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5 BACKGROUND OF THE INVENTION

The rapid increase in the operating speed of computers
has led to significant demands on both data storage
capacity and access speed. The hard disk drive has been

10 steadily evolving and continues to offer a cost-effective
solution to both capacity and speed requirements.
Increases in data storage densities and miniaturization of
disk drives have enabled even small portable computers to
have access to large amounts of on-line disk storage.

15 In disk drives, head-to-media speeds are such that an
air bearing is generated between the head and the disk. At
increased speeds the air bearing increases. Thus, without
means to counter the tendency to increase the head/media
spacing, losses will occur.

20 Manufacturers of hard disk drives typically measure
the flying height of all head/gimble assemblies before
assembling them into drives in order to avoid reworking
drives after assembly when they do not meet specifications.
While head/media spacings in excess of 1 micron can be

25 measured using monochromatic fringe counting techniques,
spacings below 1 micron are measured using white 1light
interferometry due to its greater resolution in the range
of 250 to 750 nm. Constructive or destructive interference
results in the generation of different color fringes which

30 are compared to a Newton's ‘color chart or analyzed by.
spectfometer. This technique 1is the current industry
standard, however, at spacings of less than 150 nm, the
colors wash together and cannot be interpreted with

reasonable accuracy.



a support for maintaining said transparent article at substantially a

firxed el evation with respect to said target position; a
novabl e mounting armfor retaining said reflective surface and for
moving said reflective surface away from said target position
stibstantially along said.light path by at least [err]/4; a
det ector assenbly conpri sing: a plurality of photodetectors for
converting fringe patterns created by2eonbi nati on of said reflected
| i ght into one electrical signal for each photodetector, one

phot odet ect or corr espghfhng $enh8RCRehnidu@dsP! i f \Y ngt.ns;
at | east one beaqgflitter for distr?bupiﬁg ggg#i% gé@ﬁ)%%Y%l%?éga?F?yQ%
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This is the regtiErebhcapablle of accurately measuring spacing down to

contact. One example is U.S. Patent No. 4,593,368 by

5 Fridge et al. This patent describes the use of a

computerized spectro-photometer to analyze the color of

white light fringes produced at the interface of twa

surfaces, one of which is transparent, when subject to

broad-band illumination. This measuring system and

10 technique has the following disadvantages: 1) At very low

spacing (less than A/5) no distinct colored fringes are

produced. Therefore, at this small spacing, relatively

small changes in 1light intensity as a function of

wavelength are -measuxed by the computerized spectro-

15 photometer. Since the measurable change in intensity as a

function of wavelength (the color) is greatiy reduced at

spacings below A/S, the signal-to-noise ratio of the

measurement greatly decreases for such small spacings. 2)

The spectro-photometer employed requires 0.05 seconds to

20 acquire the intensity data for the spectrum of light being

used for the measurement. The lengthy time required for

data acquisition precludes dynamic measurement of spacing
above 10 Hz.

In a method disclosed by Tanaka et al. -(U.S. Patent

25 No. 4,630,926) an interferometer is used to dynamically

measure head/disk spacing. A xenon light source with a

monochrometer produces monochromatic 1light which is

directed over the length of a slider which is inclined such

that the spacing between a clear glass disk and the slider

30 varies by more than A/4. In such a case where the slider

is incident with respect to the disk and the spacing varies

by more than A/4, at least one maxima and one minima of

interferometric fringe intensity occurs. Tanaka et al.

teach that at the maximum and minimum (extrema) of fringe

35 intensity, two-beam and multi-beam interferometric theory



2 a plurality of filters disposed between said at | east one
beansplitter and sai d plurality of -phot odet ectors, each filter

. selectively transm tting one of said plurality of wavelengths to its
correspondi ng phot odet ect or; a nounting armcalibration
controller for changing sai d spacing between said transparent article
and said reflective surface by noving said noveabl e nounting arm

, during a calibration, wherein calibration fringe patterns for each of
said plurality of wavelengths are recorded =3~ "while said controller is
novi ng sai d nounting arm and changi ng sai d spacing; and a
processor for Yéeddvithe sawk spaicings| ecThereafore, ati gtlaé extirema, the

generating infor {nb@art woeiﬁéan ttﬂ}é&tﬁi‘% "Esed, S%hﬂa??"%k“%lbe
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t her eby & £? sah%y aC|9% Eﬁﬁmeen sai d transpaarxnd artbgrsf g d
said refl ect ve LHESEE t e Fliders y which
order fringe is belng detected.
The system of Tanaka et al. is ‘limited in that it
cannot measure spacing below A/4 of the monochromatic light
| being used and it is too slow to measure air bearing
10 resonances. Tanaka et al.'s system is clocked at a
frequency of 15.8 kHz making it incapable of measuring
typical air bearing resonances of 20 kHz or more.
Another method to measure slider/disk spacing is
disclosed in Ohkubo et al.'s paper "Accurate Measurement of
15 Gas-lubricated Slider Bearing Separation Using Visible
Laser Interferometry" which was distributed as paper 87-
Trib-23 by the American Society of Mechanical Engineers.
This paper describes the basis of operation for the FM 8801
Laser-Based Flying Height Measuring System which is sold in
20 the U.S.A. by ProQuip, Inc., Santa Clara, California. As
described in Ohkubo et al.'s paper, the system uses a HeNe
laser source. The beam from the laser goes through a
beamsplitter where part of the beam is directed toward a
reference photodetector which detécts variation in the
25 intensity of the laser source. The remaining part of the
laser beam goes through a beam expander then through a lens
which focuses the illumination onto the slider/glass disk
interface. This illumination causes interference fringes
which are focused onto a second measurement photodetector
30 used for measuring intensity of the fringes. The
measurement and reference signals- from the two
photodetectors are sent through amplifiers then into a
divider circuit such that the interference signal is
normalized to the input laser intensity. From the divider,
35 the signal is sent through an A/D converter to a desk top



noveabl e nounting arm about said axis. 3. An apparatus as in CQaim1l
wherei n said support conprises a rotatable spindle. 4. An appar at us
for determ ning the spaci ng between a head assenbly and a hard di sk,

| east one of said head

portion, sai d apparatus conpri sing:

3 a light source for emtting light at a plurality of

wavel engths [err]; a mcroscope-gassenbly for focusing a first
portion '
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computer for processing. The desk top computer digitizes
interferometric intensity while the disk changes from a
high speed to a low speed.

During the change of disk speed, Ohkubo et al. show
flying height to decrease by more than A/2. Since the
flying height changes, the interferometric intensity varies
enough to detect at least one maximum and one minimum
fringe intensity. These maximum and minimum fringe
intensities are recorded for reference. With the reference
maxima and minima of fringe intensity, multi-beam
interferometric theory is applied to determine spacing from
intensity. However, since for a monochromatic
interferometer intensity is a periodic function of spacing,
the "fringe order" must be known to finally determine the
spacing. This "fringe order" is precisely defined as the
interval of spacing from n/4A to (n-1)/4A for n =1, 2, 3.
Given an interferometric intensity, and a maximum and
minimum fringe intensity for reference, the fringe order n
must be determined in order to calculate spacing from the
interferometric theory. According to Ohkubo et al.'s
paper, the fringe order is determined by landing the slider
on the disk by reducing disk speed while monitoring
interferometric intensity. The fringe order can be
determined by counting the number of times that the
interferometric intensity rises to the maximum or falls to
the minimum while the spacing is being reduced from the
measurement point to the minimum spacing which is assumed
to be the fringe order where n = 1.

The Ohkubo et al. system has the following
disadvantages: 1) the slider must have a design such that
the flying height will increase to above A/2 simply by
changing disk speed; 2) the slider must be landed on the

glass disk to determine the fringe order for the spacing

calculation; and 3) at the points where the fringe
intensity is a minima or maxima, the slope of the

at

assenbly and said hard di sk having a transparent

-t



of said light along a light path onto a target position and for receiving
reflected light fromsaid target position and directing said reflected

| ight along a common path with a second portion of said |ight; a
support for maintaining said hard disk apart from said head assenbly at an
et evation such that at |east one of an upper surface and a | ower surface of
~said hard disk is disposed substantially at said target position;

- a pivotable mounting armfor releasably retaining said head assenbly and
for nmoving said head assenbly into and out—®f said target position
substantially along said Iight path by at |least [err]/4; a

detect or assenbljntefircéric intensi@ypkpaalingy cofrvehBeutaiasct pesof or at

converting frin attennﬁzcr t ed by conbi atLon of said reflected |ight
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designed for very low flying height may not fly as high as
A/2, even at very fast disk speeds, so the Ohkubo et al.

10 technique will not work for such; 2) landing the slider on
the disk (required to determine the fringe order) may cause
some damage to the air bearing surface of the slider. The
possibility for damage to the air bearing surface during
test is highly undesirable since many manufacturers test

15 every slider assembly to insure proper flying height; and
3) the relatively high error in spacing measurement at
fringe maxima and minima is hidden by “"intensity
correction" and data "smoothing". These procedures can
introduce additional. errors into the spacing which is

20 finally calculated.

As magnetic recording technology continues to improve,
slider flying heights should continue to decrease to below
100 nm. - Also, some manufacturers are beginning to use
fluid in the gap to permit smaller spacings. These, too,

25 must be measured. The invention disclosed in this patent
is intended to measure such flying heights, statically and
dynamically, without having to land the slider on the disk,
or have the spacing increase above A/2 by only changing
disk speed.

30 The method of intensity calibration and fringe order,
determination disclosed in this patent can also be applied
to other measurements where spacing is decreased to the
point of contact, in particular, a micro-hardness tester
using a transparent probe could be implemented with

35 interferometric measurement of spacing between the surface



sai d spaci ng between said head assenbly and said hard di sk by pivoting said
pt vot abl e nounting armduring a calibration, wherein calibration fringe

patterns for each of 4 said
plurality of wavel engths are recorded while said controller is pivoting
sai d pivotable nmounting arm and changi ng sai d spaci ng; and a

. processor for receiving each said electrical signal and generating
information therefromto determ ne said spgci ng between said head assenbly

and sai d hard di sk. 5. An apparatus as in Claim1 further conprising a
O er e ™ a8 Al U0 BR0 L0LhG" Y MU’ SB G MPPErometric

intensity calibration.

SUMMARY OF THE INVENTION

5
It is an advantage of the present invention to provide
a device for measuring static or dynamic spacing between a
transparent article and a reflective surface spacing where
the spacing is air or a fluid (down to contact).
10 Another advantage is to provide a system for measuring

flying height which does not require landing. of the slider
on the disk to determine fringe order.

It is a further advantage of the present invention to
provide a flying height tester which uses a calibration

15 procedure to determine maximum and minimum intensity of
interference fringes yet 1is insensitive to changes in
illumination intensity or surface reflectivity.

It is still another advantage of the present invention
to provide a device capable of measurement of disk surface

20 roughness for an entire disk.

In an exemplary embodiment, the dynamic flying height
tester uses a mercury arc lamp light source to provide
three distinct wavelengths of light so that three separate
interference'ffinges are generated. Light from the mercury

25 arc lamp is directed substantially normal to the surface of
a transparent disk, through the disk and onto the slide: on
which a magnetic head is mounted. The light reflected from
the slider and from the surface of the disk closest to the
slider is combined and spectrally analyzed for constructive

30 and destructive interference at each of the three
wavelengths. The spectral analysis is accomplished by a
detector a;sembly which includes wavelength discriminating
beamsplitters, a filter for each individual wavelength to
be measured and a high speed photodetector for each



6. An apparatus as in Caim 4 wherein said processor I ncl udes

an anal'og to digital converter. 7. An apparatus as in Caim 4
wherein said processor i ncludes a nenory for storage of at |east each’
sai d digital signal. 8. An apparatus as in Caim4 wherein said hard
disk is transparent and said first portion of light is reflected
froma slider within said head assenbly. 9. An apparatus as in Caim4
wherein said head assenbly has a transparent slider and said hard disk
- is a magnetic st orage di sk. 10. An apparatus as in Caim4 wherein
said light source is a mercury arc | anp. 11. An apparatus as in

Cl ai m 4 wher ei nWayedengght. sdtheenisrascopeplig @418y opnhgsted. to a video
- monitor for visual monitoring of the fringe pattern.
r A calibration procedure involves measurement of the
intensity of all colors while partiélly unloading the head
5 to determine the maximum and minimum intensity of the
fringes for each color being used and to identify the
correct fringe orders of the interference patterns. ' The
partial unload for calibration is implemented by rotary
head unload which is used to move the head away from the
10 detection assembly by a very small distance, on the order
of 0.25 gm. In addition to the demonstrated rotary unload
mechanism, any mechanical device which causes the spacing
between the head and disk to vary by a quarter wavelength
or more can be used to cause the spacing change required
15 for calibration. '

Since some parameters such as disk speed or head/disk
relative position may be changed after the calibration but
prior to the desired measurement, a "follow" trace is made
to determine the fringe orders of the measurement trace.

