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Abstract An all-optical discrete Fourier transformer (ODFT) based on SiO, plamar lightwave circuit (PLC)
technologies and made up of optical directional couplers, phase shifters, and optical delay lines is designed. Whose
principle is investigated and an ODFT chip operating at 4 X 40 Gb/s is designed and optimized. Detailed designation
and implementation methods are also given. Based on that, an all-optical orthogonal frequency division multiplexing
(OFDM) transmission system is designed. eliminating the processing speed introduced by electronics as in
conventional OFDM systems. The VPItransmissionMaker V7.6 is used to evaluate system performances. Simulation
results prove the effectiveness of the all-optical OFDM system. The bit error rate (BER) is lower than 3 X 10 ' after
transmission through 320 km in the optical fibers. All-optical OFDM has been treated as a good candidate for the long-
haul and high-speed transmission technology.
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Fig. 1 All optical OFDM system based on couplers and phase shifters
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Fig. 2 Basic all optical DFT unit consisting of a coupler

and phase shifters
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Fig. 5 Four received optical signals after time delaying
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Table 1 Simulation parameters
Fiber dispersion (G. 655) /[ps/(nm « km) ] 4.6651 System capacity /(Gb/s) 160
Dispersion slop (G. 655) /[ ps/(nm® * km) ] 0.0114 Number of subcarriers 4
Fiber length (G. 655) /km 80 Bit rate of subcarriers /(Gb/s) 40
Fiber dispersion (DCF) /[ps/(nm « km) ] —90.0 Transmission distance /km 320
DCF fiber length /km 4.15 Gain of EDFA /dB 13.5

PiELEE R AL RGBS TR K60 Gb/s  FEMU RSN —& 0. BT kA E]
O TR A i R O A IR B R O 3. 076 X107 S RS WiIF G\ G, C bW E B 15 8 T300% 1 76 D A1)
o 2% s A5 B Y BTE B Uk B AR R aA PR Wi C .Gy, Cy AW E 3 3 8 F3800% 2 7

BENTEBME TR ADAFRNER BT D ggos, T8RS M4 b2k, 4 4 728
TER S E A 7E—RIE W . 76 D S H Rk R N AEIES NN

7B AN iy A A 13 Y N Y yHe ~ v ] 4
BB F R TIRE R BLE D 5.4 DT DFET i L4 T.Af = 1/N, FF LAl LS 7
-2| (a) subcarrier 1 -3| (b) subcarrier 2

I =
g -50} 8 -50f
< =
S [
o; -100} % -100
S F ~
~ | L

~163 . L . -163 . . .
-339  -200 0 200 339 -339  -200 0 200 339
Frequency relative to 193.1 THz /GHz Frequency relative to 193.1 THz /GHz
-3 (c) subcarrier 3 1, (d) subcarrier 4
g =
% -50 | % -50f
g g
5 100 | g 100}
) o
~ &~
-165 L : s s -167L . . .
-339  -200 0 200 339 -339  -200 0 200 339
Frequency relative to 193.1 THz /GHz Frequency relative to 193.1 THz /GHz

Bl 7 AT R I R

Fig. 7 Power spectrums of four subcarriers



1026 h 5|

i ot 37 %

PR IR E B Af = 1/(NT,)) = R,/N =
40 GHz, R, W HFFR A=/ /W1 AN =

IS 9 s .

11.8
(c¢/fONf =0.32 nm, 10k
XA BETET Y BEA S NAE—KIE R
OFDM #5308  # & AJELF LI A 8 BT . Z
M 8 1] LLFE . A [F B 18] F B9 15 50 68 34 2 A9 E 5k
WeAELA KA /N, S5 Br A% i 915 5 o & 2 R 2N . &
AT LA U E 7 24 ) % 1 (PAPR) >k R AE, & X
2
S [9.101 1 0] max[ | x;(n) | ]0 g STRNPN 0
H Og—E[‘x,(n)\Z] XFEHES .4 087 -~
. N _ - . - ime /ps
T AAF 5 LAAH [R] A8 A7 5K F B, 15 3 5 45 5 1Y 04
{23k T YT % 4 £5 . PAPR 6 dB, 8 3 OFDM 7 2 3
% 3 4 YEDFT . S5 I I 12 i 10 45 BB 155 Fie & Optical OFDM symbol
88| (a)channel 1 68| (b) channel 2
60 -
=
z z
5 B
2 E
68
h. |
aal (c) channel 3
=
E 4 E \
o) 0 DO g
[
% 2
< 20 &
0 y : ; 0 — n n
-211 20 40 60 64 _311 20 40 60 64
Time /ps Time /ps
B9 BT 2 H A 6 AE S i R
Fig. 9 Optical waveforms before entering time gates
26 (a) channel 1 20 (b) channel 2
= 20 =
E 8 ol
5 101 g
g g
g, = )
-Iir 20 40 60 64 -1 20 40 60 64
Time /ps Time /ps
22 (¢) channel 3 23| (d) channel 4
= 20 20 |
E z
5 10} 5 10}
0 ; — : 0
-111 20 40 60 64 =i 20 40 60 64
Time /ps Time /ps

