(H =) Hankook Kwanghak Hoeji, Volume 18, Number 2, April 2007

S50 Z27iet S SH/IE e
Zeat’

A A S

@ 631-701 7 upiiA] L

(006 59 102

gv+o.
Lie=

7] Slak Az

2007 29 28

A

= 44997

A [e)
d AR EE)

zAyoRs T8 2AT Y

C O

= =
B S USHES At FeR A% OP% HdAEA 2 SR Fae ETE] FES Q%'M oj2RE A g9
FHE BT AL 3B B4 34716 0T 94 S5 99 LR 24 FEAN optics) 5G] P4 St
31 A3SH= subaperture-stiching Yol v|3}] &4 AH|2HE dAsh= A2 21]—— SEEOZ A AT =.—Xo‘—§— 7H2lek 80 mm
x 80 mm x 25 mm ZFFIHe Zhe Stewart Platform} 4H8- Eoto|gt 9 IMIAIE o185t FEAAE #4952, A=
Hol FAEAE st A dARA & gl FHIALE S8, 71T AHlY] SR vladt 29 32 mmPHolA ) 56

nmo] A8 2ele EHIshT

ZFA|o] : Profilometry, Curvature, Aspheric surface, Free-form surface

LM E
7)1&9] zg% QI full-aperture IMdAl= ASHE WHS &
3 7+ BY FAAE 2HYUR A5k A e
gﬂe‘?ﬂﬂ‘ﬂ o, T FUALE AMGoE Qlsto] ok
gk 99 T HHO P4 ARE AL AAREeR 85
gl7]of ol=ict e, BT F4 H4S A @ o
AL 5L o435 ‘*0} em, o] AfEH FAE 4

317] 1% Al =52 g ges A7t %‘ 3}11 st 7
£ 7Y B= HHORRE Hojd Bt
“ 1 A 308HA|(Null optics)” #2 EH3t 7“‘5(]—‘;‘ g g 3=
o], 2438t B3t 24W 7T-EoEN T HESHE
oAt 585 AAE BE 4 85 opl=y, F7hEQl &
A BAEAZE LA o]e} o] vty A £ 9 7]
=3 ojgle AL A7Y HH|E Aget Bl B &
faee) G4E Ausk A= G 235 A et
o] &7H A
olE {3 =7 uhy F shirt d#e 573G

(Curvature)Z SO EXN TSHE9 HAFA
= 28 §A=A7|(Curvature Profilometry)o]c}.!"
He 7|58k 2

__,10
X
=

o]
s Tol A ARE RS AT glo] vl
i AR Y 2400 glo] verle] 34 AU

& g% e Yeew ok /)& HAAS ol g4
MR EL AGBRRLE 2o AL ST o
Ho| 7hst FRGAelN ZAHAGE FSsto] WA A
o BYUSHs 7lg0] aTEEY, oW 22y Fuoele)
279124 BAKProfile), Uxh]EgH(Slope), Ex o] %]

o

Al
1o
=

101

Jl}h o ik
oX, O L

oZ‘l JlN

=
=
[e]]

TE-mail: bekim@kyungnam.ac.kr

130

= O
o =2

e

)1

E4(Curvature) o]&% 4= Stk FRFHY
AR HAHNEE 739 o|F subaperture-stiching®H o2} 3w,
A HAEA7I(CMM) ] 73-9-¢t npR7kR| 2 9o 2 8h=

A 7jE&F(Metrology frame)of] gt At A2 EE =
Y FRYYSE Tustel TR oY HFHoz =
A Bdd 2 &4 AlREE HAske olsTR A

A%, 37, F2Y 59 3ol vkl Bek 1 1)
o} o] ake] 71& (Rl RZLS FRAY 2l
= AT B3, W B el slof o izl

s Uané A7) = 01944 ﬂ_i‘—‘ld— Hof 5“

= C'E EI_}: o O
SEE WAel TEE 27 EAshe, ol WA w4el
*é"a(mtrmsw parameters) 24 2)E At 7)& ZAHA|AE

g
Zbol WAsE B8 ALgeAs daid SUS §4
Atk Z, 28 1(b)9} Zo] FRGe]

-15
A

ZALE 9)x]of AFnglo] A AABHA S-A|He)
ol 715k3H 9l /-2 Glennol] 2]} a% R
of AzEgon ) 7 ol iz AL Y4 4L A=

