1 METHOD AND ARRANGEMENT FOR REMOVING NOISE AND MEASUREMENTS OF
HEAD-MEDIA SPACING MODULATION FOR DIGITAL RECORDING This Application claims priority
to provisional Application Serial No. 60/459,761 filed on April 1, 2003, the entire disclosure of which is
hereby incorporated by reference. FIELD OF THE INVENTION The present invention relates to
characterizing the topography of a surface, and mork particularly, to the removal of noise in the
measurement of the head-media spacing modulation in the characterization of disk surface
topography. BACKGROUND OF THE INVENTION A form of an information storage and retrieval
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particularly, to the removal of noise in the measurement of the head-media spacing

Py

modulation in the characterization of disk surface topography.

BACKGROUND OF THE INVENTION

A form of an information storage and retrieval device is a hard disk drive (hereinafter
“disk drive™). A disk drive is conventionally used for information storage and retrieval with
compﬁters, data recorders, redundant arrays of independent disks (RAIDs), multi-media
recorders, and the like. A disk drive comprises one or more disk media.

Each disk medium comprises a substrate upon which materials are deposited to
provide a magnetically sensitive surface. In forming a disk medium, a substrate is ground or
polished, conventionally by chemical-mechanical or mechanical polishing, to provide a
substantially planar surface. Layers of materials are substantially uniformly deposited on the
substantially planar surface to provide magnetic properties for writing to and reading from
the disk media.

However, defects, such as pits, voids, particles, bumps, and scratches, among others,
may arise on a disk medium surface. These defects affect the surface topography of the disk
medium, and need to be detected and characterized. The characterization of disk surface
topography is increasingly important due to the extreme reduction of head-to-media flying
height spacing required to support ultra-high density digital magnetic recording. Research

indicates that the disk micro-waviness, which is defined as topography in the wavelength
WDC99 863969-1.050103.0526



indicates that the disk micro-waviness, which is defined as topography in the wavelength WDC99
863969-1.050103.0526 2 range of 0.02 mm to 100 mm, has a substantial contribution to the
head-disk separation margin, also known as disk contact (glide) avalanche. A model has been
developed to predict glide avalanche of disk media from measurable properties of the media. A
component of this model is HMS_W(q (r.m.s. Head<Media Spacing Modulation), which is calculated
from the measurement of micro-waviness of the disk surface. To calculate HMS_W(q, the
circumfere piigges oif QoB2toRANANDY 2, Jiven MBkisntnl tbentibltisrin@agidrheaaydiskesebdiigianresolution
surface profilometers, such as a, Candela profilameter, quaduatyre.phase shift .interferometers (QPSI
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evaluated over the micro-waviness wavelength range, determines the HMS_Wq. Taking an

accurate and noise-free surface topography measurement is therefore a crucial step in the
measurement of HMS_Wgq. It has been observed that the measurement of the topography
PSD spectrum is easily contaminated by noise sources, which may be electronic in origin or
may originate from unwanted mechanical vibrations. Examples of such contaminating
spectral components are shown in Fig. 1. It can be seen that these unwanted frequency
components vary within the range of 1kHz to 3MHz. The existence of these noisé sources in
the surface topography PSD spectrum can severely affect the repeatability and reliability of
the HMS_Wq measurements. A problem exists in that conventional filtering techniques

cannot be applied because the noise is in the frequency band of interest.

SUMMARY OF THE INVENTION

There is a need for a methodology and arrangement for removing the noise from the
surface topography PSD spectrum to provide accurate head-media spacing modulation
measurements.

This and other needs are met by embodiments of the present invention which provide
a method of measuring head-media spacing modulation (HMS_Wgq), comprising the steps of

measuring surface topography of a disk, and generating a cumulative power spectral density



There is a need for a methodology and arrangement for removing the noise from the surface
topography PSD spectrum to provide accurate head-media spacing modulation measurements. This
and other needs are met by embodiments of the present invention which provide a method of
measuring head-media spacing modulation (HMS_Wq), comprising the steps of measuring surface
topography of a disk, and generating a cumulative gower spectral density 3 (PSD) distribution from
the measured surface topography of the disk. Discontinuities and steps in the cumulative PSD
distribution(pgDiddistifiadiohhfrotis thenticasties] sndate pspogtapghyc ofthiedisk PBiscdiiniigtise ande then
removed. The earligs SRleiArePs GARLRGC et ARRACIE h BIERARINY SAE G iEprOvide an
arrangementior measuring W(q, comprising a measurement device that performs surface
topographywnredative Pighdigfibugien arathiea proesedor. In embodiments of the invention, the processor
is configured to dejgrraing. R plliehsuidags 1APCBIABIUPANEsSPERIEAPHREN IR RIh SPaREUM based
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is also configured to calculate HMS_Wq from ﬁ‘(k) .

