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Abstract An on-axis. vibration insensitive, polarization Fizeau interferential system is built. In this arrangement,
directions are 0°,
source

a multimode semiconductor laser is used as the light source,of which coherence in conjunction with a polarization
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delay-line is used to effectively separate out the orthogonally polarized test and reference beam components for
90°,

interference. Spatial phase-shifting system is realized by a 2D grating and a polarizer group. The four ties of rays
135°,
=]

including two +1 diffraction rays with the same intensity are projected through four polarizers, of which the axis
Key words

and four =/4 phase shifting interferograms are received by one CCD
surface is measured by this system with PV of 0.068 A ,RMS of 0.013 A ( A =650 nm) and by Zygo interferometer

simultaneously. By using the 4-bucket algorithm, wavefront to be tested is recovered. Flatness of a parallel plate
with PV of 0.063 A ,RMS of 0.012x (X =632.8 nm). The two results obtained are in close agreement.
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Fig. 1 Optical layout of low coherence dynamic Fizeau interferometer

[l A5 M 2R G 2k PR A S oo Bl 45777 18] /Y
A AP R IE SO A AR R LR . 2 O
MEe gt A4 B MIESOCHME B R (£ m. £ )
SERR BT HE Ho mn AR S0 K OIS
B L, By fEm B BE T — R OE . A0k
(+1,+D,(+1,— D, (=1, +DMM(—1,—DHAT
SPOGIE X T HAR ) 4R T ASOBHE . X 4 AT

HA A 8658 o0 A . 1k 4 24— 9005 58 5 43 5l 5 1)
A AR TT 1) A TR ) i IR 7 4 R i U A 4 5 0 A
TR AT DA N (i = 1.2.3.4) . XEEE AT LALE
CCD A2 4 5 T30 [ B R G5 BLIA 22 R AR 1Y
JEH AR 3o B g i

B N T A TR A 25 6. - 2 25 0 AN DG Y
BT R BN LA R

Er,
Ey = [ .
Er exp(ik « 21)

Et,
}ET = exp[ik(2A+28;)][ J oy

Er exp(ik « 2L)



2l i

R TR TG S T I RS 155

BARTT A« BRI AR S o flB A5 A/ 4 R Y B

cos’ (a:)
P(a;)= [

sin (a; ) cos (a;)

sin(a; ) cos (a;) 1 —1
: . }»Qwr’(i): 1[ Z}. (2)

Sirl2 (a,v )

4 J2l—i 1

W22 e A4 R AR IR A S R BT R ] AR R N
E(ai):P(a;)Xpr<%>><(ET+ER). (3)

BOCTR WA TR [ v | ARG E S — i T e a5 06 T B e Fak Ul

[(a) =1

po[— o= o= o

(Er? + Et2 —2Er Et, | y(2A — 2L) | sin[£(2A — 2L + 28.) — 24, ] )+
{Erl + Et? + 2Er Et. | y(2A+2L) | sin[ k(2A + 2L + 28.) + 2 ] }+
{2Er,Et, | y(2A) | cos[k(2A 4+ 26.) T+ 2Er Et, | y(2A ) | cos[k(2A+26.) ]+

(2Er.Er, | y(2L) | sin[ k(2L + 24,) ]+ 2E¢ . Et, | y(2L) | cos[ (2L + 24,) ] }. )

B 2A 2L AHAE I R TORIR A THREE Lo, I4
ly@2a—20L) | = [y | =1.|y@Aa+2L)|= |yCQ2L)|= |y2a)|= 0. (5

U] ' 5 ¢ 32k AT RATRT Ak A

I(a) Z%{Erf + Er? + Et? + Et? — 2Er Er,sin[£(28.) — 2a; ]} =
1
S AL+ L =2 /I It sin[£(20.) — 24, |- (6)

FmE R A A D wIR A 7L 5 N« =
0% ar = 45%,a; = 90°,a; = 135°, N|{E CCD I 4 I§
T 4 5181 A 0°,90°,180°, 270° W AH % » A 4
HR A% 5 104 DU 25 B AH 7 o il vl A& DL HE o 00 96 T g
%l T 4 g T E AR —i 645 2], g 4 8T
P 2 58 4 AR [R) . AT A 2504 il T 7% 3l X T 95
W,

