2 5 MAY 2005 SPECIFICATION 1. TITLE OF THE | NVENTI ON: DI SK CLAVP FOR DI SK
RECORDI NG APPARATUS AND DI SK RECORDI NG APPARATUS 2. DETAI LED DESCRI PTI ON OF
THE I NVENTION 2.1 | NDUSTRI AL FI ELD OF THE | NVENTI ON: The present i?%$ hi@&
relates to the structure of a disk clanp which rotatably and secure @ hotds
recording disks that rotate at a high speed in an disk recordi ng apparatus.
The di sk clanp connects the disks to a spindle notor, which is a rotary
drive 2.2 PRIOR ART A hard disk drive, which is an di sk recordi ng apparat us

in which recording nedia is ﬁ? 'g %ﬁfording di sks. The magnetic
recording disks rotate at a @@ﬁgg E in an recording apparatus used in an

i nforma ionHHEEO@ﬁjﬁhnﬂpggP atus such as a conputer. Mre than one magnetic
a

recordi g ‘erred to as a recording disk) rotates at a
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A recording disk for a hard disk drive is rotated by a spindle notor, which
is arotary drive. A recording disk rotates at a speed as high as a few

t housand revol utions per mnute. Therefore, a disk clanp that secures each
recording disk to the spindle shaft of the spindle notor nust have a
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2.1 INDUSTRIAL FIELD OF THE INVENTION:

The present invention relates to the structure of a disk clamp which
rotatably and securely holds recording disks that rotate at a high speed in
an disk recording apparatus. The disk clamp connects the disks to a spindle
motol, which is a rotary drive.

2.2 PRIOR ART

A hard disk drive, which is an disk recording apparatus in which
recording media is magnetic recording disks. The magnetic recording disks
rétate at a high speed in an recording apparatus used in an information
processing apparatus such as a computer. More than one magnetic recording
disk (hereafter referred to as a recording disk) rotates at a high speed and
writes or reads information data by means of magnefic heads individually
disposed for the top and bottom faces of the recording disks.

A recording disk for a hard disk drive is rotated by a spindle motor,
which 1s a rotary drive. A recording disk rotates at a speed as high as a
few thousand revolutions per minute. Therefore, a disk clamp that secures
each recording disk to the spindle shaft of the spindle motor must have a
structure and strength for holding each recording disk

A hard disk drive of 3.5-inch type, for instance, may not change its

dimensions but is demanded to increase the storage capacity by several tens



di rensions but is demanded to increase the storage capacity by several tens
-1 2 5 MAY 2005 of percent or greater each year, and is demanded to reduce
the thickness and the other outer dinensions as nuch as possibl e to)kesy 08
with the mniaturization of internal units or the like. Accordingly, disk

clanp has also been desired to reduce the thickness and the other outer
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shown in FI.G 10 holds three recording disks 17(A),
Oor sllimmer.

On the other hand, the recording disk, like a compact disc for
instance, on which recording is performed with magnetically, in that it has
the disc shape and a hole at its center. And the recording disk has a large
number of magnetic recording tracks which are concentrically formed on its
surfaces. To satisfy the recording density which has been increasing year
after yvear, the recording disk is required to have a highly flatness level.
The surfaces of a glass substrate can be easily smoothed out. So, the glass
substrate become more popular than the conventional aluminum substrate in
recent years.

FIG. 10 is a cross—sectional view showing the structure of a
conventional disk clamp which holds recording disks using three glass
substrates.

