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Confocal Fabry-Perot Interferometer for Frequency Stabilization of Laser
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Abstract The frequency excursion of laser source of Doppler lidar should be less than 1 MHz. To satisfy this
demand, a confocal Fabry-Perot (F-P) interferometer was manufactured as the frequency standard for frequency
stabilization. After analyzing and contrasting the center frequency excursion of confocal Fabry-Perot interferometers
that are made of three different types of material with the change of temperature, the zerodur material was selected
to fabricate the interferometer, and the cavity mirrors were optically contacted onto the end of spacer. The confocal
Fabry-Perot interferometer was situated within a double-walled chamber, and the change of temperature in the
chamber was less than 0. 01 K. The experimental results indicate that the free spectral range is 370 MHz, the full-
width at half maximum (FWHM) is 1.7 MHz, and the finesse is 220. Using this interferometer as frequency
standard of frequency stabilization, the theoretical frequency excursion is 0.15 MHz, which satisfies the need of
frequency stabilization of single mode laser of Doppler lidar.
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interferometers versus temperature variation
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Fig. 2 Schematic of confocal F-P interferometer
[ I g 1 e R AR AR IRLBE D A 57 3 35 48 Ay
KA RZ e g SR AT - 2 TR T RUZ 5 &
TRAPEFE RS R0, 01 KL ji 2t (3) X n] 75



739 IMEE 4 WOLTR R SE Ak A B B T A 1007

SR BCLA B P it i« 3t BE 5 A A PO iR
BT 1 MHz,

3 kS4B
P B T A K R S OB S Y 2 0
Fi (FWHM) 3= 22y R 40 B . % 7 1 4k A
LR T30 RS AN R 5 o 1 RORS 40 B RS S R
RS R e R B E TR ANE AR SR . X T
oAl kA -3 T 5 A0, RS 40 3 — B b P 1 2 A
BB T SR s, F R R IET
VA2 A5 1) 5 ) A /)N BR T B 10 0 A 1 A T
1TV SRR BRTE BT AT DA OB A P T R
V1% T A 3 g L T L R T R A O 25 R R HR L T
WaEiH, RBIRTWHRRE R,

X AR T V5 A 09 K 40 B E AT D0 R % R 0
Innolight 24 & Az 7™ [ A H A 7 T A JE i Nd: YAG
WL WK 1064 nm. 4y D) %200 mW, 7] dl 4 AF
TR A 8 i AR G L R SR S S I A R L I
FH3.4 GHz/ V. Ot 2 & 5E MR %5, i1 kHz, 0]
LA 22006 76 R AN 13 I e ok AR bl O 4R T A Ok Y i
2. LR PXHEOERR N —0.3~0.3 VAL HE,
JEI 30 s, % A 2 8 15 R 40 34 MHz/s, i %
(RIS Bl 2 1020 MHz, K F 2 4~ H B G iE i .
TEGAEMER I 3 s, EE 1.2 H TR
Be. WOCZ A RO B AS B T A . 35T
JA B 3 G RA TG TRE b R P A
PEATIE k. B4 8 T WAL OB 5 . e & A ok
T A 374 MHz, X W fE 1 25 200, 5 mm, BN 5
S I 2 1 4 55 R 1. 7 MHz, i 633 BT 0w
K540 B Ry 220, BT 238 8806 3 35 6 I8 09 450 R 5
FE S PUR A T 95 A3 R FA 300 00 8 2 R 2
HRHEZ A A JE LR, 46 20 R A B8 b i 06 A0 % I
Bh
T hy (QF + 2SS

20" J5(® Py
A b AR By R OGN Q Ol G A
WA oy TR - HIP AR TE L g o TR R AL

lens lens2

AV: +AVFP’ (4)

mirror |
laser lens3 oscilloscope
Faraday ( \
Ll mirror 2\ \ / .
voltage photodiode
output confocal F-P = jo00op

interferometer

P3G R A 52 0 A 1

Fig. 3 Experimental schematic of measuring finesse

Py NS IGE ARy ol f AR ) T ROR Sl
(4) AT A B - 32 T 9 AR il 2 B 8 2 52 )
M RN EELNR, LRPER Q=
30 MHz, g = 1.08,P, =100 mW, 5 =0. 12, 3 {#
JF 258 1. 7 MHz, i PR AL F70. 01 K3k
BEAT B % T W U 9 R AR HE AT AR, 2231
S EARIIURT 0. 15 MHz, 58 4 al LA 2 2%
IR I8 O TR AR ATER

1.04 @

3 0.8

)

= 0.6

2 374 MHz

E 0.4

g

= 0.2 1
O‘O-MMW

2300-200 —100 0 100 200 300 400
1.04 ()

0.8
L _——1.7 MHz
0.4

0.2

Transmission /(a.u.)