20 The follow trace consists of a spacing measurement which is
made during the time any changes occur between the
calibration trace and the measurement trace. The follow
trace is often required to track the fringe order when
changes are made to the head/disk system in between the

25 calibration procedure and the measurement.

Once the calibration trace and follow trace are
analyzed, the absolute interferometric intensity reference
is known, and the fringe orders for the measurement are
known. Therefore, measurement of flying height is

30 accomplished by comparing measured intensity with the |
theoretical intensity versus spacing relationship. The
measurement of spacing can be displayed as spacing versus
angular position of the disk or spacing versus time. Also,
parameters such as average spacing, maximum spacing,



This is the replacenent sheet : 5 12

An apparatus for determning the spaci ng between a transparent article
and a reflective surface, said apparatus conpri sing: a |light
source for emtting light at a plurality of wavel engths [err];

a mcroscope assenbly for focusing at least a first portion of said
light along a light path onto a target position between said
transparent article and said reflectivd8~surface and for receiving
reflected light from said target position, said reflected |ight being

a conbi nat i3hifurd | SPLSiIGY eshi@d JEHER AN da epbacea Al VPESd from the
dynamic spacing data and logged for future reference.
An alternative light source can be a_plurality of
lasers where each laser emits a different wavelength light,
5 the wavelengths preferably being relatively short to enable
measurement of small spacings.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Understanding of the present invention will be
facilitated by consideration of the following detailed
description of a preferred embodiment of the present
invention, taken in conjunction with <the accompanying
drawings, in which like reference numerals refer to like

15 parts and in which:

' Figure 1 is a diagrammatic view of the flying héight
testing assembly of the present invention;

Figure 2 is a diagrammatic view of the detector
assembly;

20 Figure 3 is a diagrammatic view of the assembly with
an alternate light source; '

Figure 4 is a series of plots of spacing versus angle
of rotation;

Figure 5 is a plot of spacing versus time;

25 Figure 6 is an alternate configuration of the testing
assembly for measurement of disk surface roughness;

Figure 7 is a diagrammatic view of the apparatus for
attaching the head assembly to the 1oad/ﬁnload arm;

Figure 8a is a diagrammatic top view of the rotary

30 unload mechanism, Figures 8b and 8c illustrate the load and
unload positions, respectively;

Figure 9 is a diagrammatic view of an alternate
embodiment in the form of an interferometric surface
roughness/surface hardness measurement instrument; and

35 Figure 10 is a plot of intensity versus spacing.



said transparent article and said spacing and |ight reflected from an

Interface between said spacing and said refl ective surface; a
support for maintaining said transparent article at substantially a
fixed elevation with respect to said target position; a
novabl e mounting armfor retaining said reflective surface and for
novi ng said reflective surface away from said target position
substantially along said |ight path by at least [err]/4, wherein said
mounting armhas a thin flexi bl e band TGAder tension for retaining said

reflective

plurality of photodeDEDA

surface; a detector assenbly conpri sing: a
IFED QESCRIER : 3

conbi nati on of said reflected<]ight into one el ectrical signal for each

phot odet ect or,
plurality of

one - photodetector corresponding to each of said__
wav dSedddmetrated in Figurezdy, daghbeseppice Reisf directed
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%%amsplitter 6 and objective 8. A portion of the incident
light split by beamsplitter 6 is directed through glass
disk 10 and is internally reflected off the lower surface
of the glass disk 10. Another portion of the 1light is
reflected by slider 12. The reflected light is redirected
through. the objective lens and the beamsplitter 6 into
detector assembly 14. The recombination of the 1light
reflected by the lower surface of the disk 10 and the
surface of slider 12 results in the generation of
interference fringes, with one interference fringe being
generated for each individual wavelength of light which has
been selected by filters within the assembly. A camera 18
sends a visual image of the fringe patterns to video

-monitor 22. The photodetectors within the detector

assembly 14 convert the fringes' intensity into electrical
signals which are then converted to digital data by A/D
converter 24. The digital data are then processed at
processor 26.

Disk 10 is mounted on spindle 52 which is attached to
a variable speed drive capable of achieving speeds in
excess of 7200 rpm. In the first embodiment illustrated in
Figure 1, the disk 10 is transparent glass or quartz. The
slider 12 is attached to rotary locad/unload arm 17, which
is further illustrated in Figure 8a, by clamping suspension
13, illustrated in Figure 7, onto the end of arm 17 at a
given location. Rotary 1load/unload arm 17 is drive by
rotary motor 7. Slider 12 is then positioned under the
disk 10 so that light focused by objective 8 passes through
disk 10 to be reflected from slider 12 and from the bottom
edge 51 of disk 10.



6 a plurality of filters disposed between said at | east one

beansplitter and sai d plurality of phot odet ectors, each filter
selectively transmtting one of said plurality of wavelengths to its
correspondi ng phot odet ect or; and a processor for receiving
each said electrical signal and generating information therefromto
det er m ne sai d spaci ng between said transparent article and said
reflective surface. 13. An apparatus as_{f.C aim12 wherein said thin
flexible band is a thin polyester film 14. An apparatus for
determ ni ng the spacing between a magneti c head assenbly and a hard

di sk, said apparat usii acopteEpage embodiment | shRWNS R c%lﬂbllreen?t t ith¢

light at a plurbighty sburce Baveha@ngiikxoscope assembly 3' are positioned

' . relative to the arm and drive so that the slider 12' is

between the microscope assembly 3' and disk 10'. Slider 12°

5 is transparent, permitting glide height measurement of an

actual magnetic disk 10'. Such a configuration provides

measurement of disk surface roughness to identify disk
asperities for mapping of asperity heights.

Rotary load/unload arm 17 pivots in such a manner that

10 the slider 12 moves along a line following the light path

exiting from objective 8 for at least part of the unload

motion. This allows the light to be focused on the same

spot on the slider 17 during the calibration procedure,

which is described below. The purpose of this ﬁovement is

15 to scan at least one fringe maximum and minimum for each

color used by increasing the head/disk spacing. Only a

small spacing change required, on the order of 0.25 um, to

measure a maximum and minimum intensity for each color

fringe to enable calibration. The remainder of the

20 load/unload motion is not critical to measurement

functions. '

Figure 2 illustrates the elements of detector assembly

14. A first beamsplitter cube 30 reflects light at 436 nm

toward absorptive pinhole mirror 29 and 436 nm interference

25 filter 31 to photodetector 32. Beamsplitter cube 30 is a

dichroic beamsplitter made from BK7. The entrance face has

an anti-reflection coating. The interface is coated for

85-95% reflectance at 435.8 nm and 85-95% transmittance at

546 nm and 580 nm. The portion of light which passes

30 through beamsplitter cube 30 passes through reflective

pinhole mirror 33 to beamsplitter cube 34 which reflects

light at 546 nm toward 546 nm interference filter 35 and

detector 36. Beamsplitter 34 is also- dichroic and made

from BK7. Its interface coating is 90-100% reflective at

35 546 nm and 90-100% transmissive at 580 nm. Each of the



a mcroscope

assenbly for focusing at least a portion of said

light along a light path onto a target position, said reflected |ight

bei ng a conbi nati on of light reflected froman upper boundary and a

| Quer boundary of said spacing; a transparent di sk having an
~upper surface and a | ower surface, said transparent di sk being nounted
.on a spindl e for rotation past said magnetic head, said |ower

'surface being said upper boundary; a pivotal nounting armfor

irel easably retaining said magneti c headilassenbly and for noving said

magneti c head

assenbly into and out of said target position
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avalanche photodiodes with spectral response in the range
of 400-1000 nn. The remaining light continues forward
through 580 nm interference filter 37 to photodetector 38.
A separate signal is therefore generated for each selected
wavelength, and each analog signal generated by
photodetectors 32, 36 and 38 is converted to a digital
signal by high speed A/D converter 24.

The timing signal by which the sampling rate is
controlled is 250 kHz. The timing rate is applied to the
A/D converter as a conversion rate control signal. This
rapid rate of data conversion enables dynamic measurement
of spacing between the head and disk.

In an alternate embodiment, light beams emitted from
two or more lasers can be optically combined to generate
the illumination projected onto the head/disk interface.
Such a configuration: is illustrated in Figure 3 in which
lasers 41 and 42 each emit at different wavelengths. The
beams are expanded by beam expander optics 43 and are
combined at beamsplitter 44 to be projected through the
microscope objective as above. The detector assembly 45
will have the same number of detectors as lasers, and the
appropriate interference filters for the selected lasing
wavelengths will be provided.

The accuracy and repeatability'of the location of the
head 11 with respect to the disk 10 requires that
appropriate attachment means are provided to hold the head
11 into place. The suspension 13 must be attached to and
removed quickly from the mounting arm 17, and the
attachment must be uniform and repeatable. In order to
guickly and repeatably grip fhe suspension 13, the use of
a flexible band 48 of polyester film, such as Mylar® or
Kapton®, is used, as shown in Figure 7, with a tension



patterns created by said reflected [ight into one el ectrical si gha
for each phot odet ect or, one phot odet ect or correspondi ng to each
of said plurality of wavel engt hs; at | east one beansplitter
for directing |ight of each of said plurality of wavel engt hs

to its correspondi ng. phot odet ect or; a plurality of filters

di sposed between said at | east one beansplitter and sai d
plurality of phot odet ect ors, each fLI%gr selectively transmtting one
of said plurality of wavelengths to its cort espondi ng phot odet ect or;

a nounting armcalibration controller for changi ng sai d spaci ng between
sai d magnetic h@&@ngssthbipcingesaitP keepatdheli Randy 48 VAvhy sadihgs vEhel
mounting arm dukugpension Cadi et somewnher efTexabl &) atitonmdy i Hge @atbemaa
for eagh of said plurali of _wavel engt hs are recor

| it L de ile said
controller is p™A 'nEQﬁﬁ%f;ﬁ%mﬁ%ﬁeﬁihﬁ?iRﬁeﬁﬁﬁrﬁnas mléhﬁﬁkﬁrﬁ?%%%ﬁd by
spaci ng; and a steekaqﬁamps;omhbomhaxihlérﬁpm&chssdbesemmﬁrdefwrm.the
LTl o0, SeneSRE AR IR A §R R OELE Uhffiarg ) L50%Ekiny
in Caim 14 wpacdng bediweerprthressgpensionriheandohbei dé5kalPeok- up
table containing theqhe! i@cedure for measuring the spacing between the
head 11 and the disk 10 is as follows:
The head 11 is attached to the suspension using the
10 flexible band 48, and the rotary load/unload arm 17 moves
the head 11 into the desired location, as -in Figure 8b.
Light from the light source 2 is projected through the
microscope 3 onto the head 11, and the head 11 is then
partially unloaded by rotation of arm 17, as illustrated in
15 Figure 8c, so that a calibration trace can be generated.
The head wunload motion is synchronized with the
digitization by the processor 26 such that the digitization
will record the intensity of one maximum and one minimum
fringe for each individual wavelength tested. The rotary
20 head unload is used so that the slider 12 has only very
slight motion while the loading pressure is reduced. The
slight motion of the slider 12 is compensated for by moving
the microscope assembly 3 by way of x-y translators 5 and
5' in synchronization with the unload motion so that the
25 measurement spot remains at the same point on the slider
12. As previously described, the unload motion required
for calibration increases the spacing by a very small
amount, on the order of 0.5 um.
The calibration trace is digitally lowpass filtered to
30 reduce electronic noise. A maximum and minimum intensity
- for each color in the calibration trace is found by
searching through the data collected. The trace is
normalized to the maximum and minimum intensity for each
color by multiplying a constant and adding a constant
35 offset. 1In the preferred embodiment, the maximum intensity



light intensity as a function of spacing for each of said plurality of

wavel engt hs. 16. An apparatus as in Caim14 wherein said |ight source is
a nmercury arc | anp. _ 8 17. A nethod
for measuring spacing between a transparent article and a reflective
surface which conprises: selecting a light source for emtting

- light having a plurality of wavel engths; directing said |light

-along a light path toward a target position so that a first portion of
said light is reflected by an interfaea3between said spacing and said
transparent article and a second portion of said |ight passes through

sal d.”ansparer‘go@fga e byl SiLebLeeb80to 1.BY oA itHE H ACEnBR! YREEnS BLY
spaci ng and sai reflective _
for each color is scaled to -1.0.

A look-up table for intensity of each color versus

>

spacing is generated for discrete steps of spacing based on
5 Equation 1 which was derived from multiple beanm
interferometric theory for a single film.

Toor _ _r? + s + 2rs cosd
Iy 1 + r?s? + 2rs cosd

(1)

where:
o = Amplitude Reflection Off Glass
10 Disk;
s = Amplitude Reflectance Off Slider;
n = Refractive Index of the Fluid in
the Spacing;
s = 4mn H/\;
15 H = Flying Height;
A = Wavelength of the Illuminating
Light; and
¥ = Phase shift on Reflection
(Material Dependent)
20 .

