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Generation of linear frequency modulation laser source with
broadband narrow linewidth using optical phase modulator

Xu Mengmeng', Zhou Yu', Sun Jianfeng', Lu Zhiyong', Lao Chenzhe'?, He Hongyu'?, Li Yuexin"?

(1. Key Laboratory of Space Laser Communication and Detection Technology, Shanghai Institute of Optics and Fine Mechanics,
Chinese Academy of Sciences, Shanghai 201800, China; 2. Center of Materials Science and Optoelectronics Engineering,
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Abstract: An approach to generate linear frequency modulation laser source based on an optical phase
modulator and a tunable optical filter was proposed. A narrow linewidth fiber laser seed source was
modulated by an optical phase modulator, whose driven ratio frequency (RF) signal was generated by the
microwave linear frequency modulation signal with a fundamental frequency, and thus a series of
wideband linear frequency modulation laser signals were generated. A tunable optical filter was used to
select the desired linear frequency modulation optical sideband and suppress the others modulation
sidebands. The experimental results show that when the optical filter retains the positive second order
modulation sideband, a linear frequency modulation laser signal with a tuning range of 2 GHz and tuning
rate of 6 THz/s is obtained. The instantaneous linewidth of the linear frequency modulation laser signal

is 3.2 kHz in 1 ms observation time. The system is simple in structure and easy to implement. This
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technique has important significance for the applications such as frequency modulated continuous wave

laser radar and coherent spectroscopy.

Key words: laser; linear frequency modulation;

0 53] 5

PR 2R R A O TR A R A S D O6 TR A
TG M . G A T W7 2 AR 45 40 A %
Fhy 7 FE VO, JHL R A9 TR R R 9 A 9 O D U 1
SPGB o 8 F O VA TR R R AE i R SO AR
PR35 % s 1 B T DA SE B O B8 I A R R . R
Ji oA 0 T i AT RS R A 1 4 T R O
5% 5] AR KRR LM R 25, 0 H A8 I8 50 3R
i, S EORBEA BB AR R R ST, R T
[i] Fsf 552 B A4 R 25 4R T 1 R R PR AT OB IR, A Ah
AT T T WG o — B 5 vk R R A 4R
A5 3 0] I ORI AR 2 ] et
o, % 38 3 % 2% Bl B (OPLL) 75 3| 1] J 14 38 0% 48 5
ELAG T 75 590 2 A A% 19 A0 R AR E 1 O 28 ry A e,
SR, 2 5 AR 11 52 B0 80 AR AH X 558 e, 2 il vl 6 2 2%
BEAh A R 52 OPLL A B o 55 — Fl R S5 i
7 O R 1 2% (AOM) =k L ' 3] il #5 (EOM) /™ A= 14 il 341
i, AOM ¥ 1 il 71 5 9k B i 76 JL & MHz (%35 [, i
i Fl EOM 3 1 7] LA £E GHz K 75 [ P9 2 47 95 2 98
o TES R3] 4 GE TR A8 R
R R AR VA S5k 3.85 GHz, JH i # E Ny
80GHz/s [ 4 1 8 M A5 5, B AR 77 26 0 I8 B0 0O 15
A AR TR R (R O (S B R O
ANFLAR 2% SCHR[14] P 4 E TR FOBOE AT -
54 ) (DPMZM) " 4= 147 9 o 11 GHz 18 1 %
9 3.67THz/s WM HOGL(E 5 . Joit >k Hl DPMZM
IR B 3I3 H E ) HR AE A TR I RS ) R AR T
REWE M. % CERII514& T SR R 45 6 Dk
5 9K A A R T, O R R O 2 B D DR D A
il 0 BRI AR T A AN U R A AT R R A K D
155, 2% CHER[16] 42 i JF B iE T ok FH 5 ik — 5 18
R T2 R SE G R AR T AR S A I R A GO (E
S, X % WA PR AR A 9 2 R A T O U R 0 vk
HLAG 77 A G 1 S R OGS 5 i ).

