1 OPTICAL PROFILER FOR ULTRA-SMOOTH SURFACE WITH NORMAL INCIDENT BEAM
DEFLECTION METHOD FIELD OF THE INVENTION The present invention relates to the field of
measuring thin films, including films provided on a disk for hard disk drives, and more particularly, to
arrangements and methods for measuring the topography of an ultra-smooth surface of such a
magnetic recording disk. BACKGROUND Coated thin film disks are used in a variety of industries.
One example is the computer hard disk industry. The computer hard disk (magnetic storage device) is
a non- volatile memory device that can store large amounts of data. An important specification in the

design and manufacture of th )ﬁ% REPR HHTh e P@ﬂ(@ﬂm'ssqu otherwise known as r.m.s.

head-media spacing modulation. The HMS_ W(q provides a measure of the spacing between a
read/write head and the ultraSSMREAREWiddd NORMd I INGIBEME BEAMiIsk. An instrument currently
used by designers to measure this pargyRgiEEESHONRSHeF-andela profilometer. A description of
such a profilometer is provided in U.S. Patent No. 6,392,749. The Candela profilometer infers the
local slope of a disk surface by measuring the deflection of a collimated optical beam that is incident
upon a disk surface at an oblique angle. One of the advantages of this technique is that it is affected
very little by disk mode 2 vibrations of the spinning disk under test. However, the technique is very
sensitive to proper optical alignment and is not easily portable. This limits the usefulness of the
Candela profilometer.

FIELD OF THE INVENTION

The present invention relates to the field of measuring thin films, including films
provided on a disk for hard disk drives, and more particularly, to arrangements and methods

for measuring the topography of an ultra-smooth surface of such a magnetic recording disk.

BACKGROUND

Coated thin film disks are used in a variety of industries. One example is the
computer hard disk industry. The computer hard disk (magnetic storage device) is a non-
volatile memory device that can store large amounts of data.

An important specification in the design and manufacture of thin film media for hard
disk drives is HMS_Wgq, otherwise known as r.m.s. head-media spacing modulation. The
HMS_Wq provides a measure of the spacing between a read/write head and the ultra-smooth
surface of the thin film on the hard disk. An instrument currently used by designers tb
measure this parameter is known as the Candela profilometer. A description of such a
profilometer is provided in U.S. Patent No. 6,392,749.

The Candela profilometer infers the local slope of a disk surface by measuring the
deflection of a collimated optical beam that is incident upon a disk surface at an oblique

angle. One of the advantages of this technique is that it is affected very little by disk mode



Another drawback to the arrangement provided by the Candela profilometer is that it normally
measures both height and slope information. In order to obtain a measurement of . just the height or
the slope, special arrangements of the Candela profilometer are required, including employing
multiple lasers to provide measurement signals. Another type of method of measuring HMS_W(q is
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surface, su ﬁ as on a hard disk, that is portable, cost-effective and capable. This and other needs are
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Optics are provided that focus the light beam on a surface to be measured such that a normally
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different from the first polarization. A position sensitive detector is positioned to detect the reflected
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SUMMARY OF THE INVENTION

There is a need for an optical profiler able to measure the topography of an ultra-
smooth surface, such as on a hard disk, that is portable, cost-effective and capable.

This and other needs are met by embodiments of the present invention which provide
an apparatus for measuring surface topography of a surface comprising a linearly polarized
light source that generates a light beam. Optics are provided that focus the light beam on a
surface to be measured such that a normally incident beam deflection is provided. The optics
include polarization optics such that the incident beam has a first polarization and a reflected
beam from the surface has a second polarization different from the first polarization. A
position sensitive detector is positioned to detect the reflected beam.