The values of r, s, and 6 are determined by
ellipsometric measurement of the surfaces using light of
the same wavelengths as those being used for the
interference measurements of spacing.

25 The ellipsometer measures angles ¢y and A from which

the complex index of refraction n = n - ik can be
determined. The reflectance for the disk and slider can’
then be determined from Equation 2:



surface;
that the conbi
generates frin

receiving light reflected fromthe two interfaces so
nation of said first portion with said second portion
ge patterns; optically separating said fringe

patterns so that one fringe pattern corresponds to each of said
plurality of wavel engt hs; converting each separated fringe
pattern into an el ectrical signal; digitizing each electrica
si gnal ; processing each digitized glectrical signal using a
processor to determine maxinum and mninum |ight intensity of
each of said fringe patterns; determ ni ng said spaci ng by
conparing correlation bet ween 1|i ght Rgtqp§{2y*pk;each fringe pattern
and its correspondi ng wavel engtsh <f or gth of said
plurality; and calibrating sadd(psocegtbﬁ-WQ novi ng sai d

reflective
spacing is inc

10

15

20

surface away fromsaid target position so that said
reased by at least [err]/4 and

(2)
where n, is the refractive index of the medium immediately
above the reflecting surface which has the refractive index
n,.

For the internal glass reflection n, is the index of
glass and E,is'the index of the fluid in the spacing. For
the reflection off the slider, n; is the index of the fluid
in the spacing (air or liquid) and n, is the index of the
slider.

From the ellipsometric measurements, the phase change
upon reflection § can be calculated using Equation 3:
2nyk,

6 = tan™?
né - né -kt

(3)

For use in Equation 1, § = 64 = Spumdine

In the present embodiment, a look-up table is
generated using Equations 1, 2 and 3 with intensities for
spacings for O to 1,000 nm with steps of 1 nm. The
theoretic intensity look-up table is normalized to fringe
intensity extrema using the same convention as that used
for the measured traces, i.e., +1 is maximum, -1 is
minimum.

Table 1 illustrates the form of the look-up table for

intensity versus spacing:



9 recordi ng the maxi mrumand m ninmumlight intensity of sai d

fri nge patterns for each wavel ength when said reflective surface is in
not i on. 18. A nmethod for calibrating a processor for determ ning the
spaci ng between a transparent surface and a reflective surface using
dn interferoneter having a light source emtting at a plurality of
- wavel engths [err] which cenprises: focusing at |east a portion of
~light fromsaid |ight source along a light path at said spacing;
mounting one of said transparent surface amf-said reflective surface
on a novabl e nounting so that said spaci ng can be increased along said
| i ght path; receiving reflected light froma first interface
bet ween sai d transpar ent surﬂace_and sai d spbcin_ and froma second
i nterface betweén EEAEI§Eacng and said b efHE W%&?gurche; |

generating a fringe pattern flromsaix reflecfed A2 light for eakh of s&id
plurality of wayel engths [err];
) 1

! ] |

I I i

5 | 0 I -1 I -1 I -1 l
I ] ! 1 }

) | i I 1

| 5 | -0.8 | -0.7 | -0.6 |

1 | ! } }

! 1 i I ]

| 10 | -0.6 | -0.4 | -0.2 |

10 } - | | | =
| TABLE 1 |

L |

Once the measurements are made and the look-up table
15 is generated, a calculation is made to determine the
spacing for the first point in the calibration curve. The
calculation of spacing is made as follows:
A "mean sguare error" is calculated for each discrete
step of spacing (H) in the range of interest. Here, stéps
20 of spacing from 0 to 1,000 nm in steps of 1 nm are used.
These steps conveniently correspond to the values in the
theoretical look-up table above. The mean square error (e)
is calculated as follows:

e(h) = wy (T, - M)2 + w(T, - M,)2 + wy (T} - M;)?

. (4)

25 where Ty is the theoretical intensity of color x for the

spacing H (from the look-up table) and M, is the measured
intensity of color x.

The symbols wy are used to indicate weighing functions.

which help reduce error. While all of the w's can be set

30 to one, accuracy can be improved by choosing the w's such

that w, + W, + w; = some constant and setting each w higher

for a color when the signal-to-noise ratio of that color's

intensity measurement is higher. Additionally, wy may be



I ncreasi ng said spaci ng by noving said novabl e nounti ng; and

recordi ng a maxi mumand mnimumlight intensity of said fringe pattern
whi |l e said novable nounting is in not i on. 19. A nethod as in Claim18
whi ch further conprises: generating a | ook-up table of intensity

. of each wavel ength [err] versus spacing; cal cul ati ng a nean
square error for each of a sel ected increnent of said spacing by
conparing the recorded maxi num and mpjgumlight intensity with a
theoretical intensity fromsaid | ook-up fg%?g; and
10

a function of spacing because, near the maximum or hinimum
of a given.color's intensity, a small amount of electrical
> noise corresponds to a relatively large change in spacing.
For reference purposes, the “first point" of a trace
5 requires intensity measurements for all three colors, A, A
and A;. The measured intensity of all colors are stored
together and they, as a group, will be referred to as a
single point in the intensity trace.
Once (e) has been calculated for each step of spacing,

10 the smallest value of (e) corresponds to a first guess for
the initial spacing for the first point in the calibration
array. Occasionally, noise in the intensity signal may
result in the calculated value being the wrong fringe
order. For example, considering only one color, if the

15 normalized intensity is -1, the spacing is given by nA/2
where A is the wavelength of light and n is the fringe
order (n = 0, 1, 2, 3, 4...). This result comes from a
simple model which assumes the disk and slider are made of
dielectric materials.

20 The use of two or more colors gives additional
information which theoretically indicates the correct
fringe order. However, the addition of some noise to the
measured signals will occasionally cause this technique to
calculate an initial spacing which is significantly

25 incorrect because it is on the wrong.fringe order. The
principle by which fringe order is determined can be
explained by looking at a plot of intensity versus spacing
for interference fringes generated for two or more colors.
Figure 10 illustrates such a plot for two colors. The

30 intensity function 81 for A, has a different period than
that for A, (82). By comparing the normalized measured
intensity with the normalized theoretical intensity for
both colors the spacing can be determined but there may be
some uncertainty as to fringe order. For example, the

35 normalized intensity difference between \, and A, at points



selecting an
hravi ng t he snal

initial spacing according to said sel ected increnent
| est said nean square error. 20. A method for

measuring a spaci ng between a head assenbly and a hard di sk which

conpri ses:

repl aci ng one of said head assenbly and said hard

disk with a transparent substitute; rotating a di sk conprising one

, of said hard di
~conpri sing

bi ased toward s
wavel engt hs
transparent sub
slider and said
sai d transp
froma surface
been replaced
light from each
optically separ
corresponds to
converting each

10

15

20

25

30

35

sk or a substitute disk on a spindle wirth a slider
one of a substitute head assenbly or said head assenbly
ai d di sk; directirg74 ght having a plurality of
along a Iight path through at |east a portion of said
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To determine the correct fringe order, the entire
calibration intensity trace is used as follows:

Several different first guesses are made for the
spacing for the first point in the calibration trace. The
criteria for selection of the first point initial guesses
for spacing are that each spacing must have a low value of
(e). Additionally, each guess must be at least 100 nm away
from all the previously-selected initial guesses for
spacing. Once several of the initial guesses are obtained,
one of the guesses is correct, but the correct one must be
determined. -

In order to determine which first guess is correct, a
cumulative mean square error for each initial guess is
calculated. The cumulative error is calculated by assuming
that the spacing does not change by more than 100 nm
between each point. . The following process is used to
calculate the cumulative mean square error for each initial
guess of spacing.

First, the cumulative error is set to the (e) which
corresponds to the initial guess for the spacing at the
first point in the calibration trace. Next, the spacing at
the second point is calculated by searching through all
spacing values within %100 nm from the first point. The
(e) determined for the second point is added to the.
cumulative error. The second step is repeated for all
remaining points in the calibration trace with the
condition that each point must not be more than 100 nm away
frbm the previous point. once the cumulative error is
calculated for each initial guess for spacing of the first



el ectrical signal; digitizing each electrical signal

processi ng each digitized electrical signal -using a processor to
determine maximum and mninmum |ight intensity of each of said
fringe patterns; determ ning said spaci ng by conparing correl ation
between neasured light intensity of each

J11 fringe pattern and theoretical |ight |ntenS|ty at each

wavel ength of said plurality; and ~-1gal i brating said processor by
novi ng sai d slider away from said target position so that said spacing

3 sai o 1 SR, SRR LA ARN™ AL LML) glEn end MASTRLYY
cumulatlve error is determlned to be the spacing for the
. first point in the calibration.
Analysis of the data taken during calibration has
5 vyielded the maximum and minimum intensity for each fringe
and the fringe order for the spacing measured during the
calibration step.

Since operational parameters may change after the
after the calibration but before the measurement, the

10 fringé order may change, hence a "“"follow" trace is recorded
while any operation parameters are changed. - It is assumed
that the first point in the follow trace is within 100 nm
of the first point of the calibration trace.

The spacing for each point in the follow trace is

15 calculated as follows:

Point-by-point, the mean sguare error is determined
for spacings with values from -100 to +100 nm away from the
previous point. Note that, since the first point in the
follow trace does not have a previous point, the spacing is

20 calculated from the first point in the calibration trace.
The spacing with the lowest (e) is determined to be the
spacing, and the process is repeated for all points in the
trace. By limiting the calculation such that each
successive point must be within 100 nm of "the previous

25 point, the calculation can never jump to an incorrect
fringe order.

once the spacing for the follow trace is calculated,
it can be assumed that the spacing for the first point in
the measurement trace is within 100 nm of the last point of

30 the follow trace. Since the approximate spacing for the
first point of the measurement trace is known, the spacing =
for the measurement trace is performed 'usiné the same
procedure used to calculate the spacing for the follow

trace.



21. A nethod as in Caim20 further conprising utilizing the intensity
neasurenments recorded during the step of calibrating to determ ne
fringe order. 22. A nethod as in Claim21 wherein correct fringe order
S assured by requiring a neasurenent to be within a fixed range of
a previous measurenent. 23. A nethod for determning correct fringe order
in an interferonetric system for neasurenent of spacing between a
transparent article and a reflective surface, said met hod whi ch

conpri ses: selecting a |ight SOUTE® ™ f or emtting light at a
plurality of wavel engt hs; detecting interference fringes generated
within said i nt eltesboeldi ke systed that cfhec0Omy dififexdehespddmit is
separating eachyph; #2hflii{! 8ehe0REe did % otnér CPATLEY hiyl b2 used as
wavel engt h; -generating a theoretical plot of normalized

intengity versuallpeefnlyr Shec¥@yedanuths Pentight guged for measyipamenty a

measured normal § zed, i ghensihytt ehdald not lehewedt iialavd ngtin nor mal i zed
'ntensity W@Ile aIte&knghe prggggrggaghggaiment, the flying height tester
measures at least 256 points per revolution. A typical
test involves storage of data of intensity versus angle for
two revolutions. Thus, at least 512 points are taken for
each data set. The processor converts intensity versus
10 revolution data into spacing versus revolution and provides
an output display in either the form of a video monitor or
a printout. Since air bearing thickness is a function of
disk speed, tésting of the spacing between a given head and
disk is preferably performed at a number of disk rotational
15 speeds. Figure 4 illustrates a series of plots of spacing
versus angle for two revolutions. Figures 4a, b and c show
plots at 3,600 RPM, 900 RPM and 225 RPM, respectively.
Figure 4d is a plot of spacing versus disk speed
illustrating the principle of increased spacing with
20 increased rotational speed.

Figure 5 is a plot of spacing versus time to show
measurement by the system of dynamic variation of head/disk
spacing after the head flies over a flaw in the disk.

Interferometric fringe intensity calibration is used

25 to calibrate maximum and minimum intensity of light and
dark interferometric fringes. The maximum and minimum
fringe intensity is measured at one or more points on the
interferometric image while altering interferometric path
length by at least % of the wavelength of the light being

30 used to produce the interferometric image. By comparison .
of interferometric intensity to the maximum and mimimum
intensity, it is possible to obtain spatial measurement
with a resolution of a small fraction of the wavelength of
light used.



