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Design of Flat Multi-carrier Light Source with Adjustable Frequency Spacing

HAN Yi-shi, LU Min-ting, ZHENG Jun-wen,FU Chen-yuan, YU Jian-zhao
(School of Information Engineering s Guangdong University of Technology, Guangzhou 510006, China)

Abstract: In dense wavelength division multiplexing systems, the light sources are difficult to be
synchronized and costly. A structure of multi-carrier light source with good flatness, large number of
subcarriers, large spectrum width and adjustable frequency spacing was proposed which can be used in
dense wavelength division multiplexing systems. The structure is cascaded with a Mach-Zehnder
modulator , an electro-absorption modulator and a phase modulator . In the structure, all the modulators
can be driven by a sinusoidal signal to obtain multiple sub-carriers with low flatness and adjustable
frequency spacing. When the driving signal frequency is 9 GHz and 12.5 GHz, the number of subcarriers
is 31, the flatness of the generated multi-carrier light source can reach 0.09 dB. When the driving signal
frequency is turned from 3 GHz to 16 GHz. the number of generated subcarriers is almost unchanged,
and the flatness of the subcarriers is always less than 0.15 dB under the condition of 31 subcarriers. And
when the driving signal frequency is 16 GHz, the spectrum width of the obtained multi-carrier light
source can reach 480 GHz. In addition, the influence of the parameters, such as the upper and lower arm
bias voltages of Mach-Zehnder modulator, the chirp factor and the modulation index of electro-absorption
modulator, are analyzed with the performance of the system, such as the number of subcarriers, the
spectrum width of the generated multi-carrier light source.

Key words: Optical communication; Multi-carrier light source; Adjustable frequency spacing; External
modulator; Flatness; Spectrum width
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Table 1

Shows the number of subcarriers and flatness of the

optical combs generated when the modulation indices of the

phase modulator are 4, 6, 8 respectively

B Subcarriers W Flatness
4 11 1.31
6 15 0.93
8 19 0.64
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Fig.3 Schematic diagram of the generation of multi-
carrier light source with two PM

FHEAT IR RS ROL R S RO E S

HRHE 3 A 22 38 0k 6 IR A B 5 A8 R A7 05 BL S 56 AH 6 S 8007 20 2
El 1 RIAETR s MZM BT 8 I B R 1 B 2,35, H

ERNSEA

AR S EAM ) I8 6138 B w743 50 R 0,99

7.9 A PM B I8 il $5 08 5 B8 S5 BRsh {5 5 59 B9 i BE RTARAZ A58 1V OFD 0° 78 b S hik L L 43 35 3R Bh 5

£ £
aq) as)
3 3
5 5
3 3
£ £
O .
192.8 193.0 193.2 193.4
Frequency/THz
(a) =3 GHz
F— 360 GHz —
20 -
£ g
aq) as)
z z
£ £
-60 CETICEETTITLLLT ‘ | ‘
—go |1 | i L.\
192.8 193.0 193.2 193.4
Frequency/THz
(d) =12 GHz
H 4

180 GHz,| - 270 GHz ]
-20 l‘i _—| -20 [T
E | |
-40 % -40 | |
LR 5
z
=]
A |l|
-60 . -60 [ ‘
™ W m“m .
192.8 193.0 193.2 1934 192.8 193.0 193.2 1934
Frequency/THz Frequency/THz
(b) =6 GHz (¢) 79 GHz
—— 450 GHz — —— 480 GHz
-20 -20 sl e
=
o)
2
-40 5 40}
z
=]
-
-60 -60
1
-80 ! I -80 | i
192.8 193.0 1932 193.4 192.8 193.0 193.2 193.4
Frequency/THz Frequency/THz
(e) =15 GHz (f) =16 GHz

TR S E T AW S R A

Fig.4 Multi-carrier light source generated at different drive signal frequencies

0506001~ 4




0, A PR ) B AT R B9 48 2 SO0 RS M it

R2 TRSHRNESHETERSREALBENFRELFIEERFTEEE

Table 2 Subcarriers, flatness and spectral width of the multi-carrier light source generated at different RF drive signal frequencies

