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Abstract A photonic approach to implement a microwave channelized receiver based on superimposed chirped fiber
OCIS codes

Bragg grating (S-CFBG) is proposed. An optical frequency comb (OFC) is generated using the first S-CFBG

1

.

Broadband microwave signal is multicast by the OFC, spectrally sliced by the second S-CFBG and channelized by

optical wavelength division multiplexer (WDM) de-mux. Broadband microwave signal with frequency measurement
range form O to 20 GHz and accuracy of 0.5 GHz is achieved by simulation
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i i 156.25 Mbit/s non-return-to-zero (NRZ)
signals, which are located at different radio frequency (RF) carrier waves, can be detected simultaneously and

tr oo -
instantaneously without local RF source array. The bite error rate (BER) performance of receiver is researched
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Fig. 1 Schematic of the proposed photonic microwave channelizer

— A H A RUR AL R R S-CFBG 1T R 38
FE i (ES ., OFC(S-CFBG 1)/ FSR1 FIjg
Beds (SSCFBG 1) 1) FSR2 A — & BY 5 2 . X
oA 3 3G 0 AR ) B L AT LA DR A [ AR 22 1 i
. Ja A —1 WDM 43 & U8 35 7 4 2508
R PD FEFSHEATERI . B 1 FrR .5 1
WU GRS E A XS 2 ol 2 X 4

BN A SR ZE NX a5 5 Ot R d NX
F SR ARAE 5 WO R i 7 AED L o SSCEFBG ] 38
H R U S Y AR S il WDM 2 B R 20 i A

PD, B — AT R A M [T FR , Bl AT 52 31 58 3% 15 5 00
R SRR,
-5 R 7 R R
A :iM, D

2

1205002-2



VIS PFAE . T 5 B Wk ' 27 A1 130 4% Sl Y 58 3

MO T B O

A fesr 8 SSCFBG 1 A9 FSRI, frsre 78 S-
CFBG 1l iy FSR2,
N8 1 30 Ly

fR - fFSRl/Z- (2)

% 2(a) Rt E B F M S-CFBG [ 5 S-CFBG

11325 3338, HORG 4 B2 24 )y 500, JEHHE BE L 2 8 em,

K FH G B e 3 1k WA K& C A 1. 2 nm/em. 37 5

R H R E N 6 X 10, IR B 2K

0

o —101
z
§-20
8
% -30
"o AV, W w

o AV

192.5 193.0 193.5 194.0
Optical frequency /THz
0 o
2
= -101
L
8
g
5 201
& ~-A- S-CFBG II
—e— S-CFBGI
-30 L .
192.258 192.260 192.262 192.264
Optical frequency /THz

Bl 2 SCFBG 14 SCFBG Iy (a)ad St M (b) X% R 19 FSR; (o) L (D) 43l 4 2 (a) {7 18
Fig. 2 (a) Transmission spectra and (b) FSR of S-CFBG [ and S-CFBG [[ ;

1.02 mm(S-CFBG )5 1. 03 mm(S-CFBG [),
HXF R FSR WA 2(b) B s » B FSR & AR 26 i
AR A AR AH B B S W 1) ) B AR R E 1 GHz, AR iR
(D5 2y 5, Kol L F R E N 0~
50 GHz, 4y ¥¥% 4 0.5 GHz fE 54 . & 2(o)
(DA 2O HfFIE 1 5518 18 B KK, AT
T BRI 25k 1 GHz 5 18 GHz,

102.0
(b) A~ S-CFBG I
1015 ——S-CFBGI §
= 10107
Q )
& 1005t h
=
100.0
e 192.5 193.0 193.5 194.0
Optical frequency /THz
~A~ S-CFBG II
—e— S-CFBG1
g
o
L
é
g
8
=
193.925 193.935 193.945
Optical frequency /THz

1 A{FIE 18 By R A

(¢) detail of channel 1 and

(d) detail of channel 18 in Fig. 2(a)

3 Lmgi R 5i1e
3.1 EEHEMNE

BTV IZ R GRS R DGR (S R G
PR T T EEAER RS, B 3 Rk

or (@

|
Do
(=]

Power /dBm
A
=]

Power /dBm

|
[=2)
(=]

1922 1926  193.0 1934

Optical frequency /THz

193.8

3 i g A .