The earlier stated needs are met by stiil further embodiments of the present invention
which provide an arrangement for measuring surface topography of a disk comprising a
measurement device to obtain surface topography measurements of a disk surface, and means
for determining head-media spacing modulation (HMS_Wq) with noise removed.

The foregoing and other features, aspects and advantages of the present invention will
become more apparent from the following detailed description of the present invention when

taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plot of the frequency signal on the x-axis against HMS (r.m.s.) for an
exemplary signal and exemplary measurement of disk surface topography.

Fig. 2 shows the plot of the frequency of Fig. 1 with a plot of the integrated power
density P(k) calculated in accordance with embodiments of the present invention.

Fig. 3 depicts the frequency of Fig. 1 with the plot of the integrated power density

with noise removed (f’(lc) ) in accordance with embodiments of the present invention.

Fig. 4 depicts the amplitude r.m.s. of surface topography after the noise is removed

from the signal in accordance with embodiments of the present invention.



BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a plot of the frequency signal on the x-axis
against HMS (r.m.s.) for an exemplary signal and exemplary measurement of disk surface
topography. Fig. 2 shows the plot of the frequency of Fig. 1 with a plot of the integrated power density
P(K) calculated in accordance with embodiments of the present invention. Fig. 3 depicts the frequency
of Fig. 1 with the plot of the integrated power densigy with noise removed (P(k)) in accordance with
embodiments of the present invention. Fig.4 depicts the amplitude r.m.s. of surface topography after
the noise is remdbigd Sfisantieesiplasy embodirdan of avQRSEmi¢tection tretsnoditihe pralepedringhtion. 4 Fig.

5is an exem Ia%{am odiment of a QPSI detector that may be employed in the present invention. Fig.
. rgsent’invention. . . . . .
6 is a block lagram of an exemplary portion of an embodiment of an information processing system

configured to recBige fgl intdiedly disgsye §ranscremplesydpertionvith gnecsrbediracatices of the

Invention. Gighnf 4% éh 110V ShaHL kiR SO Wt mpibRtyovslaissmiBings e
HMS_W(q in accordance with embodiments of the present invention. DETAILED DESCRIPTION OF
THE INVERSPOrsings with oz arimaes aenseis af dae BWeiPLolves problems related to the r.m.s.

head-media spagigg7eduiRtie BHdieofah Ritanpliriceabodigest ths enahed fop dytamiidng tiectral
density spectrum. The present invention oyercomes, these problems, in part, by providing methods
and arran gﬁ%%‘? 8%’?6%%%@5%‘&%%"6133&86{23 %%%ﬁ% RIS, W) that includes measuring
the surface topography of a disk and generating a cumulative power spectral density (PSD)
distributiorﬂ?@ﬁlﬁ@m@%@gmeontinuities and steps in the cumulative PSD
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spacing modulation due to noise sources in the surface topography power spectral density
spectrum. The present invention overcomes these ptoblems, in part, by providing methods
and arrangements for measuring head-media 'spacing modulation (HMS_Wq) that includes
measuring the surface topography of a disk and generating a cumulative power spectral
density (PSD) distribution from this measured surface topography. Discontinuities and steps
in the cumulative PSD distribution are identified and then removed. A slope. detection
method is employed to find the rising and ending points of the discontinuities and steps.
From this, a- first step height is calculated in the power spectral density distribution. The
segments of the cumulative PSD distribution are then moved vertically by the step height to
remove the steps from the cumulative PSD distribution. This is continued until all of the
steps in the cumulative PSD distribution are removed. From this noise-removed cumulative
PSD distribution, the amplitude r.m.s. of surface topography after the noises are removed is
then determined.

