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High Dynamic Range Microwave Photonic Link Based on
Dual-Wavelength Dual-Parallel Modulation
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Abstract A linearization method based on dual-wavelength dual-parallel modulation is proposed to enhance
the dynamic range of microwave photonic link. The exacerbation of spurious—free dynamic range of linearized
link due to the drift of the optical power of lasers is simulated. The simulation results show that this
linearization method can be performed by using commercially available devices. Furthermore, the
performances of a single-Mach-Zehnder modulator (MZM) intrinsic link and a dual-wavelength dual parallel
modulation linearized link are compared in the experiment. The measurement results show that 1.5 dB
enhancement of compression dynamic range and 15.6 dB of improvement spurious— free dynamic range are
achieved after linearization. The spurious—free dynamic range of linearized link is up to 122.5 dB - Hz". In a
word, this linearization method is a good alternative for improving the dynamic range of optical links.

Key words fiber optics; microwave photonic links; linearization method; spurious—free dynamic range; dual-
parallel modulation

OCIS codes 060.4510; 230.4110; 060.2360; 060.3510

1 5 F

SR FH 800 S B 65 A2 6 843 AT SR A 5 LA A T R AR /N R H R T e 0 R A DR U BRI O T R
Bz T AL DR IO L R R TR (A R g O B R (IMDD) S — R
L BRI e 1 B AT L e L R R A R R 0 O SR L - R 9 T (MZM) 4 1 3 4 f N
Z OGRS B BR O BRI LAY TE T K, TR LT A T R TR O T R I Y B A A

oA BB A5 (SFDR , Rero) 2 TR G 4 26 B CHEPERE S AL — B 55 T J0 A I 2k L 40w I e K fi 14
Tl e Ty 35 55 W RS A4 LA o E A0 U B B R, B MZM AR 2P BB = B 28 I 2 L (IMD 3) S BR il % 5 SFDR 119

Y75 B H: 2014-07-29; Y B & 2475 B #: 2014-08-27

E&WB: [HpyE S0 H 3R

TEE BN M 41987—), B M E A, FENFHMPEOEF¥ 508G 5 . E-mail: lixianghua999@126.com

SUWE N F0970—), B WL BRI, EENFOCEAR OO T 5 O 2% 55 05 TR .
E-mail: yangchun_seu@163.com (il fﬁﬂi%k)

0105003-1



S I S

FEREEZ 1,

SR, FH 4% PRI K 4R VR 38 R 40 45 — S T LBk ik P 1o 400 0T AR 38 O 7 4 B8 1) 2 Y R SR B
3T 32410 7 A1 R B B IMID 3 Sk ok B B 2l AS Y L ik A TR B A PR TR S R R i A OB BB A
il URUSCHE I R A O R o TR AR A T A P S T R A R R LA BT R R A R
S 2%, HLBE 9% 0 1R I AE I S/ o m PR TR A 5 0L K i A i BRR T S MZML, PR I e R R A 1
bl = RGP . XSGR 7 3 b B T RS MZM T AEAE R IR A8 TAE 5 B 2k BL 40 i BN B AR et
Ly, (A TR AR T AT AN o SRR B 9 1 v SR T A MZML, 78 A6 Ak 1 i e T L R T
I H S PA MZM TAREFEIE 28 TAE S 3% 0736 ] T 2450000 H b o OB AT LUR AR T 3R A7
W77 2B . AR A T OB IE IR 7 3 v SO 28 B R 6RO R G A 2% 43 T RN A W O SRS 4
S B MZM , fie e Pl S G A 28 T A I o 12O IR T B S G B H ER R LR R P MZM i 1 S A A
e L, LA By 1k 5 565 104 0 300 5 AR OO P A A A R 5 I G LAy E U e TG R A8 ke R 8 I sl AR R RURR, B
W 3 5 B — A At B 5 4 ) X GBS A A8 AT S IR Y o AR AR T RO I A SR R 4R B AR AR B MZM fi
HOGA U, t T A S P I OGRS T L R G R & R A M B A . % iR BN TR BN
A AH 78 R AS B4 i g, LA K I 8 A BRI £F v DR 2 A i R R A T 7 A A A A8 R R B