The earlier stated needs are also met by other aspects of the present invention which
provide a method of measuring the topography of a surface comprising the steps of directing
a beam of light of a first polarization towards the surface to be measured. The beam of light

"~ is directed at the surface in a direction normally incident to the surface, with a reflected beam
from the surface also being normally incident to the surface. The polarization of the reflected

beam is changed to a second polarization different from the first polarization. The reflected



beam with the second polarization is directed to a position sensitive detector. From the measurements
taken at the position sensitive detector, the topography is determined. The earlier stated needs are
met by still further aspects of the present invention which provide an arrangement for measuring
topography of an ultra-smooth surface comprising a source of laser light, and means for directing the
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foregoing SAG other eatures, aspects an vantages of the present invention will become more
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schematic side view ot an optical profiler constructed in acco ce with embodiments of the present
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and capable. It achieve by using a normally incident beam deflection' methodology. The normally
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compact and portable device. The device is useful in forming HMS_Wq measurements or any
applications where topographical characterizati ultra-smooth surfaces is required. Figure 1
depicts aﬁ%%ﬁﬁéﬁf&ﬂﬁé&mé?ﬁ 3%%% ler constructed in
Figure 1 depicts a schematic side view of an optical profiler constructed in
accordance with embodiments of the present invention.
Figure 2 depicts quadrants for a position sensitive detector on an x-y axis system.
Figure 3 depicts an alternate embodiment of the optical profiler constructed in

accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention addresses and solves problems related to opticél profiling of
surfaces, such as ultra-smooth surfaces on magnetic recording disks. In particular, the present
invention provides a device that is portable, cost-effective and capable. It achieves this by
using a normally incident beam deflection methodology. The normally incident approach is
enabled by utilizing the polarization properties of light. Accordingly, the measurement
apparatus comprises relatively few optical components and is readily made into a compact
and portable device. The device is useful in forming HMS_Wq measurements or any
applications where topographical characterization of ultra-smooth surfaces is required.

Figure 1 depicts an exemplary embodiment of an optical profiler constructed in

accordance with the present invention. One of the advantages of the present invention is the



accordance with the present invention. One of the advantages of the present invention is the 4 use of
conventional components that are assembled to make the present invention in the manner depicted in
Figures 1 and 3. This makes the arrangement very‘bost-effective. The optical profiler 10 in Figure 1
includes a laser light source 12 and provides a collimated beam of linearly polarized laser light 13.

The laser light may have a wide variety qf different wavelengths., An.exemplaty: itable
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the Cflocal pniaitigon 659 targ e @ibstted eem 26 lidearlopdlaticsdniase bighigl 3 isptavadest 5@ hormally
incident tp the surface, 28, thjs test t on the t f 8 e ' '
comparisE A AT b AR s A e e A e e the
L())ng worllqingacél g&f;lttmﬁdnrloﬁamtmt@ddiw beanhdrctre/preser) eantion, stbelimmeg’zahﬁ Adiarizing
eam splitter.20. The p-pplatized light i ' ﬁmg‘ IS, Lt the polarizing
beam spl}ﬁgrl%e\(}vﬁﬂ ﬁﬁﬁ%a%gtﬁréa&?% ogﬁg‘%ﬁquo%r\?\%gg%g. beam %SE p%@gl;i%%%}gﬁ the 45 degree
surface 22 of thé\dotg iviotkingaliseplinanizmsenpienbisghive §0aresivestbegiapelanzehbedidrfent of
the auartgrONe RIRIE A kR a3k e Rela iatingahibReliorl ofpeare densishaiaied taeontan
only s-polarization.. Sirice the beam I8 is normally incident upon the tést surface 28, which is a highly
collimated beam 15 of p-polarized light into a converging beam 18. Convergence is such that

the beamn 18 is brought to a sufficiently smail spot at the focal point upon the target or a test
surface 28. Due to the beam 18 being arranged to be normally incident to the surface 28, this
test spot on the test surface 28 may be very small, especially in comparison to arrangements
in which the laser light strikes the surface at an oblique angle.

After the long working distance microscopic objective 16, the converging beam 18
passes through a polarizing beam splitter 20. The p-polarized light in the converging beam 18
is transmitted by the polarizing beam splitter 20 with little reflection loss. The converging
beam 18 passes through the 45 degree surface 22 of the polarizing beam splitter 20 and
through a quarter-wave plate 24. The alignment of the quarter-wave plate 24 is such that the
polarization of the reflected beam 26 is changed to contain only s-polarization..

Since the beam 18 is normally incident upon the test surface 28, which is a highly
reflective, ultra-smooth surface, the reflected beam 26 is reflected back along its original path
from the focal point 29.