() Z AL FOLAS s (D) R )5 {538

OGS R 6, OFC 1 K 5 S-CFBG T i3
S ORI A A TR) L T O A i R R 19 AR
Fit, JL £k 58 o8 10 MHz, 3 % J 8 /N F 3 dB,
3(h) A AR S IR MG (518 2 51518 3 ok,

®)
-20
-40
60 i
A IRt
192.32 19236 19340 193.44 19348
Optical frequency /THz
2 51518 3

Fig. 3 Output spectra. (a) Multiwavelength fiber laser; (b) channel 2 and channel 3 after modulation

1205002-3



H |

# ot

Hi RFESHMES5H1,2,5,7,10 GHz, MZM
Py B AE B PR TAERNME SR, 21 Br
M B D A g HoAl A B DK 20 dB 24y .

Kl 4 2 S-CFBG 1 3% 5515 5 H il 3 5 i ot
R ER., Ho REAFSHAE50HK 1,2,5,7,
10 GHz, {538 2 H.2 GHz Xf W #1745 S-CFBG
11325 5338 B 8, T 3R T Hofh ity . (538 3 v, 4
WAE S % I (3 GHz BfE5) 5 SCFBG 11

@ A
-20 7\
,/ ‘\\
E _40f ___ e { -----------
g l| l
5 —60f
3 .
~ -80 H»T‘ ”
!
~100 ‘,\ \4 Ll x m d
Wik
120 192 35 192 36 192. 37
Optical frequency /THz

BT S A A B

& 5 RiEE %R 1,2,5.7,10 GHz 5 2,6,7,
12,18 GHz i} S-CFBG 11 JE I J5 iy H i 6 1%, o]
W24 RE F5 % il 5 S-CFBG iﬁ‘%ﬁ‘jﬁ
B KRR T HAMFIE 15 dB. ¥R 1E 5
L AF & ] o 100 GHz ) WDM 43 85 J5 43 1] i
A PDL 38— D38k I T TR B AT 52 30 98 15 15 5
12 1) S BRI

0
®) A
-20 / \
4 \\‘
—40t e = NNee

Power /dBm

ey

¥ W

192.47
Optical frequency /THz

Kl 4 S-CFBG Il & 41 5 H il 5 i i m B8 . (O fF1E 25 (b fF1E 3
Fig. 4 Spectra of SSCFBG || and after SSCFBG |l filtering. (a) Channel 2; (b) channel 3

-20
(b)

Power /dBm
YoL b
S S (=]

|
(=23
(=]

il

192.6 193.0 1934 193.8
Optical frequency /THz

_70 U
192.2 194.2

(a) 1,2,5,7,10 GHz;(b) 2,6,7,12,18 GHz

Fig.5 Spectra after S-=CFBG [ filtering. (a) 1,2,5,7,10 GHz; (b) 2,6,7,12,18 GHz

-20
@
-30
oo
i
70 .. Jl \1 ||
192.2 1926 193.0 1934 1938 194.2
Optical frequency /THz
5 S-CFBG Il i85 4 i ot .
3.2 EiLEBREK
S bR g FH T B 15 B AT A B AR A BN
[F A RE M55 A7 & 5. 7EX Mg o0 T ASTE
RF #5564y o0 #5015 8 A SCH s i1 08 Al 4%

WA G, 6] DL E XA A RE 35 E 45 10 15 2
[vi] B 36 A7 R, JC T 1% 4t 1 FL A iR U B 41 HL D 3 A
K 6 R, % SCFBG [ 5 S-CFBG Il 1y FSR
220 X Ay NX AT 5 1E S 20845 i B8
FE ORISR P LA . &ak SCEBG I
PR FEAFIE N b OGS 0 5 ¥ {5 S i PD
PO AT DL B AR B L AR 5 R . Bl AE
ﬁkﬁ~/\1fﬁl_aﬁu§z%%7u/)aad\,ﬁ\ﬁm$ EREAOEE
e, BOEEOBHR 15 B i RS Mg