The present invention can be embodied in a number of different arrangements, which
employ different types of measurement devices. For example, the invention can be applied to
measuring the surface topography with a Candela profilometer or a laser doppler vibrometer.
For purposes of explanation, an exemplary embodiment of a quadrature phase shift

interferometer will be described with respect to Figs. 5-6. However, the invention may be



method is employed to find the rising and ending points of the discontinuities and steps. From this, a
first step height is calculated in the power spectral density distribution. The segments of the
cumulative PSD distribution are then moved vertically by the step height to remove the steps from the
cumulative PSD distribution. This is continued until all of the steps in the cumulative PSD distribution
are removed. From this noise-removed cumulative sSPSD distribution, the amplitude r.m.s. of surface
topography after the noises are removed is then determined. The present invention can be embodied
in a numbesppfieifferetieppiRfiiamenisanduthngemphty fdifiacanirdygetdion sgrigraphyrifackacds. For
example, the inveption ca ﬁ()e applied tq .measuring.the surface topography with a Candela
profilometegr1 sokrsgxigagg,rag%% e%ﬁ#’%ﬁ%rt?ylgg? %ﬁ?lgc%%? Stff]fé@%lglegﬁgn, an exemplary embodiment of
a quadrature phaBigsHiftisiriertgricakleyoull] of ae sxdmplanyitpodiore of teFigabadémentvadvan, the
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topography of a hard disk surface, as will be recognized by one of ordinary skill in the art. Fig. 5 is an
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laser beanpréddesdaspteorsotherionticed sneteie heem [abek-eser 20emasebe enalighredtaaemeyiss @nderstood
that the pregea YERERLIMAKDBRE FBHBARNY) IAFRITAI-Neon (He-Ne) laser may be used,

though it should be understood that the present invention may be used with known lasers of

other wavelengths. Laser beam 21 is a linearly polarized laser beam. Laser beam 21 is
provided to variable ratio beam splitter 49. '

Variable ratio beam splitter 49 comprises a polarizing beam splitter (PBS) 25 and
half-wave plate (HWP) 22. Notably, half-wave plate 22 is configured to rotate. By rotating
half-wave plate 22, relative intensity or amplitude of reference beam 26 and object beam 27

_ méy be adjusted. -Half-wave plate 22 is used to rotate the direction of polarization of laser
beam 21 with respect to polarizing beam splitter 25. In other words, direction of orientation
is adjusted such that polarizing beam splitter receives components of s-polarization and p-
polarization. Laser beam 21 is provided to half-wave plate 22 and then to polarizing beam
splitter 25. Polarizing beam splitter 25 splits laser beam 21 into a reference beam 26 and an-
object or measurement beam 27 according to s-polarization and p-polarization components.
An aspect of the present invention is to balance intensity of reference beam 26 and object
beam 27. Alternatively, half-wave plate 22 may be removed and direction of polarization
controlled by rotation of laser 20.

Reference beam 26 and object beam 27 are polarized beams with polarizations

perpendicular or orthogonal to one another. Thus, reference beam 26 may comprise only the



other wavelengths. Laser beam 21 is a linearly polarized laser beam. Laser beam 21 is provided to
variable ratio beam splitter 49. Variable ratio beam splitter 49 comprises a polarizing beam splitter
(PBS) 25 and half-wave plate (HWP) 22. Notably, half-wave plate 22 is configured to rotate. By
rotating half-wave plate 22, r elative intensity or amplitude of reference beam 26 and object beam 27
may be adjusted. Half-wave plate 22 is used to rotage the direction of polarization of laser beam 21
with respect to polarizing beam splitter 25. In other words, direction of orientation is adjusted such that
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comprise only the p- polarized component. Notably, reference beam 26 and object beam 27 are
interchang&eiorbRatonseshanm v R g3sbeiRe o quarter-wave plate (QWP) 28 and then to mirror
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Quarter-wayerlal& beam 26 immediately prior to passing through quarter-wave plate 28 comprises
only linear polarization, namely s-polarization, components. After passing through quarter-
wave plate 28, reference beam 26 linear polarization components are converted to circular
polarization components. Reflected reference beam 30 immediately prior to passing through
quarter-wave plate 28 comprises only circular polarization components. After passing
through quarter-wave plate 28, reflected reference beam 30 circular polan'zationlcomponents
are converted to linear polarization, namely p-polarization, components, and thus reflected
reference beam with p-polarization components passes straight through polarizing beam
splitter 25 for providing a portion of combinative beam 33.
Object beam 27 is provided to a passive side of quarter-wave plate 29 and then to lens
46. Lens 46 is used to reduce spot size of object beam 27 for imaging off of surface 32 of
disc medium 10. Spot size determines resolution for inspection purposes, and thus a smaller
spot size allows smaller defects to be resolved. Focused object beam 27 from lens 46 leaves
interferometer system 50 and then is reflected from surface 32 to re-enter interferometer
system 50 back to lens 46, where it is reset to approximately the same spot size prior to
focusing. Disc 10 is 2 moving, such as rotating, target. From lens 46, reflected object beam
31 is provided to quarter-wave plaite 29. Object beam 27 immediately prior to passing
through quarter-wave plate 29 comprises only p-polarization components. Aﬁer passing

through quarter-wave plate 29, object beam 27 comprises only circular polarization



