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Fabry-Peérot Interferometer Using Tunable Diode Laser
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Abstract In order to calibrate the nonlinear error of laser interferometers and high-precision displacement sensors
with an accuracy of nanometer order, the linearity, stability and measurement range of the beat frequency Fabry-
Pérot interferometer developed by National Institute of Metrology and Tsinghua University should be improved.
Based on analysis of the influences of factors, such as the change of air refractive index and the tunable range of He-
Ne laser, a vacuum system that airproofs the interference light path is designed and built, and a diode laser with a
large tunable range is used to take place of the He-Ne laser. The experimental results show that the nonlinear error of

the system in the range of longer than a quarter of the wavelength is reduced from 8.93 nm to 1.19 nm.
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PZT: piezoelectric transformer; PBS: polarizing beam splitter
FC: frequency counter; HVA: high voltage amplifier
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Fig. 1 Structure of beat frequency Fabry-Pérot nonlinear
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Fig. 2 Airproof light path and the transmission system for beat frequency F-P interferometer system

2.3.3 A%kt beAaiEk

Rz gl sh b T HAORE R F-P K
FGRJ R X R A B A3 i 1 1Y) 7 =X T 3K R
JE 7 BLA5 E 0Y) sy 1 38 3 MR 80 5% 4 o [ A o B
FE b HESh AR AT Bl A HE bR BB S I T v IR Y
AE I D3 A W 7 1) i S0 AR VR G B 3R AR AR
FH 7 R 7 ) H ol B 3 I R . & iR
MBIt RGEEARNIEE 2 1.6 N/mm,

R YLz S BOR BA R IAT R AN K 5 )
SPHETT . R TIRIRAT RN o B Z B E LR
T TAE & F0 He W B & 45 5 0 L sh i
AN 2, HE SR s H B B AL B8 AR B A
TWEAE S R G, KATRE AL TAE G et &40
B H He H P DR IE
2.3.4 AuATHHgs

o F-P A R B S R A G

WX (FSRO MRS AU F© L | 2 v F-P R s Bidh %
T 632. 8 nm H33 5%, 5% A% )T 100 LAWY, T Y
FIMPE 632. 8 nm = L, AT 88. 7%, WAMRTH
Jeff 10", HrE F-P 350 fir A% B 16 5% 632.
8 nm M4 i B, 5R AR G R 0. 5% LA, = AN H A I
AR S LR AR Y AN B A e A fe s £ 1
RAGHEAEST & F-P T3 A0 A B B B3 1K 187 B i A
SRR Btk N R AR R R[] F-P s K LA
RE EL 4 B, 22T % o8 L =100 mm, i b ik
BOHE AT A - 6 5 R [ O 750 MHz, F = 26. 2, i
RN TE Ave = 28. 6 MHz, R E S=4. 74
MHz/nm, S0 EE 5 AR .

3 IEERE
ARG H A AL T 1 nm. i H A



74 T A . AR PR RO R A B P T WX 1299

the vaccum system that

airproofs light path
1 [ gaging
head 2
— o
] [ Eﬁ — -
[ ]
3ol 1%
§¢| | E
- (B o
L L gE
— &
gaging | |°
|| |head 1

Bl 3 AR MR 2R ME R G5 i A A b X s =
Fig.3 Sketch of the comparison experiments of the

nonlinear calibration system and capacitance-type

WA A WK B DA AR R ELEE R . @t S5
2D IR RS 1) K o bE X 2 5 AT A5 31 R S0 1k R 19 AT
ZHREER ., LI ER A 3,

S T A R 2 ST G SRR 29 R 20 pm,
ZIBEAEN 10 nm, BSOS 0K #8 4 H o o R
WA LA Sk 3l ok % e B 5 F-P s 3l B8
A% i T AR o P 2 T S ) A 4L o B o
AT R R L AT AR AT SRS A A 2 T L R
IR e B B ra 25 00 S AR A0L P P i 1 . S
ZERE 4 PR,