Drive signal frequency/GHz

Subcarriers W Flatness/dB  Spectral width/GHz

3 31 0.15 90
6 31 0.13 180
9 31 0.09 270
12 31 0.1 360
15 31 0.10 450
16 31 0.14 480
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Table 3 Comparison table of different schemes to generate multi-carrier light source

TEBAEEMAEERN L HFOLRG FIE X RE
Shows the flatness relationship of the multi-carrier
light source generated at different frequencies of the

drive signal

Schemes Drive signal frequency/GHz Subcarriers Flatness/dB  Spectral width/GHz

DD-MZM-+PM™ 12.5 17 4.02 200

MZM+PM™ 10,12 11 0.82,0.93 100,120
DP-MZM™ 20 9 1 160
PM+PM+RFS EDFA LOOP!*’ 25 112 5 2775
DD-MZM-+EAM! ¢! 25 15 2 350
EAM-+EAM-+PM! 7 15 19 0.1 270

Scheme in this paper 12.5.15 31 0.09.,0.1 375,450

0506001-5



P/ R S 4

A TP EAM R 2 800 IR RFEE L A5 T 19 580 CFHE N 0.1 59 2 BBO6 IR 91 v
270 GHz AEARXS T A SCE5 LR 180 22 80O IR H 7 B b i 9 B2t B0 /N A SCES M 7R 15 GHz
B, 72 0.1 dB FIEEZ AT T 2 8BOC IR AT AF 31 A~ J% 98 8 7] LUK F] 450 GHz [t A HCT 7 L AR 345
A A 22 3RO IR T B R R 2 I 9 R HL P 3 A

3 BmMEERSH

G o BT MZM I L i e 22 A0 7 i O S S S = P
22 O G IRV 0 RE T SO R . 2 IRIEL 3 5 15 5 — T:8V 4‘ ™ Subcarriers.{ 50
B4 K B UK B 5 5 W% 15 GHz, MZM iy 1R - 7\ e 7\ e

AR 0 V. sk 28 MZM B9 F B 15 . L3R5
MZM 1 i & s 22 AR I B0 07 LS g 25 SR an ] 6
JER 5 B4 R S R T R B 31
MM PRI BURIE TP E R 3 dB &4 T3k

| m : | m ;
] . V.

\V \V
/3 ki

Flatness/dB
O
(9%)
(=}
Subcarriers

(=)}
1
33
(=]

Y = Ea % N 10

. R ARAASRRANSARiARNN AN
Hi& 6 AT DL, MZM 4 i & HL TR 22 %) 2 2006 6 4 2.0 2 4 6 8 10 12

L 1 50 2 00 A . MLZIME 1 9 T R 25 o he bias deviation/V
BT MZM #7520 FL v, 5286 op i B MZM BW6 MZM b TH R E & & % 3P 8 5 BT #OH B
e e S ——— o
:i:/ﬁEE}jqu 4V X R A Y 2 B IR Y 4 Fig.6 The influence of MZM upper and lower's bias
T3 I BB 2z R B 254k, 2 fk B M T =8 V.E 6 deviation on the flatness and the subcarriers

L TE — A SR BB DY L B O R 22 AR A, 2 8
TR - 30 B AR A A3 KL FE 0.1 dB 3 14 dB Z 8] 3 20, 7T WL MZM i Fi 385 sl %t A= B 1) 22 28 0 ' U5 ) 2 BE 5% i
R YR 228 2.35 VB P3H EER BB . 0 0.1 dBLIET . 2 806 U5 09 F 2%k B d s i A 1 L 35 3
AT AR Z55 75 AR B 20 30 G YR Y - JE R R - R R e R A L TR 250 2,35 VL, T AR AP AR 1
ARG EAN NN N WNIE 2= A58

