1" ~ VAGNETY C'\-RECCRI\DI NG DI SK HAVI NG TEXTURED TEST BAND FOR KTMF(J C
CONTROLLI NG TEXTURE | N THE SLI DER LANDI NG ZONE
Rel at ed Applications Thi s application and co-pendi ng concurreﬁ@ 3031 _3
filed applications, Serial No. 08/379419 and Serial No. 08/ 379242 are based
on a common specification. This application is directed to the "MAGNETIC
RECORDI NG DI SK HAVI NG TEXTURED TEST BAND FOR CONTROLLI NG TEXTURE | N THE
SLI DER LANDI NG ZONE", application Serial No. 08/ 379419 is directed to the

" PROCESS AND AWMMDWGWMW@UMRW%%MWGWE

TEXTURE PATTERN', @ONTROLIANG TEXSURE INHEOSL BB RILANDING ZONE to the
" PROCESS AND APPARATUS FOR CONTROLLED LASER TEXTURI NG OF MAGNETI C RECORDI NG

Dl SK. " Co- pendi ng application, U S. Serial No. 08/ 150,525 filed
Novenber 10, 1993, describes a process for using a diode-punped | aser for
texturing the disk substrate withmmmd apart bunps.

Co- pendi ng application, U S. Serial . 08/ 149,851 fil ed Noyenmber 10, 1993,
describes a proddus smalicakios and W@?R@ngl mr%n&lx@éggraﬂi@atwns, Serial

No. 08/379419 and Serial No. 08/379242 are based on a common specification.
This application is directed to the "MAGNETIC RECORDING DISK HAVING
TEXTURED TEST BAND FOR CONTROLLING TEXTURE IN THE SLIDER
LANDING ZONE", application Serial No. gg/379419 1is directed to the
"PROCESS AND APPARATUS FOR LASER ANALYSIS OF SURFACE
HAVING A REPETITIVE TEXTURE PATTERN", and application Serial
No. 08/379242 is directed to the "PROCESS AND APPARATUS FOR  .°
CONTROLLED LASER TEXTURING OF MAGNETIC RECORDING DISK."

Co-pending application, U.S. Serial No. 08/150,525 filed November 10,

i 1993, describes a process for using a diode-pumped laser for texturing the disk
substrate with an array' of spaced-apart bumps. Co-pending application,
: U.S. Serial No. 08/149,851 filed N ovember 10, 1993, describes a process for
laser texturing glass disk substrates.
Technical Field

This invention relates in general to magnetic recording disks of the type
having textured surfaces, and more particularly to such disks with laser-
texturéd landing zones for the slider that carries the magnetic recording head.

Background of the invention
Disk drives, also called disk files, are information storage devices that
use a rotatable disk with concentric, data tracks containing the information, a
head or transducer for readmg and/or Wntmg data onto the various tracks,
and an actuator connected to a carrier for the head for moving the head to the

desired track and maintaining it over the track centerline during read or write



v a
Technical Field This invention relates in general to magnetic
recordi ng disks of the type having textured surfaces, and nore particularly
to _such disks with |aser- textured |anding zones for the slider that
carries the magnetic recording-head. T Background of
the Invention Di sk drives, also called disk files, are information
storage devices that use a rotatable di sk i th concentric data tracks
containing the information, a head or transducer for reading and/or witing
data Onto t IfaUS ' :

the head f oot oratio/ThERCKES 1SR ERINTRY ARICRE sehatdted IRFEPARE i8Es
the track candethtked dora hybrthed isrobatedeby a disk drive motor. A housing

2 tions. T t ypi.cal | | it f. di sk ted, b C
i ngs and STRRRTEAS dhe ery Hatar andl Refd Bsfhatpt s xS Weckrd AbERng
supports thg frévife WhahstandidifAskA64 \EiviForARent Fir' the Bead-B8sib pageridrd, di sk -

to provide a substantially seal’ed environnent for the head-disk interface.
In conventional magnetic recording disk drives, the head carrier is an

ai-r—bearing slider that rides on a bearing of air above the disk surface when
the disk is rotating at its operational speed. The slider is maintained next to
the disk surface by a reiatively fragile suspension that connects the slider to
the actuator. The slider is either biased toward the disk surface by a small
spring force from the suspension, or is "self-loaded” to the disk surface by
means of a "negative-pressure” air-bearing surface on the slider.

To improve the wear resistance of the disk, as well as to maintain , ’
consistent magnetic properties, it is desirable to make the disk surface as
smooth as possible. However, a very smooth disk surface creates a problem
known as "stiction”. This means that after the slider has been in stationary
contact with the disk' for a period of time, the slider tends to.resist

¥ translational movement or “stick”™ to the disk surface. Stiction is caused by a
variety of f"actors, including static friction and adhesion forces between the
disk and slider created by the lubricant on the disk. Stiction in a disk drive
can result in damage to the head or disk when the slider suddenly breaks free
from the disk surface when disk_rdtation is initiated. In addition, because the
suspension between the actuator and the slider is relatively fragile in order to
permit the slider to fly above the disk surface, sudden rotation of the disk can
also damage the suspension. In some disk drives, such as low-power disk
drives used in laptop and notebook computers, the drive motor may simply be
unable to initiate rotation or achieve operating speed because of the adbesion
forces that cause stuck sliders or excessive drag. |

Contact start/stop (CSS) disk drives operate with the slider in contact
with the ‘disk surface during start and stop operations when i:here is

insufficient disk rotational speed to maintain the air bearing. To minimize the
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I n conventional magnhetic recording disk drives, the head carrier*~is an
air-bearing slider that rides on a bearing of air above the disk surface
when the disk is rotating at its operational speed. The slider is
mai ntai ned next to the disk surface by a relatively fragile suspension that
connects the slider to the actuator. The slider is either biased toward the
di sk surface by a small spring force fromtheg suspension, or is
"sel f-1oaded"” to the disk surface by neans of a "negative-pressure"
air-bearing surface on the slider. To i nmprove_the wear resistance of

the disk, as St efSBI0m (PR disk driviestafian nee Rededicateshtantnred landisg zone”

desirable to . | Sl S sppot.h. as_possi bl e,. Qv er ry
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bet ween the a(GSHERHIN digk- slider is relatively fragile in order to
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Cont act start i ' rade -wt [ 9 .
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an:array of spaced-apart bumps. IBM's copending application,
Se;'ial No. 08/149,851, describes a process for laser texturing glass disk
substrates. The problem discovered with laser textured disk substrates is that
the average height of the laser-induced bumps can not be controlled from
substrate to substrate, even when the substrates are presumably of the same
material composition. Since the minimization of stiction is critically
depéndent on the average height of the texturing bumps, it is necessary to
develop a process that allows a texturing pattern with a known average bump
* height to be formed on all disks that are manufactured, thus assuring reliable
operation of the disk drives into which the disks are incorporated. '
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3 effect of stiction, CSS di sk drives often use a dedicated textured
“l'andi ng zone" where the slider is parked when the drive is not ope;atl ng.
Typically, the landing zone is a specially textured non ﬁlhfsn B Hég -h

di sk. The disk substrate is textured before deposition ¢ 3§EN
| ayer and ot her |ayers that make up the magpetic recording di

| ayers replicate the texture of the underlytng substrate and thus reduce
the stiction when the slider is resting on the disk. One techni que

for texturing the disk substrate ig!ﬁwﬂﬂ §f3&fé asfEntiewli ation. U. S. Patent
5,108, 781, assigned to Magnetic Peripherals nc. escri bes a process for
| aser texturing byThgms@ﬂmmemegamagamc recording disk thatshas artextured
| BM s copendl n 08/ 150,525 schLibes a C for
using & o oddent RRBY 1tds Tadiall Bpaded or RS tekRirel JRRIRE 705 BAL Hitay
of spaced- apajypidil{Phas 1884rSineRided Huifipsd RAith G h@&ag@%&@ht'ﬁﬁbs%iﬁﬂ@y%l

describes a process for |aser texturi ng gI ass di sk substrates. The probl em

di scovered w dlﬁer@Bb from the ﬁé’@raﬁ% keighisofi thedaser-induced hmsam&ee textyned

of the Iaser uced bu n not b ontr d from,s str
substrat e, gb%ﬁo?ﬁ g?é‘ﬁ? W wted Band are

formed in spiral tracks because the disk is s1mu1taneously rotated and
translated radially while the texturing laser is pulsing the disk. However,

because the bumps in the textured band are not formed until after the average
height of the bumps in the test band have been measured by a second
analyzing laser, the two spiral tracks are separate and discontinuous. To
manufacture the disk (a) the texturing laser operates at a fixed pulse enefgy
to form texturing bumps in the annular test band while the disk is rotating;
(b) the test band is then irradiated with a second analyzing laser and the
diffracted beam is detected by a linear photodetector array across a range of
diffraction angles; (c) the output of the photodetector array is used to compute
a value representative of the average height of the bumps in the test band; (d)

" in response to this computed value, a correction signal or signals is output to
modify one or more parameters of the téxturing laser; (e) the disk is translated
radially and the texturing band for the landing zone is formed w1th the
modified laser beam; and (f) the textured landing zone is then irradiated with
the analyzing laser to measure i;he average height of the bumps in the landing
zone to ultimately accept or rejéct the disk.

. Brief Description of the Drawing _ .
Fig. 1 is a schematic of a contact start/stop (CSS) disk drive showing a

disk with a textured band that serves as the CSS landing zone.

~ Pig. 2 is a plan view of a disk illustrating the annular data region and
the radially spaced annular textured band, with a portion of the textured band
expanded to show individual laser-induced texturing bumps.

—
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material conposition. Since the mnimzation of stiction is critically
dependent on the average height of -the texturing bunps, it is necessary to
devel op a process that allows a texturing pattern with a known average bunp
hei ght to be forned on all disks that are manufactured, thus assuring
reliable operation of the disk drives intg whi ch the disks are
I ncor por at ed. ' 4
SUMVARY OF THE | NVENTI ON It is an object of the present invention to

anel i orate one or ppe 2 3R RRNE {%{%ﬁ g@&&%ﬁaﬂﬁ%@t eSsectVety ¢l ditk trpe

one aspect of the invention there Is scl osed a magnetic recording di sk
for use in a of kisedinguced buinp haping hatrateyslike shgpe.he carrier supporting

the recordi ng headui n textured | andin one.on .t he di sk when the dis
drive is not goper af 185 %’AY% TRPIRS g‘i“i&?"nmal vViews, respe 1veiy ) of aris her

type of laser-induced bump having a crater-like shape, but with a central apex
e:Etending above the crater rim. _ -

F1g 5 is a plan view of a disk according to the present invention
illustrating the annular data region, the radially spaced annular textured
band, and a radially spaced annular test band used to modify the power of the
laser pulses directed to the textured band.

Fig. 6 is a schematic block diagram of the disk texturing system that
uses a laser analysis of bumps formed in the disk test band to subsequently
modify one or more parameters of laser parameters to form the bumps in’ the

. textured band. '

Fig. 7is a photograph of reflected light showing the diffraction pattern
from the disk caused by the pattern of like, generally symmetric laser-induced
bumps. -

Fig. 8 is a graph of the digitized output of the scanning linear
photodector array showing the reflected laser light intensities from the disk as
a funétion of diffraction angle.

Fig. 9 is a group of curves showing average bump height as a function of
laser energy at constant laser pulse width and spot size for a group of laser
textured disks. '

De_gailed Description of the invention
. Prior Art '

Referring first to Fig. 1, there is illustrated a conventional disk drive
having a disk with a textured landing zone. For ease of illustration and
explanation, the disk drive depicted in Fig. 1 is shown as having a single
recording head and assbciated disk surface, although conventional disk drives
typically have multiple heads and disks. The disk drive comprises a base 10



a di sk substrate; a plurality of first generally |ike and
symmetrical | y-shaped | aser-induced bunps for use in formng | aser-induced -
bunps in the | anding zone, the first bunps being fornmed on the surface of
the di sk substrate in an annul ar test band; a plurality of second
generally |like and symretrically-shaped | aser-induced bunps for providing
texturing in the | anding zone, the second bufips being forned on the surface
of the disk substrate in an annul ar textured | anding zone radially spaced

from the annul gy witdeh digndcutdibaltisPdrive Bt With heotafible spitdieht8 and a head
textured | anding zone being fornmed of the same material as the dis

k
substrate; andactuatop ldgManpgnetic seeording disds 16 a8 vernested torhegspipdle 18 and

substrate surf ' j bunps in the textured | andi ng zone,
the magnetic rgsggorta%w%%gdﬁ%%%%?