SC eI A A I e R AL S R Dl A

phase modulation;

optical filter

A 1 2 9 S AR S5 5, AL EOLR TR &
Tk AR A7 I8 g A — R A I R O S
A2 EE n B R 32 A R A LR A R R T
P LM VIG5 10 n A5 o i TSR AR ER IR 6, 7 A2 Y
A 21 O AR T 0 A AL M TS JE S 32 OB AR R Y
SR F DA B 7E w0 9 A8 R AR L el B A
7B L TE MR E S o 38 b SO S K Bl 1 S 1
W 2, AT LA o o ] Al 58 A R ER D6 2l A A el
IR O 2 U I A A PR S I R R Al ] A
At , AT LASRAR 50 AR RAEOE (R 5 o SO R TR
JrE AT TS0 I, 7R AR AR O B A R
AT IRBE Y 2 GHz . g 2 6 THz/s 12k
PRI BOGAE 5 o
1 EARFE

M WO AR T AR Y BEE & G 8 1
N BOGHR R A R R SEEOETE TN

E,(t)=A,cos[w,t+¢,(1)] (1)

A F o, 43 53 A O Tl 5 A i BE IR 5 @, (1)
O RD F UE AR AL MR S

Vi)

Laser E(1) | Optical En(1) | Optical | £0.(0)
source PM filter

P12 P SO 4 77 2R A Dt B (A
Fig.1 Schematic diagram of the proposed linear frequency

modulation laser generation
SH(RF) {35 1 0 2 4062 0 ) 25 40 9K 20 £
BB R AT I RO R TR, KRN
Vr (0=, cOS[@,, (D14, (1)] 2)
STV B @y (1) 5 BI04 S50 £ 5 F0 W 2 70 A 37
P 5 @ (0 S 1355 O, oA RN

wRF(t)=a.)l/m+wF (3)

S o, R B S B 5 w,, R T 2 £

0205004-2



bk T2

% 24 www.irla.cn % 49 %
SR A A LIS T Aw=w, -0, o, ZR0E R E LT A%
AR A 5 B AR LR A2 o, J2 T £k A A w>nw, -(n+Ho, (7

EREAOISTETE Al .

GEENA R ELS iU A ERES
E,, ()=

A, cos (@, (D+¢, (D+Beos[ @y, (N1, (D] (4)
s B A AL 18 i g 4 9 o TR

V
B=r " (5)

A VR AR A
AKX EIF, w15
EPM(I)=A()COS(U() (t)+900 (t))]() (B)"'

A() 241 (_1)"H JZn—l (B)"'
lsin{wo D+, (D+2n—1)[w,, (Dt+ @ (1)] }+)
sin{w, (D+@,(H-2n-1)[ @, (Di+¢,, ()]}
Ay 2 (1), (B)+

‘cos{w‘,(t)+g00(;‘)+2n[wRF(I)t+<pRF(t)]}+] ©
cos{w,(D+@, (H)-2n[w,, (O)t+@,, (D])

KT, (B RIS H B IS — 3¢ n Bir D28 /K s 8K

AXO)RIFOCH T I RYEE T n A
PR Al b, d S A Y0 B i S 8O B i I
SE R BRI AR I B R ], 9 AT RUGE G 2% RF
W o PR EE R 6 i R S R A G e e TR T
X S0 i 320 47 0 IR [t RF 5 5 1 58 AE X
JOL B4 B R R S, R 5 n B 3 4 20l R IO 9
5 nAwo 2 F(6) AT LU HY e A 1Y 3 il i
A A TE ARG, TR 2 A A
PEWRIE I O R 5 .

Ist 1st 2nd 2nd
lower upper lower upper
A

! 2Aw ' Aw Awg 2Aw E
o) i |

I I h
020 P W w, Oty 020

2 RS R T 48 A R R A R S
Fig.2 Frequency modulation positive sideband laser signal

at the output of the optical phase modulator
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Optica filter

DDS: Direct digital frequency synthesizer;
RF: Ratio frequency;
_ PM: Optical modulator;
FBG FBG: Fiber Bragg grating

BD: balanced detector;
SC: Oscilloscope
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Fig.3 Experimental device of linear FM laser signal generation using an optical phase modulator and its performance

measurement device
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seed source; (b) Frequency noise spectrum and linewidth

of the linear frequency modulation laser source
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