
EPLACEMENT SHEETS  SO      AMENDED CLAIMS   1.  An  apparatus  for
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 [err];
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 light being a
combination of light reflected from an interface between     said
transparent article and said spacing and light     reflected from an
interface between said spacing and said     reflective surface; 



a support for maintaining said transparent article      at substantially a
fixed elevation with respect 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 [err]/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 photodetector, one
photodetector corresponding to each of said plurality of       wavelengths;
at least one beamsplitter for distributing each of      said plurality of
wavelengths to its corresponding      photodetector; and
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2           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 mounting arm calibration
controller for changing     said spacing between said transparent article
and said     reflective surface by moving said moveable mounting arm
during a calibration, wherein calibration fringe patterns     for each of
said plurality of wavelengths are recorded     while said controller is
moving said mounting arm and     changing said spacing; 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:
3           a light source for emitting light at a plurality of
wavelengths [err];           a microscope assembly for focusing a first
portion 



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 disposed substantially at said target position;
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 light  path by at least [err]/4;          a
detector assembly comprising:          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 photodetector 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 mounting 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                                       4  said
plurality of wavelengths are recorded while said controller is pivoting
said pivotable mounting arm and changing said spacing; and          a
processor for receiving each said electrical 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
CCD     camera and a video monitor for viewing one of said fringe
patterns.  



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



This is the replacement sheet                                       5  12.
An apparatus for 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 [err];
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 light being
a     combination of light reflected from an interface between 



said transparent article and said spacing and light     reflected from an
interface between said spacing and said     reflective surface;          a
support for maintaining said transparent article     at substantially a
fixed elevation with respect 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 [err]/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 corresponding to each of said
plurality of     wavelengths;          at least one beamsplitter for
distributing each of     said plurality of wavelengths to its corresponding
Photodetector; and     



6           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; 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 mounting arm for
releasably retaining said     magnetic head assembly and for moving said
magnetic head     assembly  into  and  out  of  said  target  position
substantially along said light path, said magnetic head     assembly being
said lower boundary;                                       7           a
detector assembly comprising:          a plurality of photodetectors for
converting fringe 



patterns created by said reflected light into 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   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 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 recorded while said
controller is pivoting said pivotal mounting arm and     changing said
spacing; and          a processor for receiving each said electrical
signal and generating information 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.                                       8  17.  A method
for measuring spacing between  a transparent     article and a reflective
surface which comprises:          selecting a light source for emitting
light having a     plurality of wavelengths;          directing said light
along a light path toward a     target position so that a first portion of
said light is     reflected by an interface between said spacing and 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
each of said fringe patterns;          determining said spacing by
comparing correlation     between light intensity of each fringe 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 [err]/4 and       



9            recording the maximum and minimum light intensity of      said
fringe patterns for each wavelength when said      reflective surface is in
motion.   18. 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 [err] which comprises:          focusing at least a portion of
light from said light      source along a light path at said spacing;
mounting 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 spacing and said     reflective surface;
generating a fringe pattern from said reflected      light for each of said
plurality of wavelengths [err]; 



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.   19. A method as in Claim 18
which further comprises:          generating a look-up table of intensity
of each      wavelength [err] versus spacing;           calculating a mean
square error for each of a     selected increment of said spacing by
comparing the     recorded maximum and minimum light intensity with a
theoretical intensity from said look-up table; and
10  



selecting  an  initial  spacing  according  to  said     selected increment
having the smallest said mean square     error.   20. A method for
measuring a spacing between a head assembly     and a hard disk which
comprises:          replacing one of said 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 



electrical signal;          digitizing each electrical signal;
processing each digitized electrical 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
11      fringe pattern and theoretical light intensity at each
wavelength of said plurality; and          calibrating said processor by
moving said slider     away from said target position so that said spacing
is     increased and recording the maximum and minimum light     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 light at a
plurality of wavelengths;          detecting interference fringes generated
within said     interferometric system by reflection from said spacing;
separating each of said interference fringes     according to its
wavelength;          generating a theoretical plot of normalized
intensity versus spacing for each said wavelength; and          comparing a
measured normalized intensity to said     theoretical plot of normalized
intensity while altering     said spacing.   



12  24. An interferometric apparatus for measuring the dimensions     of a
spacing, said apparatus comprising:          a light source for producing
light having a first     wavelength and a second wavelength;
optics  for  directing  said   first  and   second     wavelengths of light
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
interference 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
comprises:          a look-up-table which contains a first set of
theoretical interference signal intensity data which     corresponds to
said first wavelength of light and a     second set of theoretical
interference signal intensity     data which corresponds to said second
wavelength of     light; and                                       13
a comparator for comparing said measured intensities     with  said
look-up-table  theoretical  intensities  to 



determine said spacing.   26. An interferometric apparatus as defined in
Claim 24     wherein said light source further comprises a mercury arc
lamp.   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
interference 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;
14            generating  a   theoretical  plot   of  normalized
intensity versus spacing for each of said two or more      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 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
direction      and decreasing as said rotary load/unload arm rotates
about said 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.



15  33.  An apparatus as defined in Claim 31 wherein said angle      formed
between said suspension longitudinal axis and said      rotary load/unload
arm rotation axis is approximately a      90 degree right angle.   34. An
apparatus as defined in Claim 31 wherein said rotary     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.   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 longitudinal 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
longitudinal 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.          



