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A survey on profile measurement for freeform surfaces

KAWASHIMA Natsumi

Abstract

The demand for high-accurate surface profile measurements of free-form better than

several tens of nanometer is increasing with growth of free-form optical elements to aim high

performance. Absolute surface profile is important for the performance of such elements with

free-form surface profile. Micro-Coordinate Measuring Machine (u-CMM) is promising for

high-accurate absolute surface profile measurement of free-form; however, its measurement

uncertainty is currently limited to about 100 nm. In this paper, uncertainty factors of u-CMM are

investigated and approaches of other institutes to reduce the uncertainty are reviewed. Then our

approaches to reduce the major uncertainty factors are proposed. (98 words)
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AERE %o TV L —HRJELHEERE o AR H k0 24
P O M E I E B EES B 72 PV & LT, ERR Y DAL
BRI OCONDHITH) T L DWHER 2 S A LT
Wh, Fi, WERYHKAT A Fohge (L —5 K
B ICHEET A XD L MR Lo o E I E AV S
Kb EH8 iz OIN2H510N) §52 L
LUWHETH A, HEL2 mm OEROPERFE%2, Bk
% NIST 2569 % i b SR E 2 BRI AR R (74 vV —
TWah) ORRL SEMICHE S THIEELTEY, 7y X
OWELHFOFFIESY 10 nm, THEFOHBMA8 nm T
HbHLZAH, FHEEDXEHN12nm T—HLTW5.

Controls for
carriage motion
and artifact positioning

~ Mobile base and
Granite support table

Flat anvil contact [P p
- - " ¥ %
s

15 NIST ©7 » Nl E# %5 ™
Celt™ X 0 BIH, —#s%, SCRE k)
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4.3 Tt

NIST 2[M 16 (2R3 & 95 727 4 V' — Tt 2 i 5 725k
BRI A D BIR LT s MERRMHED A%
T 2HEZK17I2RT. FHRHEMRA O LIZEE OH,
VM B T Eh SARAR, EHiDSEEBET 5
L TTHEAIET S, FHEKA L BizbTFHI
FATH ST S L, ERES ORI AT O T ¥ % 5k &
5. Tuyrr—VESOWEEYERLL, X (9)
VR & ) ICER O g & JE B o 22 565 0 He e T s &
OFWE a &, ZHESOTHEEOBEED A5, ERepk
MEICBT 2 THHOMMEEHEL, KX (9 2HwT
THETOBEIE N LW £ 2 S5 omED 25l
T5.

p=lwep, f=2. )
VA TR R Bede s, Ml 2 02 CHIE B o Bk
ERREENSLCTLLENISINTED, FiELSE/AS
CLTWwA. A /50 OFHEBOHIL10 % % flio> Th
D, PR O X 2 @A S 30 O HE

Laser &
B )

20

o@o

Top View

Upper reference flat Voice coil force

Sphere }
Lower reference flat

IJ Air bearing

Load cell

A

®16 NIST ®7 1 V' —Fi#itohitE®
Celt™ X 0 BIH, SCFEEmk)

¥

e Or Or

ERIA R

S ]
D

A
\

RATTE S 77\

B g & R ORI a
TR ORI b

R 17 NIST o b & o™
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NMIJ

PTB dy

B

K18 NMIJ & PTB OB M EHM OBRR ek’ 2 B2 1N, — %)

HIZEENL L LTWwaA, BREENEIIRAHES S 1 10
nm L FTHAB. T/, NMIJ & N A v EZFH=0M5EHT
(PTB: Physikalisch-Technische Bundesanstalt) T &,
FUYIAERLECMT 2T AT Farayc s M
BV, V) avERoEREEMET L7720, ALY
Pl 2 o FE R A BEERIE AR E TR 2 BIFE L T
Z. FI8ITRT L 910, NMIJ &= & 1 v A 2%,
PTB I35k “7 CTh 2EV1dH 5 2%, 7 UK O T 3
AHERELTCWAS. L—=¥FTEEHc k> Ty u Mo
WE L BXoskezyo WMol d & 4, 2L,
X (10) KXo TERDOEED ZRDLEMMTH 5.

D=1L-(d +dy). (10)

HENMIZEEETEHAP»S ZHEEZHNELTEY,
FNSNORDZEFHEROUWEDIEARTE ST 1
nm PLFE, FERICEREICHET A I ENEETH 5.