K78 RF(E24i%HK1,2,5.7,10 GHz it ,
il 5 U 15 18 2 iSO B o 2 GHz Sl

PD
S, chN ,:>
\\‘
.
f T : optical
A A -.carrier A
1 o) N A
11 i1y *° * (R} S,
XN I 0
Optical frequency Electrical frequency
Bl 6 5 1 T Hz oL 8080 15 2 i BUR =R

Fig. 6 Schematic of the proposed photonic microwave
channelizer for data detection
#4156, 25 Mbit/s f9IE T 4% (NRZ)

BAEE R . (518 2 T 2 GHz %R 5% A —
FO 3% 98 3% 2R IS BT EL

K8 ik WDM Jp B, PD 48 M. 47 958
0. 4 GHz R JE i 4% D8 B 5 O T Ry — 22,
—20, —18 dBm#} , f5i& 2 IR 1& . 15 5 19 45 1k —

1205002-4



N PR

H T BV WA HOS 2T A R A DB IR 93 OO TR B AR IO

Power /dBm

5k
=) S

T =

[\V]

§ (%]

jasi

N

i 1 GHz
-80 WM W NW
-100 — n
192.359 192.360 192.361
Optical frequency /THz

K 7 RF%i% 1,2.5,7,10 GHz,2 GHz $i % | 2k i %

2y 156. 25 Mbit/s B9 NRZ 4 f5 5. 1 I 5 5 18 2
COERH Y ONE]

Fig. 7 Detail spectrum of channel 2 after S-CFBG [l

filtering with RF frequency 1, 2. 5, 7, 10 GHz

and 156. 25 Mbit/s NRZ signal located at 2 GHz

J7 1 2 T 7S A U D B e BN A L U AR
T — 5 TS H TGS A R AN B S 4 0 ok At i
PR IR G HA N S-CFBG I i B A 7 i F
P A o) B 3 0, OO ARG U R E

THE VSRR AR RE (5] 60485 8 115 &
TH R (BER) By 251, K 9 K 1,10,19 GHz
(18 A3 2% [i) B 4%y 156. 25 Mbit/s KU 5 B A
i) (19 NRZ {55 £ 38 1 B2 000 78 A [l 32 050 2 SR it
(A 2, A [ 431 25 T 2 50 0 15 2, 22 AT ) 5 ) 3 A
ZEARN AR EE R d T OFC i Ry 3h . OFC 5
T TR 4% 1 /N AR T 38

RSB Uk AR A% K 5 S-CFBG Y /2 5t
WY T RS T 3 A OC L 5 BLR B A5 R .
BT W R L g SE RN, 4253 S-CFBG %4
DB AR s O 2T 2 E B O R B N

Amplitude (a.u.)

Time /ns

Time /ns

B8 ARBEWSEIIRN{FE 2 MIRE . () —22 dBm;(b) —20 dBm;(c) —18 dBm
Fig. 8 Eye diagrams of channel 2 with different received powers. (a) —22 dBm; (b) —20 dBm; (¢) —18 dBm

10

10-10

-23 —2!2 —2Il —éO —1‘9 -18
Receiver power /dBm
B9 1,10,19 GHz 55 28 [7] I i 3 2y 156. 25 Mbit/s
B9 NRZ $odl £ B 15 38 1 4 WS 788 R 3R ot 2
I IR
Fig. 9 BER results of different receive powers when
156. 25 Mbit/s NRZ signals located at 1 GHz,

10 GHz and 19 GHz RF frequencies, simultaneously

44 e

BEH TR S-CFBG 923U 715 0 s e
R . FIHFSR 205 1 GHz By BIA~ S-CFBGs 451
BT OFC 7= 53 M ik . 07 3 78 00T 1A 5%

U T T AT 230 e, 3 AT LS B T 22 A5 1 BRI,
SEELT SER RS AL B, ST T I R 0~
20 GHz, K5 BE R 0.5 GHz 19 55 R Ik (5 51538
B R G BT 220 25 1) S L S TS TR
RF i % [ in#k iy 156. 25 Mbit/s NRZ %415 8 14
TR AN [ 42 0 2y SR 0 0 1 P DR A Mk RE EAT T 4
BE o AN [RAR 3 T 48 50408 15 S8, 482 e isf i3 i %6 A 25 1R
N o R 7 0k S B3 43 BT 5 1 3 Ak Bz e T LA
S PR i S B AGHI  fRT Ak 3 WP S K L LA AR A A
AT .

