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Measurement using Lasers and Atomic Forces

Zeants TaesU e aSar

Micra displacamant debecior
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Stylua
’ Measurement Force :
i 0, 3N 30mgl)
1 Mieasured object

B 3-2-4 UA3P & | miZ

% 3-2-1 UA3P 1 4

Models UA3P-4 UA3P-5 UA3P-6
Measurement Range [mm]| 100*100*35 200*200*45 400*400*90
Scale He-Ne oscillation-frequency-stabilized laser
Atomic force probe
Sensor Ruby ------ Tip radius : 0.5 mm; measuring force : 30 mg
Diamond - Tip radius : 2 um; measuring force : 30 mg

Maximum Measurable

Angle 60 deg.

Measurement plane tilt angle =30 deg. : 0.01 ~ 0.05 pm
Measurement plane tilt angle =45 deg. : 0.01 ~ 0.1 ym
Measurement plane tilt angle =60 deg. : 0.01 ~ 0.3 um

Note) For circular scanning:
Measurement plane tilt angle =60 deg. : 0.01~ 0.1 um

Probe Measurement
Accuracy

For the range of X/Y-axis = 100 mm: 0.05 pm or less
Measurement errors by | For the range of X/Y-axis < 200 mm: 0.1 um or less

coordinate axis For the range of X/Y-axis < 400 mm: 0.2 pm or less
Repeatability: 0.05 um or less

0.02 ~ 20 mm/s
Measuring Speed 0.01 ~ 10 mm/s Variable in multiple steps |Variable in multiple
steps
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[Fluorescence Spectra] ~LUMILASS-R7(Red Fluorescence Glass)  [Excitation Spectra]

EX 365nm EM.612nm

L~ ML

400 500 600 700 200 300 400 500 600
Wavelength / nm Wavelength / nm

LUMILASS-G9(Green Fluorescence Glass)

a.u
au.

Intensity
Intensity / au.

EX.365nm EM.542nm

au
au

Intensity / @
Intensity / @

AN
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LUMILASS-B(Blue Fluorescence Glass)

EX.365nm EM.405nm

au
au

Intensity / a
Intensity / a

350 450 550 650 200 300 400
Wavelength / nm Wavelength / nm
LUMILASS-R7 LUMILASS-G9 LUMILASS-B
Main Fluorescence Wavelength (nm) 610 540 405
Excitation Wavelength Range (nm) 200-420 200-390 200-400
Minimum Sensitivity ( u ‘»\-".-"cm]) <1 =1 <1
Refractive Index (nd) 1.644 1.694 1.477
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Specifications

Item ‘ ABC-20M
Radial Bearing Dia. $ 21 mm
Thrust Bearing Dia. l $ 39 mm
Stiffness ‘ Radial | BN/uym
- ﬂ__‘__ 12N/ pm gl

Load Capacity ‘ Radial : BON

| Axal | 80N
Speed Range |  5,000~150,000 min’
Runout (NRRO) | 0.05um
Horse Power | 650w /150,000 min’
Drive Systam Induction Motor

(b)
] 3-5-3 £ 1) 1 2 2 8 R
&é%ﬁ%»ﬁ%%é%ﬁla%m~%y%ﬁ1&<%ylﬁ
b1 EE R RH B ALK EFAE Y (doF 354) 0 k8 A
BRCH ST AR 0 1 A R -
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Wit-  UA3SP £ RIE*

Aspherical objects

Aspherical lens

Measuremznt 800 -B.00
path of surface “0.50m) Id : Difference between design

equation and measurement date
ﬁ XY axis measurement

=
=3

2a=ARIS0 em)
=]
(=1

=010

Ieasurelent =2.00 -1.60 -1.00 -0.B0 -040 oo &%) 083 1.20 1.80 Z204d
path of X, Y axis R—A%1 % (mm)

Freeform Objects(measurement of mold for laser beam printer)

| Mod | Surface measurement

2,00

2 Zd-AXIS (im)

—

7d : Difference between design
equation and measurement data *-2.00

Flat Plates(measurement of semiconductor wafer)

Semiconductor wafer | Surface measurement

=100 K—AXIS(mm] 100
t t t

100

Y—AXIS(mm)

-2.50/(um)
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Roughness of surface(measurement of master gear)

T Mastergear | | Roughmessmemuwomenr
|

V-groove (measurement of V-groove for optical communication)

| Measurement of V-groove

Z-AXIS(pm) — ¥ axis
mu H H

100um optical fiber
30.0

=10.0 p-}t-fr—t—ts

=30.0

-500 L1
020 -012 -0.04 004 042 020
¥=AXIS(mm)

Detail Part (measurement of semiconductor wafer after CMP)

Semiconductor wafer Measurement of detail of the object

-
=1

2 Zd-AXIS =
{pm)

=
I
o

-0.10

0.45 —0.45
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L Ultrahigh Accurate 3-D Profilometer (UA3P)

Matsushita Electric Industrial Co., Ltd.