0.0

40 20 0 20 40
Frequency /MHz
4 A B T AAGE 5T
(a) W ; (b)) Bk
Fig. 4 Transmission spectrum of confocal F-P

interferometer. (a) double peaks; (b) single peak

4 45

ST — R T A A L A B
T 5 1 LA AR A0 2 501 2 % i
A B 3 B 7 R AT AL B TR PR
HE B TF0. 01 K i 0L I 45 48 P9« LA B 25 1 18 %
M. AR 45 A 0B B 6 o 0 4 5
1.7 MHz, B i 3 W68 FH % T 25 00RO L R W0RS 5 ]
PERIZEO. 15 MHzP .58 4 7] LA 2 5t X 2 3% 80k
5 WO U0 P A T 1 MH 29 B SR 3K

2 % x #

1 Steve Lecomte, Emmanuel Fretel, Gaetano Mileti et al.. Self-
aligned extended-cavity diode laser stabilized by the Zeeman
effect on the cesium D; line [J]. Appl. Opt. . 2000, 39(9):
1426~1429

2 Gianluca Galzerano, Marcello Marano, Stefano Taccheo et al. .



1008 i

i it 35 &

2.1 pm lasers frequency stabilized against CO; lines- comparison
between fringe-side and frequency-modulation locking methods
[J]. Opt. Lett., 2003, 28(4) :248~250

3 E. Inbar, V. Mahal, A. Arie. Frequency stabilization of Nd:
YAG lasers to % Cs; sub-Doppler lines near 1064 nm [J]. J.
Opt. Soc. Am. B, 1996, 13(7).1598~1604

4 T. Day, Eric K. Gustafson, Robert L. Ber e al.. Sub-Hertz
relative frequency stabilization of two-diode laser-pumped Nd:
YAG lasers locked to a Fabry-Perot interferometer [J]. IEEE
J. Quantum Electron. , 1992, 28(4):1106~1117

5 Masaharu Hyodo, Timothy Carty, Kiyomi Sakai. Near shot-
noise-level relative frequency stabilization of a laser-diode-
pumped Nd: YVO, microchip laser [J]. Appl. Opt., 1996, 35
(24) :4749~4753

6 Mitsuru Musha, Takeshi Kanaya, Ken’ichi Nakagawa et al. .
The short- and long -term frequency stabilization of an injection-
locked Nd: YAG laser in reference to a Fabry-Perot cavity and
an iodine saturated absorption line [J]. Opt. Commun. , 2000,
183.165~173

7 Du Zhijing, Zhang Yuchi, Wang Xiaoyong et al.. lLocking
multiple wavelength lasers to the transition of cesium atoms by
using a Fabry-Pérot transfer cavity [J]. Acta Optica Sinica,
2006, 26(3) :452~457

ALK R, EURE E. AR 0 WO A% A 2 A B
AR TR T AR BUE ()], k& 5 4R, 2006, 26(3):
452~457

8 Michael Hercher.  The spherical mirror Fabry-Perot
interferometer [J]. Appl. Opt. ., 1968, 7(5):951~966

9 Liu Jigiao, Bu Lingbing, Zhou Jun e al.. Optical frequency
discriminator of a mobile direct-detection Doppler wind lidar
[J]. Chinese J. Lasers, 2006, 33(10):1339~1344
XNARME, DAL R A S R E I £ I XUEOE &
B SR AEI]. P Bk, 2006, 33(10):1339~1344

10 Bu Lingbing, Liu Jigiao, Chen Weibiao. Discrimination of
Doppler frequency shift based on Fizeau interferometer and
PMT array [J]. Acta Optica Sinica . 2007, 27(3) :379~383
A5 RN ARAE R TUAR. e T R4 T3 3UF 2258 1 O A 4
MEZ i Z2 5 R B R [T, 5 54k, 2007, 27(3):379
~383

11 Jun Zhou, Ting Yu, Jinzi Bi e al.. Diode pumped injection
seeded Nd: YAG laser [J]. Chin. Opt. Lett. . 2006, 4(5):292
~293

12 R. W. P. Drever, J. L. Hall, F. V. Kowalskj et al.. Laser
phase and frequency stabilization using an optical resonator [ J].
Appl . Phys. B. 1983, 31(2):97~105

Az Az Az Az Az Az A Az Az Az A A A e Az Az A A e A e e e A A A e e Az e A e e Az e A A A e Ve e e e e e e e e e

“HRUHETEH AR

RO SOt T2 R P B B B it
2 HLAATE 52 B 32 90 19 19 B B 0 Je 30T ) v SO
L BT T 1964 4R, J2 [ PN 5 — A O G
LAV AT LA R i E B P AMEOE SOt i
GUSREBE Y BT B 58 MR 5 BOR R R R R e
FEl N b 22 AR B » P8l RS L Y B AR

J T RS H 24 R UEER 0 B N A4 O
LRGSR IR WO 5O T R R
OGO VEE BRI LA S H R RO ST R
RMERAZSHEMENCE, SR CEF B R,
JEFFE N BT R AL | S R B 2 % S0k L (H
ZORMEEN LA B TR IS .

M 2006 4FFE HIFIp IR B A R R R T
LR E N S S INE S : €L RPN PN S DN
BB P IR SR TE TN O AR T RHEOR 2 AR S
F2AF B SCE L [0 ol B ) BE RS 1000 UL IR 2
UG 32 23 1 ARG

AR HIEEARZRNT -

D HEEN G —EE) NAE O 5 0%+ 1
DU A — & TR 78— 5 T A BRI 5
HREB I 4R 5

2) XEEENEW R HET AR M
BHOIF & 1T 3 T 90 55 AH DG 4R, N AR FE SO Db T
U B AL, A ROWL Y S P BOE =
HTBEE 5

3) SCEEHOREAR By AT SRS IR LA — 5 B
R OEER, FHA DT 6000, 2 AR 20 0005

4) B R 3 1 A 4R A Y (R R F Y
U | B ORI — ik B ) 5

5) X —AF M, AT &R IF AR
JEE T -

6) ¥& fm 7 2 7F 2R ¥ Fi . www. opticsjournal.
net/lop. htm B E-mail: lop @ siom. ac. cn; 3 i) i
1% :021-69918166

(B 5 ke T 58t )% 436
2008-06-23