I'ng tayer i nMg a portion |ocated over an annul ar

region of the di sk ThiesdicsRt¥6 fsiypicAly Bathih filkadish comppizdeg af sulystbatd) subh as
test band and thg textured | anding zone and that has _no bunps forned_ on it
wher eby sai d naghekiblankanade of glasse cevasmic, on a5 aluminumamagnasivne (AdMe) alloy

forns a data region 1. i di_al f . t] .
magneti c recor%?%lggl %‘@g@‘ﬁ?ﬁ?@%b‘?ﬁzgﬁgﬁé%géﬁgghgﬂﬂﬁgé g%‘?\éeﬂ'bkgggr%?ﬁﬁehc '
to anot her aspgliby #ind fsinpsd by HputtvredépoRitithever the dubstrased A\prid@ativec
recording disk for use in a disk drive of the type that positions the

carrier suppor®Yergohesuchoay aispyuttar=denasited: amorphons earbonglilants Hymedhover

di sk when the gj e, 1 rAat | ng. - i 0 i S1.N0: s di sk
substrate havi %esgna%ﬂlr#lé"ci@?f"ggétpgg ; &t We a%sxéﬂgfgﬁ?%% %g&(ﬁ éaélrrg{eesrls%&ga A

di sk outsi de dligiid Suorbdthes dubfiesnt i hlsdi Maimtaised) ehathe! 5fadn6fthe prbRiétive
near the inside dianeter for the |ocation of test bunmps for use in formng

the textured | @ik oxpreente The disklibamayaalep Agcludeca sputhesdlepagitad ynderlayer,

annutar dat o rEbbAS PR at kb (0% o e e e

between the substrate and the magnetic layer and a sputter-deposited

%

adhesion layer, such as a Cr, tungsten (W) or titanium (Ti) layer, between the
magﬁetic_: layer and the protective overcoat. _ .
A read/write head or transducer 25 is formed on the trailing end of an
air-bearing slider 20. Transducer 25 may be an inductive read and write
~transducer or an inductive write transducer with a magnetoresistive (MR)
read transducer formed by thin film deposition techniques as is known in the
art. The slider 20 is connected to the actuator 14 by a rigid arm 22 and a
suspension 24. The suspension 24 provides a biasing force that urges the
slider 20 onto the surface of the recording disk 16. During operation of the
disk drive, the drive motor rotates the disk 16 at a constant speed, and the
actuator 14 pivots on shaft 19 to move the slider 20 generally radially across
the surface of the disk 16 so that the read/write transducer 25 may access
different data tracks on disk 18. The actuator 14 is typically a rotary voice
coil motor (VCM) having a coil 21 that moves through the fixed magnetic field
‘of magnet assembly 23 when current is applied to the coil. The data detected
from disk 16 by the transducer 25 is processed into a data readback signal by
signal amp]iﬁcaﬁon and processing circuitry in the 'integrated circuit chip 15



a plurality of generally like symetrically-shaped | aser-induced bunps
formed of the same material as the disk substrate on the surface of: the

di sk substrate in the test band, the bunps in the test band having
generally the shape of a crater with a rimand an apex in the center of the
crater and extending above the rim the hei@ghts of the apexes of the bunps
in the test band being substantially the sanme as one anot her; a
plurality of Penerally | i ke and symmetrical |l y-shaped | aser-induced bunps
formed of thelosabed entanm 22. aThe segniilsifrembiranaducen2? hvaelrfiadtexntablecl7 to

di sk substrateg in,the,landi ng zone, the.bunps.in e.Landi ng zone having
general Iy t heS¥iaph ‘811“‘3‘ E?Ié‘?%?tsvﬂqtﬁuﬁsﬁ r?’daé’ﬁtbgepéé in the center of the

crater and extendi g jakreRetthR whid rédiSthReHTthedisk 5, aReweR £ td AtaiRwRsS

in the |landing zone being substantially the sane as one another and
subst anti al | ycensistenémagnetic pnepérdiaghin the data m¢girnsitols desirahlage maketbe

Substrate sur fiskesuriAes R GTAMR SeR0raPRy FerePr VaEY Aot gk pyasedn o

portion |ocategPanrk dHoe Redites whal'fs tAH NGictRiH. This means that after the
slider 20 has been in stationary contact with the disk 16 for a period of ﬁme,
‘the slider tends to resist translational movement or "stick” to the disk surface.
Stiction is caused by a variety of factors, including static friction and adhesion

forces between the disk and slider created by the lubricant or by capillary
condensation of atmospheric water vapor. Stiction in a CSS disk drive can
result in damage to the head 25 or digk 16 when the slider 20 suddenly breaks
free from the disk surface when disk rotation is initiated. Because the
suspensio;l 24 between the actuator 14 and the slider 20 is relatively fragile to
permit the slider to fly above the disk surface, sudden rotation of the disk 16
can also damage the suspension 24. !

The conventional solution to the stiction problem is to texture the disk.
Typically, this is done by abrasive polishing of the disk substrate, which '
resylts in a texturing of the conforming layérs deposited over the substrate.
More recently, as described in U.S. Patent 5,108',78 1, assigned to Magnetic
Peripherals, Inc., the disk substrate may be textured by laser heating to form
a pattc_arri of overlapping pits in the substrate surface. The sputter-deposited -
layers formed over the textured substrate replicate the texture of the substrate
and reduce the stiction when the slider 20 is resting on the disk 16. |

In a CSS disk drive, the disk 16 has a dedicated textured landing
zone 34 near the disk inside diameter away frem the disk data region. The
parking loc_ation for the actuator 14 when the disk drive motor is stopped is
with the slider 20 in contact with the textured surface of the landing zone 34.
At this l.ocation, the slider 20 is not in contact with the smooth data region of
the disk, and the disk drive can be started without damage caused by stiction.



7 sy

and generally replicating the texturing pattern of the |anding zone bunps,
and a data region portion |ocated over the data regi on and
generally'replicating the surface of the disk substrate in the data regi on,
wher eby said nagnetic recording |ayer data region portion forns a data
region for the magnetic recording of data and is located radially outwardly
fromsaid nmagnetic recording |ayer |anding zone portion formed over the
bunmps in the | andi ng zone. 8 BRI EF DESCRI PTI ON

OF DRAW NGS

Fig. 1 is a schematic of a contact start/stop (CSS) disk

drive- showing a disk with a textureg bEnd iE%t sarves as the CSS | anding
zone. Fig. 2 is a plan view of a di annul ar data region
and the radially sp 4 R

t extured band expan???sogswﬁgﬁ n%?l\)%#&?c ?aser n‘ﬁ &%162‘16(8? %gl%%(gdrreps.

5 Fi gsdiadieteB 102 raaseutsife dizndteactdd,cnnd avlmystextase@ahmﬂhy bamid 108

one type

for use as the slider landing zone. The disk 100 has an annular data
region 112 (shown between the dashed circumferential lines). The annular

textured band 108 is radially spaced from the disk data region 112 and is

located near the inside diameter 102 of the disk. A portion of textured landing
zone 108 is shown in the eﬁlarge_d view and comprises a plurality of like

generally symmetrically-shaped, laser-induced bumps 110. Each of the

" bumps 110 is formed by a single laser pulse and results in a bump that can be

formed with a diameter in the rahge of approximately 5-30 microns. The*
bumps 110 have an average spacing or separation, denoted as D,, in the range
of approximately 25-100 microns, depending on the disk rotational rate and
laser pulse repetition rate during the laser texturing, as described in the
copending application Serial No. 08/150,525. Alternatively, the bumps may be
overlapping, as described in the previously cited ‘781 patent. The bumpg are
formed by pulsing a laser beém on the disk surface while the disk rotates.
The position of the laser is fixed and the disk is supported on a translation
stage that moves radially while the disk rotates so that the bumps are formed
in a spiral track across the radial zone or band 108. If the disk is a
conventional 3.5 in. disk the lahding zone 108 has a typical radial dimension
of approximately .3 mm. The bumps 110 are formed by the pulsed laser
heating of the NiP coating of a conventional AlMg disk blank. However, the
bumps may also be for:ﬁed on other substrate materials, such as glass or
ceramic (e.g., Memcor brand substrate from Corning Glass). Also, instead of
being formed on the disk substrate surface, the bumps may instead be formed
on one of the subsequently deposited disk layers, such as the disk protective

overcoat. _ ' : ' -



of laser-induced bunp having a crater-1like shape. Fi gs. 4A-4B
represent top and sectional views, respectively, of another type of:

| aser-i nduced bunp having a crater-like shape, but with a central apex

ext endi ng above the crater rim Fig. 5is a plan view of a disk
according to the present invention illustrating the annular data region,
the radially spaced annul ar textured band, and a radially spaced annul ar
test band used to nodify the power of the |laser pulses directed to the

t ext ured band. Fig. I%Jﬁg is Gni illuatativanef bne type lof dasgrimduebd thengi KK formed

texturing syste that es aser .anal ysi f hunps formed in the disk -
test band to %‘h H%Hjﬁrysm%ﬂ%?ﬂ?}éﬁﬁéféﬁeﬁ%ﬁls Fig. ?éééla FaPEet er s
to formthe b%}é@ﬁ] n
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pattern of Ildvﬂ;h ge:m&:uaﬂ:feye:st;mhhm |1C13I ﬁwrlslméhacbdbmmﬂse surface 120gof ﬂle disk
graph of the di- i‘zgtd out put o nni | i near photodector array
showi ng t he rlEDf t rgpEss byl ’éh 1832 from the disk as a function
of diffraction an 99; \
bunp hei ght as a furtt] o%ls 8f‘ﬁpg%té‘?hé’§€?’é’gﬁa ons Iégr?tg? é{g?&%l[} gw%% and

spot size forFig. ¢i®ipacfrossasestidnal tprofite of bimp 114. The bump 114 is also crater-
Det ai | ed Descrl ption.qQf the |nventi

Prior Art  shaned with agim 149, b gfsg has aioepixaljapex 116 docated generally in
conventi onal St?irea}f%xﬂref %¢ 39@\&&&@ S el iU MM ap 8P 91B% KR the 0"

ease of illu on an
surface 120 of the disk is denoted by h, and is higher than the height h, of the

rim. The heights of the rims and central apexes in bumps 111, 114 are

determined by the type of disk material and the laser parameters of pulse
energy, pulse width, and spbt size at the disk surface. To assure appropriate
texturing and to prevent stiction in the disk drive, it is important that the
heights of the bumps, i.e. the height b, of the crater 113 in bump 111 and the
height h,, of the central apex 116 in bump 114, be consistent on each disk and
from disk to disk during manufacturing. | '

The, Disk with Laser Textured Test Band and Textured Landing Zone

Fig. 5 illustrates a magnetic recording disk with a laser-induced
textured band according to the present invention. The disk 150 has an inside
diameter 151, an outside diameter 153, a conventional annular data
region 152 and an annular textured band 158. Howéver, disk 150 also
includes a test band 160 of laser-induced bumps. The test band 160 is located
near the inside diameter_151 of disk 150 and is alsd radially spaced from the
annular data region 152 and the textured band 158. The laser-induced bumps
in both the textured band 158 and the test band 160 are essentially identical
to that depicted and described in either Figs. 3A-3B or Figs. 4A-4B. However,
the bumps in the test band have an average height, i.e., either the rim height
h, for the crater-like bump of Figs. 3A-3B or the central apex height h,, for the



expl anation, the disk drive depicted in Fig. 1 is shown as having a single
recordi ng head and associ ated di sk surface, although conventional disk
drives typlcally have multi pl e heads and di sks. The di sk drive conprises a
base 10 6 to which are
secured a disk drive notor with a rotatable plndle 18 and a head actuat or
14. A magnetic recording disk 16 is connect%g to the spindle 18 and is
rotated by the drive notor. The disk 16 is typically a thin filmdisk

conprising a s S I%H:E gg%(;,

al unmi num magnesi-ut ?fAﬁ\ﬁfl‘ﬂl—?% tfvimaf ni c %P tP%})rgﬁig&(eﬁ? @I?uﬁea%%eé%e

coating, and aheighaldaf- theSlﬁﬂnpagndhecarhhtmyt fe:dtméd)band ]t@Bhs'Whls & because the
ch a

deposition ov he su rot ectjve overcoat

spEt t er - deposi {eé%l béﬁér gﬁ@ hﬁ‘?&)%’?‘i’ 2R T-l%e‘} Sh?ré'be%i‘r‘é'ﬁgtal’(érﬂ%‘@ height offhe test
t d PRk {]g&f gﬁghly

Ilcj)blroirg\élntei gor %gdmal nt al ne the ace o?}@%{s%plp%r ctlve d| E %Q?fumps

overcoat. The udtbtkté:ﬁumdr bango158 ¢t thie carmnﬂdemredmsagehemgider'[‘hyerthe

such as a | ayey ‘of chr ac rom mva adi um Cr\/) aI I
bet ween the SubEIRSIR ey é’aﬁ‘é’gﬁéq age ftagrapd an @ BrsimTek trfickoapddive bumps
in the textured band 158 are formed in a second spiral track that is

discontinuous with the first spiral track.
As will be described in detail below, the disk is manufactured by first
forming the test band 160, immediately analyzing the bumps in the test band
- using the apparatus and process of the present invention, and immediately
thereafter forming the textured band 158 by modifying the incident laser ~
parameters at the disk to assure that the average height of the bumps in the
textured band 158 is within an acceptable range. In this manner, the
textuﬁﬁg pattern in the landing zones for all of the disks will have the desired
average bump height and will be consistent from disk to disk.