XSG BAR AT LA S y=at b I B
Do Y, SR/ A A v W25 0E v R

micrometer KALLMEARE Ay GERME 1.
0.40 5 040

g @ g {m) 5 0.25 ©
3 g £ E Eg
£ 2030 £ <0.30 g 3020
S g s g 1 S g
£3 £3 £ 215
2 2020 = 20201 o
o “ o @ “5 %)
£ g 28 £ 50.10;

3 0.10 £ 50.101 g g
£ E £ 2 £ £0.05;

— Q = B Q=
=S s SR =B
g 7000 & ©0.00; 2 90.001
A . . , A el 3 e

0.695 0.700 0.705 0.64 0.68 0.72 0.76 0.80 0.84 042 046 050 054 058

Voltage output of the capacitance-
type micrometer /V

Voltage output of the capacitance-
type micrometer /V

Voltage output of the capacitance-
type micrometer /V

B4 S s R . (T He-Ne B0t . AR E 2 . (D He-Ne B0t - il B 25 )5 (o 4 SRR w25

Fig. 4 Experimental results. (a) He-Ne laser is used,F-P cavity is not vacuumized, (b) He-Ne laser is used,F-P cavity

is vacuumized, (c) tunable diode laser is used, F-P cavity is vacuumized
21 LR SE IR RS LA 2 R

Table 1 Linear fitting of the comparison experimental results

Nummb Coefficient Correlation Fitting standard Overall A y
max nm
amber a b coefficient r deviation s displacement /pm Y
—21.67339 31. 20749 0.996 9.81X107° 0. 3504 8.93
2 —1. 27818 1. 9878 0.99919 4.89X107° 0. 3558 3. 86
3 —0. 82058 1.87623 0. 99996 5.41477X107" 0.20694 1.19
XFEEE 4 Ca) o[B8 4(b) W45 5 al L F-P il B .
X RGLMZHE B AR . P 4.Cb) b 5 2% 25 %] -
FEY=0.16 pm.Y=0. 32 pm FHIE ., B A/4 B ib 2 g 0201
b e e b i €% 015
B4 A7 S5 R He-Ne 900 2% 3R 3% 3 A7 S
o=
(#5750 MHz) . [& 4 Ce) il 2k v o B0 43 5 7T 0 52 )
TEWUNY T BB BE 19 IR G . R AE KT A/4 (9 g2 0%
e . N N N g2 J
VO N BRI Bl TR e TR g 000

Bl AR e T 20, 00 e A T) 9 Bk BR BT R . RS AT
FEARREIR BN A/2 1 it PR 03 1S 5 40 %2 1 1) £ AR B
(25 500 MHz) , #7 RE B e | A M5 1. 5 GHz Bk
PRI 25 5 WAL RGERATRESE 2 n] DL E K .

h 7RG R N T 2 MG G

038 040 042 044 046 048 0.50
Voltage output of the capacitance
displacement measurement instument /V
5 RUEHIME F-P T (UR KIS (19 LX) 9250 45 51
Fig. 5 Comparison experimental results after the length

of the F-P cavity is changed by 5 mm



1300 B %

o 1 28 %

HERLBL R [ 2 8 F-P WA I K, 78 AL~
5 mmAb 5 ok, FEH PZT, SEBUMAAL RS . I 5 25 00
A X, 25 SR 5,

XTES WA IE AT R A SR =
—0.8710842. 267122, #H X Z % r=0. 99995, {154
MR SY, SN M E v 2 E v KRR
AV = 0. 00107 pm, AW W & W REITER
0.2309 pm,

H U AT DL AR AR G TR TA) i 5 30C %) T A5 4 3] D
AR AR AR DRI, SR R
T WABL A s ARG A LAFE 5 mm {Y K AT N X
PSS AR AT 9K BE 1 A 2 Pk R S AT