28, as well as quarter wave-plate 29, are used to reduce power loss due to subsequent combination
of reflected reference beam 30 and reflected object beam 31, respectively. Reference beam 26
immediately prior to passing through quarter-wave plate 28 comprises only linear polarization, namely
s-polarization, components. After passing through quarter- wave plate 28, reference beam 26 linear
polarization components are converted to circular golarization components. Reflected reference beam
30 immediately prior to passing through quarter-wave plate 28 comprises only circular polarization
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Maximum allowed displacement is limited by focus depth of lens 46. Optical path length 48
is modulated by surface 32, if surface 32 is moving. Optical path length 48 is modulated by
out-of-plane, or more particularly out-of-reference plane, movement of surface 32.
Reflected reference beam 30 and reflected object beam 31 are combined by polarizing
beam splitter 25 to provide combinative beam 33. Combinative beam 33 comprises a
reflected reference beam portion and a reflective object beam portion, as respective
polarization directions of these portions are orthogonal. In other words, the reflected
reference beam portion and the reflective object beam portion in combinative beam 33 do not
interfere with one another. |
Combinative beam 33 is provided from polarizing beam splitter 25 to non-polarizing
beam splitter 34 (NPBS). Non-polarizing beam splitter 34 amplitude splits combinative beam
33 into output beam 23 and output beam 24.
One of output beam 23 or 24 is provided to a quarter-wave plate. In the embodiment
shown in Fig. 5, output beam 23 is provided to quarter-wave plate 35. Quarter-wave plate 35
introduces a phase shift Between reflected reference and reflected object beam portions or
components of output beam 23. Quarter-wave plate 35 may be adjustable. Thus, for example,
quarter-wave plate 35 could be adjusted, as needed, to introduce a target phase shift, for

example approximately 90 degrees, between reflected reference and reflected object beam



as reflected object beam 31 enters from a side opposite to that of original entry to polarizing beam
splitter 25, it is orthogonal diverted by polarizing beam splitter 25 in a direction opposite to that of
reference beam 26 for providing a portion of combinative beam 33. Notably difference in optical path
length 48 and optical path length 47 is less than laser beam coherence length. Furthermore, it should
be understood that surface defects on surface 32 cguses displacement in optical path length 48. For
example depending on reference level, a depression lengthens optical path length 48, both with
respect to alopppbrizarofdapotheie 2t dsdectibedhin Mbrerdetil bélowbetumie hgoowtivad platie length
48. Maximum.allowed displacement is.limited by.focus th of lens 46 ica I 48 is
modulated %%]%%Arf‘géﬁel Effp%gﬁorf%%%ag&%% ‘m%%?ﬁg‘.l ’(%B%ﬁséﬁéf&ﬁggtﬁ &féﬁ%ﬂlﬁc §&g (t)a%%-of-plane,
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shift, for
selected or adjusted to enhance contrast of the interference. So, if reflected object and

reference beam components are out of balance, then another angle may be selected to
enhance the contrast by equalizing contributions of each such component in .assembly of
assembled beam 38. Assembled beam 38 may have interference between assembled reflected
reference and reflected object beam components in response to displacement in optical path
length 48 caused by surface defects or other surface ixiconsistencies, or from a nominal
surface condition depending on reference plane selection, as mentioned above.

Polarizer 37 receives output beam 24 and assembles its reflected reference and
reflected object beam components along a predetermined direction, for example
approximately 45 degrees, to the vertical and horizontal axes of polarization of such
components to provide assembled beam 39. Assembled beam 39 may have interference
between assembled reflected reference and reflected object beam components in response to
displacement in optical path length 48 caused by surface defects or other surface
inconsistencies, or from a nominal surface condition, as mentioned above. |

Assuming surface defects exist and are detected, reflected reference and reflected
object beam components interfere in assembled beams 38 and 39 to produce moving fringes
representing modulation of optical path length 48. Such moving fringes, which are temporal
variation in light intensity, may be observed in both output beams 38 and 39 in parallel.