UA3P Series
Ultrahigh Accurate 3-D Profilometer

Measurement Range:

O UA3P—4
100X 100 x 35mm

O UA3P—5
200x 200 x 45mm

O UA3P—6
400 x 400 X 90mm
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Table 1. Specifications

Models UA3P-4 UA3P-5 UA3P-6
Measurement
Range [mm] 10010035 200%200745 4007400790
Scale He-Ne oscillation-frequency-stabilized laser

Atomic force probe

Sensor Ruby -------- Tip radius : 0.5 mm; measuring force : 30 mg
Diamond -- Tip radius : 2 pm; measuring force : 30 mg
Maximum
Measurable Angle 60 deg.

Measurement plane tilt angle =30 deg. : 0.01 ~ 0.05 pm
Measurement plane tilt angle =45 deg. : 0.01 ~ 0.1 pm

Probe M t
robe Measuremen Measurement plane tilt angle =60 deg. : 0.01 ~ 0.3 pm

Ac
— Note) For circular scanning:
Measurement plane tilt angle =60 deg. : 0.01~ 0.1 um
M For the range of X/Y-axis = 100 mm: 0.05 ym or less
easurement .
errora by coordinate For the range of X/Y-axis = 200 mm: 0.1 pm or less
axis For the range of X/Y-axis < 400 mm: 0.2 ym or less

Repeatability: 0.05 um or less

0.02 ~ 20 mm/s Variable

Measuring Speed 0.01 ~ 10 mm/s Variable in multiple steps || multiple steps

1. Overview Development of the Profilometer and Products Created I

Measuring Devices Form Talysurf {Taylor & Hobson)
H . T ]
= "L. Zeiss 3-D Profilometer 2nd Generation _ .
Atomic Force Probe 3-D Profilometer (available commercially)
- The measurement
accuracy (5 pm) is too
MExisﬁqn ::B"‘:’z:zm - Measurement accuracy : 0.5 4 m, for onl Accuracy : 0.01 4 m
easuring . i
g, it e S one axis ) Measurement plane tilt e —
- plane filt angle : up to 359 angle : up to 60° I
s||p R is large : 150 gf Msasiing forse 3 30 B Giga-Bit wafer
15t Generation maf = e
Interferometer ical 3-
P e Optical 3-D Profilometer "y ‘
| _ Can .bg Equipped with
“‘\_\[’* A\~ measure - Measurement accuracy : 0.1 P S b
b (,\:, & e wm . r I Atom definable fres-
" el - Measurement of a high-tilt Sl g\ form surface
Rl plane available for only one 60"~ Measured object
axis, up to 452, =
ver 1978 1986 || 1994 || I 2002
S e == o
Optical —— B g
c — Lens array for optical
B communication
Spherical lens § >
An ical lens could not be First of lens:
made due to the lack of an Tilt angle : up to 37 aspherical lens Head mount display Wafer for large capacity

Tilt angle : 55° n-ductors

adequate means of measurement.

Car navigation
system

el
- 3 e DVD recorder
Memory [ 2001 Product
Devices ~—) . =3 of the Year
Anamg Heconis Realization of CD players and Dvc LBP (B awarded by
| [auipped with an aspherical lens DVD player  (PlayStation 2) Nikkei Stepper, Water
] Camcorde B - g \ - ’
= i wx: =
Input 5\ L- : iy
e ', %' =] gl 4
= ==
Increased need for - Cellular phones
c
ahitly Sphencal projection TV Dol clyes  Diaital equipped with a PC with a
glasses. DVC systems in the U.S. camera lens CD/DVD drive
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. The present technology has led to the advent of nanctechnology or
1 " Over\new free-form surface components, which could not previously
be developed or manufactured because of the lack of a suitable
means of measurement.

Machine Industry Area Optoelectronics/Nanotechnology Area agﬂ‘?
- > > 55 Flat/Spherical Surfaces -->
T Free-form Surfaces
mm - ;
1000 | : (Area of Ultrahigh Accuracy\ TT
Fields where only UA3P is
100 Séiconductor waisrt, capable of the required

degree of measurement
accuracy

-
o

Precision
mechanical
parts Line indicating Measurement

3 Accuracy/Range = 10°
The upper or right side of this
line is the area of ultrahigh

accuracy.

3-D measurement -
unattainable with -~
optical microscopes!

e
—_
\

Sizes/Measurement Range Axis

0.01 | L

T T T \ T T T
1mm 100gm 10¢m 1gm 100nm 10nm 1nm
Accuracy Axis

‘Key Technologies for UA3P Ultrahigh Accurate 3-D ProfilometerI

‘ 1. Atomic Force Probe Technology ‘ ‘ 2. Nano-Precision 3-D Coordinates Determination Technology |

/ Z-axis measurement laser

Z reference mirror, e gscillation-frequency-stabilized laser
/

Mirror P Level block
. ) Z
Micro slider |
X referenge' mirro ¥
Stylus =
X

Maximum measurable tilt angle| .Y reference mirror

o\ ¥
60 \/ "" Measured object

X stage
Stylus Curvature Sphericity |Measuring | Response
radius force i

i 0.5mm | 30 nm

30mg f 0.15G

Diamend 2 um 100 nm
Level block
‘ 3. Free-form Surface Software Technology
Free-form surface | - The user can specify the design Model UA3P-4 UA3P-5 UA3P-6
equation. Measurement range
[mm] 00X 100 X35 200X200x45 |400x400x90
- Any deviation from the design Axis accuracy 50nm 100nm 200nm

value can be provided as output.
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2. Technical Characteristics

<Summary>

(1) High-speed measurement of surfaces with a tilt angle of up to 60 degrees
without damaging the measured object

(2) The measurement precision is 100 times higher than that achievable with
conventional technology.