W PTB(Physikalisch-Technische Bundesanstalt)o] 4] LACS
(Large Area Curvature Senson)2 733} HojFchlPH B 1=
F-& NIST (National Institute of Standards and Technology)
oA XA 2RI Y 5L fd Adst GEMM
(GEometry Measuring Machine)¥} T3 25 A A7)

el Agolm,M ol T8 2 Juto R o 2}
39 g4 Yrly 23FYE 7HS H 3 =Y
d ANA dARH o|F T AL 2Ao| Hgse] 1 g

FH2 Balsgn



________ +
Tip-tilt ( \ sensor ;
L semsor .
[

Test s’peo;{men'
(@ B 71271013k 2.
29 1 FEG o)A

¥

‘t.

center of local area(¥

AE AE A2l 198H ROIFY xy)% FE k)
of WAL ke o A3 2 BlAY nRYLoR %d
=

"ok o7)olA] vy 1219 S YEebdTh
() () V]2
&z y) . dz{y 212
e = ki) [H( dy H M

9 A %{POHH %‘9494 T4& 2H3H= Frenet’s A 02
é 4= ok 3R, Fojzl
B Z(y)2i¥‘1—l zF @91 Axtol 7hsstH, SR, 2
o] FEo] &EA el —erzﬂ HEHE Foto] A ¥
9] Eo] 753ttt
oEbA, A g4 £EE Yeie 4 Ay)olMe & 5
Aol aEe|xed] o] AU curvature)= 1 1(b)oflA]
At upe} o] gAke mfgkez x| = B o

o

3l 58 Wsolth 2 Ayldel 38 kyE B 9
A 29 29k gol 24 Lyl HyE FUEOR sk
2rojolo) YA AL o2 RY TEK()E 715k
o2 Fatich WA 23 9o bs 202 FAlscaning)
Fomy 7} ZHHY TRES BE ¥Sa Hek

HAE A A S B 202 Arel]

a=
7eret AEe] geR uehd 4 gtk o714 FEe AR
3 AAEE olgfet ol 242t

131

(b) FEQAF vl

AR HAAA

Random noise boundary
(Stage Repeatability)

Step

Ideal pOS.  Rea|

a9 3. REBO| wELo| ZAF 94x]ex) Aol
219 s g9 A)e Zo) Gkl

dz(y) _ _ ply)+a

@

waba, 2+ HolA 24" ZES] HEM )T AQ)E ¢l
23 gulo] AES EgA AX FAL BYs S oh;].
dA AFE ITE A SH719 A 9o vy 2
T 7Hx9] EAS A & 4 Utk AA, £ 35 “‘3‘4
ZFH7] Ag(As) o] Ve EO RN EHE A9 SHE
BH—(lateral resolution)-& —E'%?—_'_‘ 2= 9lom, EA 7+ Ao I
S AR g 5 g FAE 0]&3h] wiol HA
—4 o] zof ZFelgt Hol gtk

4>

T

5% W S G4 G HLY TR 30 1
3 glomz o) 7)ze] §aFe Wx ok SFo| et

AL 2 Hy)elld ERE ZEKy)HEFEH HA “””
(z(y)el HHE7] fsiA= “—%‘ yz+ o] 2z o] 1A A ¢
2(y)7} ZA =l Ao} 3}, ol FE ZEEE o|FAi=
2Eo] Astage)©] Ao SlETE. waka 7 e 9
A 2R oAE =B WA 24719 ox aas gelsh,
Wi Belo] vAL 93 F ¢ Bayol et
AH A7 AR uAE e DA Sls) R-
200 mm BH4, k=-1.1 ¥3A(conic constant)_J el A=
S 742 50 mm S GG AN 9 EALE 4o s Bt
Slom, 03 Bolot FARFAE 29 331 ol Welsick. 7+
FRgele] FAEE 719 FATH(scanning step)E 0.1



132 =333A) A8 A2z, 200749 44

mmol i, 9ol AL AAR A" TERR A
83 2dolx|e) yEsom Aelslgon], Ao o4 Yo
A} WF<random number)E WAYAA 7+ ZHHANH 9
A 2XS ARG 4| EAKsimulation) 22k 917 2 3je}
50 mm Aol A WS BARY) o) oxzrel 4
BRAL 19 49} go] BAWTh TEYAL FERo
92 2t ZFR4E 2 Pakel o) oxjE uleﬂaa
2 27} sk AL < 4 glonk, A 20 um $)1) 7o)
A4 AR mlAE S 035 imT BAT £ S
& BAY 4 otk mehd, TEAE B4 A3 3R
S vjgo] TER YA oxo] tt BWy oxto] B
S(insensitivity) 3t 715l0] A" 4 ek,

|

)