The disk clamp shown in FIG. 10 holds three recording disks 17(A),
17(B), and 17(C) together from the top and bottom. The member that holds
the recording disk 17(C) from the bottom is the stainless steel hub 23, and
the member that holds the recording disk 17(A) from the top is the stainless
steel top claﬁp 21. Stainless steel 1s one of materials that are stable in
terms of chemical properties over the whole temperature range in which the

disk recording apparatus (hard disk drive) would be used. And the stainless



17(B), and 17(C) together fromthe top and bottom The nenber that hol ds

the recording disk 17(C) fromthe bottomis the stainless steel hub 23, and

t he nenber that holds the recording disk 17(A) fromthe top is the stbﬁrmg§@g
steel top clanp 21. Stainless steel is one of materials that are stable In ™
terms of chem cal properties over the whole tenperature range in which the
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recor(“g%gréglsgxﬁgégfgn coefficient of the spacers 24 is close to that of the
glass substrate.
The radius of the cylindrical portion 23a of the hub 23 that goes
throush the center holes of the recording disks 17(A), 17(B), and 17(C) is
smaller than the radius of the perimetiric portion 23b which holds the
recording disk 17(C) from the bottom. Likewise, the radius at which
screwing positions 2la are disposed in the top clamp 21 is smaller than the
radius of the perimetric portion 21b which holds the recording disk 17(A)
from the top.
The screwing positions 2la and the perimetric portion 21b of the top
clamp 21 are integrally formed in a stainless steel member, and the
thickness of the connecting portion 2lc is L1. The cylindrical portion 23a
and the perimetric portion 23b of the hub 23 are also integrally formed in a
stainless steel member, and the thickness of the connecting portion 23c is
L2.
FIG. 11 illustrates that the tightening force by the screws 22 for

securing the recording disks 17 shown in FIG. 10 is transferred through the

disk clamp up to the perimetric portion 21b or 23b.

'
(&}
i



fromthe top. The screwi ng positions 2la and the perinmetric portion 21b of
the top clanp 21 are integrally formed in a stainless steel nenber, and the
t hi ckness of the connecting portion 21c is L1. The cylindri cal portuon“%S@O
and the perinetric portion 23b of the hub 23 are also integrally fofned %
stai nl ess steel menber, and the thickness of the connecting portion 23c is

L2. FIG 1ird hustsates dhat dfiest it ening jzoEfs@ve% {heugicrigus 22 for
securing the recording disks 17 shown in FIG 10 is transferred through the
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tightening force FC1 of the screws 22 travels through the cylindrical
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t hrough the connecting portion 21c of "t he top cl perinetric
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weaker with increase in distance L3, with decrease in coefficient of
elasticity, or with decrease in thickness Ll. The tightening force
traveling through the connecting portion 2lc is defined as transfer force
Ml. The magnitude of the transfer force Ml of the connecting portion 2lc is
proportional to the thickness L1 of the cénnecting portion 21lc if the
material has uniform properties, like stainless steel. The transfer force
M1 traveling in this way is transferred by the perimetric portion 21b to the
clamp portion 17a of the recording disk 17(A) and combined with the force
transferred by the perimetric portion 23b of the hub 23(described later), to
form the tightening force FC2, which presses the clamp portion l7a from the
top.

Likewise, the tightening force FCl which travels through the
cylindrical portion 23a of the hub 23 is(transferred through the connecting
portion 23c by distance L3 up to the perimetric portion 23b. The transfer
force through the connecting portion 23c is defined as MZ2. The transfer
force M2 varies with the distance L3, coefficient of elasticity (Young s
modulus), and thickness L2. And the transfer force M2 is proportional to
the thickness L2 of the connecting portion 23c¢, for instance, 1f the

material has uniform properties. The transfer force M2 traveling in this
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is transferred through the recording disks 17(a), 17(B), and 17(C) and the
spacers 24 among the recording disks 17(A), 17(B), and 17(C) and secures the
recording disks. The spacers 24 are inserted to maintain spaces between the
recording disks 17(A) and 17(B) and between 17(B) and 17(C) and are made of
ceramics of which thermal expansion coefficient is almost the same as that
of the recording diéké 17.