AR SCHR T 5 — A A U EE 3R R A 2 B 5 B SR AR AE AN [ 9 B RSSO 2R A MZM Y
LN S o2 B L I 5 N N0 R 0 b vl 7 I € 2 (= ks A NN P B o W e S L o e SR YA
A 7 i F A T L, 3K R R AN T DGR A i R0 I A o 4% SO SR T AR RS S 7 A S R R ELAY SE R L AR SO
XU B 36 8 ] (DW DPM)ZE 1 Ak 75 2 2047 1 #3840 7 R SE B0 30 UE . B T DWDPM J5 32 75 28 W6 O R R 4F
fE 2 B 1, SR 7 BL T O TR R O T R AL X SFDR B B4 L 3F HLSZI X LE T B MZM 4 8% Il DWDPM £&
PE AL A 3% 9 & 1 PEE .

2 Mg A

PAMZM R 2R P BE I 25 R AN 1(a) T 7R . DWDPM £k M4k 6 4% 1% 10 45 F 1 1(b)Fir 7 , PR 06 7% (LD) T
YEFEAN R @ O B B AT 0 0 6 43 il i A B 32 RIS MZM L, 8 B A 5 08 i 2D ak ik o i MZM
1 B S5 S IR B« L, 22 S SR I A A2 T A (W DMK 19 9 i) 25 4 s 615 S A i, O i P DB &F
(SMF KGR 5% i 206 A4 (PD) A7 8 0 A 94 .

@ ®) i
DC bias 4
yax MZM paN
SMF L DC: di
D s 1r¢ct current
RF: radio frequency
RF

BT (a) 5 MZM R 2R VE AL G HE B 45 15 (b) DU ORI 2R A e i e 45 4 PR
Fig.1 Schematic diagrams of (a) the single MZM unlinearized link and (b) dual-wavelength dual-parallel modulation linearized link
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Table 1 Amplitudes of the signal and the distortions output from a single MZM link
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Fig.2 RF modulation for the both optical paths of the DWDPM link. (a) Modulation for the primary path;

(b) modulation for the secondary path
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Fig.3 Spectra of RF output for the DWDPM link

0105003-3



L G-

FE TR, DWDPM 2k M Ak O B B 04 RO 45 5 11 6 D) 238 LU 55 R e 1E 2, 45 0 £ 3 UG #% SFDR 1Y %
1o 05 BL T BO6 28 5 OGRS N % SFDR AU SR . 24 DWDPM B 8% 76 s g 7 BRI AR L 32
O A O T AR S T RO A G T SRR 4 R 0.1% .0.5% 1%, B i 1Y SFDR 43 il % Ak
1.2 dB.4 dB.5.8 dB, W& 4 fir 7 o SR, g IO o 428 il #5470 15 2 SR U O a5 i 6 2h 5 e J&
AR F]0.02% ., K I8 )T BEA (497G 1 2808 31 454 DWDPM Jy 5 Al AR 25 5y M 52 30K 3h 25 30 Bl (0 6 B % . e
A WG WA & AR RS I I 85 WDM 38 4 v I 4 i), 25 S 300RE B 1 6B 00 20 Ak L (EU R O 2% AR AE
PE IR R, H K AL et /N T WDM AT 58 3, B WDM [ 3 47 7 25 B 45 5, Rt TR b 30k 28 Dl K
B JUT- X [ P B T 52 1

20,
g of ----signal
& —residual IMD5 A
B 20 ...power drift 0.1% -9/l
5 —40f ---power drift 0.5%” i F
g _gol ~power drift 1%’
5 -80f er;'/
Z-100} ¥ A
2 1<58dB
-120} L A
Fe_140f ’ 26 i
_160} -===—SFDR— RF input power /dBm