12 24. An interferonetric apparatus for neasuring the dinensions of a

spaci ng, said apparatus conpri sing: a |light source for producing

| ight having a first wavel engt h and a second wavel engt h;

optics for directing said first and second wavel engt hs of |ight

to a spacing having a separation di stance, said spacing defined by

first and second boundari es, such that light reflected fromsaid first
~and second boundari es pr oduces a20-first wavel engt h
“interference signal and a second wavel ength interference signal, said

first and second waygheRot i Nhgnbezencse ngaaga' %eg@sztngtesters use

characteristics determned by sai d separdation st ance,;

detector for néBEﬁFfﬁﬁePﬁélqﬂe#E??Vﬁg thes firacing thekveanthe: hepd and”

wavel epgt h |ntﬁéﬁ£é¢n0l§h§| @yatfem aof tkel |;ﬁfe‘§érﬁ'_n 4 aviehdilosy ﬁaamhaeglaﬂg
said separatio |rst aﬁgls con cal i

fringe patterngnégpﬁegﬁgﬁgfﬁ6198‘gﬁéyﬁ#rln & unf s

5 in a controlled manner to 1ncrease the relative path
lengths of the two light rays while monitoring and storing
the intensity. information in order to utilize
interferometric fringe intensity for calibration of the
measurement. Thus the need for expensive and difficult

10 control of system components such as light sources,
detector drift and disk quality is eliminated. The
apparatus of the present invention provides high speed
measurement of head/disk spacing simultaneously using
multiple wavelengths of .light, thus offering a more

15 economical and faster measurement system and technique for
dynamic measurement of flying height than systems that are
currently available.

Shown in Figure 9 is another use of the intensity
calibration method, here used for a micro-hardness

20 tester/surface profiler. In Figure 9, light from source 61
which could be a Mercury arc, a multiple laser, or other
multi-wavelength source, goes through beamsplitter 62, then
through microscope objective 63, being focused on the
interface béﬁﬁeen transparent probe 64 and the surface to

25 be analyzed 65. The probe is lowered onto the surface
using computer-controlled actuator 67 which could use
piezo-electric or other means of mechanically moving the
probe 64 toward the surface 65. The contact load between
the probe 64 and the surface 65 is detected by a load cell

30 66. Light reflected from the surface of the probe 64 which
is closest to the sample surface and the surface itself 65
recombines, producing interference effects. Morochromatic
images of the interference fringes are projected onto TV
cameras 73, 74, and 75 after going through beamsplitters

35 62, 68 and 69, as well as narrow band interference filters



wavel engt hs; and a processor for analyzing said neasured
Intensities of said first and second wavel ength interference signals
~and deriving therefromsaid separation distance. 25. An interferonetric
~apparatus as defined in Caim 24 wherein said processor further

. conpri ses: a | ook-up-table which contains a first set of
theoretical interference signal intensity data which corresponds to
said first wavel ength of light and a second set of theoretical
interference signal intensity dat a whiréR~corresponds to said second

wavel engt h of light; and 13
a conparator forogomigriagdsand neBsch e@Vi rtameais itsen priodukessaird analog

| ook-up-tabl e LQ&QB?EE&REI LBE?QEE&B&ingIQo the interferometric image for

s

the narrow band of light associated with each interference
filter. Note that filters 70, 71, and 72 each transmit a
5 different color of light. The analog video signals are
directed into the RGB color frame grabber 76 which is under
control of the_personal computer 77.

To make a éurface roughness and hardness measurement,
the cbﬁﬁuter controlled actuator 67 lowers the probe 64
10 onto the surface 65. During the time that the probe is
coming into contact with the surface, the frame grabber 76
continuously acquires images of the three different
interference images and the computer processes such images,
storing the maximum and minimum intensity of each color at
15 each pixel on each image. Before the probe 64 comes into
contact with the surface 65, a minimum and maximum
intensity of the fringes for each color will have been
detected for each pixel of each 'image of the fringes.
These maximum and minimum fringe intensity values are the
20 normalization intensity values required to determine
spacing between the probe 64 and the surface 65. The
spacing between the probe 64 and surface 65 is calculated
in a manner identical to that described for the Dynamic
Flying Height Tester, except the spacing is calculated for
25 a 2-dimensional area rather than a single spot, and the
spacing is measured statically, not dynamically. Since the
probe 64 shape is known beforehand, the surface profile of
the surface 65 can be readily calculated from the spacing
between the probe 64 and the surface 65. This surface

30 profile indicates the roughness of the surface.
The surface hardness and other surface properties can
be measured by pressing the probe 64 onto the surface 65.
The force with which the probe is being pressed onto the
surface 1is measured using locad cell 66. The surface
35 profile can continue to be measured interferometrically



determ ne said spacing. 26. An interferonetric apparatus as defined in

Craim 24 wherein said light source further conprises a nercury arc
| anp. 27. An interferonetric apparatus as defined in Caim 24
~Wwherein said |ight source further conprises a |aser. 28. An
interferonetric apparatus as defined in Cdaim 24 wherein said
“optics further conprises a m croscope assenbl y. 29. An
interferonetric apparatus as defined -pa- Claim 24 wherein said
detector further conprises a photodetector. 30. A nmethod for determ ning

correct fringgneRders ik bing &é%&‘rﬂ&é%?“&h‘é bem f%hé’”%?é&kﬁ.fx‘@:ﬂ@né’f
a smali spacing conpri si ng: sefecting a l'ight source for
emtting Iight°§t5¥?fa°§ﬂ@#%@t@?té@nwé§d4N€ﬂ¢BFl°n of corg@cictprgEsure
interference fgingeslaedeaamedsireichtSdfd surface hardness while causing
| a minimum amount of damage to the surface.

5 Both the Dynamic Flying Height Tester and the
Interferometric Micro-hardness Tester illustrate ways that
the Method to calibrate intensity for interferometric
measurement of small spacing can be used. The feasibility
of the measurement has been demonstrated by the

10 measurements of flying height illustrated herein.

It will be evident that there are additional
embodiments which are not illustrated above but which are
clearly within the scope and spirit of the present
invention. The above description and drawings are

15 therefore intended to be exemplary only and the scope of
the invention is to be limited solely by the appended

clainms.



interferometric systemby reflection fromsaid spaci ng;

separ ati ng eaEE-d’_’§§Lg_.Ln%ef{erence fringes according to its
wavel engt h; measuring agd recording the interference fringe

T e ‘a .
intensity at tvvon,qgrshemﬂ 3@ plurality of wavel engths for a range —
of spacing by aIt I ng;
14 gen M eoretical plot of nor m“lmm”l"l"" "I,””m
intensity versus cing for each of said two or nore él ehgtths;s ard
conparing said measur ed intensity 1%~ said theoretlcal pl ot at

said two or nore wavel engths to determ ne the fringe order. 31. A
slider positioning apparatus for positionCbAaIMssl i der :

1. An apparatus for determining the spacing between
2 a transparent article and a reflective surface, said
apparatus comprising:
4 a light source for emlttlng llght at a plurallty
of wavelengths A;
6 a microscope assembly for focusing at least a
first portion of said light along a light path onto a
8 target position between said transparent article and said
reflective surface and for receiving reflected light from
10 said target position, said reflected 1light being a
combination of light reflected from an interface between
12 said transparent article and said spacing and light
reflected from an interface between said spacing and said
14 reflective surface;
- a support for maintaining said transparent
16 article at substantially a fixed elevation with respect to
said target position;-
18 a movable mounting arm for retaining said
reflective surface and for moving said reflective surface
20 away from said target position substantially along said
light path by at least A/4;
22 a detector assembly comprising:
a plurality of photodetectors for converting
24 fringe patterns created by combination of said
reflected light into one electrical signal for each
26 photodetector, one photodetector corresponding to each
of said plurality of wavelengths;
28 at least one beamsplitter for distributing-
each of said plurality of wavelengths to = its
30 corresponding photodetector;



relative to a first plane corresponding to a surface of a di sk
conpri si ng: —  a slider attached to a suspension_near a distal end
of said suspensi uspe i%?n havi ng a | ongi t udi nal axis; a

i l?ei ! . . y .
a rotary |oad/ unl'd P rotation axis mh’ lu Iy
parallel to said fMl PE ut whi ch said rota " wm"ﬂm’mm
rotates, wherein s

nsion is nounted to said rofary "oad/ unl oad

arm such that said suspension IongiggdLnaI axis forms an angle
with said rotary | oad/unload armrotation 8%Xi s and said slider is
positioned adjacent said first plane at a separation distance from

said first plane, said a plsgpdddyi of Gittensedispesedipgtusenasaid

rotary logg/unload ,¢ ;aLuyropakespabpdbiekdr’ Ohadl 0Ba ddi Spidralitystos
di rection and 8écrea3|ng as said rotar Ioad/unloade33g1rotates

about ‘sai d rotationP§QQQQQ¥%9§9§§muF%F?egiﬁﬁﬁrwﬁﬁéﬁqqév SRR Eting 4
first dirggtion. dde APFappanial UspRsradbityedofn Gravelddgtnst haro its

conprising a rotary drive motor attached to.sgﬁg rotary | oad/ unl oad
armfor rotating saC®r&SRANdIgE /R R b ai d rotation axis.
36 a processor for receiving each said electrical

signal and generating information therefrom to determine
38 said spacing between said transparent article and said

reflective surface.

2. An apparatus as in Claim 1 wherein said processor
2 is calibrated for each of said plurality of wavelengths by
pivoting said mounting arm to move said reflective surface

4 out of said target position to increase said spacing.

3. An apparatus as in Claim 1 wherein said support

2 comprises a rotatable spindle.

4. An apparatus for determining the spacing between
2 a head assembly and a hard disk, at least one of said head
assembly aﬁd said hard disk having a transparent portion,
4 * said apparatus comprising:
a light source for emitting light at a plurality
6 of wavelengths X\; - ‘
a microscope assemﬁly for focusing a first
8 - portion of said light along a light path onto a target
position and for receiving reflected light from said target
10 position and directing said reflected light along a common
path with a second portion of said light; _
12 a support for maintaining said hard disk apart
from said head assembly at an elevation suech that at least
14 one of an upper surface and a lower surface “of said hard
disk is disposed substantially at said target position;



15 33. An apparatus as defined in Caim31 wherein said angle f or med

bet ween sai d suspension | ongitudinal axis and said - rotary I oad/unl oad
armrotation aX|s—+s—appT67TﬁﬁTET§_5’ 90 degree rig" I

apparatus as defin lslggee@hadmme rein said rotary “l“ﬂﬂ Iﬂ“luwmm
fotation axis inters nsi on Iongltudlnar aki & at" a®

| ocati on along said gm“&g | ongi tudinal axis which is intermediate
said distal end suspen5|on and a proximate end of said
suspensi on. 35. A nethod for changi'ng thesdi stance between a surface of a
disk and a slider attached to a distal end of a slider suspensi on

havi ng a | ongi tudi nal axis, sai 0 i Si s
nount i ng 18d slider s&%ﬁ@ﬁa Oﬂougtlngtggﬁ ?bpgréfgaééﬁf§ Pgtalnlng
said head assembly and for moving said head assembly into

F 18 and out of said target position substantially along said
11ght path by at least A/4;
20 a detector assembly comprising:
a plurality of photodetectors for converting
22 fringe patterns created by combination of said
reflected light and said second portion of said light
24 into one electrical signal for each photodetector, one

photodetector corresponding to each of said plurality

26 of wavelengths;
at least one beamsplitter for distributing
28 each of said plurality of wavelengths to its

corresponding photodetector;

30 a plurality of filters disposed between said
| at least one beamsplitter and said plurality of
32 photodetectors, each filter selectively transmitting
one of said plurality of 'wavelengths to its

34 corresponding photodetector; and
a processor for receiving each said electrical
36 signal and generating information therefrom to determine
said spacing between said head assembly and said hard disk.

5. An apparatus as in Claim 1 further comprising a
2 cCD camera and a video monitor for viewing one of said

fringe patterns.

6. An apparatus as in Claim 4 wherein said processor
2 includes an analog to digital converter.

7. An apparatus as in Claim 4 wherein said processor
2 includes a memory for storage of at least each said digital

signal.



| oad/unload arm having a rotation axis which i bstantially
parallel to said-surface of said disk such t hat sz“‘\sfﬁg?\“§p9ﬁspo
| ongi t udi nal axi $ ‘i‘l%ﬂ‘,}ﬁetaiasBeenR de with said rot ary M
said rotary erﬁ’ bout
nglng t he dlstance bet ween san

rotation axis; and

sai d rotation a

surface of said dIS sllder 36. A nethod as defined in Caim35

- further conprising.theJ_ : step of nount+xg~said rotary | oad/unload armto
a rotary not or . 37. A nethod as defined in Claim35 wherein said

nount i ng step fgrthegncggggfgeﬁsggém :y f%oag? %Mﬂ%é@i&d disk

suspenS| on | ongitudi nal axis and sali armrotation
axi s apprdklnB}%FSrQNﬁEEE?@ESand said first portlon of light is reflected

- from a slider within said head assembly.

9. An apparatus as in Claim 4 wherein said head
2 assembly has a transparent slider and said hard disk is a
magnetic storage disk.

