5545 5 6 1) o F o= Vol. 45 No. 6
2016 4 6 A ACTA PHOTONICA SINICA June 2016

doi: 10. 3788/gzxb20164506. 0612001

R T BT ISR R 2l Carré tHEE R

ZEM R, R, AR, TR
AL M2 i K K2 AL E B2 5% TR g, JbAC 100191)

B EATRIAORES T T ENEHRBNY RN ZAEGRE S RMEEO R ZRITHILES
Carré Mo fs kM A R —FATFTHLF IR XFE Kokt Carre AL x. ZHEZR D THRER
DB TR AN REREF T RO Y, A B B AR EERMA LT THEMOEIR .S
TEHAE RRALNEHARES R TERAREZTATRR P R KOEESE, BT & TRBH
WRERFRFFZEEFT RO T 0. KRR RE Lkt iF A T = BRI AR & B E
THAMRMNEER . ERAN . A ST ADHERIONZLEREAAORLTFIEEERERS . NEE
BT 1%,

X@|giF .o TFTF; Pokk; &2 Z2;Carré A4 F ik ML O E

FES %S . TH741; TH744 XEAFRIREG . A XEHS.1004-4213(2016)06-0612001-6

Improved Carré Phase Shifting Algorithm Based on White Light
Interferometry
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(Department of Instrument Science and Opto-electronics Engineering , Beihang University . Beijing 100191, China)

Abstract; In order to reduce the error produced by using the white light interferometry while calibrating
the microcosmic shape, an improved Carré phase shifting algorithm based on white light interferometry
was proposed. The search path of traditional extremum algorithm was optimized, and then combined with
the Carré phase shifting algorithm to extract the phase. The proposed algorithm can eliminate the random
error caused by the shot-noise of CCD, it do not need to limit the step of the phase adjustments by using
the central wavelength of white light and the phase unwrapping is no longer needed, and it makes the
computation efficiency improved. The central wavelength on line was modified to reduce the error caused
by the characteristic of light and environment disturbance. The three-dimensional topography of standard
roughness specimens was restored and the surface roughness was mesuresed by different kinds of
algorithms. The experimental results show that, compared with other algorithms, the accuracy is
improved and repeatability is better than 1% by using the proposed improved algorithm.

Key words: White light interferometry; Central wavelengh; Linear error; Carré phase shifting algorithm;
Phase unwrappng

OCIS Codes: 120. 3180; 120.6660; 120.6650; 110. 3175

0 35

BEE ARSI TH RN LR e 2R Irike s
JICA Bl oK RUBE = 2 B A IR A T BT 1965
4, Carre 4R 11 73 TR EOL MR T HE % H
A ) 2 T (1) DR A g R A Al el TR R 23 5 | B AR 07

HEL2WB . BHEE KU &L (No. 2013YQ040877) ¥ il

BRI . S BOR AR RS T 0k Ok ME R I . 1O T
ASCUA F A S e A 2t fige ke 1 O T A0 Al R 1Y
REASE AR TR R8EL F1 EAH S T 5 2 08 T S AR S T
WA AT T A5 = 5 B A W] I Rl T AR LA R
T AN B 2 S A0 el A A L H A A e ) b BB
A LU RO v IR 0 3 B AL AR B T T Y

FE—1EHE FEEMQ975—) . B, @Bz A BB 7 10 AL B H AR ROE LMK R . Email: lihuipeng@buaa. edu. cn
BIRAESE FE (1991 —) 0, WL R A, EZWFSE 5 ) oL A 44 K. Email: 15943066226 @163. com

Wi B .2015-12-31; 3R A HHE 2016-02-20

http : // www . photon . ac. cn

0612001-1



T

¥R

M. Brian Bowe 45 2 T 3 FHE L 0 FOE T
YT SRR E 551983 4, Schwider Al
Burow 4§ 1 4 & SUAE - 35 BR W] LLUA RN AH 75 2
KR 20 11987 4, Hariharan $2 ) — Fp 0 2 #: 5% 22
R 5 WAL B A8z i J3 . 21 it
H1» Groot F| ] 13 WiAH B 5345 52 B0 1T %k 325 B 445 449 i) 3
i, i J5 Hibino F1 Schmit Xt Z2 Wi 8 ik R 22 47 T
3T RSB G T A R R ] T R R & By
SERG I A 5 0 R R AR L O R RS I %
MR AU G vk A5 TRD A0 388 03 1 A5 JL R B3 0k R AT T % b 4y
B 5058 2013 4R, K v B R 2 0 7k BB 4% 1ty
RPN AR UAT TR 4R R O A o R R
B AIE DU & v AH A% A Y 2 Pk R 25 T T TR AR
B PP R bR 1R 22 S B T ST AL R
o T ey 1 BE 1 T SR K A B R A SORH Ao il 2 T
Peles]