& & X #

1J. Capmany, D. Novak. Microwave photonics combines two
worlds[J]. Nature Photon. , 2007, 1(6); 319~330

2 D. B. Hunter, L. G. Edvell, M. A. Englund. Wideband
microwave photonic channelised receiver [ C ]. International
Topical Meeting on Microwave Photonics, 2005, 249~252

3 M. S. Rogge, V. J. URick, F. Bucholtz. Analysis of an optical
channelization technique for microwave applications [ R J.
Washington DC: Naval Research Laboratory, 2007, 1~14

4 F. A. Volkening. Photonic Channelized RF Receiver Employing
Dense Wavelength Division Multiplexing[ P]. US Patent 724 583
3B1, 2007

1205002-5



H |

# ot

5 Ze Li, Xianmin Zhang, Hao Chi e al.. A reconfigurable
microwave photonic channelized receiver based on dense
wavelength division multiplexing using an optical comb[ J]. Optz.
Commun. ,» 2012, 285(9) . 2311~2315

6 Xiaojun Xie, Yitang Dai, Yu Jiet al.. Broadband photonic radio-
frequency channelization based on a 39-GHz optical frequency
comb[J]. Photon. Technol. Lett., 2012, 24(8); 661~663

7 X. Zou, W. Pan, B. Luoet al.. Photonic approach for multiple-
frequency-component measurement using spectrally sliced
incoherent source[J]. Opt. Lett. , 2010, 35(3); 438~440

8 Su Ligin, Shen Yonghang. Investigation on a novel Fabry-Perot
filter for high power tunable fiber laser[ J]. Chinese J. Lasers,
2010, 37(9) . 2351~2354
SRSERR TLAKAT. & F T 28 0T R 1 O A5 SO A% vk A B -
Bk s s [)]. F Bk, 2010, 37(9): 2351~2354

9 Yang Xiufeng, Peng Lei, Tong Zhengrong et al.. Design of
tunable bandpass photonic microwave filter based on multi-
wavelength fiber laser[ J]. Acta Optica Sinica, 2012, 32(2) .
0206005
W, B &, IR S T 2RO 09 I RO T
PR AR BEITL]. B2 F 4R, 2012, 32(2): 0206005

10Y. G. Han, J. H. Lee, S. B. Lee e« al.. Novel
multiwavelength erbium-doped fiber and Raman fiber ring lasers

with continuous wavelength spacing tunability at room

temperature [ J ]. J. Lightwave Technol., 2007, 25 (8):
2219~2225

11 X. He, D. N. Wang, C. R. Liao. Tunable and switchable dual-
wavelength single longitudinal mode erbium-doped fiber lasers
[J]. J. Lightwave Technol. , 2011, 29(6) . 842~849

12 Y. Kim, S. Doucet, S. LaRochelle. 50-channel 100-GHz-spaced
multiwavelength fiber lasers with single-frequency and single-
polarization operation [ J |. Photon. Technol. Lett., 2008,
20(20): 1718~1720

13 Tang Caijie, Jiang Yi. High-finesse micro-lens optical fiber
Fabry-Perot interferometers [ J ]. Acta Optica Sinica, 2009,
29(4): 1062~1065
AR L B RR S RGBSR A R - T AT
FFFH/, 2009, 29(4): 1062~1065

14 Niu Siliang, Rao Wei, Jiang Nuan e al.. Investigation on phase

spectra of fiber Bragg gratings and the constructed Fabry-Pérot

cavity[J]. Acta Optica Sinica, 2011, 31(8): 0806007

Aidst. e fh. FE OB SE. OGL A BLAK G 2 H A Y I A

IR A GO R R AT S LT ] e AR, 2011, 31(8):

0806007

Liufeng Li, Yan Li, Lisheng Chen. Loss measurement of high-

finesse Fabry-Perot cavities [ ] ]. Chinese J. Lasers, 2010,

37(12): 3075~3079

1

w

EERE: Tk

1205002-6