(3) Measurement of an arbitrary free-form surface achieved

S Precision | Veasurement| Measurement | Measurable | Messurement of F\-ieasulijicel!:thorce
object time( ¢ 30mm) tilt angle free-form surface on the Surace
All
UA3P (present . 0 p . : 30 mgf
technology) 0.01¢m 4;::‘]?;0'““1 1-3 min. 60 deg. Available Scratch-free
2-D roughness Onlyone |[* . ) 150 mgf
meter 0.15um o 10-30 min. 35 deg. Not available Possible damage
Conventional 3- . ) 150 mgf
D Proflometer 5um Point 4 hours 45 deg. Not available Possible damage
interferometer | 0.01xm | O PP | M0 30 min. | 35 deg. Not available 0 maf
and plane Scratch-free

* :including cahibration time and sefting time

2. Technical Characteristics | | 2.2 Nanometer Precision 3-D Coordinates Forming

Technology

Comparison with conventional methods
3-D Profilometer based on a conventional method Developed Ultrahigh Accurate 3-D Profilometer

Z reference mirror He-Ne oscillation-frequency-stabilized
laser

Py \\ / /Level block
Z-axis measurement unit f/\' b = \

_—X-axis measurement X reference
I-'umt mirror

—
— 1
~— .
H"‘*«.__ Y-axis measurement f; Level block
unit }/
Fea:ure_ i i Feature :
Essential in the measurement of commonly used mechanical Axis precision is in the order of 10 nm
parts - Three ultra flat mirrors form the X-, Y- and Z-axes.
Problems: - Coordinates are determined with the stabilized laser
Unahie.to enbeince it ds precision beyend 1 X;;:I::r%trhi.s eliminated by locating the measurement
- Straightness of the stage is limited. e e tV St qth i
_ Abbe error occurs because the measurement point BointananaisWhBITLE BIILINNG o codiates:
cannot be set on an axis. Problems:

Difficult to make it small due to its structural nature
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2. Technical Characteristics ‘ 2-1. Atomic Force Probe Technology I

-- Styluses with a hi

High precision ruby and diamond styluses developed for UA3P

gh sphericity required --

Ruby stylus with a curvature radius of 0.5 mm
Deviation from spherical form : 30 nm or less
Intended for ultrahigh accuracy measurement
purposes, such as aspherical lenses, molds, etc.

Diamond stylus with a curvature radius of 2 um
Deviation from spherical form : 100 nm or less
Intended for measurement of micro patterns,
roughness and micro lens

f

Common measurement objects

®
Concaves with a
curvature radius

of 0.5 mm or les

can be measured, .

/

/

SEM photograph of

/ the tip
\/
Edges can 7
be
measured.

2. Technical Characteristics ‘ ‘ 2-3.F

ree-Form Surface Software Technology

Existing technology (Form Talysurf)

Matsushita’s

s 2.D manual centering, 3-axes alignment and X- and
Z-axis tilting

= Since manual centering is difficult, the
[actual][real][?] central section may not be
measured, and errors may occur at each
measurement.

+ Only one line is evaluated.

A: [Actual][Real]
central section

B: Near-center section

» Incapable of 3-D evaluation of asymmetric planes

relative to an axis

? 3-D automatic centering and 6-axis alignment
(Measurement error does not occur.)

- Alignment program
# Automatic measurement

Measured
plane

A straight
- measurement
line

ptical axis

Optimally superposed through 3-D

? Built-in standard optical design  retation and paraliel shifting

b Table indicating correspondence of
equations design equations for IS0 and UA3P
P User for free- 15010110-12 UAIP
form surface design equations Sy
- Capable of adapting to any g |8z s )
design equation (indicated by a H =
U in the table to the right) H b =5 1
o = s P]
=
z g St
E | FZ Homoers 0]
Free-form 52 E e
e B O | 85 oo U]
—-ﬁ’n surface lens €% pr— H
[Cliowo o 3m
X 1 Toric L T—
# capable of measurement with a Not defined I};}‘“’“l
tilt angle larger than 60° using S,

coordinate conversion software
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‘2. Technical Characteristics ‘ ‘ 2-3. Free-Form Surface Software Technology .

Users can specify any design equation which cannot be disclosed.

Ex. 1) Free-form surface lens for laser printers Ex. 2) Free-form surface lens for head mount display

Machining errors in the
order of 10 nm can be
confirmed.

Measurement of free-form
surface lens

1+47{1 = (K+1)c2h?}
+Ah%+B h8+C h8+Dh1?