AR SO — T 5 T O T I B R Y e A R
ZEAMETT L K Carre MRS 33 1 5 Bl F A A {8 125 AH 25
B o JO T A AL fifp B 2 B AT R 8 67 Ok BT A
T g, R R R 2 28 BE B X R B B % (Piezoelectric
Transducer, PZT) 5 347 4% e , 9 3 i A% e J5 19 20
B A e X o A B A 15 25 BEAT AR L T IR PR A
fk 2H 21 (International Organization for Standardization,
ISOY 11562 1 JL R 114 15 7 U8 I8 s 2 ~7 v 307 8 I b (2
T2 O TR RS

1 MEBRS

BT 1 vE R b 09 O T SO0 A g T Y — 4
S ARG 1

Microobjective
Splitting prism
_/Reference
mirror

PZT |

Object
pive

ME R G RE

Measuring system

A 1
Fig. 1

e T30 (R e 9 00 08 5 2 o 2RO
EREE RO 3 NP A e
I — RS AT DTAOG B IR 7
B R 2 O ) 3K CCD AR, 7 52 B I i
o LI PZT 4 3% % B 2 PO £ R
P 1 02 T 5 21 0 WA T 52 B 0 4 26 1 0 JE 5

it
2 BESwkE#

FOGT ¥ AR CCD T 2k 5 EER 1 6 Al 74
Iy AR S THT A A X i R R A — b I RO k. R AT
I 25 P AR 7 R 2 BT AR 80, 2 2 O A B
AR AR 6L 22 D 2 ) o 2% 0 I B 0 4% B0 L B A R AL 22
AR 3 SRR 340 2% DI T 8 SR SR e A T T
WS N LEREEZ T TR HE T W ARLUR R 56
e TR S I AR . FOL T E S W g kxh
— S AR AR T AL T AR BOEME 5 W
SFOGARRL 2 1 6 2= i 2.

30 . -

N
i

3]
S

—
(=]

Light intensity/(a.u.)
O

Phase difference

H2 #EPakThes

Fig. 2 Simulation of white light interference signal
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Table 1 Repeatability measurement of the sample piece which is 4. 42 pm high

Voltves/nAmlgorltth Gravity algorithm Intcrpo'lation Three f.ramcs Haribaran Imprf)vcd
Vo, algorithm algorithm algorithm algorithm

1 5.30 4.49 4.32 4.49 4. 39

2 5. 34 4.33 4. 34 4.69 4. 38

3 5.13 4.69 4. 26 4.53 4. 39

4 5.17 4.73 4.89 4.26 4.41

5 5.08 4.32 4.39 4.39 4.43

6 5.23 4.56 4. 83 4. 44 4.40

7 5.29 4.48 4.92 4,43 4,46

8 5.13 4.61 4.54 4.41 4.43

9 4.92 4.26 4. 82 4.59 4.46

10 4. 87 4. 38 4.12 4,39 4,46

Mean value/pm 5.146 4, 485 4,543 4,462 4,421

Standard deviation/pm 0.157 0.162 0.297 0.120 0.031
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Table 2 Reatability measurement of the sample piece based on different steps

Algorithms
Voltves/nm 20 30 40 50 60
No.

1 103. 2 102. 6 102.9 102. 1 102.0
2 103.5 102. 8 102. 6 102. 3 102.0
3 103.5 102. 8 102.6 102.0 101.9
4 103.5 102. 6 102. 8 102.1 102. 1
B 103. 4 102.6 102. 6 102.1 102.0
Mean value/nm 103. 42 102. 68 102. 70 102. 10 102. 00
Standard deviation/nm 0.130 0.110 0.141 0.122 0.071

S A5 R R W AR [ 41 A 2D B R SR et s sl D A R 25 A5 Carre MRS YA HEAT AR
R ML 325 MR R RE A AT A g/ th TR B DL & CCD B (MR L FFAE LB IE DGR o B K L T 418 v 3% T MR 52
LG FE AT SR ) 1R 22 o I A R B R (PR TE R AR B I MR
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Table 3 Repeatability measurement of 3 kinds of sample pieces

Roughness/nm
R,=20 R,=50 R,=107
No.
1 20. 2 51.6 103.2
2 20.3 52.0 103.5
3 20.7 51.8 103.5
4 19.0 51.8 103.5
B 19.1 51.9 103. 3
6 19.5 51.6 103. 4
7 20.4 51.5 103.5
8 19.2 51.2 103. 4
9 19.6 51.3 103.5
10 19.1 51.4 103. 6
Mean value/nm 19.71 51.61 103. 44
Standard deviation/nm 0.633 0. 264 0.117
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