10. An apparatus as in Claim 4 wherein said 1light
2 source is a mercury arc lamp. '

11. An apparatus as in Claim 4 wherein said 1light
2 source is a plurality of lasers.

~12. An apparatus as in.Claim 1 wherein said mounting
2 arm has a thin flexible band under tension for retaining
said head assembly. '

13. An apparatus as in Claim 12 wherein said thin
2 flexible band is a thin polyester film.

14. An apparatus for determining the spacing between
2 a magnetic head assembly and 5 hard disk, said apparatus
comprising:
4 a light source for emitting light at a plurality
of wavelengths;
6 a microscope assembly for focusing at least a
portion of said light along a light path onto a target
8 position, said reflected light being a combination of light
reflected from an upper boundary and a lower boundary of
10 said spacing; _
a transparent disk having an upper surface and a
12 lower surface, said transparent disk being mounted on a
' spindle for rotation past said magnetic head, said lower

14 surface being said upper boundary;.



16 38. A nethodsaﬁrggi%ﬂgg_Lﬂ—QlaLnn35 mherein said nDuntinq step

further conprises—attaching said rotary Ioad/

suspensi on’ such t has Shaét dlay oad ‘ull I'Ilj“&“ UIIJ

i ntersects said sus ““\ di naI axi s at a aid
[

suspen5|on Iongltud which is internediate said sta

of aid suspen5|on and a proximate end of said suspension.
A sllder p05|t|on|ng apparatus for positioning a slider (12) reIatlve
to a surface of a disk (10) wherein the -27-slider (12) is attached to a
suspensi on nmenber (13) near a distal end of a longitudinal axis of the
suspensi on menber, sgi [a | [oF
| oad/ unl oad arm (17) haV|n Sa%?g%%jﬂﬁyégﬁgy i for rfgggigg nt i %llnlng

paral | el t¥6 sa%ll@u?“PaEStéF hipaf assemRiY aBoG Wﬁc’ﬂ°¥%ﬂ‘ﬂ Faisy ynagnetlc

| oad/ unl oad ar nh&&d at @SsemblyWwhghebn hha su&nen&tfonsmrd)erta(r%@t o ierded
to said rotarg | oad/ giloa arm % ?a{ gg th.e‘i susg sior}1
menber (13381 orFPEERRGF2AAY s & ndi*SR%  RatAy g sald  gagpgtic head

| oad/ unl oad ar nag¢denblytbéing said. lowél bolumdmxysgr at us as defined in Caim
39 furthertgomMWS|ng a . gLPLAL%r g%%%ﬁbl@”é@hprféQngﬁitaChEd to said

rotary
a plurality of photodetectors for converting

22 fringe patterns created by said reflected light into
one electrical signal for each photodetector, one
24 phatodetector corresponding to each of said plurality
of wavelengths;
26 at least one beamsplitter for directing
light of each of said plurality of wavelengths to its
28 corresponding photodetector;
a plurality of filters disposed between said
30 at least one beamsplitter and said plurality of

photodetectors, each filter selectively transmitting
32 oné of said plurality of wavelengths to its
corresponding photodetector; and
34 a processor for receiving each said
electrical signal and generating information therefrom
36 to determine said spacing between said magnetic head
and said hard disk.

15. An apparatus as in Claim 14 wherein said

2 processor is calibrated for each of said plurality of
waveléngths by pivoting said mounting arm to move said

4 magnetic head out of said target position to change said

spacing.

16. An apbaratus as in Claim 15 wherein said light

2 source is a mercury arc lamp.



| oad/ unl oad arm (17) for rotating said rotary |oad/unload arm (17)
agbout sai d rotatTom axts: 43-—An apparatus as defin

said angl e This 8hd¥Eihs RS "'é§a| d suspensi on nmenber -
joad armrotation axis is 1 II a| MMIIE'I!I

axis and said r e
90 degree right I mm l ,
apparatus as de

. ; 39 wherein said rotary Ioad/unload arm
(17) rotation axis .intersects said _pgsuspension menber (13)
| ongi tudinal axis at a location al ong sai d suspensi on nenber (13)
| ongi tudi nal axis mh%ch gh egg;dlate sai d _distal_ end of.s
suspensi on menber - (1) BR 8gp ﬁat@eﬁﬁﬂrb?gsaﬁ?Qﬁﬁﬂﬁnw?%ﬁwﬁ%ﬂbeP
(13). 2 transparent article and a reflective surface which
» comprises:
4 selecting a 1light source for emitting 1light

having a plurality of wavelengths;
6 directing said light along a light path toward a
target position so that a first portion of said light is
8 reflected by an interface between said spacing and said
transparent article and a second portion of said 1light
10 passes through said transparent article and is reflected by
an interface between said spacing and said reflective
12 surface;
receiving light reflected from the two interfaces
14 so that the combination of said first portion with said
second portion generates fringe patterns;
16 optically separating said fringe patterns so that
one fringe pattern correspondé to each of said plurality of
18 wavelengths;
converting each separated fringe pattern into an
20 electrical signal;
digitizing each electrical signal;
22 processing each digitized electrical signal using
a processor to determine maximum and minimum 1light
24 intensity of each of said fringe patterns; and
determining said spacing by comparing correlation
26 between light intensity of each fringe pattern and its
corresponding wavelength for each wavelength of said
28 plurality.

18. A method as in Claim 17 further comprising

2 calibrating said processor by moving said reflective
surface away from said target position so that said spacing

4 is increased by at least A/4 and recording the maximum and
minimum light intensity of said fringe patterns for each

6 wavelength when said reflective surface is in motion.



43. A sli-der positioning apparatus for positioning a slider rel at
a first pIane—eﬁTTespUﬁHFﬁg—FE-a—surface of a dlsk’ggnppksrﬁ”’//L¥e

~a slider attachgg sithtﬁagsBEa Ee:p';lalc@n near a distal end \\*\\\)
otvar y*

' sai d suspension h ud| nal axi s; and \l\“‘“
@ I"'oad/ unl oad arm g& on axi s about whi ch' s

| oad/ unl oad arn1r ereln sai'd suspension is mounted to said
rotary | oad/ unl oad arm such that said rotary |oad/unload armrotation
axi s i ntersécts sai d suspension | ongi T&8nal axis and said sl i der
IS positioned adjacent said first plane at a separation distance from

said first plane, 19sai& metlepdratpon @aﬁkhn&timmreasi@ga@esgﬁnj for
(orary | oadjun 88fernindnd 'HQ' GalhiUl pethdeh Oh A ARB AL Apldded ana

di rect,j on asi’ng as tary d armrao
about said rota@ibefikFEive augéésﬁduamec@noww&ﬁromgter happbgi 2 el szt

first direcki ongourééd efifBIAGU 101 aChgD@ravi tPe Sk SLARGA SMRYLMRENAA which
surface of a disk and a slider attached to a distal end of a slider

suspensi on havi A§MBTASRS*t udi nal axi s, said nethod conprising the steps
of : 6 nmounting saifécudinderat sueastsaoportiom of oldght from said

| oad/ unl oad ar aving a_rotation aX|s ch t.hat_.sai d. sl ider suspension
Iongltudlnal n} PhtgpgﬁfF%aé Iight paéh at ‘'said spacing;

mounting one of said transparent surface and said
reflective surface on- a movable mounting so that said
10 spacing can be increased along said light path;
receiving reflected light from a first interface
12 between said transparent surface and said spacing and from
a second interface between said spacing and said reflective
14 surface;
generating a fringe pattern from said reflected
16 light for each of said plurality of wavelengths X;
increasing said spacing by moving said movable
18 mounting; and
recording a  maximum and minimum light intensity
20 of said fringe pattern while said movable mounting is in
motion. |

20. A method as in Claim 19 which further comprises:

2 generating a look-up table of intensity of each
wavelength A versus spacing;
4 calculating a mean square error for each of a

selected increment of said spacing by comparing the
6 recorded maximum and minimum light intensity with a
theoretical intensity from said look-up table; and
8 selecting an initial spacing according to said-
selected increment having the smallest said mean square

10 error.



18 rotary | o ron axis; and ————Totat| aid
rotary | oad/ unl oad arm abgut, sai rotation axis m\ﬂ\“ﬂ t he
di stance bet ween -sal’l rgheePﬂ”Be e §5f said disk and s%\‘ﬂ‘ﬁm . A
slider positioning a um% m

i

bsitioning a slider's ¢ E12Y relative to
a surface of a disk he slider (12) is attached to a

suspensi on nenber (13) near a distal end of a longitudinal axis of the
suspensi on menber, said apparatus cedpri sing: a rotary
| oad/ unl oad arm (17) having a rotation axis about which said rotary

| oad/ unl oad arm rot ages, AWaRk@idd for tﬁ@asﬁﬁsﬁ?%saogﬁaemer petdkens ﬁ%é:é:cped

to said rotary ad/ unl oad arm ((17) sych that the suSpension ne
(13) I%ngi?ﬁﬁ?ﬂgﬁyaﬁpg PnP€F§e9§§ ¥hd ShoCAMPYIRERF Unl oad ar m

replacing one of said head assembly and said hard
4 disk with a transparent substitute;
rotating a disk comprising one of said hard disk
6 or a substitute disk on a spindle with a slider comprising
one'of a substitute head assembly or said head assembly
8 biased toward said disk;
directing light having a plurality of wavelengths
10 along a light path through at 1least a portion of said
transparent substitute to be focused at a target position
12 between said slider and said disk;
receiving light reflected from a surface of said
14 transparent substitute closest to said target position and
from a surface of said slider or said disk according to
16 which has been replaced by said transparent substitute, so
that the reflected light from each surface is combined to
18 generate fringe patterns;
optically separating said fringe patterns so that
20 one fringe pattérn corresponds to each of said plurality of
wavelengths;
22 converting each separated fringe pattern into an
electrical signal;
24 digitizing each electrical signal;
processing each digitized electrical signal using
26 a processor to determine maximum and minimum 1light
intensity of each of said fringe patterns; and '
28 determining said spacing by comparing correlation
between measured light intensity of each fringe pattern ahd
30 theoretical 1light intensity at each wavelength of said
plurality.



(17) rotation axis. 46. An apparatus for positioning a slider relative to
& surface of a disk wherein the slider is attached to a suspen5|on
menber having a Ion |tud|nal aX|s sai d apparatus conpri-sthg—

a rotary arn1haV|ng a%ﬁout whi ch said r ot
rotates, said rotary a r| sing a porUhM‘ @m‘mm ‘“‘or
attachnent of t he penS|on nmenber L

. said rotary arm rotatlon aX|s intersects said slider member

1 ongi t udi nal axi s such that rotation efisaid rotary armin a first
direction about said rotation axis noves said slider away fromthe
surface of the disk and rgtaﬁégﬁogfwigj ﬁ(“éﬁé&m zfudef{z% eqy rising
di rection about said rotation axrs pposi t'e sal f

directijon, 2ovesalkibratingesaid pFGﬁGF&°Fh§YsEPNé@Q §ﬁlﬂh§ldﬂ§K away from

said target position so that said spacing is increased and

4 recording the maximum and minimum light intensity of said
fringe patterns while said slider is in motion.

23. A method as in Claim 22 further comprising
2 utilizing the intensity measurements recorded during the
step of calibrating to determine fringe order.

24. A method as in Claim 23 wherein correct fringe
2 order is assured by requiring a measurement to be within a
fixed range of a previous measurement.

25. A method for simultaneously measuring roughness
2 and hardness of a surface which comprises: |
splitting light having a plurality of wavelengths
4 A into a first portion and a second portion;
directing said first portion along a light path
6 toward an interface between a transparent probe and said
surface at a first location of said surface;
8 attaching a load cell to said probe;
 reflecting said first portion from said
10 interface;
combining the reflected said first portion and
12 said second portion to generate fringe patterns;
storing maximum and minimum intensity of said
14 fringe patterns for each wavelength A;
calculating spacing using said maximum and
16 minimum intensity;
moving said probe toward said surface while
18 continuously generating said fringe patterns ‘and storing
their maximum and minimum intensity; and
20 detecting a contact load between said probe and

said surface while said probe deforms said surface.



