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Ultrahigh Accurate 3-D Profilometer, UA 3P, measures by auto-focused 1-2 um diameter
laser spots with the accuracies of 10-50 nm. The measurement range of zyz coordinate is 80
X200x40 mm with the newly developed wide range model for tilt angle up to +30 degrees.
Polar measurement supplies to measure the more steeply curved surface. Calibration methods
for three fundamental elements of axes, scale and sensor have been studied. Especially the
measurement error caused by the insufficient squareness between x, y and z axes and the
probe error caused by the inclination of the measured surface are mixed in the measured
data. The methods to separate these errors from the measured data have been obtained by

using concave and convex spheres.
the measurement of aspheric lens surfaces.
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Fig.1 Schematic configuration of the wide range model of the Ultrahigh Accurate 3-D
Profilometer.
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Table 1 Error items for calibration.

Error items Error factors

(®Squareness between X, Y

(1) Axes and Z-axis

(XYZ-axes)

@Straightness of X, Y and
Z-axis

®Accuracy of the wavelength

(2)  Scale of the stabilized laser

®Dependence on the inclined
angle of the measured sur-

(3) Sensor face

(Optical probe)

(®Dependence on the reflec-
tivity of the measured sur-
face

A.

ABOZRTEEENERICET 2MEORESRIC
2 T3 Table 1 OIFEAH 5. Fig. 1 ic KORHIE
EREBE =TI E M DA R R A TR 3

RO ERLEMMOEARE L LHMOEEE D>
Ths. AT Fig. 1 [TRLIEDiIC zyz 3HOE
7 —%2BREELCHEL O T, BIEREELC
NoD 5 —DEERE, 5 —TH0EMAE T 319,
ryz OBBEDOE v F v /93 —4 v CRRE S 5 M
ZRCOBRE L OTFYTHEELNET 2 HERILO T
10nm PFTh3Y

Ry —VREELL —F OWETH 5 D TRIEE
HRBEROBEDATH D

ARO V4 —13IEEMT 0.5 mW (£ 07 —D¥%T

7RDT, FMEIFTRERNT B0, Hl
SRS DRI THIEETH DTH o —7 HERRH
HDBEDHHICEEEEZ 2R EEOME & & RERIC
DHEET 5. 12720, WERORR v P RO T
B AILD O DB AEREL TN B.

B8, BMX7 e —7 T HEMITIIREICE > TED
B O 1T & - THMAELSEDL 30 THOMEEIC
BELI 70— TRERS DAREENENTHS. L
L, EMTEICERNT 282645 @’C)’ﬁ7°m—7£i<‘:
BT,

Table 1 DFEDHT, OO XYZ FEEAEHOE D
HEL, OORIEE DO X ICIRE LIt o — 7 Dz
BRET -2 ICREL, HMERESEHETH 7. 20
R, ChoDBEESHLRETEAFEREZR VL L
fo. MBDMERBBRO L 5 i1z UTHRIERTRET S 3.

3.1 T n—THRELEEMEAFSEDKIE

ERICENc—E DR MR EHOhmOREIc BT 2

689 (59)

BETHUEEOE = MEICOMEEL, »D, AFEY
ZEIS—S— TS U 7R A 3 7 0 — 7 DL

BHICLZDTHS 0 — 73k L 0F 3
ETAMEBRONET — 21T zyz @mtﬁmbi%é

KEATROWC LicERT 2EARREMNEEL T

5. UTFiceno&srm UTRIES 251 Cou\fﬂs«

B AR D% U WO & il O ZREETRE A HE 3.
CNSRROBETREFOSDLT 5. HIERKE DK
LEHRBRT 5.

o OREHREEAREOHARNE KL, B
zd BB SN B, 2d 13, RDIOFEMBDEEHHOR
HEMZE Ea L7 0 —78%E Ep OMENRB.

HE OB A

=)= Ea(t)+ Ep() (2)
W 34
2d(11)= Ea(11) + Ep(11) (3)

3.1.1 HEAEMEOKEERE
TPEMERE Fo ZHHT 5. BANEKEGZ, ©
e z EOEAERENDD, K70 —THEDTOH
EMTHE LICESORERR,S, 2e 2 OEA
e C(rad) OEEEHT 3.
HERY4R R(>0) MM OIRME 3KNICIE 5.
z= =+ {— R+ (R*—z2—y?)1'}
Ml T, cEFROAEEZ B ERRICES
z=—R+ (R2—z?)!/2 (4)
ZCEES Xih o —C 20 i 2z RET
5. Fig. 2 {ORT LD ICEZEDRTVEERT (X,2) T
FEIN5B p HIIMENICEER T (2/cos C, 2+ 2 sin C)
TEINSE. CTCRUEEDHEZDOT sinC~C,

z

z+xsinC
p(x/cosC, z+xsinC)
~(x,z+Cx)

[ A

— C
T __]._31,__1(__4___, X
x

\
%/cosC

Fig. 2 When the angle between z and z axes
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ordinate of the point p(X, z) becomes ~(z,z+
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Fig. 3 When the angle between z and z axes
tilts 7° from the right angle, the measured data
of spheres become as the solid lines. The dot-
ted lines are the perfect spheres. The measure-
ment errors zd of the concave and convex ap-
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Fig. 6 Epl; Element of the optical probe er-
ror, caused by the absolute value of the inclined
angle of the measured surface.
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terferogram of the bi-aspheric lens. (d) The
cross section of the interferogram.
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Fig. 12 Measurement of an toric lens. Error
from the design data is plotted. Rx and Ry
mean the radii of the curvatures of z and y
directions.
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