T120 80 —40 0 40 80 120
RF input power /dBm
€l 4 DWDPM %6 f#% 1 SFDR Bl il #0458 6 U1 SR & AR %Ak 1 (i B &

Fig.4 SFDR of the DWDPM linearized link is exacerbated when the optical power of the secondary laser drifts
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Fig.5 Test results for CIR of both optical links with two—tone signal. (a) Single MZM link; (b) DWDPM linearized link

0105003-4



L G-

Sk T I A Y SEDR X PR A [ I A 5 R 5 I A3 e i IR EOHE E AT T R A LA R E 6
JE7R o DAL 6 BT LA 19 % B 1) 5 U0 15 5 B o A SR 000 0y S5 38 R T 38 K, FLJFEARE R R 1. B MZ M 4 [ 119 3¢
8 o3 B R ON 3T 4R A B 1 S8 R 4 R R R Sk R TR R £k R AR B I Y TMID3 L B0 I AE AR R
20,~w, Fl 20,-o, [ 5245 IMDS J&Ch 32 22 (9 38 8 43 1k o AR 400G ELZR T LATHAAC 1 31 MZM 4 [ IMD 3 1) iy A B
J(TIP3, Nuw ) FITER P AL B BE 5% 4% IMDS A AR A5 (TIPS, Nuws), AT 310 22.1 dBm F1123.5 dBm. P 5 J% 1 e
7R BUNF, k)5 5 45 Sk 35.7 dB #1443 dB. HR 4 (4) 203 H54 T 45, 6 85 5% /9 SFDR 43 %1 4 106.9 dB - HZ™” il
122.5 dB-Hz". 58 MZM 55 B% A0 L, DWDPM £k P Ak 4% B¢ 19 SFDR 203 1 15.6 dB.

Ry, = ”fl(fvm,, —k+174), )

A Ry, WHLAL R dB-HZ" ",
20

. . TIP3 ¢
0Ot o ----single-MZM link 2P 11P5
é _9ol 4 —linearized link
€ 40} g
5 sl 8
g ~60r 174 dBm & S L
E -80} ~ “?\’,’ é), u“u og
E-100 S 58 {5
o 120N M9 SR about 1225 ap' b
P 140 |-sbout 35 A8~ EFDR: about 106.9 g{'-sz
-160} ) o " A
-180 -140 -100 -60 -20 20
RF input power /dBm

€6 i MZM 4 % A1 DWDPM £k Ak 4 3% 1) SFDR ] 328 275 4
Fig.6 Test results for SFDRs of single MZM link and DWDPM linearized link
M 25 2R W, et AL BE 6 10 3 45 0 -22.4 dB, & LL A MZM 8 B8 19 18 25 /N 9.8 dB. H F PG LT L
A1) P T 6 dB I, Bt LGRS 5 5 A 3 B AT IR 6 dB;2) FEAN ] IMD3 B, 3 B i) 3k
5 (R RE 5 R I Y BR U S AR DA 3) — RO B B Y 1 25 5 LR SO L i E T, PR MZM B L L 46
PR AL 4% B A0 WDM 25 45 F2 06 5 | A KA 1 SR B RS o 203l 2 1 Ak b % B s 19 P 2B FL U R 5.8 mA L B
MZM 5 #% i % i S O56  R 6.7 mA o [RIRE, F) T 22 SE A8 AT 35 AL E4440A 11 I 75 Ty 68 X 99 41 % 114 B2 IS 4
A7 7 A B MZM BE 5% B M i I 45 o —150.8 dBm/Hz, 1M} 28 7%k 1k 5% 8% i 1 i€ 4 —152.1 dBm/Hz, X T & |
) 2 P T B B MR GG 1 5 MZML B 3% 1 MR G, 2 PR A TR i I 170 2 2 W 75 55 e B 1 iy 8 1 28006 F 9 i L 491
HE 4 H S 56 43 2 1 T, IMD3 F15E A 9 HMD3 4 5 @ 5 1E L, PRIk IMD3 4100 41 /) [R] ), 5% 4y HMD3 4, 2%
BEHNE , FT LA DWDPM 4 8% 3 25 10 26 Pk Bt 2575 3 2o s ol 22 BE AR T 45 40 BT A NS242A F9 48 1T 0> % 6 11
R IR X H AT IH Ao S5 R WA 7(a) s, S5 A IUE S KT 0 dBm B, 5 MZM 55 B% 1Y H — 10 1 25 32
¥ L0 O 4 i B4, T DW DPM 8% % 09— A6 38 25 A0 DR A etk . O HLo MZM 8% B 25 JR 40 1 dB I g A g
P55 DR (Puranr an) M 12.7 dBm, 117 DWDPM 4% 8% 19 Prsuyas 9 22.7 dBm, (3% T 10 dB.