The A tu Process for in Landing Zone with F ck
frorh red Test Ban

Fig. 6 is a functional schematic of the apparatus for forming the test
and textured bands, and for analyzing the test band to modify the incident
laser parameters prior t6 forming the textured band. The apparatus includes’
the bump forming laser system 200 and the texture analyzing laser
system 300. The disk 150 (Fig. 5) with test band 160 and textured band 158 is
supported on a spindle 210 attached to drive motor 212. Drive motor 212 is
mounted on a translation stage 213 and is movable in the directions indicated
by arrows 214, 215.

The system 200 for forming the bumps in both the test band 160 and
textured band 158 includes a Nd:YLF or Nd:YVO, solid-state laser 246.
Laser 246 is controlled by a diode-pumiping signal and a Q-switch control. The
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adhesion |l ayer, such as a C, tungsten (W or titanium (Ti) layer, between
the magnetic | ayer and the protective overcoat. A read/wite head or
transducer 25 is formed on the trailing end of an air-bearing slider 20.
Transducer 25 may be an inductive read and wite transducer or an inductive
wite transducer with a nmagnetoresistive (N%)l read transducer formed by
thin fil mdeposition techniques as is known'i'n the art. The slider 20 is
connected to the actuator 14 by a rigid arm 22 and a suspension 24. The
suspensi oh 24 oy gtdBSsah KeflSkRgwhesBnidiat fovgeatly1Ackedsing tBe pualopbwer
surface of the recording disk 16. During operation of the disk drive, the
drive notor rovatms fom diplsad salid statenkasent ThecQaswidoh speidsdbe dtafthedaser

i vot haft 19 t h | i der 20 | y. radi.all t .
Cr Tace of o netait =0 BiseehtBlis % latbe Poraepoieateensd REjdiih . Hestoring
di fferent datathg (%is& atiighl $aluétalloWisaafors ighigowerddypulse! doybé pred@éed by the

voi ce coil notor CM having a coil 21 that noves through the fixed

magnetic fi el dlaserndegrer 246 gemdrptesamdaed (Graussian beappld2havdnghivrcenample,
The data detecied from di.sk, 16 by the ducer 4+25_1i. [.oGe i_nt .
data readback YV§R _"Bﬁr@?ﬁ%ﬁl"f F8¥i b;%n%?e’éﬁ)&l%ﬁ g&égglaﬁé é‘?lfsgﬁr{éfgy %ﬁn be
t7he i ntegrat edygijedWy cBShPinkSthe diode laser pump power or by changing the pulse

repetition rate. In general, there is a one-to-one correspondence betwgen pulse
energy and pulse width. Higher energy pulses have shorter pulsg width.
Pulse energy increases (and hence pulse width decreases) as the diode laser
pump power is increased or the repetition rate is decréased.

A fast shutter 247 is located at the laser output to block the laser jJ;Jlses
when desired. The laser beam 252 then passes through a variable
collimator 249, a tht valve 320 and a beam splitter 254. Beam splitter 254 -
splits a small portion (e.g., 1%) (;f the beam 252 and directs it to a power
meter 259. The laser beam 252 then pas;es through an objective lens 272 and
a reflecting prism 274 that directs the beam to the disk 150. In Fig. 6, the -
beam 252 strikes the disk 150 at approximately the “3:00 o'clock™ position on
the 'dgsk, with 12: 00 o'clock being the direction normal out of the figure. In
operation the motc;r 212 rotates the disk 150 at 540 RPM. The 1aser 246 is
pulsed at a rate of 10 kHz, and the drive motor 212 is moved on the
translation stage 213 in the direction of arrow 214 while the disk 150 is
rotating and the laser 246 is pulsing so that the bumps can be formed across
the radial dimension of the test and textured bands. In the embodiment for a
3.5 inch disk, the test band 160 has a radial dimension of approximately
0.5 mm and the textured band 158 has a radial dimension of approximately
3 mm. The Gaussian laser beam 252 has a diameter at the focus of
approximately 23 microns at the 1/e® intensity points and forms bumps of
approximately 15 microns diameter on the disk 150. Bumps having a

diameter in the range of approximately 5-30 microns can be formed with the
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| ocated on arm 22. The signals fromtransducer 25 travel via flekx cable 17
to chip 15, which sends its output signals via cable 19. To | nprove

t he wear resistance of the disk 16, as well as to nmintain consistent
magneti c properties in the data region, it is desirable to make the disk
surface as snooth as possible. However, a very snooth disk surface in a CSS
di sk - drive creates what is called "stictioh. This neans that after the
slider 20 has been in stationary contact with the disk 16 for a period of
time, the slj r esi ' I S,?gp hSdh ek -he
di sk surface}%iiygﬁ %@'cgﬁggésiyggﬁé%g?f}’ g?@}é to%%g?%%gﬁn%&g?g% C
friction anddepivéed am operatisn Het vabnohbaide sk diskd 150 déowevertincadbyal he

i cos df TAmTEEhAL HhS Hanet 2B Be B ridhe He sy beam e O G
slider 20 sugdsplsVtha5akArédted Hfﬁﬁ&ﬁa&%ﬁh&&%&%&&%@n@b %’*3%5{%%&??3;?

initiated. Because the suspension bét ween the actuator 14 an

20 i s rel ati petlys 8o dhat bothy sjsdesfithendisk| 15fbran bef fextatesd/ sinidanewksly.
surface, sudden rg§atjon of t di sk 16 carn al.so da et uspensi.on 24.
The conventional (ERERre Bn &g E%ﬁqrﬁysﬁl&t@éﬁgﬁaggadnt %rlép wtaﬁqsﬂ_?.
Typically, t{esn Béomﬁﬁﬂgﬁlﬂaﬁﬁé?%ﬂﬁ. | bt BEsObf ilﬂ‘&sti‘hﬁlﬁn?t&?é%{r%ﬁa 30bigh

results in a texturing of e conformng | ayers deposited over

substrate. Miepicted imiopgration des onlybene istddofSdiskalaht I, dadaal signufasiygmeg

t Magnet i [ i ... the di bst r at b t d

heati ng to-f BRFEPtaat G0P s G PHeaRA R tis GBPOSItF mid l Gt L5050 it hth s
sputter- depoﬁf fied diﬁc}’ﬁiaér 2‘?1 %E?gyﬁﬂeéin%maﬁsdﬁéﬁne@MB%chxﬁ@?h%«Esﬁgﬁﬂfe

texture of the substrat duce the stiction when the“slid :
resting on tavaljizéhg ldser system| 30haBsSs pérskndl camputére(RICER02 62 haw-power

the di sk dat SOTEBRERE WAVE (SRR OT] PBCSPbA PRIt AuleSPr BT 704
di sk drive nghfy the dalOPHE Yirdifially onto test band 160 and later onto textured
band 158 after the drive motor is moved along translation stage 213), a
scanning linear photodetector array 316 that receives the light beam 317
diffracted from the test or textured bands, the variable collimator 249 that is
located in the path of light beam 252 and is controlled by motor 250, and the
light valve 320 that is also located in the path of light beam 252.
¥ The gener:;\l operation of the analyzing laser system 300 with the laser
burop forming system 200 is that (a) the first laser 246 operates at a fixed
i:ower and pulse width and forms texturing bumps (of the type shown in
Figs. 4A-4B) in the annular test band 160 in the manner previously described,;
(b) the test band 160 is then irradiated with beam 314 from second l.aser 312
and the diffracted beam 317 is detected across a range of diffraction angles by
array 316; (c) the oﬁtput of array 316 is received by PC 302 and, in the
manner to be described in detail below, is used to compute a value
representative of the average height of the bumps in the test band 160; (d) in
response to this computed value, the PC 302 outputs a correction signal or
signals to one or more of the light valve 320, the laser 246, and the variable

- collimator 249 to modify parameters of the laser beam 252 from the first



with the slider 20 in contact with the textured surface of the |anding zone
34. At this location, the slider 20 is not in contact wth the snopth data
region of the disk, and the disk drive can be started w thout dandge caused
by stiction. 8

Preferred Enbodi nent - Fig. 2is a viewof a magnetic recording disk
100 having an inside di-ameter 102, an out sixe di aneter 104, and a | aser
textured annul ar band 108 for use as the slider | andi ng zone. The disk 100

fstie £ NI RA SRR oL SR R R PR R R A R
region 112 3R ddifudiAdr rb%afn ngb%ﬁlags@ﬁﬁm aRheLd %Qﬁdoisé Re il rrafliated

portion of textured | anding zone own I n the enlarged view-an

conpri ses a withrlaser light beae 334 dcoml the sapnnétlasexaBIS}amhﬁdeﬂFMem nduced
Puts, 110, Sl s Bk s (oL B el aale 6L nl 58 R0 e
appr oxi mat eliarpsén theteRfured Warkl 188 thLdthaNRIR AcsY OfejelRthd disK. The
separati on, denot ed as Derr], in the range
texture analyzing laser system 300 is thus used to provide automated feedback
to the laser forming system 200. However, the analyzing laser system 300
may also function as a stand-alone or ex-situ system. In this case the physical
characteristic of the textured pattern, e..g. the average height of the textured
marks or bumps or the cross sectional profile of a mark or bump, can be
displayed on a display or printed on a printer connected to the PC 302.

The laser 312 is a 670 nm CW laser that provides an output beam:314
at a power level of approximately 0.5 mW and a waist size or beam diameter
of approximately 1-mm. The laser 312 is part of laser module 313 that
includes the laser power source, a photodio’ide, a beam splitter that directs a
portion of the beam 3514 onto the photodiode, a Keplerian telescope and a
spatial filter. The signal from the photodiode is fed back to the laser power
source to regulate the output power' of laser 312. This allows the output power
of laéer_312 to bé st_élbilized. to within +/- 0.01% of its nominal operating point.
The stabilized output beam of laser 312 is directed into the Keplerian
telescope to set the beam diameter to 1 mm. At the focal point within the
Keplerian telescope a spatial filter is located and adjusted to greatly improve
the transverse mode quality of the stabilized laser beam.