S 5%
3.1 EHTFXE

AT B ARG LB ARZ —, REE RN

00 @ |

0.8

EOJ

2 0.6

£ 05

0.4

0.3

0.2

0 20 40 60 80 100
Optical path difference /mm

AR R B 00/ T 9 M K 9 PAR K T o
Fq fe K TE Al 22 (9 B A . D 1 A N ) P S B
FEVETE G PR A AH 1 B A BE R /0N o By LAAH 1< B2
FRAFAT IR . AR i A S ASROE & 19 ol B
9 650 nm, PNy 5 mW., JE i U E SR EOG S Y
T LR AR O AR OL IR L R AR S HAD T
WAL L& TS AREOESE A T EEiat
b ZOCHRE 250 E AR i AR SRR T B S R
e A R R R 2 S AR BO6 & 9 AR 1
I Bk Bl — UOR B — i T 9P 1&] AR 3 X U B2 1 7€ X
WRZOEREZE PRy WEERIAH TR . 18 20 A

1.0
0.9
0.8
207
206
i
> 0.5
0.4
0.3 i
02H FLLIFY TR T ,ﬁb T'v',,'("rh""‘- W)
0 5 10 15 20 25 30 35 40 45
Optical path difference /mm

®) |

K2 RETEARR T REOCEHEN E-OERZERRML. () 23.5 mA; (b)18.4 mA
Fig. 2 Visibility curve versus optical path difference for laser diode with different injection current

(a) 23.5 mA; (b) 18.4 mA



156 i 5|

i it 36 &

ML 23.5 mAL S BB S EEE 0.5 mm, I
FRBOCE AT K2R 200 mm, B 2(b) 1, i
AHLHEN 18,4 mA R 0. 1 mm, JLi 2 G148
FHA TR E 4K 2.4 mm, LK FH, L FEK
WO 0 i s D63 40 A R0 HOE AR AR R — 2 R
F 20 R R U Y RN S AT LA SR A
TEAZR G A T B TP 0 ) T3 5k 80 B
BE 95 2 S0 B A A in A X (D L R 2R T
B I T R AE T RE DU ) TR A DS TC S — R iR S
TEAZ B A T 4500 09 2 25 6 Ao AT oI5
T 114 7] 25 B A ABOHE

T AT T S ARG AR 1) A TR B R
(AR T4 BE L 1T S R SO 25 1 B KK Bl A T A
WA AT &R AT, R AR T
WDG30-Z B Al 5 € A & 7 06 & 1Y H ol 3
KB 3 ALK SEABTRZE RN, o]
DL M A DK B G T A PR YR T 3 KT T 3
HAHGH 15 mA B H] 30 mA B, 2 RO
LKA T 1.5 nm,
3.2 ERERHESMNES LS

T Fizeau T RGEH . 10 15 B .15 pm £
FL.AEFES 550 mm B I EE BT KRS PR
J& B9 RO & J AR R 55 mm, CCD ] 1 L F 4R 1]
AR 1/2 B B A ERAR L, RS2 MTV-1881EX,

W G 6] B K6 1/10000 s, FFZ RS & 17—
AR i P TET T 1% 2 43 A o 0 S ) ST REL S R R T
Jl Ao 5 i R EE SR R BOM A8 L T 2 RO
AR AR o R ARG AR T 1 R ARG % B S B0
IS B G ARE VD L A T B R bR B AR B
[ RARTT B 4 WEFAH T V5 18 Kl 4. AR5 R B
i 28 BRI 43 B0 25 ) — B0 4 i) T 98 1Ll A S
DU 25 B8 AHGAL 1 o SR HE A DN - T ) T T R 22 43 A A0
S5 AR 4558 PV 2 0. 068 A, RMS iy 0. 013 A(A=
650 nm), FIH Zygo GPI-XP Bl 3 A% , il 42 [7] — bk
WA 25 JAn P 5 (b)Y JF /R . PV 2 0,063 A, RMS
40,012 A(A=632. 8 nm) , HXTEERFE RIT.

652.0

=2}
o
=
o

Central wavelength /nm
&
—
=

650.5 . .
15 20 25 30
Operation current /mA

K3 BWotds oK S A IR Z R ER
Fig. 3 Central wavelength versus the change of

operation current

S

B4 SEg R BB R B A T E

Fig. 4 Simultaneous phase-shifting interferogram

(@

Wavefront /A
coco

K5 semmaiif,

Fig. 5 Experimental results. (a) Retrieved surface map; (b) result measured by Zygo

() AL IS 1 = T B 534 5 (b) Zygo A5 ) = 4E THE 43 A1



LT & R%E. ETEMTOLENSE TP RS 157

4 4 jo

W T — 2 T 1% G HOG B Fizeau T WX
AT W E RS, R AP0 650 nm (12
SEBOCAAE OISR TS T AR RO
A TE AR S AH TR G R T A AR T .
4 3 BRI B2 B DG U A DG TR A AR T A — &
i 41 2B 38 25 UG I — Xl 2 A T HL I 58 A
P 2256 MR G . I B — & 25 18] 43 6w 4k 7%
AR GE T Bk ) AR 1 4 W& B8 AH 2B K 90° 1 T 0 18], DA
T A R0k B 1 = 2l ) T b iy e e . T S
V-5 S T — P T AR A TR A R S RS
Zygo T W AL 25 AR Fo Xt W & BEH