16  38. A method as defined in Claim 35 wherein said mounting      step
further comprises attaching said rotary load/unload      arm to said
suspension such that said rotary 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.                                       17  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 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     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
direction     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 attached to a distal end of a slider
suspension having a longitudinal axis, said method     comprising the steps
of:          mounting  said  slider  suspension  on  a  rotary
load/unload arm having a rotation axis such that said     slider suspension
longitudinal axis intersects said 



18      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.   45.  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     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.   46. An apparatus for positioning a slider relative to
a     surface of a disk wherein the slider is attached to a     suspension
member  having  a  longitudinal  axis,  said     apparatus comprising:
a rotary arm having a rotation axis about which said     rotary arm
rotates, said rotary arm further comprising a     portion  configured  for
attachment   of   the  slider     suspension  member  thereto,  wherein
said  rotary  arm     rotation axis intersects said slider member
longitudinal     axis such that rotation of said rotary arm in a first
direction about said rotation axis moves said slider away     from the
surface of the disk and rotation of said rotary     arm in a second
direction about said rotation axis which     is opposite said first
direction, moves said slider     toward the surface of the disk.          



It should be noted that the 100 nm difference limit is      arbitrarily
selected and that other values may be used as      allowed by the
wavelengths of light used for measurement,      i.e., the limit should not
exceed [err] wavelength.  5        In the preferred embodiment, 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, testing 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 [err] of the wavelength of the
light being 30  used to produce the interferometric image.  By comparison
of interferometric intensity to the maximum and minimum     intensity, it
is possible to obtain spatial measurement     with a resolution of a small
fraction of the wavelength of     light used.
-20-           While  a  number  of  flying  height  testers  use
interference to measure the spacing between the head and      media, the
system of the present invention utilizes a      unique calibration
technique in which the head is unloaded 



5  in a controlled manner to increase 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 between
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. Monochromatic     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                                          -21-
70, 71, and 72.  Each TV camera then produces an analog      video signal
corresponding to the interferometric image for      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 surface
roughness and hardness measurement,      the computer 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 is measured using load cell
66.   The surface 35  profile can continue to be measured
interferometrically   



-22-      while it is being deformed by the probe. The measurement     of
surface deformation as a function of contact pressure     will allow a
measurement of 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
claims. 



-23-                               CLAIMS             1.  An apparatus for
determining the spacing between  2  a transparent  article and  a
reflective  surface,  said      apparatus comprising:  4            a light
source for emitting light at a plurality      of wavelengths [err];  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  light
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
[err]/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;



-24-                     a plurality of filters disposed between said 32
at  least one beamsplitter  and said plurality of          photodetectors,
each filter selectively transmitting 34       one  of  said  plurality  of
wavelengths  to  its          corresponding photodetector; and 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
and said hard disk having a transparent portion,  4   said apparatus
comprising:                a light source for emitting light at a plurality
6  of wavelengths [err];                a microscope assembly 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 such that at least
14  one of an upper surface and a lower surface of said hard      disk is
disposed substantially at said target position;
-25- 



16             a pivotable mounting arm f or releasably retaining      said
head assembly and for moving said head assembly into 18  and out of said
target position substantially along said      light path by at least
[err]/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.
-26-           8.   An apparatus as in Claim 4 wherein said hard disk  2
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  2  assembly has a
transparent slider and said hard disk is a     magnetic storage disk.
10.  An apparatus as in Claim 4 wherein said light  2  source is a mercury
arc lamp.             11.  An apparatus as in Claim 4 wherein said light  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 a 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;
-27-                a pivotal mounting arm for releasably retaining 16
said magnetic head assembly and for moving said magnetic      head assembly
into and out of said target position 18  substantially along said light
path, said magnetic head 



assembly being said lower boundary; 20            a detector assembly
comprising:                    a plurality of photodetectors for converting
22       fringe patterns created by said reflected light into          one
electrical signal for each photodetector, one 24       photodetector
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       one  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     wavelengths by pivoting said mounting arm to move said 4
magnetic head out of said target position to change said     spacing.  



16. An apparatus as in Claim 15 wherein said light 2 source is a mercury
arc lamp.                                          -28-            17. A
method for measuring spacing between a  2  transparent  article  and  a
reflective  surface  which     comprises: 4            selecting a light
source  for emitting  light     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
light 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 corresponds
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
light 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 [err]/4 and recording the maximum and
minimum light intensity of said fringe patterns for each  6  wavelength
when said reflective surface is in motion.   



-29-            19.. A method for calibrating a processor for  2
determining the spacing  between a transparent surface and      a
reflective surface using an interferometer having a light  4  source
emitting at a plurality of wavelengths X which      comprises:  6
focusing at least a portion of light from said      light source along a
light path at said spacing;  8            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 [err]; 



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 X 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.           



-30-            21. A method for measuring a spacing between a head  2
assembly and a hard disk which comprises:                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
least 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 pattern 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  light      intensity of each of said
fringe patterns; and 28             determining said spacing by comparing
correlation      between measured light intensity of each fringe pattern
and 30  theoretical light intensity at each wavelength of said
plurality.                                          -31-            22. A
method as in Claim 21 further comprising  2 calibrating said processor by
moving said slider 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 X 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 [err];
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.                                          -32-            26. A
method for determining correct fringe order in  2  an  interferometric
system  for measurement  of  spacing      between a transparent article and
a reflective surface,  4  said method which comprises:
selecting a light source for emitting light at a  6  plurality of
wavelengths;               detecting interference fringes generated within
8  said  interferometric  system  by  reflection  from  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.