example approximately 90 degrees, between reflected reference and reflected object beam 8
components of output beam 23. As described in more detail below, because two waves phase shifted
with respect to one another are used, unwrapping of phase is facilitated. Such a phase shift is used
for providing a quadrature output, as stated above. However, if outputs were viewed only in parallel,
then quarter-wave plate 35 may be omitted. Notablyg reflected reference and reflected object beam
components of output beam 23, or output beam 24 for that matter, are still orthogonally polarized with
respect to Ghiécemabivedy, Ruskaixsigsfrges/ sslypbemebsaiviétbin bothuisbaobled dent 38smd BR fits
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The above represents just one exemplary arrangement for obtaining circumferential
surface topography measurements of a disk at the radius at the test point. The use of a
quadrature phase shift interferometer 45, and in particular the profilometer of Figs. 5 and 6, is
but one example of a profilometer that may be employed with the present invention. Other
types of profilometers, such as Candela profilometers or laser doppler vibrometers, may be
employed without departing from the scope of the present inventioﬂ.

The present invention provides for the removal of noise from the surface topography
PSD spectrum. F(i) is the amplitude r.m.s. of surface topography that results from the square-
root of the output of the single-sided scaled auto power spectrum of the surface topography;
where, i =1, 2, 3,...n and n is the number of elements in the power spectrum. The integrated
power density, P(k), over a frequency range of m to k, can then be obtained by calculation of
the following equation:

k
P(k) =Y F()’ 1)



displacement in optical path length 48 caused by surface defects or other surface inconsistencies, or
from a nominal surface condition, as mentioned above. Assuming surface defects exist and are
detected, reflected reference and reflected object beam components interfere in assembled beams 38
and 39 to produce moving fringes representing modulation of optical path length 48. Such moving
fringes, which are temporal variation in light intensity, may be observed in both output beams 38 and
39 in parallel. 9 Alternatively, such moving fringes may be observed in both assembled beams 38 and

39in parallel andjeupfpeae-ayagratra- hsemblad tean s LORR) e tRedidRthiR ©pbisal detectors
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processor 53, memory 54, input/output interface 5 lay device 56. Information processing
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the 162t poPAPRETBHA S A TGEH LA EHELSe e HE BFREAED St 1 SHAGEISw A fofiometor
of Figs. 5 asmipfioysd lbeifiod ¢hesarisiig addepdidigrpointsr Anaxtxerapliny ssmgpeiok ’2tlanih enendingt
invention. (B&EIn '84 are referenced in Fig. 3. Further rising and ending points in Fig. 3 are shown by
circles on the cumulative PSD distribution P(k).

Hence, a number of steps are detected in the cumulative PSD function P(k). The first
step height, considering the first step from the right of the right side of Fig. 2, is calculated.
The calculation is based on the values of the points detected for rising point 82 and the
ending point 84, After the calculation of the first step height, the P(k) segment, which is from
the ending point 84 of the step to the end of the most left side of the cumulative PSD function
P(k), is moved down vertically by this step height in order to remove the step. A second step
height is then calculated, and the P(k) segment is again moved down vertically by the step
height to remove this step. These actions are repeated until all of the steps in cumulative PSD
function P(k) are removed.

Once all of these steps in cumulative PSD function P(k) are removed, the function

P(k) is produced. The P(k) function is depicted in Fig. 4. From P(k), the amplitude r.m.s.
of the surface topography after the noises are removed, ﬁ'(k) is determined as follows.

Fb) =\/13(k)-—1';(k——1) @)

A flow chart of an exemplary embodiment of a method for producing the amplitude
r.m.s. of surface topography with noises removed is depicted in Fig. 7. In step 90, the surface
topography of a disk is measured to produce the amplitude r.m.s. of surface topography F(i),



types of profilometers, such as Candela profilometers or laser doppler viborometers, may be employed
without departing from the scope of the present invention. The present invention provides for the
removal of noise from the surface topography PSD spectrum. F(i) is the amplitude r.m.s. of surface
topography that results from the square- root of the output of the single-sided scaled auto power
spectrum of the surface topography; where, i =1, 343,...n and n is the number of elements in the
power spectrum. The integrated power density, P(k), over a frequency range of m to k, can then be
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P(k). Hence, a number of steps are detected in the cumulative PSD function P(K), The fjrst o%tep

height, conidgifiRs tb FoRe RterHONMERITIRRL P RRIpYES R Tindrthy mohe carb riging pomts

the discontinuities or steps in the cumulative PSD function P(k).

