54 7 2005 7
1000-3290/2005/54 07 /3051-07 ACTA PHYSICA SINICA

Vol.54 No.7 July 2005
(©2005 Chin. Phys. Soc.

100013
2004 11 5 2004 12 13

PACC 0630E 0760 0620

45 2.

> A/100

4%

" 2002DEA20014

P1 P2



3052 54
| ﬂAoei(ut
Ay I A Ay Az Aq
|
|
| o
i | J;Ao p'(1-PY4 0
I\ 1PA0/ P(1-P)A (%E%f%)
A / VT g
h | )
' Jp(1—p€4
L ’ ’ i w-3¢-m
' ) P01 - p Ay
n=1 .
i
Pl P2 n A
, A] 2 , A/I 2
I I e=\a e =\ ot /7 2 -ig
0 0 A =Ape ﬂ - o 1-p e
Ay P1 + o 12 memg@
P1 A P1 .
0 + ooV 1-p 2™ 4
P2 A i .
P2 o v oo 2V 1o p AT
P1 Pl 1 / oo’ e
P2 n
A Ay A;
’ 2 .
A, =v o 1-p A x 1 . o0’ w2 -ing } 2
e —
Ay = oo 12 m/lo ©p
Ay = ploVe 1-p 4 '
A = AA° =A3{@ Vi l-p? -
Pl Pl P2 X 1— pp "™e }{@ _m
0 =2nhcos i
n h % — 1 . 1_ {0‘0/ /L/Zeimp }
Im e -V o
1 . @ = 75 = A? 1
e’ +e 7
47nnhcos i 0 cosp ="
gp 2§D 3§0 4§0 I A2 ’ ] 2 1 7 n
Yapuvi =do o+ 0 - + o0
{OIO 12
— -2 o "cos np -2V po" 1-p
po" <1 ¢ .
x cos ¢ =~ po' - po’ " cos n+l g
P1 oo’ cos ne /' 1+ oo

-2V go'cos @



3053

FHIIRE (Ad/27)

n 2 3 5
Airy 2
l-p 1-)
I = A3 1~ .3
0 1+ po’ =2+ po’ cosg 14.4%
3.1.
5 L LI
I, ¢-3e - p+e @+3e
3 /4 5
1
A, tan g = 3L -3L-1L +1, IL+1,-1L-1,
A, = «/;Aoem +vVp 1-p Age 7" . 4 L =L -1+ 1, °
I, 7
I, =MA = Ay p+p 1-p° 7
-2V " 1 - p cosp . 5 .
5
3 5 Ag Al
4
3 Ap = D) %?All 8
i=1 i
Al
I ¢ _ — cotgcos’ @
Ar_ -1 6 of, = I, - L -L+1,°
Ao~ A
y 3L, -3L, -1, +1, I+, -1, -1,
3 3 6 L -L-L+1,
+ I - L+ L -1
o¢ cotocos” @
o, ~ I, - L -L +1,°
0 =0.035 « 3L-3L-L+ 1, L+ L -16L-1,
0.35. 2 6 Ih=6L -1+ 1y

+ I, +3L -3 - I,

Sl cotgcos” @
ol I -L -1 +1,°
3L, -3L -1+ 1, IL+1,-1-1,
L -1, -1+ 1
0.0 P - I, +3L, -3, - I,
P NG S T
° 2
-0.2 - 9@ _ = cotgcos @
B A AH oI, ~ I -1, -1, + 1, 2

3, -3, -1, +1, I, +1, -1, - I,

2 0 ¢ X I -1 - I, + 1,



3054 54
- L-L+5L-1 +%(£A[2—A[4 11
e =n/4 Al 6 11
¢ B sing 4
ol, 42 o’ 1 -p A
¢ sing + 2cos@ = 0008
oL, ~ 42/ g 1-p A2 s ZZZi
Q¢ sing — 2cos¢ oo
= B 0.002 |
ol S 2 ;
! 4ﬁ oe - e A El 0. 000 |
gj@ _ sing . ? 0,002 0 :___:71:/2 n ::;371/2 27[;.
! W2 po" 1o Ay ?;g 0. 004
8 Al 6 .3 8 EE 0. 006
-0.008
— A AR (0—2m)
o 0.015
3 oo //\\ //\\ ,
ﬁ 0. 005 4
g \/ \ 3n/2
g o000 >~ n\ / \ 7 e =0.035 o=
é -0. 005 0.35.
\/ \J
-0.010
N\
\/
-0.015
— A TIEH 0—27) , 0=0.35
0.5%
3
3 3 5
1%
2.2 1
BE 57 ahl
B Wi W
5 I, I, I T - R
) Eoon 2 T ,
I, Is -2t ¢o-¢c ¢ p+e @ 7 4 _ ‘]'l' TN Y
+2e € /2 M i ‘I[E" ]J
oA ¥l
5 Ry “Wf
(L
21 -1 <o s
tang = 57 s 7 . 7 9 i I 2 J-f-
3 — 45 — I w’_.l_ﬂhhl:_h_ - bt Tl .-:;E.:'.
9 -
: [51%) 200529
Ap = 2 Y Akl Y A i) 5
I, -1
x |57 i[ i[ Al - 2A1 + AL
oo 0.1—0.9
+ AL - AL . 10
e =mn/2