1
o (@) e
o O T ' = x 3
= & L
T -1t P . g .82 E E
g in,1 dB 5 FE e & =
§-2r 5 _60[2 , s =
9 1) 5 °lp = ~
53 £ -s0} £ o T
5 g E
g 4| é—lo -‘? i ’é g
= single-MZM link ©-12 % 6 & =
25 linearized link =l 8 ©
& 140/ 61396 15 5 28 | I
—6}F : 60 REinputpnower/dBm
f L L ! 1 1 1 L L _1 L f f L f L f f | | f
-25-20-15-10 -5 0 5 10 15 20 25 -25 -15 -5 5 15 25 35
Input power /dBm Input power /dBm

[ 7 B MZM 5% [ F1 DW DPM 5 % 1 (a) I3 — 1k 18 25 F1 (b) 15 4 20 2453
Fig.7 (a) Normalized gains and (b) CDRs of single MZM link and DWDPM linearized link

45 8l 2595 il (CDR , Rep) W J2: 058 B A9 — A B 2P BES AL, B 2R 45 R4 1 dB I A 45 5 45 TR

0105003-5



LA R S|
FF X6 IO 8 R A i A SR AL 5 D 30 LA, A3 DL s B i T
Rcu = PRF,in,ldB —k+174, (5)

X R W FLA N dB - Hzo
S G, WA A9 CDR AT LUIAS, 43 5124 150.9 dB-Hz F11 152.4 dB-Hz, 2 MEM F1 DWDPM %% #% it 19
— AL 34 25 A CRD, 40K 7(b) T 7%, 15 B MZM %% B 9 CDR AH b, DWDPM £& 1 fb 4% 5 9 CDR k3% 1 1.5 dB.,

4 45 ©B

P2 I SLEG B UE T DWDPM 2R 4L D7 v . 5 Z 438 19 DPM J5 VA AH HE L 3%007 2R XSG S T , B 8% 0 7
BANM SCHE A 25 TN IR B AR 2% L JF 8 e T R IR AR A A i S o i R AR S S0 L T MZM 4 i A
DWDPM £k VEAb &% B i PEpE . H b Ze Ak 55 % 19 CIR A 46 T 25 dB, SFDR {4k 17 15.6 dB il A 1 dB 3 45 5 4 5
ek 7 10 dB,CDRAEAL T 1.5 B, BL A 24 fb 4 [ 119 SFDR 35 %] 122.5 dB-Hz",CDR i5 %] 152.4 dB - Hz,