10 WE 2R MO 1E S R E

Fig. 10 Optical waveforms after entering time gates



419 2% —RRETOUA A 2L IEST A B A SR 1027

AUEH . B4 A BAEREXN,
516 B4 A e 0 N Y o 3l 2 TR ) 22 0 A A O
5 SR E A A 10 TR

BXRE S B R) ] 22 )5 A5 5 500 v 1 2t o 1 & —
R . P E S O P L R A D RN T/ R A
e, S 55 vty 1) B30 00 R e o R BRI

W H B T OB RR B 4 CASK) . 25 40 MRS G 4
(DPSK) , 45 OFDM(OOFDM) 3 Fft ] fi] %} i 75 Fhi
R PE . MRS R A RS R SO (E R LA 2%
FORFBM, WA 11 Fros. T A OG5 B
(OSNR) . DPSK i % 2 /), OOFDM [ K —
BLASK K. FFLL, OOFDM 7 M s 4 e |- 2 4
T ASK 19,

9.3X10°,
10 i
10°¢

10”7
10-8

-9

10—1() :

-11
1072
10-4§;
10-16 1
10-#

i

a0 fl

102

10-26 L

19.85 20 21 22 23 24 25
OSNR /dB

BER

P11 3 Fl i il s XA e i Ol {7 M L i 2k
Fig. 11 Curves of BER-OSNR about three kinds of

modulation mode

2.49X10
10

10-°

10

BER

107

108

6.96>X 101 #

0 001 002 003 004 005
-0.002 Dispersion /(s/m)

12 3 Bl i s 20 R A 3R - BB i £k
Fig. 12 Curves of BER-accumulated dispersion about

three kinds of modulation mode
ERCRPE T T D7 35 A4 B0 S 0 s 9 1
o SRR R — R A G ET L A R R R Y T R
T L RO I O 1 R A R AT 11077,
AR €T3 AN+ B AR TR A 236 1) A Ak o AR N 17 T £

12 fiiR. Al LA H . ASK %748 4k B /)N » OOFDM
Fe ASK H§ 2 . 1 DPSK #z 2 .

3 4 i

P BLUE S, AR SCHE 0 358 TR A 48 1 25 1l 5L
AR 4 OFDM &R 48, il LIFEL60 Gb/si R T 4
35320 km () 1% B 1 3k B AR 4 B IR . T4
4 s AR T VR R R L/ e e L/ R R
PR BR XS T 2 IE o R R A
W 1 AR i g =X

s & X #

1 E. Lach, K. Schuh, B. Junginger et al.. Challenges for 100
Gbit/s ETDM transmission and implementation [ C]. OFC
2007, OWE1

2 Jianjun Yu, Xiang Zhou, Lei Xu et al.. A novel scheme to
generate 100Gbit/s DQPSK signal with large PMD tolerance
[C]. OFC 2007, 1~3

3 Li Zhaoxi, Hu Guijun, Kong Lingjie. Performance analysis of a
multimode fiber communication system based on the adaptive
modulation orthogonal frequency division multiplexing [ J .
Chinese J. Lasers, 2008, 35(4) :582~586
AR IR A LA, E I TR 0 1 S T £ B 2
WG RG] P B #k, 2008, 35(4):582~586

4 Li Shuo, Shou Guochu, Hu Yihong. Implementation of

superstructure fiber Bragg gratings-orthogonal wavelength

division multiplexing and analysis of receiver crosstalk []J].

Chinese J. Lasers, 2008, 35(8):1195~1200

2 WA EA WG L. AR e B IE S W BT R 5

T 7 BRI ], Bk, 2008, 35(8):1195

~1200

Zhang Qi, Yu Chongxiu, Xu Daxiong et al.. Encoder/decoder

o

based on optical fiber grating [ ] 1.  Semiconductor
Optoelectronics , 2006, 27(5) :595~597
ik ORLRES IRKME . ST ORE MY g % 15 35 Y B 5
[J]. F$4k k&, 2006, 27(5):595~597

6 Hongchun Bao, William Shieh. Transmission simulation of
coherent optical OFDM signals in WDM systems []J]. Opt.
Express, 2007, 15(8) :4410~4418

7 Kyusang Lee, Chan T. D. Thai, June-Koo Kevin Rhee. All
optical discrete Fourier transform processor for 100 Gbps
OFDM transmission [J]. Opt. Express, 2008, 16(6):4023 ~
4028

8 Kenichiro Tanaka, Seiji Norimatsu. Transmission performance
of WDM/OFDM hybrid systems over optical fibers [ ] ].
Electronics and Communications in Japan, 2007, 90(10) . 1431
~1440

9 Tong Xuejian, Luo Tao. Principle and Applications of OFDM
Wireless Communication Technology [ M]. Beijing: Posts and
Telecommunications Press, 2003
e, # . OFDM B 3l 5 £ AR U 5 i M. Jeat.
N R E A 5 2003

10 Zhang Haibin. Principle and Key Technologies for Orthogonal
Frequency Division Maultiplexing [ M ]. Beijing: National
Defense Industry Press, 2006
TR, IE S4B AR T R G R R [M. b e
B Tl H At . 2006