Ao =%99 Al = 2A1 + AL



3055
2Q 1 B 1
o = 0[11_13 L - 1, ]
2Q 1 B 1
ol, = 0[12_14 I -1, |
2
4. Q¢ — col cos
5 ) Q- P cos'e
3 X [Qiiptarfe 2 — sec’e + 25ine] .15
[=A2f1- % 12
- COSSD
Ag € .
p=t-p 1-p" (_ 2V B ¢ 632.8 nm Ae =0.3
1+ o 1+ g0’
1 nm
' Al
12 le=a[1-722] ose 7
Ao Pl P2 -0.005. 6 0<g<
B C Pl - Ag .
¢
78 o1
a3
2€ o BH
L I I I, E ::
p-3c o-¢ @o+e @+3e. gl
L
12 A B C 2
i L.
tan’ =Lt ’ 13 ik .
© 0-P an’ e [: ;
b x 2 e
— vl e P AL
P = 4cos’e - 1 Q = L -1, LI 'merﬁr""'":‘-'-.ﬂ‘f}'r& M
T 4cos’e - L -0 L -1
10 @ € 6 Aepl2r ® €
I € I (p=0.035 p'=0.35 A€:0.3mn#:0.005)
gD .
12 1
1 ) 6
© x2 3n/2
€ ¢
1
3 B¢ e /4
o0, V(o0 )’ 6 1
Ap ? = (53 aI‘AIi) (nge) 14 e /4 2
Al ) Ae
37/16 < € < 57/16
G 1 inp)’
56 = ﬁtango[l - (Ss'll—‘;f) ] /2 w4 < o < 3n/d
3n/2 Sn/4 < ¢ < Tn/4
00 o[ Lo L] ¢
of, =l -1, -1, 3
2Q 1 B 1
o, = 0[12_13 L -1, |



3056

54

15

STEAR e

0.002
0.7 nm.

5

e=7/4

14

e =7/4 13

Ap

14

1\'.'11'1 i

0< ¢<2n

16

11

)

fodk B0

REAEE2E (AB/2m)

B, JxL
EN PRt
bl o1

e © o Hid |
H (i
e

o1l
IR G

8 ¢ Al

2.19X107

VAN

e AN AN AN

o AL\ AN
2.16X1073
S RVERVERVERY.
2.14X1073
2.13%107 L . . . . .

0 /2 n 3n/2 2n

—ARHINALAE (0—2m)
9



7 3057

1 Dong X M et al 2002 Chin. J. Scientific Instrumen 23 843 in 4 Dorrio B 'V et al 1996 Applied Optics 35 61
Chinese 2002 23 843 5 Yves Surrel 1996 Applied Optics 35 51

2 LiY Q et al 2003 Chin. J. Scientific Instrumen 24 498 in 6 Hariharan P 1987 Applied Optics 26 258
Chinese 2003 24 498 7 Bonsch G and Bohme H 1989 Oprik 82 4 161

3 Guanming Lai and Toyohiko Yatagai. 1991 J. Opt. Soc. Am. A 8 8 Vikram C S 2000 Optik 111 563
822

Phase-shift algorithm research based on multiple-beam
interference principle *

Luo Zhi-Yong Yang Li-Feng Chen Yun-Chang
National Institute of Metrology Beijing 100013  China
Received 5 November 2004  revised manuscript received 13 December 2004

Abstract

Aiming at the application of precision measurement of length the phase-shift algorithm including algorithm error and
optimum range of the phase-shift step was studied by using the multiple-beam interference principle in this paper. We have
derived an accurate formula for the intensity distribution of multiple-beam interference multiple reflection by and transmission
through the optical surface in the basic principle of interference optics. Based on this formula and the numerical analysis
technique we have found the optimum value of the phase-shift step and the applicable range of the initial phase difference
between interference beams by using the precision measurement of length with Fizeau interferometer. We also found the respective
relationships between the original phase error and the phase of four-step algorithm and of the five-step algorithm due to the
intensity error from cosine dependence. We have assessed the uncertainty from several main error sources of the multiple-beam

interference .

Keywords phase-shifting algorithm multiple-beam interference precision length measurement uncertainty
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