HWR BT EAM 5256 2 508 Akt AR 1 22 48 00 ' UR 9 M BB 5% i) 52 560 vh , 8 BROAS [ W ek P11 0 A 7 5 560
Fb s &3 EAM (1 W Wk P57 Xof 22 480 I 06 T 1 300 0 1 0 B R R L A SR R 7LD 7 4 i Ay R K PR B 2
4.6.8 B 1 22 2k SR, il W BEK R1 - 1 84 K 2B B2 Rk D R 1 0 1 3 T A ST U L SR R e AR 2B AR
14 22 30 6 U5 - 3H B A BB L 0k Ak B 7 g T 22 8k TR Y B A BOR AR B Y R R R 2.4
6.8 B, A Al 22 R R 1Y T R BN B R 35,37 .39 41 H RT3 K EAM WRBK R A — e AR T
I A 1 22 AR I ' R I T 2R AN BORUIAL I

oo el M LT MR
20 i T e -20 el v
Wy
?‘; -40 % 40 | |
r TR \
ol | ool L] |
-80 i -80 i
192.8 193.0 1932 193.4 192.8 193.0 193.2 193.4
Frequency/THz Frequency/THz
(a) o=2 (b) a=4

0506001~ 6



0, A PR ) B AT R B9 48 2 SO0 RS M it

0 - 0 - -
39 comb li 41 comb i
_____ combines NN e ﬁnmmmwmmwmmm
20 i ] v -20 T Zt
g | | NN |
T 40 5 -40
£
© L | .
-60 .| | -60 I|I| ’|||
-80 -80 i ?
192.8 193.0 193.2 193.4 192.8 193.0 1932 193.4
Frequency/THz Frequency/THz
(c) 0=6 (d) a=8
BW7 TFEEAMWHETT S & KALE
Fig.7 Multi-carrier light source under different chirp factors of EAM
55 . 41 B EAM 3 ] 48 B0 A= il 2 #0808 IR s p— — 44
- - . 6 '
ROPEBERZ M, an 18 8 AT . ARl 8 AT WL, 2 8% I B IR = Combs lines [
B SF- 30L 1 25 AL 9 16 501 988 K T 25 0 ) T | v,
JEE 0.1~ 5 dB; [ B, 2 500 6 U 10 7 4 0 B b g ¢ = | w0 E
EAM ] i H 508 52 2 10 g3 1 8 o, & Ak E3 e 4 5 4 & + Z
VR 1) - 28 B 5 S U B BRIk AR Ak A, X R =2 w\ 38
T EAM 3 il 48 0 — & 19 /3 BB A2 fL i, A Bl 1
(1) 3 D BT A3/ o L T 007 205 00 AR B HG E 2 0 3
R 5 2 O0F 59 06 80 B0 K5 0 32 7 A i s B SR 0 02 04 0.6 0.8 1.0

HE I EAM R il 45 BOR /N AT AR BCE AR H L 2

The modulation index of EAM

TP PR

4

B8 EAM ¥ #38 #oatF3EURFREKN YN
Fig.8 The influence of the modulation index of EAM on

_Q_:Ei/k\' the flatness and the subcarriers

AW T —MET MZM EAM Fl PM ZHE B 2 28086 IR AE B g 4, 78 B — 1B 5% A5 S 3R 3 F . il 4k 4%

S BE G 1 B R HLE Y R 22 R OL UL D5 BSOS A R R WL IR S A ) 22 O IR F 4R
FERTIAE] 0.09 dB, T 2P KO 30 A, 9 98 e K AT Ik 480 GHz. Ak, F Az B 22 2O IR0 1] Bl
A T 32 B0 A R 1 B AR A ) B e K BRI B 16 G Hz, H 2 7 0505 ml I8 90 L P 26 B2 3O TR 1Y
SFIH B — B H T OO AR R T R G R RS E TR BT B Y 2 B AR T SR R A O e R Y 2 AR
BOCIR LT B2 — AT EE 0 Z R G 2 PO IR 8952 BLL R 208 %07 SR BEA7 Uk . 714 A

WEF b AT Bk,

5 & 30k

[1] ZHOU Xin, ZHENG Xiao-ping, WEN He, et al. Pair-by-pair pulse shaping for optical arbitrary waveform generation by
dual-comb heterodynel J]. Optics Letters, 2013, 38(24): 5331-5333.