4 4k 1w

e R AT 5T B 5 AR R A R R R Y
240 F-P T A0 B alt b B0 TR ADG B A %
B EZ RG . LU E Bl AR DL100 2 Sk
BWOLE AR He-Ne BOGE il i 5 Ay 28 2000 A 1)
FEXF B E T R GEAE R T U 43 Z — P iy i 5
WLAEL 1R 2 M 8. 93 nm Ji/NE 1. 19 nm, @il
A HE LTS B R AL R T AR GE R YR

H Bif 28 Ge 6l B9S850 F A 5 2RI g 4 AL 3
1 GHz, B3 A i AT W08 I 4 40 45038 29 S
500 MHz, BRI T RGEBIAT R, 2P AR B0 4% 4
TR L A S0 B T UL L AT RE T R FE 2 2 GHz 1Y
DG AR A% 53R, R G AT AR 58 4] LR R
Pk R F 0.6 pm, AP K F-P K 40
JE AT 4R e AR B K R, T — 2D B AR R e Y

Z % x #

1 Guo Dongmei, Tan Suqing, Wang Ming. Analysis of micro-
displacement measurement accuracy in self-mixing interferometer
based on sinusoidal phase modulating technique[ J]. Acta Optica
Sinica , 2006, 26(6): 845~850
SRAMERIR P, E NG R AR AR S T W AL RS I
KoM ()], b5 4R, 2006, 26(6) . 845~850

2 Zuo Fen, Chen Lei, Xu Chunsheng. Simultaneous phase-shifting

interferometry based on two-dimension grating[ J]. Acta Optica

Sinica , 2007, 27(4): 663~667

OGN ELIRAEE. BT e A i RS B A T

BRI k% FR. 2007, 27(4): 663~667

Yu Yanguang, Guo Changying, Ye Huiying. Vibration

w

measurement based on moderate optical feedback self-mixing
interferencel J]. Acta Optica Sinica , 2007, 27(8): 1430~1434
EIENG W B 0, BTEECR B RS TWH AR IR
HMET]. X FM. 2007, 27(8): 1430~1434

Chao Zhixia, Xu Jie, Xu Yi. Fabry-Perot interferometer used for

large range nanometer measurement [ J ]. Acta Metrologica
Sinica, 1999,20(4): 241~245

SEAEET LR B TR E ORI R A - T
WALT]. 3 5. 1999. 20(4): 241~245

Guan Ye, Huang Guilong, Huang Xueren et al.. Construction of

o

the tunable diode laser based on Littrow configuration[ J]. Chin.
J. Lasers, 2007, 34(1).: 31~34

O BRI N S ST Littrow S5 44 19 TR I S K
#oedll. FE#E, 2007, 34(1); 31~34

Yu Zaiquan, Xu Yuxian, Xu Yi e al.. Fabry-Pérot

o

interferometer with large range and high resolution[ J]. Optical
Technology , 2000, 26(3): 199~201

R RN R KEBE &S E-mT eI
K FHAR, 2000, 26(3): 199~201

Max Born, Emil Woll. Principles of Optics:Electromagnetic
Theory for Propagation , Inter ference and Di f fraction of Light
[M]. 7th ed., Cambridge: Cambridge University Press, 1999.
92~95

Xu Yi, Ye Xiaoyou, Li Chengyang et al.. A Fabry-Perot

)

oo

interferometer for measuring micro-displacement [ ] ]. Acta
Metrologica Sinica, 1993, 14(2): 94~98

W B A AR AR DN AL R i -E T AT ] At
% F R, 1993, 14(2); 94~98

Sun Wenke,Xu Jie, Yin Chunyong et al.. The study of improving

©

on measured precision of heterodyne Fabry-Perot interferometer
[J]). Laser & Infrared, 2006, 36(4); 288~291

INSCREVF B BRI AF. 4R 22 A A - B T A R
BB [T]. k5 4nsk, 2006, 36(4) . 288~291