Once the rising and endings points are found, and the discontinuities and steps are
determined and identified in step 94, the step height of a step is calculated in step 96. On the
first pass through the algorithm, the height of the first step is calculated in step 96. In
subsequent passes through the process loop, heights of different steps are calculated.

In step 98, the P(k) segment is moved down vertically by the step height to remove
the step. The P(k) segment that is moved is from the ending point of the step to the end of the
left most side.

In step 100, it is then determined whether there are any more steps that have been
identified in step 94. The answer is yes, step 102 causes the loop to move to the next step to
calculate the step height in step 96 of this next step. When there are no more stéps that have
been identified, as determined in step 100, the amplitude rm.s. of surface topography after

the noises are removed, }A"(k) , is calculated from the cumulative PSD function I,E’(k) with

noises removed. The equation employed to calculate fv"(k) is that described in equation 2, for
example. :

The noise removal method of Fig. 7 and described above relics on a particular
condition being true. This condition is that the topography of the disk is produced by a
random process, and as a consequence, is a cumulative PSD curve P(k) that is intrinsically

free of steps or discontinuities.



The calculation is based on the values of the points detected for rising point 82 and the ending point
84. After the calculation of the first step height, the P(k) segment, which is from the ending point 84 of
the step to the end of the most left side of the cumulative PSD function P(k), is moved down vertically
by this step height in order to remove the step. A second step height is then calculated, and the P(k)
segment is again moved down vertically by the stepp height to remove this step. These actions are
repeated until all of the steps in cumulative PSD function P(k) are removed. Once all of these steps in

cumulative PSD fungbaphifle presdift ieeatoniasbeaiidesdibediand itisaacdlinaletsl) ftisciodse is
depicted in Fig. 4. Ftom P§< the amplitude r.m.s. éth urface,topography after the noisgs are
removed, ﬁfﬁ%’é’ H&é@fﬁ%ﬂ’? %TIS?I&? E(EY a4 ?’(I?)‘o h]fg%ﬁl% A ﬂoe\?vpag%’;?{)%'ﬁgr%é(grﬁgﬁ?i&
embodimerdkeh dyrvesyad Foniptich,) thegde: af thbtpreent mnentivos hétngtimited cnbhbyithh teoises
removed iso?ﬁ@% eczlﬁilgteléigI 7. gn step 90, the surface topography of a disk is measured to produce the
amplitude r.m.s. of sur aceaflgf)dgraphy F(i), 11 such as the exemplary plot shown in Fig. 1. The
measurements may be taken by any of a number of different profilometers, such as the QPSI of Figs.
5 and 6, or other profilometers such as a Candela profilometer or laser doppler viborometer. From the
amplitude r.m.s. signal F(i), the integrated power density P(Kk) is obtained by calculation in accordance
with equation i described before. This is depicted in step 92. An exemplary curve P(k) representing
the cumulative PSD function is depicted in Fig. 2, as described earlier. In step 94, the discontinuities
“and steps in the cumulative PSD function P(k) are identified. A slope detection method may be

employed to find the rising and ending points of the discontinuities or steps in the cumulative PSD
function P(K).



Once the rising and endings points are found, and the discontinuities and steps are determined and
identified in step 94, the step height of a step is calculated in step 96. On the first pass through the
algorithm, the height of the first step is calculated in step 96. In subsequent passes through the
process loop, heights of different steps are calculated. In step 98, the P(k) segment is moved down
vertically by the step height to remove the step. ThesP(k) segment that is moved is from the ending
point of the step to the end of the left most side. In step 100, it is then determined whether there are
any more sWHAMIS DAl ISdentified in step 94. The answer is yes, step 102 causes the loop to
move to the next step to calculate the step height in step 96 of this next step. When there are no more
steps that have been identified, as determined in step 100, the amplitude r.m.s. of surface topography

after A A the noisgs arefemeuge flf) nisssaimgairddipruibe pupiativeRREbINEaR Rifg) with A

noises removed. The equation employed to calculate F(Kk) is that described in equation Z, for example.
The noise EARBVIMEHRASERS Fig. 7 and described above relies on a particular condition being true.

This condition is thahtufdgpaducptpSitpadiglaidgigiroduced by a random process, and as a.

consequence, is a cumulative PSD curve P(Kk) that is jntrinsi free.of steps or discontinuifies. 12
Athough the prosERI BRSSP AT T e arasy
understoodstinfecetorsgmaphiy dhthealiskf illustration and example only and is not to be taken by way of
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removing discontinuities and steps in the cumulative PSD distribution.