It should be ng;gd,rhar the 100 nmdifference imt is arbitrarily

sel ected and: th@ r vaIues may be used as

wavel engt hs of " lasedasur ement | not
exceed [err] wav I In the pref erred E Imnm "i'l mﬂyr ng
hei ght tester Ieast 256 points per r_ i cal

test involves storage of data of intensity versus angle for
revolutions. Thus, at |east 512 points ar®2+aken for each data set.
The processor converts intensity versus 10 revolution data into spacing

versus revol ution a@g erthEﬁOd foraae‘egk'mtnlgl?;@o@fe ?Illr}l?; tJ}%JrQr IH of

a video nonitor or printout. Since air ring t |ckne
function & an cﬂ%ﬁ?%%@%ﬁmeFEéFln§Y§Feﬁhef§5acﬂﬁgsﬁeﬁw@@ﬁ-a°§iv§mdﬂ§n9

and ., disk petpsen cnaltyamepdpentd aditicdindes @f Féskeéoiobi drak,

speeds. ‘£gure 4 |II strates g series of plots of spacing versus angle
for two révol (F3%h QR religh camprAsessyqyy plots at 3,600 RPM 900
RPM and 225 RPM respectseﬂeégttlng aFLyjghe ddureeafphoemdfttipacilighteatiia
di sk speeq5 E téggwébglgﬁbgﬁrple of increased spacing with 20
i ncreased T ot & §€ gure 5 is a plot of spacing versus
tinme to show - neasurewehecbynghen$ﬁmﬁgmemtahﬁnnnqesageaeranedfw1th1n
head/diskg — swPRF! Ntneiferbigrbead WyskenV By 3 LATeLi bR @i-ah. said
spacing;
10 . separating each of said interference fringes
according to its wavelength;
12 ' - generating a theoretical plot of normalized

intensity versus spacing for each said wavelength; and
14 comparing a measured normalized intensity to said
theoretical plot of normalized intensity while altering
16 said spacing.



Interferonetric fringe intensity calibration is used 25 to calibrate

mexi mum and m ni mumintensity of Iight and dark interferonetric
. fringes. The maxi mum and m ni mum fringe intensity is nmeasured at one
- or nmore points on the interferonetric image while altering
~interferonmetric path | ength by at least [err] of 'the wavel ength of the
l'ight being 30 used to produce the interferometric image. By conparison
of interferonetric intensity to the maxioyggLand m ni mum intensity, it
is possible to obtain spatial neasurenent with a resolution of a snal
fraction of the wavel ength of i ght used.
-20- Wiile a nunber of fhgsmgactieight testers use
interference to neasure the spaci ng between the head and medi a, the
system of the present invention utilizes a uni que calibration

t echni que i DIThEch MEFHDDaANDs APRABAGYS TO CALIBRATE INTENSITY AND

DETERMINE FRINGE ORDER FOR INTERFEROMETRIC
MEASUREMENT OF SMALL SPACINGS
The apparatus and method for measuring a small spacing down
to contact uses an interferometric fringe intensity calibration
to calibrate maximum and winimum intensity of two or more
monochromatic or quasi-monochromatic interference pattens caused
by a spacing between two articles (10, 12), one of which is
transparent (10). The intensity calibration is done by
measuring maximum and minimum fringe intensity of each color (2)
while altering the spacing (51) by at 1least 1/4 of the
wavelength of the light or other electromagnetic radiation being
used. The calibration by changing spacing allows the fringe
order to be calculated (26) for each wavelength of the radiation
being used. This calibration procedure allows the maximum and
minimum inténsity of the radiation to be known, as well as the
fringe order of the interference patterns to be calculated.
With the maximum and minimum intensities and the fringe orders
known, the spacing is readily calculated from interferometric

theory.

~Fig 1
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the intensity,
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-22- while it is being deformed by the probe. The measurenent of

. surface deformation as a function of contact pressure will allow a
measur enent of surface hardness while causing a m ni mum anount of
. damage to the surface. 5 Both the Dynamc Flying Height Tester
"and the Interferometric M cro-hardnegysTester illustrate ways that
the Method to calibrate intensity for interferonetric measur enent of
smal | spacing can be used. The-feasi brNty of the nmeasurenent has
been denonstrated by the A0 neasure K of flying height illustrated
her ei n. - It will be evident that there are additiona
enbodi nents which are not [l lustrated abovge but which are ,7 clearly
within the scope and spirift of tjhe present i nventjon The above
description and draw ngs e 15 therefgre intended to be ekenplary only
and the scope of the i i is to ke liypmted splely by fhe appended
cl ai ns. —
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-23- CLAI M5 1. An apparatus for
dé&term ning the spacing between 2 a transparent article and a

reflective surface, said apparatus conprising:. 4 a |light
spurce for emtting light at a plurality of wavel engths [err]; 6

a mcroscope assenbly for focusing at |eass s first portion of said
“light along a light path onto a 8 target position between said
transparent article and said reflective surface and for receiving
reflected light from10 said target position, said reflected |Iight
being a conmbi nation of light reflected froman interface between

INTENSITY (NORMALIZED UNITS)

0 5 10 15 20
SPACING ( MICROINCHES)

_ FIG.I0



12 said transparent . article and said spacing and 1ight
refl ected from anTmterface tetween—sai d spaci ng altd SREFL AGEMERT %E’f’f SG

surface; mai nt ai nin r

e oot MR 77 7S B e
posi ti on; aL mevapl e» nountijng arm @rD ol nj Bt edsa‘ltﬂ aged [8
reflective surface and for noving said refTective % 4 f-r-dfh paged .,
said target position substantially along said dﬁtf £y h tﬂf“g ~}-daspaged ..
[err]/4; 2AMENDED CLAIMS detector assenbly conpris ﬂ

a plurality of photodetectors for converting 24 ATEI‘OEQEECEME} ﬁs.MAY]gg?

created by conmbination of said . ~reflected light into one
el ectrical 1si gndn f apraxat®es for dabevminingor thenespreisget batateen a

correspondi ng tqQ _each ai lural i |l e 28 ;
at | east one bea a&s;ﬁrentr orazdilng Jf;ébugnﬁg Eé{fpé%%%%g o? gkggicg' said
plurality of \s@ppaetgidiconmrisimy30 - correspondi ng phot odet ect or;

a light source for emitting light at a plurality of

wavelengths A; ‘

a microscope assembly for focusing at least a first
portion of said light along a light path onto a target
position between said transparent article and said
reflective surface and for receiving reflected light from
said target position, said reflected 1light being a
combination of light reflected from an interface between
said transparent article and said spacing and 1light
reflected from an interface between said spacing and said
reflective surface; ) '

a support for maintaining éaid transparent article
at substantially a fixed elevation with respect to said
target positibn;

a movable mounting arm for retaining said reflective

surface and for moving said reflective surface away from
said target position substantially along said light path
by at least i/4;

a detector assembly comprising:

a plurality of photodetectors for converting fringe
patterns created by combination of said reflected light
into one electrical signal for each photodetéctor, one
photodetector corresponding to each of said plurality of
wavelengths;

at least one beamsplitter for distributing each of
said plurality of wavelengths to 1its corresponding

photodetector; and S
This is the replacement sheet
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+ 24- W filters disposed between said 32
at | east one beanspH r— and sai§ ﬁl urality of phot odet ect or s,

each filter selective| E‘“\ﬂ“ 4 one of said plurality of
wavel engths to ltse\}“\““m S ndi ng phot odet ector; and 36

a processor for receiVkngeedch "said el ectri cal signal and generating

i nformation therefromto determ ne 38 saftd spacing between said
transparent article and said reflective surface

. L ace. 2. A
apparatus as in C ai @ 1PMeRdiitYsapd pFblEess, dbsposed hefregry sf%’r‘glea'”cth

of _ said plur al | e Wavghenat BéaR)épl_ittBEVOt a1 Sai ghygunt bﬂ!ﬁraﬂ.E\thO Qe
said reflective surface 4 out of said target position to Increase said

spaci ng. photodhtegyormpaeachs fid tiex Gelertivlyr etranamytidpgorane 2
tcﬁgpglngisng Lgi \?\o;fgglsgiﬁp'ﬂgﬁfality of wavelengths?PP8" A8 (YrAigddHiHgY
photode tecto; H
a mounting arm calibration controller for changing
said spacing between said transparent article and said
reflective surface by moving said moveable mounting arm
during a calibi:ation, wherein calibration fringe patterns
for each of said plurality of wavelengths are recorded
while said controller is moving said mounting arm and
changing said spacigg; and
a processor for receiving each said electrical
signal and generating information therefrom to determine

said spacing between said - transparent article ‘and said

reflective surface.

2. An apparatus as in Claim 1 further comprising a mount for
said moveable mounting arm having an axis about which
said moveable mounting arm can be rotated, thereby
changing said spacing between said transparent article
and said reflective surface by a pivoting motion of said

moveable mounting arm about said axis.

. 3. An apparatus as in Claim 1 wherein said support comprises

a rotatable spindle.

4. An apparatus for determining the spacing between a head
assembly and a hard disk, at least one of said head
assembly and said hard disk having a transparent portion,

said apparatus comprising:

This is the replacement sheet
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2 a head assenbl y and a hard—di-sk,—at | east one of said head assenbly
and said hard disk havl rent portion, 4 sai d apparat us

conpri si ng: lm,mmﬂﬁmrl ce for emtting light at a plurality
6 of wavel engt hs [err]* " a mcroscope assenbly for focusing

a first 8 portion of said Ilght aI ong aglight path onto a target
position and for receiving reflected liglt—~fromsaid target 10 position

and directing said reflected Iight along a conmon path with a second
portion of said |igh® 111Eht source f%rsﬁlﬁbBF%n%Jofllﬁﬂtma& @ nglesRYt Ry 9
di sk apart froT said head assenbly at an el evation such that at |east

14 one of an uPp¥P EBP*REeMdnd a | ower surface of said hard disk is
di sposed substanti al Wﬁcﬁé&ﬁ@rﬂﬁéeﬁﬁﬁyt iU focusing a first portion

e of said light along a light path onto a target position and
for receiving reflected light from said target position and
directing said reflected light along a common path with a
second portion of said light; |

a support for maintaining said hard disk apart from
said head assembly at an elevation such that at least one of
an upper surface and a lower surface of said hard disk is
dlsposed substantially at said target p051t10n,

a pivotable mounting arm for releasably retaining

said head assembly and for moving said head assembly into and
out of said target position substantially along said 1light

path by at least A/4;

a detector assembly c°mprising:

a plurality of photodetectors for converting fringe
patterns created by combination of said reflected light and
said second portion of said light into one electrical signal
for each- photodetector, one photodetéctor corresponding to
each of said plurality of wavelengths;

at least one beamsplitter for distributing each of
said plurality of wavelengths to its corresponding
photodetector; _

a plurality of filters disposed between said at
least one beamsplitter and said plurality of photodetectors,
each filter selectively transmitting one of said plurality
of wavelengths to its corresponding photodetector;

a nwunting.arm calibration controller for changing
said spacing between said head assembly and said hard disk by
pivoting said pivotable mounting arm during a calibration,

wherein calibration fringe patterns for each of

This is the replacement sheet
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16 a—pivoetabteounting armf or releasably retaining sai d

head assenbly and mhead assenbly iinto 18 and out .of said
target position sHmHm\“!lﬂl‘mH g said light path by at |east
[err]/4; 20 et 8ct br assenbly conpri sing:

a plurality of photodetectors for convertifg 22 fringe patterns
created by conbination of said — . reflected light and said

. second portlon of sald i ght 24 into one electrical 3|gn | .for each

" phot odet ect®id onlurality  qfhor Ga¥ELEREFNEor AFSHONTRTYTES 0P st

plurality 28 ntrollef! YRVELIRDIHHg said pivotable méhnh§ﬁ§t(a¥h and
beanmsplitter for distributing 28 . each of said plurality of

wavel engt hschanging ssaid spacingprardpondi ng phot odet ector 30

~a plurality of fllter et n %ﬂ§
beansplitter and sai pld% 19;&‘%909 §§§ §.g'l"zg]'vﬁi(r:)'?od(§3\'ta(‘e=ct ors, eac c?ncal

- sel ecti vel ysigreals nahdi ggnerating 1r£ﬂta:'maﬂ1.orsa:i:1derqafmml oy da:l:ferm:.ne said

mavelengths to. its .. .correspondi.ng phot odet

a processor Rab?l?%&?‘%wﬁﬁne%%hdgﬁ??ﬁg %%ﬂ’?g%la saé“i; %3#1 ﬁsﬁener ating

I nformati on therefromto determ ne sal d spacing bet ween said head

assenbly and said hard di sk. An apparatus as in Caim1l

further corprisi?Ry #PpRratys é&ne?-ﬁ akaPH“w]deS“lﬁ‘?ieForcPB‘Pr&Féﬂgngaor@ch

sai d camera and a video monitor for viewing one of said fringe

patterns.

6. An apparatﬁs as in Claim 4 wherein  said processor

includes an analog to digital convefter.

7. An apparatus as in Claim 4 wherein said processor
includes a memory for storage of at least each said

digital signal.

8. An apparatus as in Clain|'4 wherein said hard disk is
transparent and_said first portion of light is reflected

from a slider within said head assembly.

9. An apparatus as in Claim 4 wherein said head assembly has
a transparent slider and said hard disk is a magnetic

storage disk.

10. An apparatus as in Claim 4 wherein said light source is a

mercury arc lamp.