Zauis (mm)

T
i

Xais [mmj

3. Applications of

the Profllometer ‘ Manufacturing Process of Aspheric Lens I

Without the present Profilometer

Unable to
manufacture metal
‘molds for aspheric

Tnols Lo
Only 2-D Form 7
Lensmold | 4atafora determination
Metal mold machining specific line !

Feedback on machining errors is difficult. = :

By the development of the present Profilometer -M T -

C:wm

Glass
material

AN

! Tools Metal mold Heating + Pressing Unmolding
:ass ::laterial I Y
glass material
Lens mold QI’DCESS

Metal mold machinin

Achievement of an ultrahigh
accurate free-form surface lens
Production: 100,000 lens / 1 set of
metal molds

150 million lenses / year with one
UA3P unit

Forming error information determination
can be fed back to the metal D B
mold machining process.
The measurement time is 2
minutes for a DVD lens.
Feedback count : 20 times
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3. Applications of the Profilometer ‘

0. 1um
=
7
—0. 1gm

Optical pickup lens for DVD
(Rotationally symmetric,

Laser printer

j— aspheric) . - Printer lens (free-form surface)

2¢m

Result of the measurement T2Km  Result of the measurement
of surface forming errors

of surface forming errors .«

Stepper lens (aspheric)

AR A e st T

Deviation from the design value

CMP equipment

Probe > .
Wafer - - I -
(flat ) =

Suction holes —2 y m

2pum
=

Vacuum chuck for wafer

Result of the surface
form measurement

Wafer contact area ‘

4. Examples of
Measurement

ZebRXI SCum)

ZeHRNIS Cpm)

<Measurement of Aspheric Forms of Various Sizes>

Contribution to optical
fields requiring 0.1 . m

Disc side surface

=

-o.10

precision

oo WWWW ¥ Mhﬁfw ;WWW .

200 -190 -1.®@ -0.83 040 00 040 080 1@ e 200
=it | & fmm

Laser side surface

e

-200 <100 -2 0B 040 0.0 040 080 120 L.W 20
R rmmd

Measurement of a DVD
Q_'_J’ lens ( ¢ 4 diameter)
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‘ 4. Examples of Measurement ‘ ‘ Other Measurement Examples ‘

Mechanical component \ / \

[ having a complex form

(Form of a valve used in polymer etching equipment) Optical communication system

/

4, Examples of Measurement

— — 0.1~02mm 0.1~02mm Optigal fiber

V-grooved

substrate (siliceh)

T - )
/ Medical micro machine \

\Q_cm lens array

Sine form machining using laser

Photograph
showing
measurement of
an aspheric

\camcorder lens
_using UA3P

/

Ever higher-precision and ever smaller optical
components : Impossible to manufacture without UA3P

(1) DVD player with an
aspheric frennel lens
common to CD and DVD

(2) High incline angle micro
aspheric lens for optical
fiber communication

Curvature radius : 0.5 mm or less

CcD
bvD
1.2mm
0.6mm
Object /] \t_,,/ Zero order light (NA=0.6)
lens First order light (NA=0.43)
Hologram
Light emitter Light receiver

Optical fiber (about 10 um)

Lens Lens
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Fitting Mode Print

r = 500.45 (pumd 16:55:13 Fri 13 Feb 2004

Measured at X:;2004/02/10 19:10:46, 00:14:55 [87] Y Data. Not Use
Align. Decent. Free: X = 0.3587 (e m) Free:Y = 5. 8975 ( 12 m) Free:Z = —0.0623( e m)
Align. Tilt Free: «= —0.2934 (min) Free: 8= 0. 0145 {min) Lock: vy = 0. D000 Guind

x mxi=

Fitting data

AT Paaasonie

w,
Status R-M.S = 0.0370 (zm) P-V =0.2912 {(um

Design Parameters Fitting Parameters
Rmm) : —71. 420000 R{mm) : —71. 430799
K : 0. 00000060 K : 0. 00000000
Al : 0. 00DOVO0DD Al * 0. 00000000
AZ * 0. 00000000 A2 * 0. 00000000
A3 : 0. 00000000 A3 : 0. 00000000
Ad 1 5. 6632200e—-007 A4 : 5. 7T184237e—007
A5 z 0. 00000000 AS : 0. 00000000
A8 : 1. 7478800e—010 A6 : 1. 6603957«~010
AT : 0. 00000000 AT 0. 00D0ODOo0
A8 : —2. 1856200e-013 A8 : —1.B978953e-013
A9 : 0. 0DDOO00O A8 : 0. DODCODOO
AlD  * 1.9582900e—016 Al0 : 1. 7664420e—-016
All : 0. 00000000 All : 0. 00000000
Alz : —7.0000000e 020 Al2 : —B. 5342181e—020
Al13 z 0. 00000000 Al13 : 0. 00000000
Al4 : D. 00000000 Al4 : 0. 00000000
AlS : 0. 00000000 Al 0. 00000000
AlB I 0. 0DOOO0O00 Al6 0. 00000000
ALT : 0. 00000000 A17 : 0. 00000000
AlB : 0. 00000000 Al18 : 0. 00000000
A19 : 0. 00000000 Al9 = 0. 00000VO0
AZ0 : 0.00000000 A20 : 0. 00000000
Asph 2, 5/ 4 Ao & )
f s /o
‘ 5. Guarantee of Precision
| World-class Level Quality Assurance I ‘ Impact on the Earth’s Environment I