[2] WINKLER G, FELLINGER J, SERES J,et al. Non-planar femtosecond enhancement cavity for VUV frequency comb
applications[J]. Optics Express, 2016, 24(5): 5253-5262.

[3] VAINIO M, KARHU ]. Fully stabilized mid-infrared frequency comb for high-precision molecular spectroscopy[]J].
Optics Express, 2017,25(4) : 4190-4200(2017).

[4] FERMANDO A, MARTIN E P, PERRY P, er al. WDM orthogonal subcarrier multiplexing[J]. Journal of Lightwawve
Technology, 2016, 34(8) . 1815-1823.

[5] MOSKALENKO V, KOELEMEI]J J, WILLIAMS K. et al. Study of extra wide coherent optical combs generated by a
QW-based integrated passively mode-locked ring laser[J]. Optics Letters, 2017,42(7): 1428-1431.

[6] WU Zijian, MING Yang, XU Fei, er al. Optical frequency comb generation through quasi-phase matched quadratic
frequency conversion in a micro-ring resonator[ J]. Optics Express, 2012, 20(15): 17192-17200.

[7] ZHAO X, SILVER J M, BINO L D, et al. Dual comb generation in a single microresonator[ C]. Conference on Lasers

0506001~ 7



(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

and Electro-Optics, 2017, OSA Technical Digest (online).
WAN Ming-gui, WANG Lin, LI Feng, et al. Rapid, k-space linear wavelength scanning laser source based on
recirculating frequency shifter[J]. Optics Express. 2016, 24(24): 27614-27621.
ZHANG J. Multichannel optical frequency-locked multicarrier source generation based on multichannel recirculation
frequency shifter loop[J]. Optics Letters, 2012, 37(22): 4714-4716.

DUO Y. ZHANG H, YAO M. Generation of flat optical-frequency comb using cascaded intensity and phase modulators
[J]. IEEE Photonics Technology Letters, 2012,24(9); 727-729.

CHEN C, HE C, ZHU D, et al. Generation of a flat optical frequency comb based on a cascaded polarization modulator
and phase modulator[ J]. Optics Letters, 2013, 38(16): 3137-3139

ZHANG Lin, SONG Ying-xiong, ZHOU Shi-huan, et al. Flat frequency comb generation based on Mach-Zehnder
modulator and phase modulator[ C]. International Conference on Communication Technology, 2010 211-213.

DAI Jian, XU Xing-yuan, WU Zhong-le, et al. Self-oscillating optical frequency comb generator based on an
optoelectronic oscillator employing cascaded modulators[J]. Optics Express, 2015, 23(23): 30014-30019.

XIE Qian, TIAN Xiao, FENG Su-chun. Based on RF frequency doubling signal driven double parallel Mach-Zehnder
modulator to produce optical comb[J]. Acta Photonica Sinica , 2017,46 (S1): 43-48.

WHE, R R F. BT A AR5 5 38 3l BUT-AT S bk 88 758 ) 28 ™ A 2 BOBIR LT, S F2# 4, 2017,46(S1) 1 43-
48.

YU J, DONG Z, ZHANG J. et al. Generation of coherent and frequency-locked multi-carriers using cascaded phase
modulators for 10 Th/s optical transmission system[]J]. Jowrnal of Lightwave Technology» 2012,30(4) ; 458-465.
NAZNEEN R, ZAHIR E. Cascading of dual drive mach zehnder modulator and electro absorption modulator for
producing an optical comb[ C]. International Conference on Electrical and Computer Engineering, 2016: 455-458.
FENG Su-chun, FAN Yi-yi, CHEN Xiao-yan, et al. Design of multi-carrier light source generator based on cascade
electroabsorption modulator and phase modulator[J]. China Laser, 2016, 43(11); 2-15.

PR AR KK BRI 45 B T 905 EAM Al PM (9 2 #0808 i B ], s E#OG, 2016, 43(11):2-15.

Foundation item: The National Natural Science Foundation of China (No.61471130), Guangdong Science and Technology Plan ( No.
2016B090918060) and Guangzhou Science and Technology Plan(No.201604016079)

0506001~ 8