4

IV. Al&" 74

AO]—

A7) A2
A7) AR
9] 7|5o2 9

58k PIALY] Stewart

FEYA E47)(GEMM)Q] Alad] A=}
% 59 ZArh AJA"Y) o my ]2 A i
e A iR e AR, 65 5] 7t

art Platform(Hexapot)-& X oA Algio|

0.35 1
%

/

0'30__ Scanning Step: 0.1mm
0.25
0.20—.
0.15~.
0.10

0.05 -

Reconstruction Error [nm]

0.00 -

-0.05

Positioning Error [um]

a9 4. LA B FARY 0

(@
a3 s. —1—
() Al2" A4

Al

1o =
= =

o

Aot FRFY g4 4517 $18l FISBAALS] AF
Eoout I7(Twyman-Green) 7HIAE AHE-8loH,
°|Z Hexapotol] XA ZHEA HAE ols3tH A3
ot FRAQ GG AMEE EAN=RO] ARk ulel 2
mm E= 10 mmO 2 A=E 4 9Ju} Hexapot?] $x] Y
=X 3] 80 mm x 80 mm x 25 mm oA Z o) £2 ume)
HHE5-E 7HA, 3 e #d - (pivot point) o2
sto} 63 Ao|7} 7Hs3dict ol °”\1 304 1 9]

o

AA a7t BEYgAe mxe J3ke 1EE o nyY =
e T T8 F453719 Tzﬂ Hgsieha W
Hrt. ©]5F<] Hexapotd} G4 =7 HiA= 59 A
oA 24z} RS232 FAl& B3 Alojek FHIEE A
sheck

V. 2¥7

Hieole 23 AUE 2eg 9
SJat A BAZ o
e A QA FRALE olgstel v
@ ZAshch o 1~9—% 9 AL W R=
200 mmo), FEHo| SilverZHE THALS AML3IgTh
T A I 63 o] FAtol| F41E-E THNER o]
AE& FEF(Hexapot)®] 3| H(pivot point)O 2 Alefd}od
NEYEY YIRS SIS 24 B 7L 74
Z¥E(scanning angle) « =8°% XHlEFo] Zlo|x 28 mmo| 3
FEH, 0.25%(=0.8 mm) £ tHO 2 FAste RS 5
atgich

ul7E EE A
3 ge 28

OE

28 e 54 AUE A5 99 A8E TaAe
& NISTZH B4%F 71& AulE B3l W vl 53 s

o, 7|& Aele] 443 7+ W] 2004127 mmZ 8
A= 71E AAE T8 g58 79 ALY Bdes
FE SEMIA 24 29k Aole a8 73} Po] 28
mm 57 G4 )7t 37 nm TEHE Ittt
= A2 01° 2EA 7} 7FsR A BAE e,

(b)

37 FHE,
AA AJAd" ARAL



(=)

dH
N
i
)
P
|
=
g
o

z
L., _
I~ ,"’ N\ ’\
d Aperture of
interferometer
a3 6. FAAL &% FAHscanning)H.
4]
*
35 o \
-

[ 3
W )
30 .\./ \ PV: 37nm S
.

B A

0]
S \ /
101 \ /._.

6

Deviation from circie(R=200.4127) / nm

Scanning Line / mm

aY 7 TEEY 0EAL 230

LEo] wsle] W2 P4 24 FUws

-

A% dsksie AN

Aol ok HE BV SHBL FHEE A A
|3t Egoldt a9 TMIAE *}AO}‘?& ™, ol 6% A
o7} 7H5%t Hexapot Bl Hatxjo] 43 ‘7‘7&’% FA

& 2t SR 99 FES FEA 78 SE FISA
719 24 HL=E AF3H7] H3l NISTZF H{st Qe
71E T SRAAC Rl SAsed, 5% 23 28
mm Z74 G A Ao 37 nme| F4 2AE HAE &
datgleh. i Fgof dis) vienlE S0 7HedE 2
oo, 20 A2 HF 7hedt vl B4 dish 4 Al=rt
a8k

133

#Ael 2

o] AFAIEL 200631AE At AlME4 1)
Ao 9J3te] o] FoiHE-

Nk

ro

[1] P. E. Glenn, “Angstrom level profilometry for submillimeter
to meter scale surface errors,” in Advanced Optical Man-
Jacturing and Testing, G. M. Sanger, P. B. Reid, and L.
R. Baker, ed., Proc. SPIE, vol. 1333, pp. 326-336, 1990.