Global Standard of Length
633 nm iodine-stabilized laser

l Spherical
surface

Block-gauge

imerferomelter

1 Frequency measurement
based on the beat frequency J |

‘ Standard block gauge ‘ \\/’

Measurement by a microcator . -
Aspherical j:;’}
surface

Diameter of the Wavelength of 633
Reference sphere nm iodine-
Shached o BASE siabieet asee Reduction to a tenth or less of the

built-in UﬂaP

metal, glass, plastic materials and
energy consumption

::t:::::;r: exis) Measurement for X
Y- and Z-axes

Ultrahigh Accurate 3-D Profilometer UA3P

Trriisiaaaiiiiiasssiiaassiiiiaiaaiisassaissasaiiiaaas

Traceability System for UA3P
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6. Accomplishment

100
90
80
70 —i O Electronic compenent
B0 S duct
50 O Semiconductor
40
® Optical communi-
30 cation
20
@ Aspherics
10 &
o

1999 2000 2001

2002 2003

Change of the Number of UA3P 3-D Profilometer Units Supplied (cumulative total)

B Technical Announcement
(1) Presentations at academic
conferences, lectures :

30 times
(2) Publication of research papers :
20 times

B Awards

(1) 1989 Ohkouchi Prize: “Development and industrialization of aspheric lens”
(2) 1990 Machine Design Award: “Ultrahigh Accurate 3-D Profilometer”

(3) 1991 Ichimura Industrial Prize: “Aspheric formed glass lens”

(4)2002 34" Ichimura Industrial Prize:"Ultrahigh Accurate 3-D Profilometer”
(5)2002
(6)2002

451 Major ten new products prize
1t Nano-tech prize

| Newspaper/Magazine article: 8 I

M2001 This technology, used for our DVD recorder, contributed to the

winning of the Nikkei Prize.

7. Closure ‘

What Realized Are/To Be Realized by UA3P I

In the daily life
of a couple.....

Film camera

UA3P serves you in your daily life. ‘

A‘ display
Projection TV set4 5
(aspheric lens)

AGATS

A e ;
T
2 =
R
DVD recorde;
game

| DVD -
£ player
machiffE g Bifocals =

Home server (a few yt;ars later* -~
(Built-in HD, DVD-RAM) S
DVD-ROM,

EIIEgﬂ:EU

]DVD car navi
s

MD player
Camcorder 2y

] .-,!7 )
.&Pﬁ' Digital camera
\_ .

Notebook PC with
a built-in DVD-
ROM drive

% PDA
" (Optical m&guide for !{Dl

with a built-in

—4 At the workplacey

camera

| 5= 1 ﬂfﬂnﬂ%phone

ps
UA3P Monitering
- camera

Projector

i Digital

— Laser printer copier
DVD-RA X *-r_-ﬂﬁ || =3l

drive § =._:L

-Portable TV phon

35




g - 1\ o
it = JIMTOF 2004 33+ & fe B
.8 =, ..
- West'Flall 4 “Diamond tools
JIMTOF2004 Site Ma
P i =) d rindirsy wheels and abrasives
East Hall1 - 8, West Halll & 2, and Atrium are on the 1st floor. ) e N
West Hall 2 & 4 are on the 4th floor. ) ]|:|'|h;;-'lrc l"lglq":tl"a:h' '}h”*elk'l'
L J atlc = sl lnt=1g")
Gear and Gear devices ~ Machine tools
1 L L= = Ll

Testing machinery £4c:-:es-~5|0r|es

R I

_[._.-F_:-tl-:al measuring ) Rooftop Exhibition

instruments Area

I
Precision measuring i]
machines and instrumet# e__
‘ West Hall 3
© = Busstop ™ O
N - D = B - D
H|-4|| E )-—-t—l| " Machine tools
w stes| Tools O accessories
East Hall 3  East Hall 2 East Hall 1 West Hall 1 [:,ig#%;_1 -] WestHali2
Elerwyer'.t.eci E
carbide
Metal cutting Metal forming n.'l't:nols

Machine Tools Machine Tools

Entrance Gat

Registration counter Business Center —

. On-site registration counter
Information

Metal cutting
Machine Teols

Marine Transport

-
East Hall 5

International
Information Center

East Hall 6 East Hall 4

Yurikamome

€@
TFT Bldg

Kokusaitenjijo Station
of Rinkai Line

N \Wﬁ% ﬂr

Ariake Washington Haotel




it e Sony &P § atkF = BS78

LASERSCALEwm

Scale Unit

BS78

Interpolator

B D9 5-T11.12. 3.14.15.16

SONY

Compact LASERSCALE with a zero peint boosting a resolution of 0.14nm
Capable of high accuracy and high speed measuring
supporting the next generation semiconductor design rule.