11. An apparatus as in Claim 4 wherein said light source is a

plurality of lasers.
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frlnge patterns . Anr-apparatus as in Caim4 wherein said

processor I ncl digital converter. 7. An
appar at us as in CI }ljﬂﬂ!@ processor 2 i ncl udes a nmenory for
storage of at Ieas si gnal .

i - 26-

An appar at us as |n G g m4 wherein said hard disk 2
I s transparent and said first portion of +rght is reflected froma

" slider within said head assenblé/ :
12. An apparatus or determining the spacing between a

transparent article and a reflective surface, said
apparatus comprising:

a light source for emitting light at a plurality of
wavelengths A;

a microscope assembly for focusing at least a first
portion of said light along a light path onto a target
position between said transparent article and said
reflective surface and for receiving reflected light from
said target position, said reflected 1light being a
combination of light reflected from an interface between
said transparent érticle and said spacing and 1light
reflected from an interface between said spacing and said
reflective surface; '

a support for maintaining said transparent article
at substantially a fixed elevation with fespect to said
target position;

a movable mounting arm for retaining said reflective
surface and for moving said reflective surface away from
said target position substantially along said light path
by at least A/4, wherein said mounting arm has a thin’
flexible band under tension for retaining said reflective
surface;

a detector assembly comprising:

a plurality of'photodetectors for converting fringe
patterns created by combination of said reflected light

into one electrical signal for each photodetector, one
photodetector correéponding to each of said plurality of
wavelengths;

at least one beamsplitter for aistributing each of
said plurality of wavelengths to its corresponding

Photodetector; and
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9. An apparatus as in Gaim4 wherein said head 2 assenbly has a
transparent slider and said hard disk is a magneti c storage disk.

10. An apparat us aﬁ“l“““llmmlﬂ mm nsaid light 2 source is a nmercury
arc | anp. tus as in Caim4 wherein said light 2
source is aplurallty of I'asérs: ¢ 12. An apparatus as in Claim
1 wherein said nounting 2 armhas a thi‘n"erX| bl e band under tension for

retaining sai d head assenbly aratus as i.n, C
12 wherein said thina2 plfllre%r»swe pEndfikters h.qf-ﬁﬂﬂ p tyqep said a

14. An appar at UE fa%rt detG{dn niPgahHs1 $PaEENY Qﬁaweerga&da nggﬁgglgtgeadof
assenbly and a hard di sk, said apparatus conprising: 4
| i ght source fophemotlelte@thrg:ht eachy filteri tsplectively transmitting one
of said plurality of wavelengths to its corresponding
photodetector; and
a processor for receiving each said electrical
signal and generating information therefrom to determine
said spacing between said transparent article and said

reflective surface.

13.  An apparatus as in Claim 12 wherein said thin flexible

band is a thin polyester film.

14. An apparatus for determining the spacing between a
magnetic head assembly and a hard disk, said apparatus
comprising: )

a light source for emitting light at a plurality of
wavelengths;

a microscope assembly for focusing at least a
portion of said light along a light path onto a target
position, said reflected light being a combination of
light reflected from an upper boundary and a lower
boundary of said spacing;

a transparent disk having an upper surface and a
lower surface, said transparent disk being mounted on a
spindle for rotation past said magnetic head, said lower.
surface being said upper boundary;

‘a pivotal mouhting arm for releasably retaining said
magnetic head assembly and for moving said magnetic head
assembly into and out of said A target position

~ substantially along said light path, s;id magnetic head
assembiy being said lower boundary;
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of wevel engt hs; T,//»—a—rrr‘c‘r oscope assenbly for focusing at |east a
portion of said Tight alo pat h onto a target 8 position, said
reflected |ight bml““ m ; | i ght reflected froman upper

boundary and a |l o sald spaci ng; a
transparent di sk haVi ng an upper surface gnd a 12 |ower surface, said
transparent di sk being nounted on a sprndl e for rotation past said
magnetic head, said lower 14 surface being said upper boundary;

- 2_7;]I ¢ head a memonnafﬂeﬂhjﬁrqﬁﬂmlsﬂé!%asabl y retaining 16

sai d nmagnetic head ass |

I nto and out of sai d% %{ %i(}%’tlggn e%%ﬁgr??lggl %wéeggfe'g %ﬁ?@a Y

pat h, said nmagngaittdrad created by said reflected light lnto one
electrical signal for each photodetector,  one
photodetector corresponding to each of said plurality of
wavelengths;

at least one beamsplitter for directing light of

~ each of said plurality of wavelenéths to its
eorresponding photodetector;

| a plurality of filters disposed between said at
least one beamsplitter and - said plurality of
photodetectors, each.filter selectively transmitting one
of said plurality of wavelengths to its correeponding
photodetector; .

a mounting arm calibration controller  for changing
said spacing between said magnetic head assembly and said
-hard disk by pivoting said pivotal mounting arm during a
calibration, wherein calibration fringe patterns for each
of said plurality of wavelengths are reco:ded while said
controller is pivoting said pivotal mounting arm and
changing said spacing; and

a. processor for receiving each said electrical
signal and generating infermation therefrom to determine
said spacing between said magnetic head and said hard

disk.

15. An apparatus as in Claim 14 wherein said processor
further comprises a look-up table containing theoretical
light intensity as a function of spacing for each of said

plurality of wavelengths.

16. An apparatus as in Claim 14 wherein said light source is

a mercury arc lamp.
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assenbl y bei ng SaJ_d_LOAABJ’_bD_U.D.d.a.I’_)L,_ZO a detector assenbly

conpr ng: ty of photodetectors for converting

22 fringe pa Emuﬂlﬂilmﬁw ﬁ sal d reflected Iight into one

el ectrical signal ector, one 24 phot odet ect or
~corresponding to each of said pI urality g of wavel engt hs; 26

at | east one beansplitter for directing — i ght of each of said

plurality of wavel engths to its 28 correspondi ng phot odet ect or;

a pluralityof 1 q’s}“?ﬂ s PO dMBBFHEANTs oFBagENg  betugenc At tyrAnSparent

beanmsplitter angtsdid ﬂ&rﬁli‘éﬁ'leéélve surfacé’htﬂtaf.’&‘?t@&ﬁnﬂf§?e§a0h filter

selectively transmtting 3 one of said plurality wavel engt hs
to its corrsa%mtnm@ phbigltt scuvee fou emitting light having a

processor for rﬁﬁfﬁﬂ%ﬁ f?‘%)\reig%lnéjths; el ectrical signal and
erefrom

generating info to determ ne said spaci ng between
said magnetic head directimmndssdidd highitdiallong a light patbhAntepasdatals
as in Caim1il4 erein said 2 is_calibrated for each of said

it o L RSt Lo PERC ERAY o iR T AP AF L 5ougy il i
magnetic head ouyteffestdd by’ @@ NOSdtfLre  Bethasfe stdldl spacfRGChRd said

transparent article and a second portion of said light
passes through said transparent article and is reflected
by an interface between said spacing and said reflective
surface;

receiving light reflected from the two interfaces so
that the combination. of said first portion with said
second portion generates fringe patterns;

optically separating said fringe patterns so that
one fringe pattern corresponds to each of said plurality
of wavelengths;

converting each separated fringe pattern into an
electrical signal;

digitizing each electrical signal;

processing each digitized electrical signal using a
processor to determine maximum and minimum light

| intensity of eacﬁ of said fringe patterns;

determining said spacing by comparing correlation
between 1light intensity of each fr;nge pattern and its
corresponding wavelength for each wavelength of said
plurality; and

calibrating said processor by moving said reflective

surface away from said target position so that said

spacing is increased by at least A/4 and
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16. An apparatus as nm—Cat-m-15-wherein said light 2 source is a nercury

-28- 17. A

‘arc | anp. - . . _
met hod for neasuring ,M”HNHHHMHIE 2 transparent arti c! e and_ a
reflective surface | L WCO es: 4 selecting a |ight
source for emtting |ight having a glurality of wavel engths; 6
directing said light along a |light path teward a target position so
that a first portion of said light is 8 reflected by an interface between

sai d spacing and sai fecordingdhe amxigum ard aninimencbidhpoi nitenssftys aifd
ight 10 passegalifr ouel i d dd Sl oLl NWLbPehGERCCURLNY saia

an interface between saidspa

18.

19.

ng and Ssal ective

reflective surface is in motion.

A method for calibrating a processor for determining the
spacing between a transparent surface and a reflective

surface using an interferometer having a light source

emitting at a plurality of wavelengths A which comprises:

focusing at least a portion of light from said light
source along a light path at said spacing;

moﬁnting one of said transparent surface and said
reflective surface on a movable mounting so that said
spacing can be increased along said light path;

receiving reflected light from a first interface’
between said transparent surface and said spacing and
from a second interface between said spaciqg and said
reflective surface;

generating a fringe pattern from said reflected
light for each of said plurality of wavelengths A;
increasing said spacing by moving said movable mounting;
and

recording a maximum and minimum light intensity of
said  fringe pattern while said movable mounting is in

motion.

A method as in Claim 18 which further comprises:
generating a look-up table of intensity of each
wavelength A versus -spacing;
calculating a mean square error for each of a
selected increment of said spacing by comparing the
recorded maximum and minimum 1light intensity with a

theoretical intensity from said look-up table; and
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12 éurface; receiving light reflected fromthe two
I nterfaces 14 .SB hat the conbination of said first portion with said

second portion g ,I”m,ﬂgl atterns; 16 optically
1 @o t hat one fringe pattern corresponds

separating said

to each of said plural iLty'fof318* wavel engtds; converting each
separated fringe pattern into an 20 el eetrical signal;
digitizing each electrical signal; 22 processing_each digitized

electrical signal usPRgectingg giocddddialo dRaFIRte IREPTRIRANER nPAAMA
light 24 'ntegéiE&tQE‘ﬁ?gkéﬁe§@4ﬂa@ihﬁ?eﬂgnéﬁﬁfﬁés Ndaid Tﬁzmtsquare

determ ni ng sai d spacing by conparing co ation 26 et ween

intensity of eaekrpri.nge pattern and its correspondi ng wavel ength for
each wavel ength of said 28 plurality. 18. A method as in Caim
17 further conprising 2 <calibrating said processor by noving -said
reflective20. Asuicthoel Ewy reasnrsing &aspacipgsbdttieesn 4 Hadadandsepbiiyng

4 is increased hy at least [err]l/4 and recording the maxi mum and
mini mum | i ght iﬁf‘gn§i g %55‘dw ]r"F'Hgéwﬁ'EFtléPﬁs for each 6 wavel ength

when said reflectivergphhasfg Sond BE! iddid head assembly and said hard

disk with a transparent substitute;

rotating a disk comprising one of said hard disk or
a substitute disk on a spindle with a slider comprising
one of a substitute head assembly or said head assembly
biased toward said disk; |

directing light having a plurality of wavelengths
along a light path through at least a portion of said
transparent substitute to be focused at a target position
between said slider and said disk;

receiving light reflected from a surface of said
transparent substitute closest to said target position
-and from a surface of said slider or said disk according
to which has ‘been replaced by said transparent
subStitute; so that the reflected light from each surface
is combined to generate fringe patterns;

optically separating said fringe patterns so
that one fringe pattern corresponds to each of said
plurality of wavelengths;

converting each separated fringe pattern into an’
electricél signal;

digitizing each electrical signal;

processing each digitized electricai signal using a
processor to determine maximum and minimum' light
intensity of each of said fringe patterns;

determining said spacing by comparing correlation

between measured light intensity of each
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-29- A nmethod for calibrating a processor for 2

determ ning the sp transparent surface and a - .
reflective surfaceﬁm“ﬁullmllmﬂglrlmronet er haV| ng a light 4 source
cemtting at a pluratity of wavel engths X which conprises: 6
‘focusing at least a portion of |ight fron1§a| d | i ght source along a
~light path at said spacing; 8 —Tounti ng one of said transparent

surface and said . reflective surface on a novabl e myunti n% so that said
10 spaci ng can TFéNdRrBREERTRI AR SEPEOFPEAC3pariioht intensity at each

recei ving refl eqiRfbildritftth fd0BAd igidrd 1N f 3y 12 between said
transparent surface and said spacing.and from a second interface

bet ween sai d spaci ng Q?fid-%fdngaf Iseédd vprogessgrf ge¥: moving said slider

generating a fri e%&ﬂf% ho%éﬂ&'tfskkiiﬁ‘aﬂ % thaR! dfia e8plcRhgSA 4

plurality of wave
1ncreased and recordlng the maximum and minimum 1light

intensity of said fringe patterns while said slider is in

motion.

21. A method as in Claim 20 further comprising utilizing the
intensity measurements recorded during the step of

calibrating to determine fringe order.

22. A method as in Claim 21 wherein correct fringe order is
‘assured by requiring a measurement to be within a fixed

range of a previous measurement.