The beam 314 from laser 312 is incident on disk 150 at approximately
the 11:00 o'clock position. The beam 314 has a diameter of approximately
1 mm and thus covers the entire radial dimension of the test band 160. It is
thus incident simultaneously on a large number or group of bumps in the test
band 160. The reflected beam 317 from the test band 160 is diffracted across
a range of diffraction angles and detected by individual photodetector elements

in the scanning linear array 316.



of approximately 25-100 m crons, depending on the-disk rotational rate and.
| aser pulse repetition rate during the |aser texturing, as described in the
copendi ng application Serial No. 08/150,525. Alternatively, the bunps may
be overl apping, as described in the previously cited ' 781 patent. The bunps
are formed by pulsing a | aser beamon t di sk surface while the disk
rotates. The position of the laser is fixed and the disk is supported on a
transl ation stage that noves radially while the disk rotates so that the
bunps are for nFmgmmaaqmdtagratylﬁGRﬂQ@béam 812 shoding therdifftaclion hatffm | f
the disk is a.conventional 3,5 in. disk the |anding zone 108 has a typical
radial di FRESAoRCTEES &5&\&5@?&4@953%@#@%@%58311@ Rig "ﬁmmeaf,eéma

pul sed 'asiﬂamg&a&éﬂ&tea gllo??qﬁ@ifd AY £3bof 33 NRD ﬁ fgbnléité\ﬂs ;l f&Q' ank.

However unps nmy a Srred on o éria Such as
gl ass or d:ﬂranhon(mbyem I\/Hmwbr aplusalbist oﬁixftehmm;@zkm mrﬁgaswz, 40,

i nstead of b he di trat f
ot ead EDRSRHELDE ARFRbEads H85- 385 oL Ars Jlaspaied By RIESK. | hernesssth as
the di sk ggpte tli 19¥§r‘i~ DA maxima and the bands 383, 385, 387 represe

S tra?l on %? ?n? 30 8 Hl

9 Fi g. an | one type o aser-induced b
formed light 1ntens1ty troughs or minima. The fine structure in Fig. 7 (the honzontal

lines and repeating dots along the lines) are caused by the semiperiodic nature
of the laser bumps on the disk ‘150. The Keplerian telescope in laser

module 313 is set so that the spots merge together to form the horizontal lines.
The long axis of the array 316 is oriented parallel to the horizontal lines (the
alignment axis of array 316 is shown as line 390 in Fig. 7) so that .only the
envelope of the diffraction pattern is measured and not the fine structure. The
beam 314 illuminates the disk close to normal, preferably within 15 degrees of
normal. The incident beam 314 and the reflected beam 317 lie in a plane that
is aligned normal to the disk and at a tangent to the annular test band 160. '
Bedause the linear photodetector elements in array 316 are also aligned in
that same plane, they detect the intensity of the diffracted light through a
range of diffraction angles in that plane. In the preferred embodiment the
array 316 is a EG&G model RL1024SBQ array with 1024 discrete detector
elements. The line 390 adjacent the Fig. 7 photo represents the location of
the detector elements in the linear array. ‘The output of the array 316 is a
distribution of 1024 analog voltage levels corresponding to the angular |
distribution of light intensities diffract_;ed by the textured surface in the test
band 160.

Fig. 8 shows the digitized output of array 316 for detector elements 100
to 900. The individual peaks 382, 384 represent the envelopes of the
corresponding intensity peaks of Fig. 7, the troughs 383, 385, 387 represent
the intenéity troughs between the peaks, and the peak 380 represents the
specular reflection. The Y axis in Fig. 8 is the log of output intensity and the
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on the snooth specul ar surface 120 of the disk, and Fig. 3B is a cross-
sectional profile of bunp 111. The bunp 111 has the general shape of a .
crater with a circunferential rim2113 that is rai sed above the surface 120
of thé disk by a height represented by [err] in Fig. 3B. Fig. 4Ais a
depiction of another type of |aser-induced bunp 114 and Fig. 4B is a
cross-sectional profile of bunp 114. Thggbunp 114 is also crater- shaped
with a rim115, but also has a central apex 116 |ocated generally in the
center_of tphe crater. The height of the central apex 116_above the surface

120 of the i ¥RsiTepaeseatsdhpyangle (in temes pE numprrediarany Wetestor ghemeps) r |
of the rim ' ri tr i , 114
are determ'%yé%t{;gg#ﬁ{eﬁfflgéem%gggiﬂg@ﬁ%}fgpggﬁ' an%e%%gﬁ%gg‘% t%%n%‘%égs of
pul se' enerintenpitiedcshdwih in Rigd 8siBGlel stedetothel Averdige kplsysiédcshapeoofitisalr e
appropriate texturing, and_to B{ev,ent stiction _in the disk driyv

i mportant t REEmRsHlureingted byt the\Hgbtbeem B14. Ipnparundar, ‘lﬁeeﬁgl?ﬁéi?&tai%ay
bunp 114, boREt R i . 1 B et Sl polles SES F uBPRbuisdh |7

manuf act ur i igmsforbh@f the Sifosy sdrticasd profild of &6 aheshgSdbatnpn Bebaxisaribe
Landi ng Zong Fi 5.illustrates a magnetic recording disk ,with a

Faser . P nduckfividualhngs in thecepetittye wxtwangratéerm are symmaptrl ghaped,

150 has an [nsj '%@E% 5 -Sidey-di . . { onal h
annul ar dat%%?gg?od?\é an%aﬁa#eggﬁgﬁg%ﬁt:%%%gggégﬁﬁgg?%%gﬁgﬁ sk 150

al so i ncl udeperatiozstah de m0éd basitie digthizead abraypsutphiteto emhptite thd @Bosss
| ocated near the inside dianmeter 151 of disk 150 and is also radially

spaced fronfedtionghmuphle ghen 3egren brs2pand the textured band 158. The
| aser -1 nduced bu@?ﬁe}ﬂa?%l% {NEbEX Y £ hbRRda B8 s A chfified GR4adtand 160 are

essentially iden

RC1030LNN (not shown in Fig. 6). The analog output signal from array 316

is prearﬁpliﬁed and sent to signal conditioner 322. Signal conditioner 322

includes circuitry for performing signal gain, offset, filtering and hardware

averaging, as well as a 12-bit analog-to-digital digitizéiar. The scanner and

digitizer are controlled by clock and index timing circuitry within

* conditioner 322. The output of signal conditioner 322 is a digital signal
representing 1024 discrete digital values corresponding to the light intensities
detéc':ted by the 1024 photodetector elements in array 316_. The digital output
of signal conditioner 322 is directed to commercially available National
Instruments AT-DIO-32F card 327 attached to the conventional ISA bus 329
in the PC 302 where it is accessible by the microprocessor 330 and can be
immediately processed or stored in RAM 332 or external fixed storage such as
hard disk drive 334. |

The discrete digital values corresponding to one sample output from

array 316 are used to calculate a characteristic of the angulaf distribution of
light intensities. This calculated characteristic is directly related to a
characteristic of the physical shape of the texturing bumj)s by which the
incident laser light beam 314 was diffracted. For use in magnetic recording

disk texturing the physical shape characteristic of interest is the average



to that depicted and described in either Figs. 3A-3B or Figs. 4A-4B.
However, the bunps in the test band have an average height, i.e., either
the rimheight h[err] for the crater-like bunp of Figs. 3A-3B or the
central apex height h[err] for the

10 bunp of Figs. 4A-4B, that is usuallni§ubstant|ally different fromthe
aver age height of the bunps in the adjacent textured band 158. This is
because the test band 160 is fornmed first, and then the nmeasured average

hei ght of t melgmtofmcii)mmsl &S hﬁ,siad the bmgbi wfghe t58ape lﬁhbﬁlﬂ Bs Sligs. 4A-4B.
paraneters t ormtpe In the texture an 158 to t e correct
desi red averﬁbéhmrg%rre#ﬁgﬁoqdh@es& §pieﬁa&1% thesarmayn3le outevels sampded Asa

second opi rod Bkl Bach iERiplebditE & E24 of Fod BRie-dela R GIIEE oFtnd
As wi Il be obsgﬂabeaistmbaabmdfngeimmﬁmedj $Rhé setspane stored ¢ BAM 382tand

formng the test, bapd 160, i diately anal yzing the_bunps in _the test_ band
using the aplf shored £RES ﬁY%‘@é’@ ?I@é’r“ﬁféééﬁﬁ sFanBad tBRough d ORARRInE kg any

t hereaft er f@ﬁ%%ﬂéﬁﬁg eldigk b 95115811?10.[ ”‘i‘ib“h&ﬁtit %S"Q%&Bﬁ%mpigﬁf;

paramet ers at to assure at the average hel g
t he textur eobab:aphladl_fnﬁoumd the [disk.aaghcaptabinayr thingebe hnalyded tagiver, t he

information on the circumferential variation of the bump height.

In the preferred embodiment the characteristic of angular distribution of
light intensities that is used is the integrated intensity value integrated'over' a
portion of the angles near a peak intensity, such as for example between
detector elements 310 and 410 in Fig. 8 around peak 382 corresponding;to the
first diffraction ring'from the center of the pattern. This calculated integrated
intensity value, along with the position (i.e., the nﬁmber of the detector
element, approximately detector element 370) is then used to determine the
average bump height. After the microprocessor 330 computes the infegrated
intensity and peak posiﬁoﬁ values it compares them to previously calibrated

- values corresponding to known bump heights from a look-up table stored in

haxd disk drive 334. The calibrated values stored in the look-up table are
determined by first measuring the average height of bumps in calibration
disks using scanning tunneling microscopy (STM) or atomic force microscopy
(AFM). These instruments can niea"sure the bump rim height h, and bump
apex height h,, of the laser bumps with an accuracy of apﬁroximately 1 nm.
The integrated intensity and peak position values near the first and second
diffraction rings on these calibrated disks are then correlated with the AFM
measured bump rim or apex heights and stored as a look—up table in hard disk
drive 334.

If the measured bﬁmi) heights in the test band are too high or too low,
the prograi in the PC 3(_)2 estimates new laser parameters (e.g., pulse energy,
pulse width, and/or spot size) to bring the bump heights to within
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texturing pattern in the | anding zones for all of the disks wll -have the
desired average bunp height and will be consistent fromdisk to digk. The
Apparatus and Process for Texturing the Landing Zone with Feedback from
the Textured Test Band Fig. 6 is a functional schematic of the
apparatus for formng the test and texturig bands, and for analyzing the
test band to nodify the incident |aser paraneters prior to formng the
textured band. The apparatus includes the bunp form ng | aser system 200 and
the texturespavifiyatiory |Adbehiredypdrithefds stivhgly SfetdBuphp deight. Wlhe présiary
band 160 and textured band 158 is_supported on a spéggle 210 attached to
drive not orP3remetgriis varation of pulse ppergeand thg secondant parRBeRFds213 and

. ble in. . . o dicat . S ¢
200 Tor 1 or TARELPRATIEE Bifsel Htie, Be 58 LEUFSA baniBo be waried BE 2O
i ncl udes a vékidble eollihithitdyQUOrthlat coplriséstwo separatdddenses eThe4pacing of .

control |l ed a diode-punpj ng-si gnal. and a swi tch control ... The
| Bx% two lensespcagmp {>e gadjus eg by motor %50, thugh can be a linear motor or a

PZT stack. However, in the preferred embodiment, the variable collimator 249
is not varied and thus the laser spot size at the disk is held fixed.
Experiments on a range of nominal to extreme NiP disk su_bstrates have
established semi-quantitatively how the disks respond to changes in the laser
parameters. For example, if the pulse energy is varied at.constant pulse width
and spot size on a given disk, the center apex bump height h, will pass
through a maximum at a particular value of the laser energy. Fig. 9is a set
of such laéer energy curves at a constant pulse width and spot size for
different NiP disk substrates, ranging from extreme high to extreme low.

Data like that represented in Fig. 9 is stored in hard disk drive 334 and is;
accéssible by the microprocessor 330 to determine the pulse energy, and pulse
width if necessary, that are needed to generate bumps with the desired
average bump height.