B

BD95-
T13.14.15.16

Scale unit BS78 Interpolator BD95-111.12.13.14.15.16

High-resolution scale with signal wavelength of 0.137% pm [ A single-chip IC and newly designed circuitry ]
that out-performs light wave interferometer systems [ High resolution: 0.14nm ]
High stability that is not affected by humidity, [ High response speed: 400mmi's ]
air pressure, and air disturbances [ DC offset, gain, phase automatic conditioning ]
[ AB quadrature output (T13, T14, T15, T16) ]
Half in volume with zero point comparing to previous model 32 bit binary cutput with clock synchronized (T11)
Zero point accuracy £ 0.1pm 32 bit binary output by data request input (T12, T14, T18)

Complete non-contact design
Return error is theoretically eliminated

Measuring length: 40 to 420mm covered by 3 models [RI-RS)

Mewly designed oplics used in zero point ]
10 to 420mm covered by 10 models [-N/-NS) ]

9. BB

] Thasm produch afe menulsciues? el our iseherm Ment

Please consult our sales for vacuum envirenment application
and / or magnetism free application.

St b ot el £ (S000CT Cua ity Marmgesnt Seam
ardd 15014201 Ensronmeniel Wenegemen! Sysiem

(
[ Accuracy: + 0.04um or better (for a measuring of 40 mm.)

“Desighs and AIEOATESoS are Sobject 1o Changs wihoul Dror notica.

Sony Precision Technology Inc.
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gl THRERSFESSRRERAERTD R

General presentation

Machining by Aspheric Generator

1. Ultra-precision Machining
1-1 Ulira -Precision Machining
1-2 Machining
1-3 Aspheric Generator
1-4 Tool
2. Ultra-Precision Machining Example
3-1 Aspheric Lens
3-2 Slant Spindle Grinding
3-3 Cylinder Lens Array (Grinding)
3-4 Cylinder Lens Array (Cutting)

TOSHIEA MACHINE M. Katsuki 1

Glass Molding-Core Machining Solution

s+ Ultra-Precision Machining Technology indispensable to Core Manufacturing

Glass Material f> Pl"'lfi_s’f'- Glass Moidi_ng

Glass Molding |f1> Glass Molding - | [Ultra-Precision

Technology Press Machine _* Mold *
..\Ieasuriug . L . L'It:l:a-Precis;iun L .\Iachiﬁing
Technology & % - | Machine Toaol - Technology
:  Toshiba Machine Molding | . AN
i i f@_, Measuring
= . &- § Technology
' -_—
.
LT ,5— 2
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- Ultra-Precision Machining ??

eeer. Sub-Micron Machining

Machining et Form accuracy 0.1um for 10mm dia.
N lens core is equivalent to mowing and
Example arranging grass in a baseball field

—L— within 2mm.
— It is impossible for me!!

-Work Piece: Matenial Tungsten Carbide

-Machining Conditions:
Rotational Speed of Grinding Wheel: 32000 rpm
Fotational Speed of Work Piece: 800 rpm
Feed Rate: 1 mm/min
Infeed: 0.5 um
Grinding Wheel: SD2500 15 mm diameter
Coolant: Chemical Solution Type

-Grindmng Machine: ULG-100A(HC)

-Form Accuracy: 0.084 um

Accuracy of Automobile Engine Parts: 10 um order-

4—1
Ultra-Precision Machining

... Needs and History ...

a. Needsin U.S.A & an
- Military, the Universe and Energy rop
- Beginning: the 1960s
- LODTM: the 1980s
Diamond turning for large diameter reflector
... Full scale opening of ultra-precision machining

* In ancient time, ruling engine from the 1880s
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4—1

b. Needs in Japan

- Private demands
Full scale opening in the 1980s (commercial base)

example:
polygon mirror, Copier dram, Magnetic head

~*+

Molds for aspheric lens, f- 0 lens
Optical, electronic, LCD parts (IT relation)

4—1
History of Precision Machine Division

Short History /
In Machine tool sroup division . Precision Machind divisio

Precision machining Precision machining | Precision machi
Center development deprtment division

'éT Magneti As i
] hea ; _ .
= Ultra-Precision Machine
o3
g - ' 85 ‘91 _ 03
'E T &= i 98
2
:Q' A
& 4 Precision Glass Molding Machine starts

Precision Mold department

Application Products of
aerostatic bearing starts

Staff increasing, factory expansion
under the prediction of demand inc:;ease

Starting of aerostatic
bearing spindle
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Ultra-Precision Machining ... Molding ... Parts

Material

- Tungsten Carbide
- Non-electrolysis Ni
- Non-oxygen Cu

- Ceramic

- Plastic

- Germaninm

- Glass

N

Ultra-Precision

Machine

Grinding with Diamond Wheel
Machining with Diamond Tool

Polishing |:

o~

Ultra-Precision

Injection
Machine

{1t

Glass molding

Machine

- Brittle material
Ceramic
Silicon
Glass

-Stainless steel

- Hardened steel

-Aluminum

Optical. IT relation Parts

High Speed
Cutting Machine

Form Machining

High Speed
Cutting Machine

Fine hole machining

41

Coating Machine
Small Size Product: P’
Forming Impossible Parts
Injection £
Machine =
=1
2
m Glass molding Ly, | =
Machine g
B
. = A=
Die Cast | =
B
Machine o
h. o
Hizh Precision Machining :
g