HTRGRM T RAMATRKEROGIE, I A
T JEAH T 25 R A T A i T A BE 7 A T v R A
o A R GE A] LU RO 2% B AR SO R R TR
ATV AR 1 & IS R D L G0 R T S R A
(ENTTPIE

LG Fizeau T ¥WAX A % W1 )5 #F /2 L%
8 BRI T O 4k 2 ) 3 2 Fizeau TWAL. 2%
DRI 3 O 1 285 2 TE A2 Y 2R 3 ' i v A AE
T3 % PG 4 5 WA K R R AR TR . | T 4 RO R
2RSS TW., TW AL BRI LE R 50%,
T — 8 1 B BT 9 430k b B2 W7 5k 100%6 ., 55 4k
ARG T WKW Z ) T R 2B K R R
il o 7S SR FH O B 2 S AR OG5 I T AL R B O
fir S Y L S R B Y RO AR
XiF LB p 2% R I B, AR R AR L T LA
SR U 9 55 M it . DA b I R AR 2
WFFERDT o

B 25 T3 M B AR 75 B R SO g Otk
w6 RGN % ARSI B T RE 38 AT LA
Je& IO P T b 28 30 1 03K s bE A 3 0 B2 5 )

I ORI Bl A T T 00 1 25 T

5 £ X

1 C. L. Koliopoulos. Simultaneous phase-shift interferometer[ CJ.
SPIE ., 1992, 1531, 119~127

2J. E. Millerd, N. J. Brock. Methods and Apparatus for
Splitting, Imaging and Measuring Wave Fronts in Interferometry
[P]. U. S. Patent 6, 2001, 304, 330

3 J. E. Millerd, N. J. Brock, J. Hayes et al.. Pixelated phase-
mask dynamic interferometer[C]. SPIE, 2004, 5531; 304~314

4 Qian Kemao, Miao Hong, Wu Xiaoping. A real-time polarization
phase shifting technique for dynamic measurement [ J]. Acta
Optica Sinica, 2001, 21(1): 64~67
B2 B ALNT. — R T S A AR S A S AR AH B
Jrik[1]. R FmR, 2001, 21(1): 64~67

5 Yi Wang, Qun Hao, Qiudong Zhu et al.. Real-time measurement
of refractive index of solution during crystal growth by
Michaelson interferometry[ C]. SPIE, 2005, 5638 418~423

6 Y. J. Yu, J. Peng, Z. Q. Wang. Spatial phase-shifting
interferential system on polarization interference and grating
beam-splitting ; phase-shifting error testing[ J]. J. Phys. :Conf.
Ser. , 2006, 48. 992~997

7 Zuo Fen, Chen Lei, Xu Chunsheng. Simultaneous phase-shifting
interferometry based on two-dimension grating[ J]. Acta Optica
Sinica . 2007, 27(4): 663~667
£ IR &LGIREA. BT 4ot FE S B AT
BEARL] RFFH|, 2007, 27(4): 663~667

8 Zuo Fen, Chen Lei, Xu Chen. Measurement performance of
simultaneous phase-shifting interferometer [ J ]. Chinese J.
Lasers, 2007, 34(12) . 1682~1687
L IR FLR R RALBEMT AN EEELDT] FE%
., 2007, 34(12): 1682~1687

9 http://www. 4dtechnology. com/products/fizcam2000. php

10 http://www. engsynthesis. com/p/products/optics _ metrology/
intellium_h2000. php

11 J. E. Millerd, J. C. Wyant. Simultaneous Phase-Shifting Fizeau
Interferometer[P]. U. S. Patent 7, 2007, 230,718 B2

12 B. T. Kimbrough, E. Frey, J. E. Millerd. Instantaneous
phase-shift Fizeau interferometer utilizing a synchronous
frequency shift mechanism[ C]. SPIE, 2008, 7063: 1~11

13 B. T. Kimbrough. Low-coherence vibration insensitive Fizeau
interferometer[ C]. SPIE, 2006, 6292; 1~12

14 M. Born, E. Wolf. Principles of Optics [ M]. Yang Jiasun
Transl. Beijing: Publishing House of Electronics Industry, 2006.
459~523
M. 3 R, E R/RKR. EFEEIM] BEF & b mF L
Wb R AL s 2006, 459~523