-+ *The pulse energy actually reaching the disk is monitored by the
beamsplitter 249 and power meter 259 located immediately after the light
valve 320. The output of conventional power meter 259, Metrologic
model 45-450, is input to a National Instruments AT-MIO-16D card 337

' (F1g 6) on ISA bus 329 in PC 302. If pulse energy adjustment is necessary
because the bump heights are too high or too low, as determined by
calculating the integrated intensity and peak position values of the first and
second diffraction rings from the.test band 160 and comparing these values
with the look-up table, the microprocessor 330 signals the card 337 to output a
16-bit word to D/A converter 340. The D/A converter 340 provides an analog
square wave voltage signal to light valve 320. The light valve 320 is a
commercially-available Meadowlark Optics liquid crystal variable retarder



Qswitch is a well-known technique for greatly increasing the peak power
output froma pulsed solid state |laser. The Qswitch spoils the Q of the
| aser -cavity and thereby allows a | arge popul ation inversion to build up.
Restoring the Qto a high value allows a short, high-powered pul se to be
produced by the | aser. Laser 246 gener.at efiea pul sed Gaussi an beam 252

havi ng, for exanple, twenty m crojoul es of-"energy. The |l aser pulse width
and pul se energy can be varied by changing the diode |aser punp power or by
changi ng t h.OVRY B23eR64 iaf fiked b%l&-izi'xig SeNRsRttet 325S Tﬁﬁ%n%@@g‘eﬂrettg € out of
correspondence between pul se energy and pul se w dth. H gher enéergy pul ses
have short eP/4woswentiedt340 Burapsiethto HCVRE28asThe ((BVRN222 ehpnkss the dt h
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to block thgepeirdngiil #66 appBRd Ao TOVH 828! 23281ARE8%drERA PPBSES from

through a variable collimtor 249, a Ilght val ve’ 320 and a beam splrtter
g

254. Beam shramt282 ipallewedite passrikiroughfiteshpglerizing bepmuplither B3 Tise
and directs_it to omer neter 9., The l'aser beam 252 .t .passes rough
o obj ect 1 ViR Bt enFedofthe Iaber A lsre paching ik doD 8 SRBGHIANE,
the di sk 159y th8 voliggebapplitl RFROVR BB ri kes the di sk 150 at approxi mately
the "3:00 o' clock™ position on the disk, with 12: 00 o' cl ock being the

di recti on nor mal Foumast diskes i pise enengy pejestiment: bye comtrotlizg the diGVBs323he
di sk 150 at. 54Q-.RPM, The | aser 246.i,s | sed at ,a rate of 1Q k and t he
drive notor?®: F%e%g‘ég’r{ﬂg ﬁ?ﬁeﬁﬁ}%s‘?g#*ez’ﬁu@?ﬁgfﬂ “Z%‘“?ﬁpﬁﬁ‘gicﬁ%gc; i on of
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that the bunps can be formed across the radial dinension est and

t ext ur ed bagnrkrgyl cnrved Fagibiddinasrstill doo do®, Ini sudh disss, thehbutngsheightds 160

has a radial_di nensj on of approxi nat el .5 . d the textyred.,band 158

has a r adi SPCHHAEGPE ReBreRbhy S Fara Juide width. e pifec GAal ¥ acfieaead
by increasing the diode laser pump power to laser 246 using the National

Instruments General Purpose Interface Board (GPIB) 336 on ISA bus 329 in
PC 302. r].‘.he pulse width may also Ye varied by adjusting the pulse repetition

3

rate of laser 246. In general, when the pulse width is changed it is necessary
to readjust the light valve 320 to bring the transmitted pulse energy reaching
the disk back to the desiréd value. _

" In the preferred embodiment the laser pulse energy is modified by
controlling the LCVR 323 through card 337. However, the laser pulse energy
may also be varied by modifying the laser spot size with variable

" collimator 249 through motor 250 controlled By GPIB 336. The laser spot size
can be controlled independently of or in combination with the laser pulse
_ energy.

While in the preferred embodiment the integrated intensity and position
values of the first peak (382 in Fig. 8) in the angular distribution of intensities
is used to determine the average bump height, it is also possible to use the
square of the absolute value of the Fourier transform to determine the average
cross-sectional profile of the symnetﬁcally—shﬁped bum;ﬁs. The angular
distribution of light intex}sities (like that in Fig. 8 but modified to add the



3 nm The Gaussian | aser beam 252 has a dianeter at the focus of
approximately 23 mcrons at the |/e[err] intensity points and forns bunps
of approxirately 15 microns dianeter on the disk 150. Bunps having a
diameter in the range of approximtely 5-30 mcrons can be forned with the
12 | aser system 200. For ease of illustration, the apparatus shown in Fig
6 is depicted in operation for only one §ide of disk 150. However, in
actual manufacturing the beam 252 can %e di vided by a cube beamsplitter
into_two beans that are directed by appropriately located mrrors into two
symetri ¢ jrdohmatinit irathéepbculaddeant 3806cndilskmhtheradeseeibeddealowd, is in

si mul t aneo Qé texture anal yzing_l aser systemil]ystrated in

Fig. 6is %ﬁ%@@q%erq eRerolitteny aluerieglaneer itrarsformat ihesgoss
i 50" G P D P bECRRRE LB nah 26O
opposi te sshapef Blcaksd e individtabbumps desalso dyranditaikalipishapedpalset ad
are a por SEHeEANRA apeTRiisna an be PovopBRE,o Bat Hirstsl Fia istste Sedahm
laser 312 {hfesdior ¥ets of vARARR) th 1 8RR éthfe cross sectional shape of the
bumps illuminated by the analyzing laser 314. However, before a distribution
like that shown in Fig. 8 can be used to determine the complete cross sectional
profile of the bumps an adjustment must be made for the specular beam 380.
Specular beam 380 contains low spatial frequency information about the
bumps. " As it is shown in Fig. 8, the specular beam 380 is saturating the
detector elements of array 316. To recover this low spatial frequency a
information in the vicinity of the specular beam 380 it is necessary to use a
second light valve (not shown in Fig. 6) between laser 312 and the disk 150.
The second light valve is used to reduce the intensity of the light reaching the
disk 150 from the laser 312. At this reduced laser energy level, which does
not saturate the detector elements near the specular beam, the shape of the
specular beam is then measured before and after the laser bumps are formed
on the disk. The difference between the before and after values of the
intensities near the specular beam is approximately the diffraction signal near
the specular beam, i.e., the low spatial frequency information of the laser
bumps. The laser 312 intensity is then increased by the second light valve to
measure the high spatial frequency information contained, for example near
the first and second diffraction rings 382, 384, respectively. The high and low
spatial frequency information is then combined into a single angular
distribution of light intensities. This combined angular distribution is the
square of the absolute value of the Fourier transform of the cross sectional
profile of the bumps. Mathematical operations are then performed on these
values (or sets of values). First the square root of the intensities is obtained.

Then the sign of the resulting square root values in the even-numbered



onto the di sk 150 (initially onto test band 160 and | ater onto -textured
band 158 after the drive notor is noved along translation stage 213), a
scanni ng linear photodetector array 316 that receives the |ight beam 317
diffracted fromthe test or textured bands, the variable collimator 249
that is located in the path of |ight 5 an1252 and is controlled by notor
250, and the light valve 320 that is also | ocated in the path of |ight beam
252. The general operation of the analy2|ng | aser system 300 with the

| aser burrpd{fﬁr Bﬂ ﬁ)@é ?%?Iﬁg %}gg né (Eggr eX¢ rnni%%h ﬂ'l%s tbg%@vq?ﬁgrt%[ t a

fixed power an pul'se text ar
Fi gs. 4A 48uare fdm walliaes of thesﬁtéix%ﬁlﬁeéﬁﬁtwaeﬂ Et&nﬁman%5 phav3®T$the second
descri bed;é‘(ﬁb) the test b nd 160 is then irradiated with beam 314 from
second | as@HIraeloHanghe Tdens thecinsierse dauster {rangloraiearabiedds this ange of
di ffracti op. 8 ( ‘H’Eaﬂ’l'gt 6 ved by
PC 302 andi:h I n %1 ?J%ﬁ%é@%(&%é? e@grt%lgﬁlg I'n e?@hfﬁrbe?%lvbgsl sTﬁgeggl?R
conpute a yeldethepvesssd atosy secfiohlibshape afjthé bugips lumineatediips the t he
test band 160; (d).in response to this conputed value, the PC 302 outputs a
correctlonaE?]Q'ﬁHngﬁseé”i |s to one or nore of the light valve 320, the
| aser 246, and the variable collimator 249 to rnodify paraneters of the
| aser beam 252 fromthe first

Pr re for Texturin Disk Using the Test Band and F k from th

Analyzing Laser
The following are the process steps for using the system described and

shown in Fig. 6 to texture the disk landing zone with laser-induced bumps of
the desired height: ' 2’

1. Move disk drive motor 212 on translation stage 213 so that analyzing
laser 314 illuminates a non-textured portion of disk 150 and acquire and store
a background set of digital values from array 314.

] .

2. While moving the drive motor 212 in the direction 214 on translation
stage 213 and rotating the disk 150 at 540 RPM pulse the laser 246 at 10 kHz
with preselected pulse widths, a preselected voltage setting on LCVR 323, and
a preselected spot size from the setting of variable collimator 249. This
creates a spiral track of laser-induced bumps spaced apart approximately
50 microns. This spiral track is the test band 160 with a radial dimension of
0.5 mm.

3. Close shutter 247.

4. [lluminate the entire radial dimension of test bana 160 with
analyzing laser 314 to acquire a first set of digital values from array 316.

‘5. Subtract the first set of digital values from the stored background set
from step 1 to get the actual set of digital values corresponding to an angular
distribution of light intensities diffracted by the pattern of laser bumps in the
test band 160. Repeat this a number of times while the disk 150 is rotating,
store the sets of digital values, and compute a set of average values from the
stored sets on the disk 150.



13 | aser 246; (e) the disk is translated and the texturing band 158 forned
with the nodified | aser beam 252; and (f) the textured band 158 is then
irradiated with |aser light beam 314 fromthe second laser 312 and the
diffracted beam 317 is detected by linear array 316 to nmeasure the average
hei ght -of the bunps in the textured hand 158 to ultimately accept or reject
the disk. The texture analyzing | aser system 300 is thus used to provide
aut omat ed feedback to the laser form ng system 200. However, the anal yzing
| aser system 300 al so funct ion as a stand-al one or, ex situ tem In
this case the p E‘Eﬁ pars theaveraged; angilar gastraution wish %ra uAR
aver age hedé}ﬁ-!’lbﬁhqnﬁeOf intensisiesrior icglibratiomskisles mﬂek@ombym herghts and
profil e of shaperWodhib bypdetermimmgriteppesitdnand iniegrated Drtepsitytafdthenfiest
printer coandcieedndadiffract?én 3Raks or ringd 882) 884r Coidpdre these FabneLWitlaser
that provi tiesseof the palibliged Bdks 8h detdianiak Vvl offavepase burdh dlejgitt. STHIY
and a wai sis §bAe ﬁng%amom ﬁ% & a%@PBPéhHEﬁ@h! tﬂaaf”@!esJﬁBeé #er 312 is
Bﬁgt 03:c o|de§&at] m’d rec *cf'}rl El;ﬁ})rﬁ{& d 8& t10n 1-mghe
phot odi odei’o %a&g {’ﬁ %\é ggnglr%%’sa Egsm W%pg? P ‘%e Si gnag the
phot odi ode }f"§ 9 | aser power source to regulate the out put
power of |aser 312. Th| ) aI | ows the output power of |aser 312 to be
st abi | i zedPllo=wositien of firgt pesk phptade gmalam arenbay point. The
stabili zedP8u=l=mmlmnfsécdxubpeakiﬁhowdactoecﬁlentenhmm er)KepI erian
t el escope ImtlsetIntbgratedrimtemsity of first peaktn At the focal point within the
Kepl eri an (et®sChitegratefdhtansity bf Sécond peulat ed and adjusted to greatly
i nprove thgH LapsvalaedMaBpREbht y Oof the stabilized |aser beam The
beam 314 from | aser 312 is | nci dent on di sk 150 at approximately the 11: 00
o' clock posgt 158 pINE 188N S 102"PS B2 P120P156 Bla PR Rt RES!Y 30 o
BH = 0.0007*Int1 + 9.0 nm
If 165 < P1 < 167 and 102.1 < P2-P1 < 130 and 1 < Intl/Int2 < 30
BH = 0.0007*Intl + 6.0 nm
If 167 <P1 <177 and 102.1 < P2-P1 <130 and 1 < Intl/Int2 < 30
: BH = 0.0007*¥Intl + 3 nm
If 155 < P1 < 169 and 100.0 < P2-P1 < 101.9 and 1 < Intl/Int2 < 30
_ BH = 0.0005%Intl + 12.6 nm
If 169 < P1 < 170 and 100.0 < P2-P1 < 101.9 and 1 < Int/Int2 < 30
BH = 0.0005*Intl + 9.5 nm
If 170 < P1 <177 and 100.0 < P2-P1 < 101.9 and 1 < Intl/Int2 < 30
BH = 0.0005*Intl + 7.0 nm
If 167 < P1 < 177 and 90.0 < P2-P1 < 99.5 and 1 < Intl/Int2 < 30
BH = 0.0007*Intl - 1.5 nm
If 150 < P1 < 165 and 101.9 < P2-P1<102.1and 1< Intl/IntZ < 30
BH = 0.0006*Int1 + 10.8 nm
If 167 <P1 <177 and 101.9 < P2-P1 < 102.1 and 1 < Int1/Int2 < 30
_ BH = 0.0006*Int1 + 5 nm
If 150 < P1 < 169 and 99.5 < P2-P1 < 100.0 and 1 < Int1/Int2 < 30
BH = 0.0006*Intl + 5.5 nm
If 169 < P1 < 177 and 99.5 < P2-P1 < 100.0 and 1 < Int1/Int2 < 30
BH = 0.0006*Int1l + 3.0 nm
If 165 < P1 < 167 and 101.9 < P2-P1 < 102.1 and 1 < Int1/Int2 < 30
BH = 0.0006*Int1 + 7.8 nm