Structure and feature of ULG

Work Spindle Grinding Spindle
(Aerostatic) . (Aerostatic)

Feature

a. Aerostatic Bearing
Spindle developed by

Toshiba Machine

V-VRoller b High rigidity and high
Guide-way Stability

c. Compact and space
saving

d. 1 nm Resolution

Machine Features
Toshiba Machine ULG Series

The ULG series is used to turn and grind aspheric
surface lenses and mold core.

Glass and Plastic Lenses Mold Core
(Tungsten Carbide, Ceramic,
Non-Electrolysis Ni, ete,) 10
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Machine Features
Toshiba Machine ULG Series

1. Aerostatic Bearing Spindle

processed with Toshiba machine

*High Speed Max. 40,000 min!
(32 mm diameter)

*High Precision SPAM 0.05uym

*High Rigidity Stiffness 80 N/ ym

(80 mm diameter)
*Low Heat Generation

2. High Rigid Machine Construction I

*Cast Iron, Box-tyvpe Bed
*V-V Roller Guide-Way

High Precision and Stability

Machine Features
Toshiba Machine ULG Series

3. Compact

*Installation Space- 500 1900
and Running Cost Saving é?’i i
o uLG
Goolant, ||
=~ Unit __H_
4. Feedback and CNC System L i i «_§;
* Optical Scale Feedback

Gontrol Panel]
*CNC of Fanuc Series |

Service Network Over the World

5. NC Data Generating and ™™

Compensation Program Floor Space for Model ULG-100C
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Core Grinding

Grinding Portion

Core

Work Piece

44

Grinding Portion

13

14
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H35

Aspheric Generator ULG series

Ultra-Precision Aspheric Generator (Turning / Grinding)
: !
Y
_f"__;_ e ;
L]
I .
=
I.:;. * "I > '
Middle finish Grinding Finish grinding / turnind
machine 1.G-100B Machine ULG series

Features
- V-V roller guide-way (High stability)
- High rigidity aerostatic bearing spindle

- Compact and saving space

- High rigidity linear motor drive 15

Aerostatic Bearing Spindle

ﬂBGaEM Snincls apsed 40 D|| II'\.I\-
Specifications .
i Features of Aerostatic
Item ABC-32M
Radial Bearing Dia. 32 mm Bearing Spindle
Thrust Bearing Dia. & 56 mm
Stiffness Radial 10N fum < . R
S T a. High Accuracy
Load Capacity Radial 180N b. Hich SI)EE[I
Aoial 300N = ’ :
Speed Ranga 3 000~40 000 min~' Low Heat Generation
Runout (SPAM) 0.02um .
Haorse Power Twe £ a0 000D min™ C. ]_.Ollg Lle
Drive System AC Bervo Molor

d. Saving Energy 16
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Linear Motor Drive
Special
Absorber

Coil Table

Magnet V-V Roller Guide-way Ball Screw
Opposite Mounted Linear Ball Screw Drive by
Motor Drive (with Core) AC servo Motor

17
4— 3
Straightness with V-V Roller Guide-way
|
0.20 ULG-L00A(H)  Straightness N0.175696 Straightness

X-axis {07-23-1998 09:11:11) measured with

Auto-collimator

0,20 | = YawING  YAWING _PITCHING
. Max imum | pm) Maximum( pm)
-+~ PITCHING| 0.00 0.01
KO Minimum| pm) Minimum( pm)
-0.08 -0.07
| l
Small Undulation
™ P Y B R ——  Measured with Capacitance
T T T T LT T e T T T type Displacement sensor
J_'{mm_ || [P rrrd ‘ |

18
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Rigidity of V-V Roller Guide-way
W 3,000N/um

1,500&41.1-.’ - A0 m N :

10 times rigidity of hydrostatic
bearing guide-way

E

nm Step Feed

leasured with Capacitance
rL--' tvpe Displacement sensor

19

Example by Step Infeed Turning

Machining by CNC programming
with each § nm step command

R 300 mm

Z axis position
F 3 \

1

1

Sharp step view

Radial position (X axis) 5 Sitii
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Linear Motor

Ball screw Drive

Solution of Quadrant Transition Error
Reduction of Higher Harmonic Wave

N /
e [ %
S| odpm/ 1di _oipm/di
R10mm F 4 mm/min R1l0imm F 50 mm/min

X-Z table circular contouring motion error ( Position from each scaled!
TDSHEA MACTEIMNE

Scraping

48



6—1

Aspheric Lens mold Core Machining Example (1)

Core

Grinding Conditions

* Aspherc genarator

* Work

= Grinding wheel

+ Work rotabonal speed

Tashiba Machine  ULG-100C{HY)
Aspharic lens mold core
CB2500E diameter 18.2 mm
&00 min™!