£ E XMk
1 Zhu Zihang, Zhao Shanghong, Zhao Hui, et al.. Optimization of optically preamplified inter—satellite microwave photonics links with
two radio—frequency signals input[J]. Acta Optica Sinica, 2013, 33(1): 0106003.
R B, B . PR AN R R R IR BOIOL T REBS O 11T, 632 3] 2013, 33(1): 0106003,
2 Ye Quanyi, Yang Chun. Fiber length measurement system based on phase modulation optical link[J]. Chinese ] Lasers, 2013, 40(5):
0405003.
23, B & LT AHALE T GHE I 0 G KB RG], P EOE, 2014, 40(5): 0405003,
3 Shen Da, Hu Zongfu, Wu Jiaqing, et al.. Design and realization of a radio—over—fiber system based on self-homodyned 60 GHz
receivel]]. Acta Optica Sinica, 2013, 33(5): 0506005.
W3k, WIS, REF. ST H 25 60 GHz LAY L AR TC LG (5 R B0 5 92 B[] 62 2# 4z, 2013, 33(5): 0506005.
4 Shi Tuo, Xiong Bing, Sun Changzheng, et al.. Applications of high—saturation—current photodiode in the RoF links with low noise
figure and high gain[J]. Journal of Optoelectronics - Laser, 2013, 24(1): 56-62.
A LB IR, AMVAE, A5 i TR H U G AR g 7R IR IR P AR BOR = 1 45 RoF Rk B A B[], D6 L T - 0, 2013, 24
(1): 56-62.
5 V J Urick, F Bucholiz, ] D McKinney, et al.. Long—haul analog photonics[J]. J Lightwave Technol, 2011, 29(8): 1182-1205.
6 Li Xuan, Zhao Shanghong, Zhang Wei, et al.. Analysis of inter—satellite microwave photonic link performance under synchronous
modulation of two—frequency—band signals[]J]. Laser Optoelectronics Progress, 2013, 50(5): 0506001.
A KR BRI IA, TR B AEL SUWUBAR 5 W) A0 R E) B0 B B M BE AR AT ). WO SO B TR, 2013, 50(5):
0506001.
7 T E Darcie, Z Jinye. Performance of microwave—photonic links[C]. Optical Fiber Communication (OFC), Collocated National Fiber
Optic Engineers Conference, 2010. 1-3.
8 A Katz, W Jemison, M Kubak, et al.. Improved radio over fiber performance using predistortion linearization[C]. 2003 IEEE MTT-S
International Microwave Symposium Digest, 2003. 1403-1406.
9 V ] Urick, M S Rogge, P F Knapp, et al.. Wide—band predistortion linearization for externally modulated long—haul analog fiber—
optic links[J]. IEEE Trans Microwave Theory and Techniques, 2006, 54(4): 1458-1463.
10 J A MacDonald, M V Kuback, A Katz. Wideband dynamic range improvement of microwave photonic links[C]. 2005 IEEE
Conference—Avionics Fiber—Optics and Photonics, 2005. 67-68.
11 L M Johnson, H V Roussell. Linearization of an interferometric modulator at microwave frequencies by polarization mixing[J].
Photon Technol Lett, 1990, 2(11): 810-811.
12 E I Ackerman. Broad- band linearization of a Mach— Zehnder electrooptic modulator[J]. IEEE Trans Microwave Theory and
Techniques, 1999, 47(12): 2271-2279.
13 G E Betts, F J O'Donnell. Microwave analog optical links using suboctave linearized modulators[J]. Photon Technol Lett, 1996, 8(9):
1273-1275.
14 S K Korotky, R M de Ridder. Dual parallel modulation schemes for low=distortion analog optical transmission[J]. IEEE J Sel Area

0105003-6



S I S

Commum, 1990, 8(7): 1377-1381.
15 A Karim, J Devenport. Low noise figure microwave photonic link[C]. IEEE/MTT-S International Microwave Symposium, 2007.
1519-1522.
16 J L Brooks, G S Maurer, R A Becker. Implementation and evaluation of a dual parallel linearization system for AM-SCM video
transmission|[J]. J Lightwave Technol, 1993, 11(1): 34-41.
17 F W J Olver. Handbook of Mathematical Functions[M]. Cambridge: Cambridge University Press, 1972. 355-434.
EEHRE: Tk

0105003-7