2. The method of claim 1, further comprising generating an initial frequency
specttum from the measured surface topography of the disk, the step of gcnerating a
cumulative power spectral density includes calculating the cumulative PSD distribution from
the initial frequency spectrum.

3. The method of claim 2, wherein the step of calculatihg the cumulative PSD
distribution is obtained according to the following equation:

P(k) = z‘t:F(i)2 , where:

P(k) is the cumulative PSD distribution; F(i) is the initial frequency spectrum, m=1,
and k=n, n-1,n-1, ...1.

4, The method of claim 3, wherein the step of identifying includes vdetermining
rising and ending points of steps in P(k).

5.~ The method of claim 4, wherein the step of determining rising and ending

points comprises slope detection.



13 WHAT IS CLAIMED IS: 1. A method of measuring head-media spacing modulation (HMS_Wq),
comprising the steps: measuring surface topography of a disk; generating a cumulative power spectral
density (PSD) distribution from the measured surface topography of the disk; identifying
discontinuities and steps in the cumulative PSD distribution; and removing discontinuities and steps in
the cumulative PSD distribution. 2. The method of glgim 1, further comprising generating an initial
frequency spectrum from the measured surface topography of the disk, the step of generating a

cumulative powerepeCt hg ARHMBFIARS S Vil iBd S UTIHIASHS AN UNIRR Ry e it
C

frequency spectrum. 3, The method, of claim 2, wherein the step of calculating the cumulative PSD
distribution 1€ gHE R gn bR AiRtTRIRG RisiRadng Rdingienints BYRIEBSEE ()2 , where: i-M P(K) is the
cumulative PSD distribution; F(i) is the initial frequency spectrum, m=1, and k=n, n-1, n-1, ...1. 4. The
method of claim 3, wherein the st f jdentifying inclydes determining frising an ding points of
steps in P(K). 5. T?Te met oe%ﬁ?g%?ﬁ!%g%ﬁgﬁemﬁgﬁ SP (}ae é’fﬁ%ﬂi‘?ﬁ;%‘% gﬁ‘%‘%%o‘?ﬁ ints

comprises dPesagptentiovertically by amounts equal to adjacent step heights to generate a ‘corrected

P(k).

8. The method of claim 7, further comprising generally ﬁ'(k) , the amplitude

r.m.s. of surface topography of the disk with noise removed, from the corrected lg(k) .

9. The method of claim 8, wherein the step of generating FA‘(k) is determined
according to the equation:

Fr(k) =y Bk)— Pk ~1)

where K =n, n-1,n-2, ...1 and f’(O) =0.

10.  The method of claim 1, further comprising determining amplitude r.m.s. of
surface topography of the disk from the cumulative PSD distribution after the discontinuities
and steps are removed from the cumulative PSD distribution.

11.  The method of claim 10, wherein the step of measuring surface topography
includes using at least one of a Candela profilometer, a quadrature phase shift interferometer

or a laser doppler vibrometer.

12,  An arrangement for measuring head-media spacing modulation (HMS_Wq),
comprising:

a measurement device that performs surface topography measurements of a disk; and



6. The method of claim 5, wherein the step of removing involves calculating step heights based on the
determined rising and ending points of steps. 7. The method of claim 6, wherein the step of removing
further includes moving P(k) segments vertically by amounts equal to adjacent step heights to
generate a 'corrected P(k). 8. The method of claim 7, further comprising generally F(k), the amplitude
r.m.s. of surface topography of the disk with noise rggmoved, from the corrected P(k) . 9. The method of
claim 8, wherein the step of generating F(k) is determined according to the equation: F(k) = P(k

--P(k-1) where K 3 yflsdssB oonfigftd RdOdetethnike: A mitialtiedRE depiolrphy (hew &OpBEFANT
determining amplitude r.m.s. of surface topography of the disk from the cumulative PSD distribution

after the diSEBRRRRR) SRecawpased, o e LCROBFARNY CFATHERRENBSFUREIRGIBN TR ¥e method
of claim 10, wherein the step of measuring surface topography jncludes usi ast one of a
Candela priifFhBeR, SPEfiaiRagfeminds emnlindsEmfh F“Bfa%ﬂé%@é}ae? eﬁ%r 812 An

arrangement for measuring head-media spacing modulation HMS_qu, comprising: a measurement
device thatPEPrepresrem Tt noise srmengdsrad salente NS 2WigsRoBn 48 - a processor configured to:
determine an initial surface topography power spectral density (PSD) spectrum based on the
topography measurements; remove noise from the initial PSD spectrum; generate an amplitude r.m.s.
of surface topogradhy F{R)arsrmngrment pf gl it Whercibihe PEPREtAoR 1% Huths £ wq from

F(K). determine an initial amplitude r.m.s. of surface topography F(i) from the surface topography

measurements of the disk.