.The hard disk drive is generally used in an environment of room
temperature (about 20 to 25 degrees Celsius), and the internal temperature
rises to about 50 to 60 degrees Celsius by the heat generated by the
rotation of the spindle motor 25 and the recording disks 17, the driving of
the voice coil motor, and the like. Room temperature may also decrease to
about 0 degree Celsius. Therefore, the hard disk drive would generally be
placed in an environment of temperature cycling of about 0 to 60 degrees
Celsius, and the recording apparatus would be used in the temperature range.
The temperature range becomes the whole temperature range of the recording
apparatus.

In FIG. 11, the direction of the largest thermal expansion caused by the

temperature rise in each recording disk 17 is indicated as TEL. In the
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pressing the clanp portion 17b of the recording disk 17(C) fromthe bottom
is transferred through the recording disks 17(A), 17(B), and 17(C and the
spacers 24 anong the recording disks 17(A), 17(B), and 17(C) and wg@cuges the
recordi ng disks. The spacers 24 are inserted to nmai ntain spaces between the
recording disks 17(A) and 17(B) and between 17(B) and 17(C) and are nade of
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coefficien stainl ess steel
of the clamp portion 17a of the recording disk 17 in the temperature cycling

environment. As a result, if the temperature rises after the glass
substrate is mounted on the disk clamp, the perimetric portion 21b having a
large thermal expansion coefficient would shift the point of contact with
the clamp portion 17a from the first position of contact toward the radially
outer side of the recording disk 17, so that a radially outward stress would
be applied to the recording disk 17. Then, if the temperature decreases tc
room temperature, the perimetric portion 21b would return the point of
contact with the clamp portion 17a to the original position of contact, so
that a radially inward stress would be applied to the recording disk 17.
However, the top clamp 21 and hub 23 are secured by the screws 22, as
described above, and the number of positions secured by the screws 22 are
limited, so that when the whole perimetric portion 21b of the top clamp 21
is viewed, the distance L3 between a position of the'perimetric portion 21b
and its nearest screw 22 depends on the position. Supposing.that the
position of the screw 22 is a fixed center and that the perimetric portion
21b is a point of action for securing the recording disk 17, the distance
between the center and the point of action depends on the position in the

perimetric portion 21b. A difference in distance results in a difference in



(approximately 12 ( 10 -6) is different fromthe thermal expansion
coefficient of glass substrate (approximately 8 to 9 ( 10 -6), the width of
expansi on or contraction by thermal expansion of the perinmetric portion 21b
is different fromthe wi dth of expansion or contraction by ther el MEXxJ38nsi on
of the clanp portion 17a of the recording disk 17 in the tenperature cycling
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outer side gh;ther econdlag dhskerl74i 30 il SndiadiAlfy. oulpard it hess woul d

be applied to the recording disk 17. Then, 1f the tenperature decreases to

room t%%p%r%teui%oeﬁ?ml%ﬂ"t'6‘?%‘15&1&%& @’Euggﬂé wouhdsy elur o, the,pgl nt of

contact Wt ortion 17a'to the orlglnal position of contact, so

that a rlgg%e hlethé@In%sst éc?usag m%lhgsﬁangppldn%g 1rthethr @Cf)r{edlvﬂ%ed' sk 17

However top clanmp 21 e secur ed by the screws

d t 2
i ted o S8 e GAEn Che Vnare Be PRa T2 Rr Tl A o1n ar Tha Lon eramp 21

Is viewgd, fhe, distance "—é”y heLveen,a Posi fi,an, of tB%%r%%EiﬁEthJFl&e ?r Elﬁé’n 21b

and its nearest screw 22 depends on the positidon. Supposing t

posi 11 g ofche mekeyh 33,1 & a1fimag &%?én@nge%mggng he, BETiGHELLC 91%%' on

21b is a point of action for securing the recor di sk 17, the distance

bet weenpthe. center andLhe;pai iRl agll Qi‘ff@?&%d%a&’%st 'Bﬁm%%%le% in the
perimetric portion 21b. A difference in distance results in a difference in

6 After temperature cycling is conducted as described above, the recording
disk 17(4) or 17(C) that thermally expanded in the direction TEl is likely
to return to the original position of contact with the perimetric portion
21b or 23b, in positions far from the screws 22, and the recording disk
17(A) or 17(C) that thermally expanded in the direction TEl is not likely to
return to the original position of contact with the perimetric portion 21b
or 23b, 1in positions near the screws 22.