- Wheel rotational spesd 26 000 min™'
{peripheral 1 800 mm/min}
* Feed rats [Infeed] Semi finish © 10 mmdmin [2 om]
Fimish 2 Smmimin [1 pm]
Asphel'ic FDI‘I]'IUL‘! * Process coolant Solubon type
2
2z ————— x4+ .53.12 e +awxw
FI+|.I'F{Z- f1+k) - F
A =19.60000000 ag= -262780000x10"2
K = -0.32270000 ag= (0.00000000
a, = 0.00000000x107 dyg= 0.00000000
a = 0.00000000x10°7 gy = 0.00000000
@y = 0.00000000x10° dsp = 0.00000000
ag = -3.81670000x1 04 @y = 0.0000D000
ag = 0.00000000x10°7 ay4 = 0.00000D000
ag = -4 B5640000x10°? a4 = 0.0000DQ00 23
ay = 0.00000000x10° 8= 0.00000000
6—1
i ]
Aspheric Contour
30
Aspheric E - R=196 ~
P £ 20
Contour . = Asphere
& 0 M
N
05
0o : A . . . . . . .
] 1 2 3 4 5 [ 7 A 9 10
X axis mm
40
25
gdN —
Curvature £ gg e
Radius £ |
o
=g 10
5
0 1 2 3 4 § 6 T 8 g 10
Xaxis mm 24
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Compensation of Core Grinding

C Optical Design )

il
r

Core machining

s New NC Program
Generating
b

Measuring

Error measured is put on
the original NC program

Error < Target

( Next Process )
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6—1

Compensation System Off Machine Measuring

CNC

Controller

For Smaller Work Piece

iz EEEE

{} Per

Co
w
eefEEEEEY e
. - NC data generation software
Meas - Coefficients of aspheric curve
- Compensation software

2

Measuring Instrument

- LTS £/ ) FF L, B
I | =] |  same=smare uasrs emcar sesors
Iyl =1 Widows B0 2 — T, MR ETE TR, LG,
ERREAE < TR RT T, R

Litrahigh Arcurate 3-[0 Prosiometer

| #RRSWEO.OI.mTHRENE | **°

L LT

| ®mAwisi60m, BX#EE400mm | n

ATEST0-F RN A O P NS EERELEY.

[ mozvmaL L
| o e ;
v

C A L—FTFHHRERINTR GPIVU-X
Y=p0=3F FaF

LIS TR

R B SR

Tr=LPUT=20U=1(53~56|

28
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Accuracy Change

2 Grinding

P o P—\ -EJ.EEB»H m

3" Grinding 4% Grinding
E thoprn it aw - e e T therteri P R PR
.50 i ; ] i
!
i e ey
b ! o)
s
7l
|';:::I
H - Ty
Bl
" P-V 04 m .

Grinding
Spindle

| |Grinding
| Spindle

Wheel Wheel
Core
Large radius of curvature Small radius of curvature
(Comparatively small aperture) (Comparatively large aperture)
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6—2
Grinding with Slant Spindle

H.ig]:l speed Air Spindle

in-1)

Grinding small aperture lens mold

31

Grinding with Slant Spindle

Example
“ }  Grinding condition
‘5- § 3 - Work piece: Tungsten carbide
I 1 '_,;,_'?_ - Profile: Aspheric, concave
'B 0. Y
- Grinding conditions:
Y

Grinding machine:ULG-50A (Toshiba M.)
Wheel rotational speed 65000 min-1
Work rotational speed 250 min-1
Feed rate 0.02 mm/min
Final depth of grinding 1.0 pm
Grinding wheel SD 800 ¢ 0.4 mm

Type of coolant Chemical solution

32
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6—2
Grinding with Slant Spindle

Accuracy Change

2 grindin
‘ 1=t grinding ‘ - . e
(1** compensation)
H- flilBl‘i‘ FL = dealie e -
Iz - irigh ek ke g I e i b A TE
b vl H - b BT BT W :
75 - Doz lude —'_"‘""'—' 15 - Bxclude
f-t B - Llewe
e M un
\ I“.
-
RS P 4\& ,»/I‘W’
~imq \k\\/ . - B un
= 0% m el e e ——————————3
Feak 1o Wlleg = 507w Peak oRulley = M
[IHE: i3 @ THE: K: 5
WIT: -8 | - R - 1 Bl
PV:0587um )  PV:0.91pm [
33
6—2
3rd grinding
(2*! compensation)
= e dimin
ﬁ?uh' [ Foeueeaz Eegth | l-nmul Im'i'l TarHaokel
11 - ol okl _| T 1.,.% n,l'ﬂ.". la;& g;::d lmg; Eg-:il
f - bl S T iy
-t i % : i — o : |
Fa - 2 large i
Mim

Ao bl ] |
ML

Feak Te lelley = 1w

TIME: H:5%
Wi 12-AM- ) =k

|:> P-V : 0.103 m Surface roughness
Ra 0.0074 pum

34
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