[2] P. E. Glenn, “Lambda-over-one-thousand metrology resulis
for steep aspheres using a curvature profiling technique.”
in Advanced Optical Manufacturing and Testing II, V. .
D. D. V. M. ed,, Proc. SPIE, vol. 1531, pp. 61-64, 1992,

[3] P. Thomsen-Schmidt, M. Schulz, and I. Weingartner, “A
facility for the curvature-based measurement of the nano-
topography of complex surfaces,” in Optical Devices and
Diagnostics in Materials Science, D. L. Andrew, T. Asakura,
S. Jutamulia, W. P. Kirk, M. G. Lagally, R. B. Lal, J.
D. Trolinger, ed., Proc. SPIE, vol. 4098, pp. 94-101, 2000.

[4] 1. Weingartner, M. Schulz, P. Thomsen-Schmidt, and C
Elster, “Measurement of steep aspheres: a step forward 1o
nanometer accuracy,” in Optical Metrology for the Semi-
conductor, Optical, and Data Storage Industries II, A.
Duparre, B. Singh, ed., Proc. SPIE, vol. 4449, pp. 195-204,
2001.

[5] M.Schulz, “Topography measurement by a reliable largs-
area curvature sensor,” Optick, vol. 112, no. 2, pp. 86-90,
2001.

[6] M. Schulz and 1. Weingartner, “Measurement of steep
aspheres by curvature scanning: an uncertainty budget,”
Proc. of 2 euspen International Conference, pp. 478-481,
2001.

[7) C. Eister, J. Gerhardt, P. Thomsen-Schmidt, M. Schulz,
and I. Weingartner, “Reconstructing surface profiles from
curvature measurements,” Optik, vol. 113, no. 4, pp. 154-
158, 2002.

[8] M. Schulz, R. D. Geckeler, and J. Tllemann, “High accuracy
form measurement of large optical surfaces,” in Recent

developments in traceable dimensional measuremenis Il
J. E. Decker and N. Brown, eds., Proc. SPIE, vol. 5190,
pp. 211-219, 2003.

[9] B. C. Kim, T. Saiag, Q. Wang, J. Soons, R. S. Polvani.
and U. Griesmann, “The Geometry Measuring Machine
(GEMM) Project at NIST,” in Free-Form Optics: Design,
Fabrication, Metrology, Assembly, ASPE 2004 Winter Topical
Meeting, North Carolina, USA, 2004, pp. 108-111.

[10] U. Griesmann, N. Machkour-Deshayes, J. Soons, B. C. Kim,

Q. Wang, J. R. Stoup, and L. Assoufld, “Uncertainties in
Aspheric Profile Measurements with the Geometry Measuring



134 o=33t3|7) A8 A2, 20074 4¢Y

Machine at NIST,” in Advanced Characterization Techniques [11] M. P. do Carmo, Differential Geometry of Curves and

Jor Optics, Semiconductors, and Nanotechnologies II, A. Surfaces (Prentice Hall, USA, 1976).
Duparre, B. Singh, Z. Gu, eds., Proc. SPIE, vol. 5878, pp. [12] I. 3. Stoker, Differential Geometry (Wiley-Interscience, New
112-124, 2005. York, 1969).

Development of Profilometry based on a Curvature Measurement
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[ present a novel curvature profilometer devised for the profile measurement of aspheric and free-form surfaces on the
nanometer scale. A profile is reconstructed from measuring the curvature of a test part of the surface at several locations along
a line. For profile measurement of free-form surfaces, methods based on local part curvature sensing have strong appeal. Unlike
full-aperture interferometry they do not require customized null optics. The measurement accuracy of the curvature profilometer
was assessed by comparison with a well-calibrated interferometer in NIST. Experimental results prove that the maximum
discrepancy turns out to be 37 nm on the 28 mm measurement range for the spherical mirror.
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