7. If the bump heights are within specification, proceed to step 11
without changing the laser 246 parameters.



1 nmand thus covers the entire radial dinmension of the test band 160. It

I's thus incident sinmultaneously on a | arge nunber or group of bunps in the

test band 160. The reflected beam 317 fromthe test band 160 is diffracted

across a range of diffraction angles and detected by i ndividual

phot odetector elenments in the scannng |linear array 316.

14 Fig. 7 is a photograph of the $éam 317 showi ng the diffraction

pattern spread across a range of angles. The center spot 380 in Fig. 7

represents the specular reflected beamfromincident pbeam 314 and is_of no

interest in the8dif theybummhgightsrare tagviighror toplows, dateymine el side of

peaks or rtingdbusge height vepalac etebgy darke biaigd )18 tes8bandds omr. eThis 1s

i Il ustrat edone by woking ab¢he ianguldB posidivh éhe miugheriofttheddigctoe alament in

maxi me andFigeBhenttte 88k idfknsitySdt fRPHeSLAifractbh ﬁiﬂFQﬁéék)B&riQﬂBngs.qr

m ni ma. Thgnp{igle Bkpai§iddal Batd Shows(th3e the'difPaé@én 'ansds of pdak BRI 59

ot 2l ong @iﬂgg@;ﬁmgﬁgﬁé% aﬁ?ﬂfﬂ?éi&%t%;%?&é’ﬁ ) %ﬁd@éer

so that th aspo?sel rgf % t 93 Ig%%r e??ﬁiggg(#&?o aF’ nes 5?)0&1%

axis of tngtAEglet et iy PE P %ﬂlﬁrﬁ@lﬁ%?ﬁﬁ%tﬁaﬁ ﬁ%;e

al i gnment  9Rithe overhegted gideso ump phejght s RTEY GO YH- it h’?‘h&? ]

t he of the first diffraction ring appears at a larger value than this known point,
then the bumps on the test band are on the "underheated” side of the bump
height vs. energy curve.

9. Using the look-up table based on data similar to that of Fig. 9,
determine whether it is possible to bring the bump heights into specification
by modifying pulse energy alone. If yes, establish a new pulse energy using
the PC-controlled light valve 320. 7

10. If the bump height will still be too low even at the peak of the bump
height vs. energy curve, reduce the laser 246 pulse width slightly using the
GPIB interface to the laser 246. (Experimental data shows that decreasing
the pulse width at constant pulse energy increases the bump height on disks
'‘with low bump heights.) '

11. Move drive motor 212 along traunslation stage 213 to the radial
position where the textured band 158 for the landing zone is to begin. Open
shutter 247. While continuing to rotate the disk 150 and moving the drive
motér 212 along the translation stage 213'in the direction of arrow 214, pulse
the laser 246 at 10 kHz with the modified voltage setting on LCVR 323 (or
modified pulse width if step 10 is performed). This creates a spiral track of
laser-induced bumps spaced apart approximately 50 microns. . This spiral track
is the textured band 158 with a radial dimension of 3 mm. -

12. Close the shutter 247, illuminate the textured band 158 with
laser 312 to measure the average bump height in the textured band 158 as
described previously for the test band 160, and then accept or reject the
completed disk based on the measured height.

While the preferred embodiments of the present invention have been
illustrated in detail, it should be apparent that modifications and
improvements may be made to the invention without departing from the spirit

and scope of the invention as described in the following claims.
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envel ope of the diffraction pattern is neasured and not the fine structure.
The beam 314 illum nates the disk close to normal, preferably. w thin- 15
degrees of normal. The incident beam 314 and the reflected:beam31Z-lie in
a pl'ane that is aligned normal to the disk and at ARGRIEET RS BEENUMUI ar
test band 160. Because the l|inear photogstector elén® Sf\?pﬁmﬁy 31¢ are
also aligned in that sane plane, they detect the inftensi{y of—4he
diffracted light through a range of diffraction angles in that plane. In
the preferred enbodi ment the array 316 is a EG&G nodel RL1024SBQ array with
1024 di scr Waatiis eldimedisnents. The |ine 390 adjacent the Fig. 7 photo
represents the location of the detector elenents in the linear array. The
output of the array 316 is a distribution of 1024 anal og voltage levels
corresponding to the angular distribution of light intensities diffracted

by the textured jsurfagenhindtierd@siPBkk &nprising: F19- 8 shows the
digitized output of array 316 for detector elenents 100 to 900. The

i ndi vi dual peaks present the envel opes of the corresponding
i ntensity peaks 305185% %l%g#réﬁe troughs 383, 385, 387 represent the

intensity troughs between the_peaks, and the peak 380 represents the
specul ar ref | ectd BiRgnehic recardiag; lavey formeq gnithe suhstrmteang having amsity
and the '

annular region for use as a magnetic recording data region;

a plurality of generally like and symmetrically-shaped bumps formed on
the surfape of the disk substfate in an annular test band radially spaced from
the region of the disk substrate beneath the magnetic recording layer anntilar
data region, the bumps being formed of the same material as the disk

; éubstrate and having an é\_verage height above the surface of the disk
substrate; andl

a plurality of generally like and symmetrically-shaped bumps formed on

- the §1,.1rface of the disk substrate in an annular textured band radially spaced
from the annular test band, the bumps in the textured band being formed of

the same material as the disk substrate.

2. The disk according to claim 1 wherein the bumps in the test band
are formed in a first spiral track and the bumps in the textured band are

formed in a second spiral track that is discontinuous with the first spiral

track.

—_—
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15 X axis represents the angle (in ternms of nunbered array detector
el enment) away fromthe specularly reflected beam The angul ar distribution

of intensities shown in Fig. 8 is related to the averagf ;s N%f
the bunps illum nated by the |ight beam 314. In particu lﬁ@’? EﬁﬂHﬁgﬁEge
array output-curve in Fig. 8 is the square of the absol | '

Fourier transformof the cross sectional peéfile of an average bunp.
Because the individual bunps in the repetitive texturing pattern are
symmetrically shaped, a set of mathematical operations including the
i nverse Fourier d.r anstbe dislpaccoridong darcldiz jewhereindhenbwmpsdingitie texdured ay
output to conpute-the cross sectional profile of an average bunp. The

array 316 ibaod hues diy ateripd héigHt BBEwe Th8 HRTade0slheRELR3CANYr4 R0th A HgWn
in Fig. 6). The anal og output signal fromarray 316 is preanplified and

sent to si toPRgmg n’iZ% } ;é)éhd'i i 1 it ray
for perfor%ﬁ'ﬁ% Si gﬂg dgiglgir:ﬁ 0 ng%l,g@?ﬁkrfte Ilﬁ%g&ﬁ?fﬁﬁl%ﬁ%@ék%&??g%‘g%%?
well as a 12-bit anal og-to-digital digitizer. The scanner and digitizer are
controlled hy clock and index timng circuitry within conditioner 322. The
out put of signal conditioner 322 is a digital signal representing 1024

di screte digit al4-val uEBe divk asesding §o clphd Wh@ﬁlniw&ktﬁ%t dét ed by
the 1024 phot odetector elenents in array 316. The digital output of signal
condi ti onefodaddicf glassaeeantio oe amaluniidm sdigi having Alatickelaphésptiorooent s
AT-DI O 32F card 327 attached to the conventional |SA bus 329 in the PC 302
where it | sudffRScablfE. by the mcroprocessor 330 and can be imediately
processed or stored in RAM 332 or external fixed storage such as hard di sk
drive 334. The discrete digital values corresponding to one sanple '
out put from :

5. The disk according to claim 1 wherein the bumps in the test;Band
and the textured band have é physical shape of a crater having an outer rim,

the rim being raised above the surface of the disk substrate.

6. The disk according to claim 4 wherein the crater-like bumps also
have an apex located generally in the center of the crater, the center apex

being higher than the crater rim.

7.  The disk according to claim 1 wherein the textured band is also
radially spaced from the region of the disk substrate beneath the magnetic

recording layer annular data region.
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array 316 are used to calculate a characteristic of the angul ar
distribution of light intensities. This cal cul ated characteristi¢ is

directly related to a characteristic of the physical sh ' Tho
bunps by which the incident |aser |ight beam 314 was di fiFTHIS ISHEET FHAS ln
magneti c recording disk texturing the phy§gcal shape char act e REBLAGEDbf

interest is the average b 16

hei ght of the bunps, i.e., h[err] for the bunps of the type shown in Figs.
4A-4B. I n the preferred -enmbodi nent of operation,-the array 316 output is
sanpl ed as the & sk Mhedisk aeacdirgnbpchimel wghereietthefbuiipd idithertest band
digital values of the angular distribution of light intensitiés. The sets
are storedand M%&%&r@ﬂ&ﬂ%ﬁtﬁfmé§§%%m BORE - hebitth @ bf thie didkc | S _
scanned through 1024 points in 4 ns with the disk rotating at 540 RPM This
resul ts in.gB.58¢t 0rs being sanpled around the disk. Each sector may thus
be analyzea to give information on the circunferential variation of the
bunp hei ght . In the preferred enbodi ment the characteristic of
angul ar distribution of light intensities that is used is the integrated
intensity value integrated over a portion of the angles near a peak
intensity, such as for exanple between detector elenents 310 and 410 in
Fig. 8 around peak 382 corresponding to the

This Sheet Has Beenkvﬁaced '
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first diffraction ring fromthe center of the pattern. This calcul ated
Integrated intensity value, along with the position (i.e., the nunber of
the detector elenent, approximately detector elenment 370) is then used to
determ ne the average bunp hei.ght. After the m croprocessor 330 computes
the integrated intensity and peak positionggalues it conpares themto
previously calibrated val ues corresponding to known bunp heights froma

| ook-up table stored in hard disk drive 334. The calibrated val ues stored
in the | ook-up table are determned by first nmeasuring the average height
of bunps in calibration disks using scanning tunneling mcroscopy (STM or
atomc force mcroscopy (AFM . These instrunents can neasure the bunp rim

2§}8?LCS[ of LESr ?XPWFT?@?{EWS%q eg»m TR aRED S MAND R o1,
\é?sﬁgsapga{ hfanecolriz(F Wlg{(\im]g%ﬁﬂtghe &T: rreasure WPW%NEQ?;(;?S

and stored as a | ook-up table in hard disk drive 334. I f the nmeasured
bunmp heights in the test band are too high or too |ow, the programin the
PC 302 est ABSTRAQEW | aser paraneters (e.g., pulse energy, pulse wdth,

and/ or spot size) to bring the bunp heights to within _

17

A magnetic recording disk (150) has a textured test band (160) radially spaced from a
textured landing zone (158) and has laser-induced bumps with an .average height different from
those in the zone (158). Both bumps are formed in spiral tracks which are separate and
discontinnous. To manufacture the disk (150) (a) the texturing laser (246) operates at'a fixed
pulse energy to form bumps in the band (160) while the dislg (150) rotating; (b) the band (160)
is irradiated with a second analyzing laser (312) and the diffracted beam is detected by a linear
photodetector array (316) across a range of diffraction anglés; (c) the array (316) output is
used to compute an average height value of the test band bumps; (d) correction signai(s)
modify the laser (246) paraineter(s),. (e) the disk (150) is translated radially and the band (158)
is forr(ned with the modified laser beam (252); and (f) the zone (158) is irradiated with the

laser (312) to measure the average height of the zone (158) bumps.