In the embodiment of Figure 1, a 45-degree surface 22 of the polarizing beam splitter
20 is positioned to direct the reflected beam in direction perpendicular to the normal incident
beam 18. A position sensitive detector 30 is positioned to detect the beam 26 reflected from

the test surface 28 and the 45-degree surface 22 of the polarizing beam splitter 20. Based



reflective, ultra-smooth surface, the reflected beam 26 is reflected back along its original path from the
focal point 29. In the embodiment of Figure 1, a 45-degree surface 22 of the polarizing beam splitter
20 is positioned to direct the reflected beam in direction perpendicular to the normal incident beam 18.
A position sensitive detector 30 is positioned to detect the beam 26 reflected from the test surface 28
and the 45- degéee surface 22 of the p? rizing.pbeam s tte dzg 5 upon the meawrebments
taken at tHROBSERiBIFRAMMEMARHAERH % 'gB %&é‘s’gor |§°a%lie to dl Pmct e topography of
the surface @ddmanvnepoguphiptaiitd battice I&lmcmmhmmahmeﬁﬂa;lmi (tmllmnﬁhmtmdmessor
(not show?‘i%Eiy e?2 de icts Ihegjour uadr nt C and D, and the position sensitive detector 30
provides E\ t‘%i %%ﬁ% ¥|%H°n cﬁr8f Sor qua rg"*}% In Figure 2, the. z-direction is considered to
be normal to theRpganre Dlepicabe. tﬂ'maqﬂmhang; theRoGrahddis aydthepositiahecnaitiet detecidr the
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k, and k2"&PRCons roportion tween the measure nal and the local surface slope

Assumingomaaities inftheexpraflnés teplighe hml@ﬁf(&ﬁﬁﬂmﬁdwmlmalmpgwihe reflecting
target surface 28, causing the signal to be enhanced or depleted in the A, B and C, D

quadrants. For slopes whose direction normal lies in the y-z plane, enhancement/depletion
occurs in the A, D and B, C quadrants. For small slopes, the following relationships pertain:
my, = ki *[(A+B)-(C+D)J/(A+B+C+D)
my, = k*[(A+D)-(B+C))/(A+B+C+D)
wherein k; and k; are constants of proportionality between the measured signal and the local
surface slope.

Assuming that the surface profile is represented by f(x) in the x-direction, then df/dx
= slope, where x is the distance along the measurement direction. The profile or topography
of the surface 28 can be calculated by integration of the slope information, by the processor
(not shown).

Due to the beam’s normal incidence, the signals measured by the position sensitive
detector 30 contain only slope information. There is no need to provide a second laser or
other measure to separate the height and slope information, as provided by known
arrangements.

Figure 3 shows another aspect of the present invention in which the optical
arrangement is configured in a manner that allows the overall height of the device to be
minimized. The same reference numerals are provided for the individual elements in Figure 3

as in the embodiment of Figure 1. However, in the embodiment of Figure 3 the laser light is



= slope, where x is the distance along the measurement direction. The profile or topography of the
surface 28 can be calculated by integration of the slope information, by the processor (not shown).
Due to the beam's normal incidence, the signals méasured by the position sensitive detector 30
contain only slope information. There is no need to provide a second laser or other measure to

separate the height and_ slope information, as provided by known ajrangements. Figure WS
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The embodiments of the present invention provide an optical system for measuring
the surface topography of ultra-smooth surfaces by using a normally incident beam deflection
method. The arrangement reduces the test spot size and the beam deflection method,
especially in comparison to previous arrangements. By employing a normally incident beam
method and arrangement, the slope of ultra-smooth surfaces may be measured without the
confounding effects of surface height change. Aspects of the invention provide for a device
that is portable, cost-effective, and capable, as well as certain embodiments providing for a
reduced overall device height.
Although the present invention has been described and illustrated in detail, it is to be
clearly understood that the same is by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention being limited only by the terms

of the appended claims.



