Bl S

D = Vol. 34, No. 5

2014 4 5 ] ACTA OPTICA SINICA May, 2014

AP oK b R I P e o B JE AN e 52 0 B

JEE WA

C R 22 8 K G- LA 5 ) AT 58 BT B TG 2 B X R S % . 5 AR KR 130033)

WE X EKENRERENT R, AL Fizeau B0, 456 SOG40, SC8 T W AHOK = RN &
R EE Ml A AR 0 & . O T SR TE I B R G Y T AR R L A A S35 B — R 5K [R] il %o AR 09 ot A 1 g
TR, b 7= A R iR 22 1 R R AT T 3N 0r . A SIC /NER N 0] L 25 & R Wi 8 B B8, 45 310 00 45 2R 1 R
Wi AN 0. 13 p (R ES /A - B A5 K200 95 %) L3I W 12 I 5 28 48 3 2 0 £ ok 0 o5 i ok .l =
A AL X [R]— T4 1 B8 SOR I L 36 0E T 2% AR G i A SR R

SRR W il B AR S AT N 5 38 U

hESES TH741; 0436.1 XHERFRIRAD A doi: 10.3788/A0S201434.0512001

Sub-Micron Precision Measurement of Radius of Curvature and
Uncertainties Analysis

Peng Shijun Miao Erlong
(State Key Laboratory of Applied Optics ., Changchun Institute of Optics, Fine Mechanics and Physics ,

Chinese Academy of Sciences , Changchun , Jilin 130033, China)

Abstract For the demanding of high precision optical system, a vertical Fizeau type interferometer, combining with
dual-frequency laser displacement measuring interferometer, achieve submicron precision measurement of radius of
curvature (ROC) in this article. In order to verify the credibility of the measurement system, a series of optical parts
with different ROC are measured by two different reference transmission spherical respectively. Take the polished
SiC sphere as an example, the main factors causing the measurement errors are analyzed in detail. Combining with
the uncertainty theory, the uncertainties of the measurement results of ROC for SiC sphere is about 0.13 pm (a level
of confidence of approximately 95% assuming a normal distribution)., which demonstrate the measurement system
meets the requirement of sub-micron accuracy measurement of ROC. The correctness of the final results measured is
verified through the cross measurement of the same component by the coordinate measurement machine.
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Fig. 1 Vertical Fizeau interferometer configuration setup

for radius of curvature measurement
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Fig. 2 Radius of the same sample measured under vertical interferometer of different TS for a long time. (a) Polished

SiC sphere; (b) sample 1; (c¢) sample 2; (d) sample 3
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Table 1 Radius measured under different TS for the vertical interferometer

Different sample TS Mean radius /mm Standard deviation /nm Bias for different TS /nm

Polished SiC sphere F=1.5 25. 400819 55.6 19
Sphere F=0.82 25.400838 40. 6

Sample 1 F=1.5 92.167707 61.9 58
F=0.82 92.167649 34.9

Sample 2 F=1.5 —82. 499601 44,1 78
F=0.82 —82.499523 37.7

Sample 3 F=1.5 —145. 212286 55.6 86
F=0.82 —145. 212200 128.5
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B A E 49 54. 0 nm,60. 8 nm.,
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C

PA L 10 AN B 22 JEE AL A0 JLART St 2 5 7 ) £y
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GAD)

JEE BEAT A0 A o 0 SR 2% Ry Bl R L SR T R
T AT AR A B AT S 2880 45 1 5 1 o I Ak S A8 43T
1.11 FHEEEK

TEAN BT T NS % A P S g = b, R 52 K
AR 2R 2 425 R 25. 40083 mm Y SiC /NERE 4T
T 2 A N Y 45 0T 35 25 U 1R 2 VA Y R 1) I AN
B 7 B /N o B 45 AN 0 BB 22 TR P R O R B
%, FIH RSS A BE M A8 F=1.5 5 F=
0.82 TS T, /INBk il 3 202 428 I 8 AS 52 B (1) e 53 5]
4y 61.6 nm,71. 8 nm, EZAHEEE/NT 0.1 pm, i
— U T2 2R 0 T A 0 fOK o i R A T R
TR, TP E B U, W AT 58 b o R i 2
B u Fe BT B T b THRAS B (R E S5 i
k=2 B}, 5 SC% X 8 N B G K200 9500 .

5 28 A

¥ B 37 2T AN e 4 4 R A I A
P ) AR A7 I B L CCMMD St SiC /NEk i 2% 2f £2 1k
117 22 00 &, B Y & A6 CMM 55 17 B
FELZ W R ZE IR 3 TR, 5 Wil AR R Y
BIH > 25. 400720 mm, il 5 F 2 PR 39 nm(1e) .
F CMM 190 A 855 5 T 95 4000 et 20 855 3 B R )
% R Bk (SIC BRI Bk R B 4. 76 X
1070 K1)t il 32 A2 I B 52 mi . A 95 10T b 36
Bi(2240.02) CoAHREE. f CMM 0075 i il 322
RAFATAME etk 22 CTR/PERI IR R E. &
#ME G - SIC /NER %42 25, 400940 mm, R
CMM 75l 12— 43 BRI 0 2 1 1 il 2% o 128 B A
JEAS TR o {HLJ2 0 22 BROFH K T2 BRI 2 A i, 3L
D RS BEA T 0.5 pom, R EAEFE AN CMM il 15 Bk
PRI Bl S A2 T e JoRfE™ . e CMM 557 58
TG A A ] — /R R AR W E] 6 TR, B
Tk D A5 3] 1 il 25 2 A (AR B2 3T L B B A AT 22
290, 11 pm GE B T F $5 3000 5 25 21 00 IE 0 1 .

F 3 CMM LA SiC/hER il 2 2E 42
Table 3 Radius of SiC sphere measured by CMM

Number Actual radius /mm Normal radius /mm Deviation /nm Temperature / C
1 25.400667 25.400000 667 19. 998
2 25.400679 25.400000 679 20.103
3 25.400743 25.400000 743 20. 224
4 25.400761 25.400000 761 20. 201
5 25.400753 25.400000 753 20. 345
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Fig. 4 Comparison of measured results with CMM

&. vertical Fizeau type interferometer
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E— 25 1 B 2 i e A2 0 2R 0 T AL I BHOK BOKS
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