The recording disks 17 of the hard disk drive have recording tracks
formed beforehand in the magnetic recording faces and are secured to the
spindle shaft by the disk clamp (top clampv21 and hub 23). Therefore, after
temperature cycling is carried out, the recording tracks in the magnetic
recording faces of the recording disk 17(A) or 17(C) are likely to return to
the original positions of contact with the perimetric portion 21b or 23b in
some places and are not in the other places, as described above. That is
the recording tracks that were almost round about the spindle shaft when
they were formed beforehand in the magnetic recording faces of the recording
dislc 17 would become wavy circles affected by differences in distance from

the screws 22.



2 5 MAY 2005 the force applied to the point of action (tightening force),
as described above, Stainless steel used for the disk clanps shown in FIG s
10 and 11 has so large a coefficient of elasticity (Young's nDduLus and SO
high an elastic limt (alnost equal to the proportional limt) t atMAf

whol e perinetric portion 21b of the top clanp 21 can be kept relatlvely
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A single cycle of the temperature cycling test is, for instance, to
raise the ambient temperature of a test object from 25 to 60 degrees
Celsius, back to 25 degrees Celsius, then down to 0 degree Celsius, and back
agaln to 25 &egrees Celsius, for instance, and the test is carried out to
cover the whole temperature range in which the recording apparatus would be
used as described above

In FIG.s 12(a) and 12(b), the width of a single track is divided into
256 parts, and the center of the recording track corresponds to the position
of 128 on the vertical axis in FIG. 12(a) or the position of 128 on the
horizontal axis in FIG. 12(b). When the disks are first secured by the disk
clamp, all data positions in a single full recording track formed in the
recording disk 17 almost match the position of 128 in the figures described
above or remailn within a very narrow range around the position, decreasing
the values of standard deviation ¢ and RRO mentioned above.

As shown in FIG. 12(a), the data positions of a full recording track
after temperature cycling have six peaks Pl to P6 of positional deviation.
Because the peaks Pl to P6 of positional deviation occur in almost identical

positions in the six individual cycles f1 to f6 of 60 degrees, 1t 1is



the recording tracks that were al nost round about the spindle shaft when
they were formed beforehand in the nagnetic recording faces of the recording
di sk 17 woul d become wavy circles affected by differences in distange f&o c
the screws 22. -7 2 MAY 2005 FIG 12(a) shows a record of f 1 uct uat £ ortdAt Al
data position of a single full track within the width of a single track of
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If the disk clamp shown in FIG. 12(a) is used, the extension of the
data position distribution corresponds to a relative reference value of 100
within the 256 divisions of a single track, as shown in FIG. 12(b). Some
data positions in a recording track such as the peaks Pl to P6 are largely
deviated from the position of 128, which is the center of the track.

To write or read data in a data position largely deviated from the
center of track, the servo and other technologies must be used to move the
head. Sudden movements of the head, however, are not desirable because
there is a danger of unsuccessful data read or write, even if the servo and
other technologies are used. For stable read or write by the head, data
positions should be centered in and normally distributed within a narrow
range about the center position of 128. 1In the example shown in FIG. 12(b),
the distribution of data positions is spread to the extent very far from the
center position of 128, so that it would be hard to read or write data with
stability.

