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Motivation

» NPMM features a measuring
Bl volume of 25 x 25 x 5 mm3 with a
(stationary) ,
resolution of 0.1 nm

Y-interferometer X-interferometer

mmm) Advantages for white light
interferometry

v" Low positioning noise

v’ Large perpendicular pass trough
range with 5 mm

v’ Stitching of adjacent single

il measuring results to a common
Basic solid large height map

Mirror corner
{(movable)

Z-interferometer

Basic set-up of the NPMM according to the
comparator principle of Abbe
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Measurement setup

» White light interferometry sensor
« Tube from a focus sensor coupled with a Mireau-interference objective
* 14-bit monochromatic CCD camera (FireWire 1394b, up to 30 fps)
« Halogen light source

» NPMM is placed on an oscillation-damping system

» Acoustic hood
CCD Camera

Tubus lens

Condensor lens

Beam
splitter

White light source

Objective lens

Mirau interferometer
Sample
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Principles of scanning white light interferometry
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Principles of scanning white light interferometry
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step size 77 nm

>

Principles of scanning white light interferometry
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Principles of scanning white light interferometry
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step size 77 nm

Principles of scanning white light interferometry
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step size 77 nm
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Principles of scanning white light interferometry
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Principles of scanning white light interferometry

Camera
1388x1038
pixel

Real camera
image

White Light
Interferometer

» Z-scan with determination of
zero optical path difference
per pixel

» Parallel measurement of
1.44 million data points

(pixel)

[~ -300.0
--200.0

~100.0

Zpm]

3d estimation of the
ring structure
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Interferogram analysis methods = ILMENAU
» Envelope evaluation » Phase evaluation

« Suitable for rough and smooth « Suitable for smooth surfaces
surfaces « Phase shift determination by fast

» Envelope extraction by Matched Bucket methods (such as Carré) or
Filters, Hilbert-Transformation, fast more precise Fourier analysis
Bucket methods, et al « Allocation of fringe order by

« Approximation of the envelopes envelope evaluation or spatial
peak position by Gaussian or phase unwrapping

parabola fit, iterative gradient-based

eak search, et al
P A

nomalized Intensity Im

5 10 15 20 25
Height z [Frameindex]
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Comparison of the results of measuring a PTB layer thickness standard:
» Sampling step width in perpendicular direction: dz =77 nm

» Given step height (ISO 5436-1) of section R1: Hy, = 69.1 nm £ 1.2 nm

Envelope evaluation: Phase evaluation:
Hrin=30 =69.11nm £0.19 nm Hrin=30 =69.26 nm £0.04 nm

O-(HR1,N=30) = 0-51 nnm O-(HR1,N=30) = 0-11 nm

Z[nm]
60.0,
40.0,

20.0|
0.0|

500



_ TECHNISCHE UNIVERSITAT
Measurmg |arge areas ILMENAU

» Perpendicular orientation » Lateral orientation
« Skipping of height-steps with » topography independent
high speed, where no fringes stitching of adjacent measuring
occurring areas
» Definition of multiple pass- « orientation and pixel scaling of
through ranges per measuring the camera according to the
area machine coordinate system has

to be dletermined;' ;

¥ ________________________________________ Area 1 Area 2 Area 3

EESCENCEITESTESTE ST ST
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shortcuts:

M - machine coordinate system

S - sensor coordinate system I
Dist - distance vector Tswm (a priori)
I - affine transformation matrix I

line
parameters

grid on calibration target
(line spacing 50um)

ll=llll=. dr
dx, tl
mEmEEE dy .
== . dxM\
EEEEEE Dist, = —Lsm
-y
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Az tilted sensor
/ array
F .| | |
Y ¥ ¥\ height
_ _ -offset
<« — — first measuring area- — — »

-—

+ -second measuring area— —

object surface overl

?

ap
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Exemplary results

» Ring structures
« Stitching of 3 x 2 regions
g (1.79 mm x 1.20 mm)
| Y /4 / ' T TN TS « two pass-through ranges at
10.0 [ / ;
' LY - each single region

0.8

Z-range: 23.98 pm

©

0
X-range: 1.79 mm

0.601

0.0
K[mm]

-0.2

0

Y-range: 1.20 mm

0.601

-0.895 0.895
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» Software package VIP (Visual Image Processing) —Toolkit from
v" Rapid prototyping of image processing solutions
v Includes large and extensible algorithm libraries
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v" Graphical pipeline editor
v' Graphical user interface

wZbs

z-Range [mm]
lower bound
Lockf Unlock

L o
upper bound
Lockf Unlock

L 5
z-Stepwidth [nm]
Frame count

64936

Moving

false

' x-Position [mm] y-Position [mm] z-Position [mm]

Z-Koodinate [mm]

IMoveToPointDynamic extrahieren
Starte Messung Positoniersr g ER et localhosti 0
Ioeal : localhost 1 enbes Comrol  MTPy
“=  Trigger | s e NYPaam  WVDuPaam = o yamic =gy
1 | ExeclntemCmds  Cmd dane — — e —
. L abont Pasition — ,_'
— | Sethinz Aborted —
ron Cond 1
| White light interferometry for itioning and ing machines |
s schleifen i
Hoehendsten xtrahieren
Calibration  MoveToPoint s lacalhast 12
Supervised positioning - Settings - 3d Heightdata -

Bildeingang  HeightDiata —g=

mas. Bildanzahl
L_f Bidinformationen
=

FiF e Messuring Pic
localhosti 0
L Input

A Fecet

Output

Gruppe Bildeinzug
ocalhost #0 (Dauer: 0 ms]
2 t L Start .
Trigger s bl Stop Measuring Pic

Feset Shit Fic
CalibPic

EnTrigParam
LiveCaptParam

und Ei 1l \d

[ 10.7461651649] I

11.565135602] [ 2.45525635122|

Measuring Regions
Stitch CamCoord X
left border: El right border: E
< Add/Select left Add/Select right ->
b ] b g I current index:El
<R left | R right-> |

- Stitch CamCoord Y
upper border: El lower border: El
<- Add{Select UDDCIi Add/Select lower 7)]

<- Remove upper ]

Remove lower -> ]

Control -Measuring progress

Start Measurement ‘ Abort ‘

current index:El

geny i ".Desklup\leslisil]l7milendkunllulle.hcrl| -

2d view ] Select Filename Save 3d Data ]

. Z- Passtrough Ranges

Cam Stopsammier

localhost # 0
% = - L Control Output —o
count: El current |ndex.E| | iopier
<- previous I next -> J — Input2
Remove current — Inpur 3
< Insert before I Insert after > 1 — Input 4

~Calculation progress
Threadl

Thread2
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» Development of a white light interferometry application for the NPMM
v' Based on a focus sensor measurement setup
v Precise height extraction by envelope or phase evaluation
v Skipping of large height differences by jumping to multiple defined pass-
through ranges
v’ Stitching of adjacent measuring regions independent of topography

» Determination of sensors orientation and scaling in advance by a
measuring procedure

» Correction of sensors tilt needs only a small overlap
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» Redesign of the measurement head
v' Zerodur base plate with sensor insertion apparatus
v' Sensor set-up made of Invar for inserting into the base plate

v" More high-grade compact microscope tube with higher magnification
v Set-up for manual sensor aligning
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» This project is sponsored by the ministry of education and arts of the
Free State of Thuringia (Germany) under the sign B 514-06 007

» Thanks all those colleagues at the Technische Universitat IImenau and
the ZBS limenau e. V., who have contributed to these developments

Thank you very much for your attention!
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