method. The arrangement reduces the test spot size and the beam deflection method, especially in
comparison to previous arrangements. By employing a normally incident beam method and
arrangement, the slope of ultra-smooth surfaces may be measured without the confounding effects of
surface height change. Aspects of the invention provide for a device that is portable, cost-effective,
and capable, as well as certain embodiments providing for a reduced overall device height. Although

the presept inv. ngoE gai 5(?63 described and illustrated in detall, it is to be clearly understood that the
same is bmk/éja [ ﬁd example only and is not to be taken by way of limitation, the scope
of the present inyention being limited only by the terms of the appended claims. 7 WHAT IS
CLAIMED IS: 1.}an applt 85&%%5’%1%5%868@?%@%??%&% &E COMBAERE: a linearly
polarized light sauineaihepolarieedtighn sglrch daingapiazsiadighcbeathe light beam on a surface to be
measured such that a normally incigent heam deflection is prqvided, the optics including polarization
optics such that?ﬂgcsfn@%t(re?ﬂcgé&[ﬁ? ﬁ?ﬁg’ﬁ%ﬁ%?‘p%ﬁfgﬁfﬁeaﬁ’d% rS}Fé‘é’t‘éa“%%‘%f§ *%énatﬁl(glﬁﬁ?ﬁgce has a
second padadizativsaifiesiisans theiifded)olinsioption inslddingosiiarizatinaitvpticesactottpp dhimned to
detect the reflected begm. 2. The apparafus of claim herein the optics inclyde a half-wave,plate
that receéN@ ‘iﬂ%%?&ﬁ?%’é‘%%?‘rﬂ@%bz eﬁlr%?u?%f%@w?&h%?&n%%@é% iéé‘“iyuaﬁﬁeﬁrafnglﬁa%og ong
working peitdsatpedififeetv&r@nshiofied poleermbientamdight beam as an input from the half-wave

pate and output a coer QR AGDLSAIE oo EP PRI A BB gl e bt furtre

2. The apparatus of claim 1, wherein the optics include a half-wave plate that

receives the light beam.

3. The apparatus of claim 2, wherein the optics further include a long working
microscope objective positioned to receive the light beam as an input from the half-wave

plate and output a converging light beam.

4. The apparatus of claim 3, wherein the optics further include a polarizing beam
splitter positioned to receive as an input the output of the half-wave plate and produces as an

output light beam with the first polarization.

5. - The apparatus of claim 4, wherein the optics further include a quarter-wave
plate positioned to receive as an input the light beam with the first polarization and output a
beam in a direction normally incident to the surface, the reflected beam from the surface

being reflected by the quarter-wave plate towards the position sensitive detector.

6. The apparatus of claim 5, wherein the first polarization is p-polarization and

the second polarization is s-polarization.



splitter positioned to receive as an input the output of the half-wave plate and produces as an output

light beam with the first polarization. 5. The apparatus of claim 4, wherein the optics further include a

guarter-wave plate positioned to receive as an inpu the light beam with the first polarization and

output a beam in a direction normally incident to the surface, the reflected beam from the surface

being reflected by the %I_J}%rter-wave plate towards the pasition sensitive detector. 6. The apparatus of
rst

claim 5, wherein’the firdhsciBpaztisnoS Glaim| frizdisrintke Rolaszing heapapltisinsludss adlation. 8
7. The appgjaliis-Ohaiale BoliiGiein thepRIAIFHE HOAR AR msiidas authuefliac @retiase

positioned to reflect the beam reflected from the surface in a direction perpendicular to the direction

normally RfERFaMicelentodherdirecion RRrERlYNcIda draths 8uKfAtSrein the long working microscope

objective outputs the converging light beam in a direction perpendicular to a normally incident
direction to the surface. 9. The apparatus of claim 8, wherein the optics further include a polarizing

beam splitter having a T rapRRbes ok ekl Gittdrrsaio then lang nEK & FYISEPREIRD QRISCHE R the
long workie,RiCHASCens BRIBEE R w¥HA the Sulirctién pegrmalbuiacident disesihty incidemsurface.

10. The apparatus of claim_ 9, wherein the optics further include a quarter-wave plate positioned to
receive aSiEgstipdethe fYHetRam with the first polarization from the polarizing beam splitter and
output a beam that is normally incident of the surface, with a reflected beam from the surface having

the second polarization and directed by the quarter- waye plate thrqugh the polarizing begm splitter in
a direction norm# to thEh& APRAEALH Ggalm%’p‘?ﬂ FﬁSWéé%gﬂR&\s (&‘%‘3% .Qlu €a polarizing beam
splitter having a 45° reflective surface positioned to reflect the converging light beam from
the long working microscope objective towards the surface in a normally incident direction

to the surface.

10.  The apparatus of claim 9, wherein the optics further include a quarter-wave
plate positioned to receive as an input the light beam with the first polarization from the
polarizing beam splitter and output a beam that is normally incident of the surface, with a
reflected beam from the surface having the second polarization and directed by the quarter-
wave plate through the polarizing beam splitter in a direction normal to the surface towards

the position sensitive detector.