23. A method for determining correct fringe order in an
interferometric system for measurement of spacing between
a transparent article and a reflective surface, said
method which comprises:

selecting a light source for emitting 1light at a
plurality of wavelengths;

detecting interferencé fringes generated within said
interferometric sysﬁem by reflection from said spacing;

separating each of said interference fringes
according to its wavelength;

_ génerating a theoretical plot of normalized

intensity versﬁs spacing for each said wavelength; and

comparing a measured normalized intensity to said
theoretlcal plot of normalized intensity while alterlng

said spacing.
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‘i ncreasing said spacing by noving sai'd novable 18 nounting; and

recordi ng a nmaxi oum intensity 20 of said fringe pattern
whi |l e sai d novabl e jmmnmlmr“l““ml not i on. 20. A nethod as
in Caim19 which f conpri ses« generating a | ook-up
table of intensity of each wavel engt h2X versus spacing; 4

cal culating a nean square error for each-ef a sel ected i ncrenent of

sai d spaci by co aring the 6 recorded maximum and mninmum |ight
intensity 2 4?\1| terf{ﬂ’é%‘P%F%%l aPH?EﬁEPFnyFoWP%PJlPSoIF"‘.ﬁJ dimansions 8

sel ecting an i rgitlaal sPPCNGY S0 SbPrd Cus dbdmprisSegect ed i ncrement
havi ng the snal |l est said nean square 10 error.

a light source for producing light having a first
wavelength and a second wavelength;

optics for directing said first and second
wavelengths of 1light to a spacing having a separation
distance, said spacing defined by first and second
boundaries, such that light reflected from said first and
second boundaries produces a first wavelength
interferencé signal and a second wavelength_interference
signal, said first and second wavelength interference
signals having characteristics determined by said
separation distance;

a detector for measuring the intensities of said
first and second .wavelength interference signals; a
calibration controller for changing said separation
distance while acquiring first and second calibration
fringe patterns corresponding to said first and second
wavelengths; and

a processor for analyzing said measured intensities
of said first and second wavelength interference signals

and deriving therefrom said separation distance.

25. An interferometric apparatus as defined in Claim 24
wherein said processor further comprisés:

a look-up-table which contains a first set of
theoretical interference signal intensity data which
corresponds to said first wavelength of 1light and a
second set of theoretical interference signal intensity
data which corresponds to said second wavelength of
light; and
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--30; : 21. A nethod for neasuring a spacing between a head 2
assenbly and a hard di sk which conprises: repl aci ng one of

sai d head assenbl i n mf disk with a transparent substitute;
rotating a disk célrmmuﬂﬁmn ﬂll lI aid hard disk 6 or a substitute disk on
a spindle with a sltder domfri 8ing ong of a substitute head assenbly
or said head assenbly 8 biased toward satd di sk; directing
light having a plurality of wavelengths 10 along a light path through at

| east a portion of s& gomparatosndfed QamPARING (3R imedsureduiBlensifies
target p05|t|onw}% l%%l enl%%kq L%Q%ﬁeanQﬁﬁ%#%ﬁ&égi intensities to

receiving light reflected froma surface of sal t ranspar ent

substitute cl osdetermipei datidr gpacpogi.t i on and froma surface of said
slider or said disk according to 16 which has been replaced by said
transparent substitute, so that the reflected |ight ‘fromeach surface

I s conbi negdéto AR gABerfeeometRie papparastis as defined oAticahlim 24
separating said fringe patterns. so that 20 ?pe fringe pattern corresponds

to each of sai d¥PRERAP; P16k 1ight gapnes,fiyrthen comprises a PYRGRFY| Agc
each separated fgmpge pattern into an el ectrical signal; 24
digitizing each electrical signal; :

27. An interferometric apparatus as defined in Claim 24

wherein said -light source further comprises a laser.

28. An interferometric apparatus as defined in Claim 24
wherein said optics further comprises a microscope

assembly.

29. An interferometric apparatus as defined in Claim 24

wherein said detector further comprises a photodetector.

- 30. A method for determining correct fringe order in an
interferometric system for measurement of a small spacing
comprising:

selecting a light source for emitting light at a
plurality of wavelengths; _

detecting interfereﬁce fringes generated within said

interferometric system by reflection from said
spacing;

separating each of said interference fringes
according to its wavelength;

measuring and recording the interference fringe
intensity at two or more of said plurality of wavelengths

for a range of spacing by altering said spacing;
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processi ng eachdigitized etrectrical signal using 26 a processor to

determ ne maxi | i ght ..intensity of each of said
fringe patter nsnn!]‘“mm “n HII"H"I det er ni ni ng said spaci ng by conparing
correl ation ween measured light intensity of each fringe pattern

and 30 theoretical light i nten5| ty at eagh wavel ength of said
plurality. -— - 31- 22. A
method as in Claim21 further conpri si ng 2 calibrating said processor by

nmovi ng said slider af@PeFng  &jj ﬁ%rﬁqlq?dsltlpd-t?tso fat  Swmnaddaschg
| s 1ncreased andntbnditepr depgubnedBusig!napd dddH MUE | 0% 't%enéi»%o‘ii

sai d fringe patterns while said I der
wavelengths; and

comparing said measured intensity to said
theoretical plot at said two or more wavelengths to

determine the fringe order.

31. A slider positioning apparatus for positioning a slider
relative to a first plane corresponding to a surface of a
disk comprising: ' |

a slider attached to a suspension near a distal end
of said suspension, said'suspension having a longitudinal
axis; and

a rotary load/unload arm having a rotation axis
which is substantially parallel to said first plane about
which said rotary load/unload arm rotates, wherein said
suspension is mounted to said rotary load/unload arm such
that said suspension longitudinal axis forms an angle
with said rotary load/unload arm rotation axis and said

- slider is positioned adjacent said Ffirst plane at a
separation distance from said first plane, said
separation distaﬁCe increasing as said rotary load/unload
arm rotates about said rotation axis in a first direction
and decreasing as said rotary load/unload arm rotates
about séid rotation axis in a second direction which is

opposite said first direction.

32. An apparatus as defined in Claim 31 further comprising a
rotary drive motor attached to said rotary load/unload
arm for rotating said rotary load/unload arm about said

rotation axis.
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-23. A method as in daim22-further conprising 2 wutilizing the intensity
measur enents recorded durlm J‘F step of calibrating to determ ne
L

fringe order. “‘““ ! (l met hod as in Claim 23 wherein correct
fringe 2 ord quiring a neasurenent to be within a

fixed range of a' preV|ous measurenent. 4 25. A nethod for
si mul taneously measuring roughness 2 a har dness of a surface which
conpri ses: splitting-light having a plurality_ of mavelengths

4 Xinto B3ir AnparPPrERtaTd s sdebhnegdorin oRlaim 31 “wheréin jispde i #gLai d
first portion a{) Shifled ﬁéﬂ@&eﬂakﬁldﬁshgfﬁh@l%ﬂ '1'&}1%&“&%&&2@ BE'L dand said

transparent probe and said surface™at a first 7l ocation of said surface;
8 atxqt:thIg lgakddusload sum saouapmbe axis is approximeftiedatiag

said first 5t f i nterface; conbi ni ng
the refl ected sal GA$$ £9$%’t gnﬁ 12 said second portion to generate
fringe patterns; storing maxi numand mninmumintensity of

said 14 frjnge patterns for each wavel ength [err]. . .
cal Cul at | T S oeRR nGPRRRREUEAAF St TRaRE . L3oIm 1 huheReLRsiSRid TotaTy

nmovi ng said proi@a&ﬁ!ﬁi@aéahémﬁﬂd(tﬂﬁﬁdm%ﬁs intersects said suspension
longitudinal axis at a 1location along said suspension
longitudinal axis which ié intermediate said distal end
of said suspension and a proximate end of said

suspension.

35. A method for changing the distance between a surface of a
disk and a slider attached to a distal end of a slider
suspension having a 1longitudinal axis, said method.
comprising the steps of:

mounting said slider suspension on a rotary
load/unload arm having a rotation axis which |is
substantially parallel to said surface of said disk such
that said slider suspension iongitudinal axis forms an
angle with said rotary load/unload arm rotation axis; and

rotating said rotary load/unload arm about said
rotation axis thereby changing the distance between said

surface of said disk and said slider.

36. A method as defined in Claim 35 further comprising the’
step of mounting said rotary load/unload arm to a rotary

motor.

37. A method as defined in Claim 35 wherein said mounting
step further comprises making said angle between said
suspension longitudinal axis and said rotary load/unload

arm rotation axis approximately 90 degrees.
This is the replacement shest
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18 conti nuously—generati ng—saird—fringe patterns and storing  their

maxi mum and m ni d 20 detecting a contact | oad
bet ween sai d proﬂnmmllmmmmHmurface whil e said probe deforns said
urface - 32- 26. A

met hod for determini ng correct frlnge orggr in 2 an interferonetric
system for neasurenent of spacing ~—bet ween a transparent article and

a reflective surface sai_d_net hod which conprises: ) "
sel ecting38:li @htmgﬁh?‘ée Frdefipedngn i Gheimt Uheﬁ'F&Pal $3§d ofnounting

wavel engths;  gtep further U8bfHLiBEs! BB Sdid ”QSEaﬂﬁnqrcﬂcﬁ‘ﬁﬂM&JH n

8 said i nterferorretrl c system by reflectidn from said spaci ng;
10 sapurte i paidasuspensipn ismchr fihadnceaidi ngbary load/unload

arm rotation axis intersects said suspension longitudinal
axis at a location along said suspension longitudinal
‘axis which is intermediate said distal end of said

suspension and a proximate end of said suspension.

39. A slider positioning apparatus for positioning a slider
(12) relative to a surface of a disk (10) wherein the
slider (12) is attached to a suspension member (13) near
a distal end of a longitudinal axis of the suspension
member, said apparatus comprising:

a rotary load/unload arm (17) having a rotation axis
which is 'substantially parallel to; said surface of said
disk about which said rotary load/unload arm rotates,
wherein the suspension member (13) is attached to said
rotary load/unload - arm (17) such that the suspension
member (13) longitudinal axis forms an angle with said

rotary load/unload arm (17) rotation axis.

40. An apparatus as defined in Claim 39 further comprising a
rotary drive motor (7) attached to said rotary
load/unload arm (17) for rotating said rotary load/unload

arm (17) about said rotation axis.

41. An apparatus as defined in Claim 39 wherein said angle
formed between said suspension member (13) longitudinal
axis and said rotary load/unload arm rotation axis is

approximately a 90 degree right angle.
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42. An apparatus as defined in Claim 39 wherein said rotary
load/unload arm (17) rotation axis intersects said
suspension member (13) longitudinal axis at a location
along said suspension member (13) longitudinal axis which
is intermediate said distal end of said suspension member

(13) and a proximate end of said suspension member (13).

43. A slider positioning apparatus for positioning a slider
relative to a first plane correspondiﬁg to a surface of a
disk comprising:

a slider attaqhed to a suspension near a distal end
of said suspension, said suspension having a longitudinal
axis; and _

a rotary load/unload arm having a rotation axis
about which said rotary load/unload arm rotates, wherein
said suspension is mounted to said rotary load/unload arm
such that said rotary load/unload arm rotation axis
intersects said suspension longitudinal axis and said
slider is positioned adjacent said first plane at a
separation distance from said first plane, said
separation distance increasing as said rotary load/unload
arm rotates about said rotation axis in a first direqtion
and decreasing as said rotary load/unload arm rotates
about said rotation axis in a second direction which is

opposite said first direction.

44. A method for changing the distance between a surface of a
disk and a slider attachéd to a distal end of a slider
suspension having a longitudiaal axis, said method
comprising the steps of:

mounting said slider suspension on a rotary
load/unload arm having a rofation axis such that said
slider suspension longitudinal axis intersects said
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‘ rotary load/unload arm rotation axis; and

rotating said rotary load/unload arm about said

- rotation axis thereby changing the distance between said

surface of said disk and said slider.

A slider positioning apparatus for positioning a slider
(12) relative to a surface of a disk (10) wherein the
slider (12) is attached to a suspension member (13) near
a distal end of a longitudinal axis of the suspension
member, said apparatus comprisind: L

a rotary load/unload arm (17) héving a rotation axis
about which said rotary load/unload arm rotates, wherein
the suspension member (13) is attached to said rotary
load/unload arm (17) such that the suspension member (13)
longitudinal axis intersects said rotary load/unload arm

(17) rotation axis.

An apparatus for positioning a slider relative to a
surface of a disk wherein the slider is attached to a
suspension member having'"a lohgiiﬁ@inal axis, said
apparatus comprising: L

a rotary arm having a rotatién akis about which said
rétary arm rotates, said rotary arm further comprising a
portion coﬁfiggféd”__for ~ attachment of the slider
suspension membeé .theréto, 'wherein':said rotary arm
rotation axis intersects said slider member longitudinal
axis such that rotation of said rotary arm in a first
directioh about éaid rotation axis moves said slider away
from the surface of the disk and rotation of said fotary
arm in a second direction about said rotation axis which
is opposite said first direction, moves said slider

toward the surface of the disk.

This is the replacement shest

Date: 1 6 MF\Y 1997



