEEE

(a) SOpsidivi

Bl 4 {54 20 km S5 SRA
() WAHRAFES; (b THEEEFRFS
Fig. 4 Eye diagram of signals after transmission 20 km

(a) DSB signals; (b) baseband signals after de-modulated

5
0 MM-wave, B-T-B,
® MM-wave after
6 transmission over 20km
=
& 7
o
w8
T
9 -
10
11

-32 28 -24 -20 -16 -12
Received power /dBm

5 2.5 Gbit/s TITHBFESMIREHELE
Fig. 5 BER curves for downlink data at 2, 5 Gbit/s

4 5w

LT IT T — 4 T EA A L9 ] 4 7
HRRBE TR, T T RZBRP G Rt &7
SR 1 ORI B AR 2 32 B G HGY W T RR i Hodr ok
FERI B RS  (HRRFE/N T 20 ke 9 12 Fi BE B 4, H DR



76 G H

b4

Jt 35 %

RN T 0. 2 dBm, 2R F B A48 A7 38 il & i g O B
AR AR LR O A Tl (5 R GG,
ELAB A I8 0 A5 A 75 22 5 0 B A I, 0 G R o
58 ZSRAR L I HL 2 B R B A0 BRI AT UAE O |
788 BB HA A XA AT DA — 2B I RGERY
IR AR A .

2 % X #

1 Fang Zujie, Ye Qing, Liu Feng e al.. Progress of millimeter
wave subcarrier optical fiber communication technologies [J].
Chinese J. Lasers, 2006, 33(4).481~488
FHEFE. M Fox g F ZXRBERAIREATERFERNB
FHERII]. PESA, 2006, 33(4).481~488

2 Chi Hao, Zhang Xianmin, Shen Linfang. Inter-modulation
distortion analysis for single-drive Mach-Zehnder modulator[ J].
Acta Optica Sinica, 2006, 26(11) :;1619~1622
W WL TR R SRR B A I - 0 R R AR A B R
HABT]. K%M/, 2006, 26(11):1619~1622

3 Zhou Mingtuo, Sharma A. B., Zhang Jianguo e al.. A novel
configuration for millimeter-wave radio-over-fiber ( ROF )
transmission systems with remote local-oscillator delivery [J 7.
Acta Photonica Sinica , 2006, 35(11):1725~1729
JABH4 ,Sharma A. B. ,3KEE %. — M HEANZRELLE
SHAERREREFRES EEBEREHI]. LT ER,
2006, 35(11):1725~1729

4 Ye Qing, Liu Feng, Qu Ronghui e al.. Fiber-communication
project of millimeter-wave subcarrier based on fiber grating [J.

10

11

Acta Optica Sinica , 2006, 26(10) ;1464~1468

EL X Mg, BN & — R ET R M R BRI
Bt @i ROI1. % FH, 2006, 26(10):1464~1468
Lin Chen, Hong Wen, Shuangchun Wen. A radio-over-fiber
system with a novel scheme for millimeter-wave generation and
wavelength reuse for up-link connection [J]. IEEE Photon.
Technol. Lett., 2006, 18(19) ;2056~2058

Lin Chen, Xiaoyan Lei, Shuangchun Wen. A novel radio over
fiber system with DWDM mm-wave generation and wavelength
reuse for upstream data connection[J]. Opt. Express, 2007, 15
(9):5893~5897

C.-T. Lin, W.-R. Peng, P.-C. Peng e ql.. Simultaneous
generation of baseband and radio signals using only one single-
electrode Mach-Zehnder modulator with enhanced linearity[ J .
IEEE Photon. Technol. Lett., 2006, 18(23) :2481~2483
Zhensheng Jia, Jianjun Yu, Gee-Kung Chang. A full-duplex
radio-over-fiber system based on optical carrier suppression and
reuse [J|. IEEE Photon. Technol. Lett. , 2006, 18(16) ;1726
~1728

Jianjun Yu, Zhensheng Jia, Lilin Yi et al.. Optical millimeter-
wave generation or up-conversion using external modulators
[T]. IEEE Photon. Technol. Lett. , 2006, 18(1):265~267
Jianxin Ma, Chongxiu Yu, Zhen Zhou e al.. Optical mm-wave
generation by using external modulator based on optical carrier
suppression [J]. Opt. Commun. , 2006, 268(1):51~57
Jianjun Yu, Zhensheng Jia, Ting Wang et al.. A novel radio-
over-fiber configuration using optical phase modulator to
generate an optical mm-wave and centralized lightwave for
uplink connection [J]. IEEE Photon. Technol. Lett. , 2007, 19
(3):140~142