11. A method of measuring the topography of a surface, comprising the steps of:

directing a beam of light of a first polarization towards a surface to be measured, the
beam of light being directed at the surface in a direction normally incident to the surface,
with a reflected beam from the surface also being normally incident to the surface;

changing the polarization of the reflected beam to a second polarization different
from the first polarization;

directing the reflected beam with the second polarization to a position sensitive

detector; and



11. A method of measuring the topography of a surface, comprising the steps of: directing a beam of
light of a first polarization towards a surface to be measured, the beam of light being directed at the
surface in a direction normally incident to the surfac®, with a reflected beam from the surface also
being normally incident to the surface; changing the polarization of the reflected beam to a second
polarization different from the first polarization; directing the reflected beam with the secong,
polarization to adssermningntiaytoneeraptyr; Ham omeasurAmSHg (%98 pdlgRE NP BITMEISIHE Fents
taken at thg pesition sensitive detector. 12. The method of claim 11, wherein the step of directing a
beam of light includes generating a collimated beam of linearly polarized light and passing the
collimated beam through a half-wave plate. 13. The method of claim. 12, wherein the step of directing

a beam of light fysther 1ElyasSPEYEAiRg thewplinpirs RGRoT Hesttihe DpdaMaaipathiNda
converging beam. 14. The method of claim 13, wherein the step of diregting}éa beam g{g%t includes

transmittiBgneTatinghscrotimeied hepmb af Hincatmpoiag asdaielh rre mASsRg: Sdent to
the surfaqﬁ,&%hTmmww hrelaim 14, wherein the step of changing the polarization includes
passing the reflected beam through a quarter-wave plate that changes the polarization of the reflected
beam to the second polarization from the first polarization. 16. The method of claim 15, wherein the

step of directing {he refiggiaddaranviopligazeirstnokanglef dwiecbongranrme nditiglarushéhe

olarizing beam splitter towards the position sensitive detector. ) .
P gmcludes cponverting the collimgted beam from the ?mi -wave plate into a converging beam.

14. The method of claim 13, wherein the step of directing a beam of light includes
transmitting the converging beam through a polarizing beam splitter in a direction normally

incident to the surface.

15. The method of claim 14, wherein the step of changing the polarization
includes passing the reflected beam through a quarter-wave plate that changes the

polarization of the reflected beam to the second polarization from the first polarization.

16. The method of claim 15, wherein the step of directing the reflected beam
includes reflecting the reflected beam perpendicularly at the polarizing beam splitter towards

the position sensitive detector.

17.  The method of claim 13, wherein the step of directing a beam of light includes
directing the converging beam in a direction perpendicular to a normally incident direction to
the surface towards a reflective surface of a polarizing beam splitter that reflects the

converging beam towards the surface in a direction normally incident to the surface.



17. The method of claim 13, wherein the step of directing a beam of light includes directing the
converging beam in a direction perpendicular to a normally incident direction to the surface towards a
reflective surface of a polarizing beam splitter that r&lects the converging beam towards the surface
in a direction normally incident to the surface. 10 18, The method of claim 17, wherein the step of

directing the reflected beam includes transmitting the reflected be@? Ihrou%h he qlart%zlg beam
splitter in a norm& direbiomPhAd ofi FlEydvia HRetRE JOSiFLTP <Xh SElHEEg e e %, Deam

arrangemaetJ@ésmﬁﬁﬂﬁa%OMfaﬂwm BBauiiransO the pohezingobearisspditesinrcaaiiater light;
and means for_directing the laser light on the ultra-smooth Surface and measuring the topography of

the ultra-SieRStANIRHRE SuBgee IRVAFAS HHE PRI SFBRUN S IGREPEIN the means includes an optical
arrangement configured to direct the laser light in a normally incident direction to the ultra- smooth
surface.

19. An arrangement for measuring topography of an ultra-smooth surface,
comprising:

a source of laser light; and

means for directing the laser light on the ultra-smooth surface and measuring the

topography of the ultra-smooth surface.

20. The arrangement of claim 19, wherein the means includes an optical
arrangement configured to direct the laser light in a normally incident direction to the ultra-

smooth surface.