14,  The arrangement of claim 13, wherein the processor is further configured to
determine the initial PSD spectrum by forming an integrated power density P(k) according to
the equation:

k
P()=2 F®*,

wherem=1,and k=n, n-1, n-2, ...1.

15.  The arrangement of claim 14, wherein the processor is further configured to

determine rising and ending points of steps in P(k) using slope detection.

16.  The arrangement of claim 15, wherein the processor is further configured to

calculate step heights based on the rising and ending points of the steps.

17.  The arrangement of claim 16, wherein the processor is further conﬁguréd to
move P(k) segments vertically by amounts equal to adjacent step heights to remove the noise

from the initial PSD spectrum and thereby generate a corrected PSD spectrum ﬁ(k) .



13. The arrangement of claim 12, wherein the processor is further configured to determine an initial
amplitude r.m.s. of surface topography F(i) from the surface topography measurements of the disk.
14. The arrangement of claim 13, wherein the processor is further configured to determine the initial
PSD spectrum by forming an integrated power density P(k) according to the equation: k P(k) _ YF(i)a,
,aM where m =1, and k = n, n-1, n-2, ...1. 15. The fgrangement of claim 14, wherein the processor is
further configured to determine rising and ending points of steps in P(k) using slope detection. 16. The

arrangement of clgjm 15y RERTOEERRAI 19, fibRnr e ienest? isasuistesiapdiaiits based

on the rising and ending points of the steps. 17. The arrangement of claim 16, wherein the processor
is further C%@Hg‘q[g(ﬁ-t& ga]alVIcy T }&W&ﬁertlcally by amounts equal to adjacent step heights to
remove the noise from the initial PSD spectrum and thereby generate a corrected PSD spectrum P(k).

16 18. The arran ent@f ia"i;]ﬁé? wherein the processor is further configured to generate F(k)
according to the e%e &% (k P(k 1) where k = n, n-1, n-2, ...1 and P(O) = 0. 19. An
arrangement for measuring surface topography of a disk, comprising: a measurement device to obtain

surface topograpHyb§Te4<tife fiénis?of-d sk B8: and

19.  Anarrangement for measuring surface topography of a disk, comprising:

a measurement device to obtain surface topography measurements of a disk surface;
and |

means for determining head-media spacing modulation (HMS_Wq) with noise

removed.

20.  The arrangement of claim 19, wherein the means for determining includes a
processor configured to: determine an initial frequency spectrum from the surface
topography measurements; calculate an initial integrated power spectral density distribution
from the initial frequency spectrum; remove the noise from the initial integrated power
spectral density distribution to create a corrected power spectral density distribution; and to
generate a corrected frequency spectrum from the comrected power spectral density
distribution.



means for determining head-media spacing modulation (HMS_Wq) with noise removed. 20. The
arrangement of claim 19, wherein the means for determining includes a processor configured to:
determine an initial frequency spectrum from the sulface topography measurements; calculate an
initial integrated power spectral density distribution from the initial frequency spectrum; remove the
noise from the initial integrated power spectral density distribution to create a corrected power
spectral density distribution; and to enerate a corrected freuenc spectrum from the corrected
power spectral de METHQDAND A ‘ A : : ANDVING NOISE

AND MEASUREMEME@MW&BW&M@W@%B@%A@@WCORD'NG
ABSTRACT OF THE DISCLOSURE A method and arrangement for measuring head-media spacing

modulation (HMS_Wq) employs a profil urface topography of a disk. A
cumulative power spectral density (PSD) distribution is generated from the measured surface
topography. Discontinuities and steps are identified in the PSD distribution. The discontinuities and
steps are removed to cerate a corrected PSD distribution. A noise free spectrum is then reconstructed

from the corrected PSD distributioa BYERAREISOF THE DISCLOSURE

A method and arrangement for measuring head-media spacing modulation (HMS_W(q)
employs a profilometer to measure the surface topography of a disk. A cumulative power
spectral density (PSD) distribution is generated from the measured surface topography.
Discontinuities and steps are identified in the PSD distribution. The discontinuities and
steps are removed to cerate a corrected PSD distribution. A noise free spectrum is then

reconstructed from the corrected PSD distribution.

FIGURE 5