Fig. 6.
asSgro41-3



spec%?ﬁ@ﬁiion. Al'l three paraneters strongly affect bunp height. -The
primary paraneter is variation of pulse energy and the secondary paraneter
is variation of |aser pulse width. The | aser spot size can also be varied
by variable collimtor 249 that conprises tw separated | enses. The spaci ng
of the.two | enses can be adjusted by notor 0, which can be a linear notor
or a PZT stack. However, in the preferred odi nent, the variable
collimator 249 is not varied and thus the | aser spot size at the disk is
held fixed. Experinments on a range of nominal to extrene N P disk
substrates have established sem -quantitatively how the di sks respond to
changes in the |aser paraneters. For exanple, if the pulse energy is varied
at constant pulse width and spot size on a given disk, the center apex bunp
hei ght h[err] will pass through a nmaxi numat a particul ar value of the

| aser energy. .Fig. 9 is a set of such |laser energy curves at a constant
pul se width and spot size for different Ni P disk substrates, ranging from
extrene high to extreme low. Data |ike that represented in Fig. 9 is stored
in hard disk drive 334 and is accessible by the mcroprocessor 330 to
determ ne the pul se energy, and gyl se wi dth if specessary, that are needed

to generate bunps with the_desired average bunpyhei ght. The pul se
energy actual |y reachi ng/|trhe—ti-sf—s—rentoret—y—the—bearmspttk er 249 "and
power neter 259 |ocated i diatgly after the |} ve 320.}{The out put
of conventional power nege¢r 259, trol ogic el 45-450\Js ijnput to a
National Instrunents AT-MO 16D ca 337 (A g A6) on | SA bds 3 if8 PC 302.
I f pul se energy adjustne i S necessary_begc t unp heighitjs are too
high or too |low, as detefii ned by cal cul 44 t rated\lijntensity and .
peak position values of5ile fi d (i D??S' ~ngstE7ém t he
test band 160 and conggri se xal - = '
-1 _ 34
277 <> - I
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H .
with th& | ook- up table, the mcroprocessor 330 signals the card-337 to
output a 16-bit word to D/A converter 340. The D/ A converter 340 provides
an anal og square wave voltage signal to l'ight valve 320. The light valve
320 is a conmercial ly-avail able Meadow ark Optics liquid crystal variable
retarder 2/8 18 (LCVR) 323 and a
fixed polarizing beansplitter 325 The anal og vol tage out of D/ A converter
340 is applied to LCVR 323. The LCVR 323 changes the polarization of |ight
beam 252 in response to the applied voltage. Thus, dependi ng on the applied
voltage to LCVR 323, a variable portion of |i Z '
to pass through fixed polarizing beanspl j+Ter 325, The r sult
energy of the | aser pul ses reaching di s} 160 is (@trol e xol t age
applied to LCVR 323. For nost disks a pulse en y ad p o)
controlling the LCVR 323 is sufficient fto bri t he ght is to

wi thin specification. However, for somg the.disks{he i height
h[err] at the peak of the energy curve (Fié) sti . I'njsuch
cases the bunp height is increased by fecreasi t he; aser . The
pul se width is decreased by increasingithe dl&ﬁg | as aser

246 using the National
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N
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Instrdnents General Purpose Interface Board (GPIB) 336 on | SA'bus 329 in PC
302. The pulse width may al so be varied by adjusting the pulse repetition
rate of |laser 246. In general, when the pulse width is changed it is
necessary to readjust the Ilght valve 320 to bring the transmtted pul se
energy reaching the disk back to the degsired val ue. In the preferred
enbodi ment the laser pulse energy is mot i ed by controlling the LCVR 323

t hrough card 337. However, the |aser pulse energy may al'so be varied by

nodi fying the | aser spot size w . G at or 249 t hrough not or
250 controlled by GPIB 336. The
i ndependently of or in conbi

in the preferred enbodi nent i : intensity and p05|t|on val ues of
the first peak (382 in Fig. §) in/ I'SN\ri buyion of intensities
is used to determ ne the avefage/bunp height, it.2 s ppssi bl e to use

t he square of the absolute vAal u¢ [ tr§ o0 determ ne the
average cross-sectional proffileffof the symretricall aped bunps. The
angul ar distribution of light i iti i : Fig. 8 but nodified

to add the 19
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.
information in the specular beam 380 in the manner described below), is in
fact the square of the absolute value the Fourier transformof the cross
sectional profile of the bunps. This is because the bunps have the sane
shape. Because the individual bunps are also symmetrically-shaped, a set of
mat hemati cal operations can be perfornmed aryg he stored 1024 discrete
digital values (or sets of values) to yield the average cross secti onal
shape of the-bunps illum nated by the analyzing |aser 314. However, before
a distribution like that shown in Fig. 8 can be used to determ ne the
conpl ete cross sectional profile of the bunps an adjustnent nust be nade
for the specul ar beam 380. Specul ar beam 380 contains |ow spatial frequency
i nformati on about the bunps. As it is shown in Fi 508, the specul ar beam
380 is saturating the hefestor el ements of array 3(16. To recover this | ow
spatial frequency infornaf?%ﬁ in the—viTinity Of tRe speculqggyean1380 it
is necessary to use a second Light valve (not sho i NSO bet ween
| aser 312 and the disk 150 _-The secerd Ti ght val ye~ o reduce the
intensity of the light redchin he di sk 150 fromthe Taser 39 At this
reduced | aser energy |evel, i ch does not satfirate the detect on_ell@fents
near the specul ar beg t shape of the spectlar beamis th asur ed
before and after theg I%yé?ebunps are -formed ¢n the disk. The di
bet ween the beforefand“after values of the i S
beam i s appr oxi ely the diffraction sighal

the | ow spatial freglency infornmation of the
intensity is thgn ificreased by 825/9 i
spatial frequerncy information cofta

second diffraction rings 382, 384,
frequency infgr ion is then/cgnbi
of light intepsitfies. This c i

o

enear the fipst—errd
¢ Nj oh and | pw spati a
g a gul ar__di i buti on

S




sduar e*of the absolute value of the Fourier transformof the cross
sectional profile of the bunps. Mthenmatical operations are then perforned
on these values (or sets of values). First the square root of the

i Atensities is obtained. Then the sign of the resulting square root val ues
i n“the even- nunber ed : 20 '
diffraction rings is nade negative. For é;anple, in Fig., 8 this woul d, be
for the squar oat values of the intensiti bet ween m ni ma 385 and 387
(the 'second dilfffraction riing). Then the |nvgsie Fourier transformis
applied to thigs resulting}dixfTi pf-4024 mat hematical |y adj usted

val ues. The Treé¢sult yieldsdg CE séctional shape of the bunps
illum nated by the anal yz{hg= O Oprbcedure Tor Texturijng the Di sk
Usi ng the Testf Band and Fged® Yen nallyzi ng Laser The
following are,the process stepg usi ng the'system descri bed jand shown in
Fig. 6 to textiure the dISk | an one with lfaser-induced bungs of the

deS|red helght: - _ Q&)
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1% hbve di sk drive motor 212 on translation stage 213 so that "anal yzi ng
l'aser 314 illuminates a non-textured portion of disk 150 and acquire and

- store a background set of digital values fromarray 314. 2. Wile
nmoving the drive notor 212 in the direction 214 on translation stage 213
and rotating the disk 150 at 540 RPM pukgg the |aser 246 at 10 kHz with
presel ected pul se widths, a presel ected Voltage setting on LCVR 323, and a
presel ected spot size from the setting of variable collinmator 249. This
creates a spiral track of |aser-induced bunps spaced apart approximtely 50
mcrons. This spiral track is the test band 160 with a radial di nension of
0.5 mMm 3. G ose shutter 247. 4. Illumnate the entire radial
di mensi on of test band 160. ' a first set
of digital values fromarrs set of - _
digital values fromthe st et the actua
set of digital values corr of 1ight
intensities diffracted by 88 st band 160.
Repeat this a nunber of ti store the
sets of digital values, ano K N e om t he stored
sets on the disk 150. AR s il n oSS
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21 v 6. Conpare the averaged angul ar distribution with known
cali-bration distributions of intensities for calibration disks with known
bunp hei ghts and shape. Do this by determ ning the position and integrated
intensity of the first and second diffraction peaks or rings 382, 384.
Conpare these values with those of the cal/gbrated disks to determ ne val ues
of average bunp height. This is done using a | ook-up table or a set of
equations that describes the relationship between the bunp hei ght and the

first and second diffraction ring positions and integrated intensities. The

followi ng is pseudo-code describing this operation in detail: Pl =
position of 2%§St peak (photodector el enment nunber)-B&03- position of second
peak (photod Of €l emgnt nunber n = egratgd Tmrensitylo i DEaR

Int2 = Integratjed intensity of second peak BH = cal cul pted bunp height |If
150 < P1 < 16/jnd 102.1 < P2-P1 < 130 angd 1 < Intl/Int2 < 30

BH = 0.0007*Int} + 9.0 nmIf 165 EE&? < 167 and 102.1 & P2-P1 < 130 and 1 <
Intl/Int2 < 30 ‘
40
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Foan
BH = 0¥0007*Intl + 6.0 nmIf 167 < P1 < 177 and 102.1 < P2-P1 < 130 and 1 <
Intl/Int2 < 30 BH = 0.0007*Intl + 3 nmIf 155 < P1
<. 169 and 100.0 < P2-P1 < 101.9 and 1 < Intl/Int2 < 30 :
BH = 0.0005*Intl + 12.6 nmIf 169 < P1 < 170 and 100.0 < P2-P1 < 101.9 and

1 < Intl/Int2 < 30 8/8 BH = 0.0005*Intl + 9.5 nmIf 170
< P1 <177 and 100.0 <P2-P1 < 101.9 and 1< Intl/Int2 < 30

BH = 0.0005*Intl + 7.0 nmIf 157 < P1 < 177 and 90.0 < P2-P1 < 99.5 and 1 <
Intl/Int2 < 30 = 0.0007*Intl - 1.5 nmIf 150 <
P1 < 165 and 101.9 < P2-P1 < 102 1 and 1 < IntI/Int2 < 30

BH = 0.0006*Intl + 10.8 nmIf 167 < P1 < 177 and 101.9 < P2-P1 < 102.1 and
1 <Intl/Int2 < 30 BH = 0.0006*Intl + 5 nmIf 150 <
P1 < 169 and 99.5 < P2-P1 < 100.0 and 1 < Intl/Int2 < 30