5. HREZ

L EDOFHEDN S S DI % o 7oA S B K OB
OEMER T 2T, p-CMM O EREALICHT 245 HB 0
Jist @Y %.

TU— TP EOGEICK LT, Tu— 7R
EWC YT, BAMIZES Y F AR VEIE ST
O— 7R~y TERERL, filET2ZLICX DA
T S E RA L. T2, XYZ HEELHE o 3 RE L 5
LCid, BUE—FAMED»EOREVERBRAEMIEICBW
T, EFr—yYrlf7ay 7 % M0z & EAS RIS
FTA=FOPRFEZMYMLTETHE. Ihnllky,
BRI 50 nm BLUF ORE OILEAMEAS S 2 BT 5
R TH 5.
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51 S HLR—IVEKICEZTO—-THRBEYY T
DAERL

T —TEPRBEIEICBWTIE, Ty FLaR—VEICE
D BEUBARER A EH L C, LHEROBIRMEAEIC & 235
OGN Y M. K 191K X )1, T3l & Rk
HHERO—H 5% 7u—7THET S, WHIZZOWE
72T, EME D S FLHEER 2 EAROKIEMD 1/2 25 &,
Ta—7PEEHERLTw L L, 22 TRIERE
RS ¥ & MRS, FOFEILERDO [ U A1
HipHZWE L, HonWEmEFET5EX 3) &
X AD KCasb. M (0,9, 1318 HOLERLES O
WZ7u—7CHEREHE LZBIE N, Tu—T
DS (0,0,) (ST LMWEMTH L. T2, AR,
(0,9) 1ZiFHHOKERLEIIFICBIT ST 0 —T LD
filify (0,p) (KT % HHEIRIR /BRI 2> & OIIRIE 2
OR ., 1, JLMEBRPMEARD 1/2 & i F H 0 MRS
WZHE L 725 S =t e 0ETH 5.

1 1 D,
1y + Ay (6, ) = EZ M;(6p, 0p) — ;Z?C

1 1
> SR = RO, ). (11)

P A BRI IChE, A4S 3 THO MLHERR I %
D 1/2 L MERERE L OFECT SR, & 4504 4 THO
Rk A S OB CTAR(0,9) 2 X0 & B b
I %B. THITXD, EAEEEICIE S N7z 2R HE R
W (D) 2R LZALE2HE2AHLCTu—7
ERAHIETE 2. X (A1) okBiZ7Tu—T7 o U
il f 2 BT B PR o b A, IR % & A 7ZIE RS
DOFHEZRLTWAEDT, Fa—THIRMIE~ v 77
"#onhsrZ i s.
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K19 7 FAR—VEIC X 25U OFDL

52 REAT—JZ2RAVEEXRREMIE

XYZ BRI BT 5 R RADOHEICE L T,
FLHEERZ 72356, JIE SN 2%, AR
WCE2boh, Zhe REERLTO—-TORIRIZL S
bOD, KHPTELVWHPRETH o7z, £ T, it
HE VT, NMIJ 254 LT % ks e 72 i e page s o
ST RS TV 2 R L B E Y — Y R A S B gt
ThHab. H20IRT L9112, Xihe ZHoOBERLEIZA
FEESFMEMRIESN/-AmME BizllEd s &I
FoT, BRREDOAR X LAIEST 2 2 &5 EEE %
AH.YHhE Zdlh Xihe YL T RIS, BRIEH Y —
VEWET H I L THRRAEORIES L LD, I
Lo, MFICERRADAZFMTE 5720 XYZ
JERERSE NS BT 2 D S OB REE 7 5.

e AR E
7 Tu—7 Alfi - Bifi
Y
/
// II 2 X
FHIERIE

20 BOET — VIT & B SRR E

6 £&O

HER T R R Bl & 2 oo B R R LA ) U 72
u-CMM @ &5 BEAL T80 € D Je AT 5212 2\~ TSR
TxEAiT-o72. £9, NMIJIZBF 5 u-CMM OFRAZER
oW THEFNER PRI TRBL L 72, KIS, ik
[l o [R5 G AR AR FE AT Je OV i oD = R ST I IR 7
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