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SURFACE AND SPECKLE

most surfaces of abjects are optically rough;
seughness is sasential for many spplications

SURFACE STRUCTURE b“ﬂy.m&hmtrqlmygggoplical

. toughness measurement.
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SURFACE AND SPECKLS
SURFACE DESCRIPTION
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LIGHT ON ROUGH SURFACES i
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OPTICAL MEASURING METHODS

SURFACE ANALYSIS

Superposition of all coatributions in P
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Development of speckle cootrast C, fully coherent light

Light on rough surfaces
Dependence of coheremes: |
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White light speckle contrast (K.Leonharat anid H.J. Tiziani
Optica Acta 29 (1982) 493-499.)
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Surface description
x small: distinct speckle pattern
- xp large: scattered light Indicatrix
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Optical methods of measuring rough surfaces
Scattering by evaluation f the radius of gyration {Rodenstock RM 400)

Sy = const E(xj = %)% 13
I, = intensity on the i th diode
x; = distance of the i th diods fram center

X = distance of the center of gravity

in reality
SN SN-‘(chl'.l"‘)
applications:
comitel of Baish process
g - is mass-produstion
0,025 1ym &  (compatative velue)
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at Az 600nm
Ih < 20 nm
application : polished
and superpolisched surfaces
in reality TIS = (2, w,..)
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Wavelengths :618.6 nm / 550 nm
No. of values 64 x 64 SI-PLATE! ELECTRON-BEAM LITHOGRAPHY
measured height :150 mm w=l )JM s He0.15 PM
Institut, fiir Rough surface K.Leonhardt

Technische Optik

2 wavelengths method | S. Al Fakir




Deep-drawing steel surface

with oll film supporting structure

LEITE 4704

Surface Analysis
200 pam

- 3-D Topography on a
2D scanning raster

¥ End milled surface,
grooves in form of

CIOsSing arce

{(w, <D)

num. sperture
NA =D/(2t)
lateral res. is
a function of

" K Ve D/WF

' -—J pel Aperture ratio
’ Wr " Ne o AV
L - | PXiat IHE

'M. = P(x) * b({x) + nolse
with P(x) polat spread function of the measuring system

2DFFT -
by)—  B(t,f,)

h(fx,fy) . Pinv(fx'fy) = hdec(fx'fy)
" inv2DFFT .
i hflec(fx'fy) Bgec(x,y)
with Pinv erse(fx’fy) =1/ P(fx,fy) for P real and symmetric

if noise cannot be neclected: Wisner filter.



Prabile height transfer function

Profile height transfer function P(fx)

of the ITO Stuttgart heterodyne profilometer (theoretical curves)
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A = 633nm
. W\ : num. aperture
\\ NA = 095
0.4 — \
\ VN diffraction
0 \ Hmited
. \ arge wen
z
\-"Vo'k
toes spatial frequency W g5
“Aperture ratio V = D/wy | wg beam waist
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for convolution: )
P . vaa" (fx.fy) for [fxl,|fy| <‘2 ENy"fg
Invers 0 otherwise

" detrended”

topography
a plane,

sense is
substracted

best fitted in
the mean square
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Autocorrelation and spectral representation

of the suface
Spectral analysis: comparing results of different measuring
techniques
modelling typical spectra
understanding the Anishing process
(vibrations)
" E 2DFPT
.Y )do conv. y ' h(fx'fy) random
random truncated
truscated not very
usefufl
Correlation Ihlz
+* 4 .
2D
Cremy) ZDEFT (L)
Averaging Averagimg
i ]
2DFF <
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Estimate of the Esiimate of the
Correlation function Power spectral
Censity
Cor,,7)
2 X = r( Tx’ Ly )
Cy( 0, 0) y
Autocorrelation



Power spectal density - schematic representation
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Power spectral density *',l,)

spatial frequency

_finding and measuring wéak periadicities { direction .
. (magaitude)
o yeipple merks
waviness
- on optical surfaces: high spatial frequencies contribute to
straylight

low spatial frequencies contribute to
wavefront deformations (aberrations).

[ntensity in the Fourier plane:
for gy, < A/ZO l(fx,fy) = const - S’(fx,fy)
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Autocovariance fusetion or

Correlation function €y(7, r,)

even function with

Ary= 07, =0) = 7 = R: - () = max. ol C;
periodic components appear with thelr original period

Va =Way Wax

'V‘ - Vamax with the scan—raster oriented exactly perpendicalar

and parallel to the lay of the structure
V, max : measure of anisotropy.