BH = O. OOOG*B@tI + 5. 5 nn1|f 169 < P1 < 177 and 99.5 < P2-P1 < 100.0 and 1

<Intl/Int2 £°30 ! " BH 4 0.0006*IntI! + 3.00 nmI¥ 165
< Pl < 167 and 101.9 < P2-P1 < 102.1 and 1 < Intl/Int2 < 30
= 0.0006*Ingl + 7.8 nm 7. If the bunp hei
speC| fication, [proceed to step 11 wi thout changi ng fggﬁ% E{gsg WIDTH
par amet ers. 50+ ' T SIZE ~
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28 CLAI MV5: 1. A magnetic recording disk for use in a disk drive of the
type that positions the carrier supporting the recording head in a textured
l.andi ng zone on the disk when the dISk drlve is not operating, the disk

conpri si ng: a di sk substrate; v Ca:plurality F—rrst=gereraly | i ke
and symretrical | y-shaped | aser-i nduced bugps for use |HERMQEWEJITSHEET

| aser -i nduced bunps in the |anding zone, the fi rst blinps bzl SQN[N)ggm n
the surface of the disk substrate in an annul ar test |jdatel......... ,....a...pl LI Iity

of second generally |like and symmetri cal |l y-shaped Iaa i
providing texturing in the |anding zone, the second bunps belng forned on

the surface of the disk substgghpviakyporEragRveEeoNed | anding zone
radially spaced fromthe annufar test band, the bunps in both the test band

and the textured | anding zone being formed of the sanme material as the disk
substrate; and a nagnetic recording | ayer fornmed over the disk

he. mmondlt it B At BBk RiGhnn TR b bR ordbe o et o

regi on ofdlsitdsramiaghs substrate surface that is radially spaced from both the

test._bandan i oB aliesof ARhPRATerd B b4 1R WA AR Rl

in a disk drive of the type that positions the carrier supporting the recording head in a
textured landing zone on the disk when the disk drive is not operating, the disk compnsmg

a disk substrate;

a plurality of first generally like and

symmetrically-shaped laser-induced bumps for use in forming laser-induced bumps in the
landing zone, the first bumps being formed on the surface of the disk substrate in an annular
test band;

a plurality of second generally like and symmetrically-shaped laser-induced bumps for
providing texturing in the landing zone, the second bumps being formed on the surface of the
disk Substrate in an annular textured linding zone radially spaced from the annular test band,
the bumps in both the test band and the textured landing zone being formed of the same
material as the disk substrate; and

a magnetic recording layer formed over the disk substrate surface, including over the
bumps in the textured landing zone, the magnetic recording layer including a portion located
over an annular region of the disk substrate surface that is radially spaced from both the test
band and the textured landing zone and that has no bumps formed on it, whereby said
magnetic recording layer portion over said annular region forms a data region that is radially
spaced from the portion of the magnetic recording layer formed over the textured landing

zone.

According to another aspect of the present invention there is disclosed A magnetic recording
disk for use in a disk drive of the type that positions the carrier supporting the recording head
in a textured landing zone 0n__the disk when the disk drive is not operating, the disk
comprising:

a disk substrate having a surface located between a disk inside diameter and a disk
outside diameter, the surface including an annular test band located near the inside diameter
for the location of test bumps for use in forming the textured landing zone, an annular
landing zone located radially outwardly from the test band for the location of texturing
bumps, and an annular data region located radially outwardly from the landing zone;



fagnetic recording layer portion over said annular region fornms a data

region that is radial Sicam wportion of the magnetic recordin
layer formed over the CEMENTAHEET sone. 2. 'Ige__dJ_skgaccordl ng to °
‘claim1 wherein the s i1p §NOY 4396 bind are | ; Hir al
track and the bunps ifp rofe@utotired-b-angli ng zon MRt ond
spiral track that is drscontrnuous wrtir4Ae firgt ig.al track. The
di sk according to claim1 wherein the bunps in | Hgttpagamd-fafid t he
textured | anding zone have a physical shape of a cr at er havl ~out er

rim the rimbeing raised above the surface of the disk substrate, the

aver age
in the t
hei ght o
t he test
is forme
ni ckel -

hej[ght do:‘ tge rins above the surface of the substrate for the bunps
exture andi n ein A i

" HebluraHy b Ssucralie ke FripetgRly Riargn e E Pl Plmpd Rk 5 0 °07
szhﬂéldxater{hl ad ltige diisk kutstaterah thg strfacel ofi the diskiswbstiate inrthe dist kansiibe r at e
ﬁ)g % ARSe rﬂa91n8 éeﬁ&aﬁil‘ﬂ{g H4PR 8f 4 Card?AYiH'Y rith and an apex in the

A&} BlrCE S 8
center of the crater and extending above the rim, the heights of the apexes of the bumps in

the test band being substantially the same as one another; .

" a plurality of generally like and symmetrically-shaped laser-induced bumps formed of
the same material as the disk substrate on the surface of the disk substrate in the landing
zone, the bumps in the landing zone having generally the shape of a crater with a rim and an
apex in the center of the crater and extending above the rim, the heights of the apexes of the
bumps in the landing zone being substantially the same as one another and substantially '
different from the height of the apexes of the bumps in the test band; and .

a magnetic recording layer formed over the disk substrate surface, the magnetic
recording layer including a landing zone portion located over the bumps in the landing zone
and generally replicating the tcxtui'ing pattern of the landing zone bumps, and a data region
portion located over the data region and generally 'replicating the surface of the disk substrate
in the data region, whereby said magnetic recording layer data region portion forms a data
region for the magnetic recofding of data and is located radially outwardly from said
magnetic recording layer landing zone portion formed over the bumps in the landing zone.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic of a contact start/stop (CSS) disk drive showing a disk with a textured
band that serves as the CSS landing zone.

Fig. 2 is a plan view of a disk illustrating the annular data region and the radially speaced
annular textured band, with a portion of the textured band expanded to show individual laser-
induced texturing bumps.



5.1 The disk accordin A4 wherein the crater-like bunps in the both
the test band the textured |anding zone also have an apex |ocated
generally in the mnm\ﬁ‘\gter the center ap

the crater rim @ m‘“ ording to claim5b
hei ght of the ap s cabéve®t he surface o23the substr Lte fozki}hﬁ 5@5 1
the textured | anding zone is substantially different ¥

hei ght oCLAMIMSapexes above the surface of the subst r_c[c Fortire pumnps fn

t he test band. 7. The disk according to claim1 wherein the bunps in the
test band and the textured | anding zone are fornmed by pul sed | aser heating
of the disk A niagnetict recordiigg disk flargrsetin @ diskodnivti ofghel fypR tgzt;rpoglgens thecamnierk
drive of l{ﬁ&%ﬁ é&&mﬂg SHehd g tedxfifted Mndihy zohl BRIAC 415K WHRS thegiok dhRe iddd
in a text an In e on e di sk when the disk drive is not

oper at i nPPerating, dhed ls ﬁﬁ‘PF@ﬁ“ﬁg a di sk substrate having a surface

| ocat ed bet wedisk sutdtrate; i nsi de di aneter and a di sk outside dianeter, the
surface inclu d located near the inside diameter for
t he Iocatlor?@?‘%ggf’f@'&gﬁé&%@w%%w form ng the textured | anding zone, an
annul ar  Isymenetgjcallyrshapest sgdndmdd:umpsdm veerin| foroping daserrindueed bysppsdinfthe t he -

-'Ocatlonaa{:mg% I the ir. meaﬂlﬁésﬁ&beofaﬁlagkm@&a@dnm%ﬁhw
out war dl m t andi ng zone a plurality of generally lik
symetri %ﬂdshaped | aser-i nduced bunps forned of the sane nateri aI as the-

di sk subst r at stulity bEsetond geserally likeant smaetbisallysstaped lasésintesi Bundps, fot he
providing texturing in the landing zone, the second bumps being formed on the-surface of the
disk substrate in an annular textured landing zone radially spaced from the annular test band,
the bumps in both the test band and the textured landing zone being formed of the same
material as the disk substrate; and '

a magnetic recording layer formed over the disk substrate surface, including over the
bumps in the textured landing zone, the magnetic recording layer including a portion located
over an annular region of the disk substrate surface that is radially spaced from both the test
band and the textured landing zone and that has no bumps formed on it, whereby said
magnetic recording layer portion over said annular region forms a data region that is radially
spaced from the portion of the magnetic recording layer formed over the textured landing
zone.

e

2. The disk according to claim 1 wherein the bumps in the test band are formed in-a first
spiral track and the bumps in the textured landing zone are formed in a second spiral track that
is discontinuous with the first spiral track.

3. The disk according to claim 1 wherein the bumps in both the test band and the textured
landmg zone have a physical shape of a crater havmg an outer rim, the rim being raised above
the surface of the disk substrate, the average height of the rims above the surface of the
substrate for the bumps in the textured landing zone being substantially different from the
average height of the rims above the surface of the disk substrate for the bumps in the test
band.

4. The disk according to claim 1 wherein the disk substrate is formed of glass, ceramic_; or
an aluminum alloy having a nickel-phosphorous surface coating.

~dagure—



heji ghts of the ap in the test band b4
sane as one anot hmﬂlmﬂll“\flﬂlﬂﬂm. ty of generally Ii

symretrical | y-shapé&d Faster-% nducdd bunps termed of thes : :
di sk substrate on the surface of the disk substrate in the Iandl ng zone,

the bunps in the | andi ng zone haV| ng generally the shape of a crater with a
rimand an_ap in the center cr.ater and endl ng,_. above the ri

t he hei ght% oﬁ‘ be [iskgreqrdingto ‘{I'HE‘ %O‘{iﬁelﬁ‘ e grater- QEEI WEPs Hh‘é‘eg’@ﬁh@e test band and
subst ant i aid textued Riadibgaone ako havd mapemldcaed) gémendllyainl the derftéresfahé claterintiene

hei ght of the es,. o0 S test band; and a magnetic
recor di ng “May: gpoef@e hi ége}rmﬁméacrh% fbstrate surface, the magnetic
recordi ng Iayer I ncluding a | anding zone portion | ocated over the bunps in

the landing zqpg d@ékdaca&raﬁﬁgaéol HaihP WHeAdih Bk a‘v@?ag%fhéig‘ﬂf; bi'theRpExSR ra'BoQé ﬂiefkﬁrface

| andi ng zone bu a_ data.region ocaj ed, over the data. re
and gener 2 e SRFe 101 WG DS 4t eexbrd bnding zone s sobstany reta Tromdhe
regi on, waegrafy heightofithg apéies abemmd lsﬂﬁaéeayfahe sitiseratecfor the tumipsiinthd estivand.
data region for the magnetic recording of data and is located radially

outwardly from said nmagnetic recording |ayer |anding zone portion formed -
over the blnpThediskrascomting togclaiont wherein the bumps in the test bandandthetextured

25 landing zone are formed by pulsed laser heatmg of the disk substrate. ”

—

8. A magnetic recording disk for use in a disk drive of the type that positions the carrier
supporting the recording head in a textured landing zone on the disk when the disk drive is not
operating, the disk comprising:

a disk substrate having a surface located between a disk inside diameter and a disk
outside diameter, the surface including an annular test band located near the inside diameter
for the location of test bumps for use in forming the textured landing zone, an annular landing
zone located radially outwardly from the test band for the location of texturing bumps, and an
annular data region located radially outwardly from the landing zone;

a plurality of generally like symmetrically-shaped laser-induced bumps formed of the
same material as the disk substrate on the surface of the disk substrate in the test band, the
bumps in the test band having generally the shape of a crater with a rim and an.apex in the
center of the crater and extendmg above the rim, the heights of the apexes of the bumps 'in the
test band being substannally the same as one another;

a plurality of generally like and symmetrically-shaped laser-induced bumps formed of the
same material as the disk substrate on the surface of the disk substrate in the landing zone, the
bumps in the landing zone having generally the shape of a crater with a rim and an. apex in the
center of the crater and extending above the rim, the heights of the apexes of the bumps in the
landihg zone being substantially the same as one another and substantially different from the
beight of the apexes of the bumps in the test band; and

a magnetic recording layer fbrmed over the disk substrate surface, the magnetic recording .
layer including a landing zone portion located over the bumps in the landing zone and
generally replicating the texturing pattern of the landing zone bumps, and a data region portion
located over the data region and generally replicating the surface of the disk substrate in the -
data region, whereby said magnetic recording layer data region portion forms a data region for
the magnetic recording of data and is located radially outwardly from said magnetic recording
layer landing zone portion formed over the bumps in the landing zone.



9" The di sk accord| ng to cIa|m8 wherein the bunps in the test band are

TErZESe'CSnS <ot DUIRIMRIIRER I s oot ious i PRRCAGRMENE ERT | - acic.

25 . THe disk alcotding to claim1 wherein the 9UENYi |96 he t est
band and the textured band are forned B3P pul sed | <8 tehe;u ng 0115 ‘t-hd| di sk
substrate.

9. The disk according to claim 8 wherein the bumps in the test band are formed in a first
spiral track and the bumps in the landing zone are formed in a second spiral track that is
discontinuous with the first spiral track.