The present invention has been provided to ease or solve the problems
as described above, with an object of providing such a disk clamp that data

positions 1n recording tracks are resistant to positional deviation even
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hori zontal axis in FIG 12(b), Wen the disks are first secured by the disk
clanp, all data positions in a single full recording track fornmed in the
recording disk 17 alnost match the position of 128 in the figures ggscrib d
above or remain within a very narrow range around the position, derﬁéﬂgﬁwg
t he val ues of standard deviation a and RRO nentioned above. As shown in FIG

12(a), atfﬂeer gc—:ar% %IB%?} { icgg]iint%];i%éfog%l&c{e%p?r{cpitﬂ% g%g‘c 'sitg%guecri Beo@%ggt ure

cycling have six peaks posi tional devia ecausé 't he Peaks

Pl to P6_aof positional deviaf] C, | I t_identical positions in the
si X inBP%ﬁﬂﬂg "EyeTes f] ¥b§?%qgf?%ﬂggggg@%sggﬁfris -8 25 MAY 2005 appar ent

shown i FEs; 3P ST E bR, RROYBEEP T aced at i ntervals of | 60 degr66s
in the range of 360 de rees, SO thatiik iSmC|(gT;t at he ggﬁs. Pl to P6 of
the' posi &1 ahal? BviHE: PO % oFF SeBont 46 (HE"BORt { hiE Bt nece S07 Bielizs,
Therefore, it i {ound tq%t.taf.?onv%nti nﬁl f%ﬁi L% sSsteeIJTdisg.clanp .
(top cF%Wﬁﬁﬁﬂ?éﬁd FubT 23" ' AUEdd ?%é‘p@éﬁg ﬁiETB‘gg f SPOSPEi'iar “evi at i on
10,00 8, B0 0RO 3, LEs0L o LAk 12, Sop 814, B L oTpergtine, oucl o
4k cham shown. L0, B0/ d28le a0, Uie BXLenslon ol ey datp, Pos i on
250, 9 V905, 18 ShPBLS Lok 05, IO LG, 2R, O, AR
deViat% aﬁfogH%geczﬁ%i%ﬁﬁﬂlRg1&3§rm¥Q%ghukst&b?egﬁﬂﬁﬁé igkghe track.
concentrically disposed on fhe hub, and screws which secure the top clamp to
the hub; and the top clamp and the hub are made of materials that are stable
in terms of chemical properties over the whole temperature range in which
the disk recording apparatus would be used and have such a coefficient of
elasticity that a clamping force required to clamp the recording disks while
the disk recording apparatus is in use can be obtained from the tightening
force to secure the screws; and the material of either the top clamp or the
hub at least has a thermal expansion coefficient close to that of the glass
substrate.
In another aspect of the invented disk clamp is made by titanium as the
main material at least elther oné of the top clamp or the hub.
In another aspect of the invented disk clamp, when the main material of
just either the top clamp or the hub is made by titanium, the material of
the other is made by stainless steel.
In another aspect of the invented disk clamp, when a plurality of glass
substrates are provided, a ring-shaped spacer made of a ceramic material of

which thermal expansion coefficient 1s close that of the glass substrate is

inserted between the glass substrates
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To wite or read data in a data position largely deviated fromthe center
of track, the servo and other technol ogies nmust be used to nove the head.
Sudden novenents of the head, however, are not desirable because7ztpﬁyemts a
danger of unsuccessful data read or wite, even if the servo and” ot her
technol ogi es are used. For stable read or wite by the head, data positions

shoul d be cent.erad.i.and normal |y, s i byt ad.i i gn%rm%{ogl)wrego%%about

the center p05| Ion o e exanple s

distri b&{[l o] ppara.giat %Ept SI Elr%)%n | ?r%vem; (?ahd %o tng c%‘lt %ntW éggysefca; grom the

center p05|?|on o or°Write data with

stabilit The sent |nvent|on as been rov tp ease t he
pr obl emseyo dm&e S(lsb g af);(l)tlceumfmﬁrﬂ PO #tr?)cg‘osvfo mﬁé %efj%rcoﬁeganéﬁoﬁ cl anp

that d di k t t I

deelat?]ﬁ ‘e eégggﬁ Eﬂwﬁ g%%ﬁg a%“%&ﬁﬁsﬁﬁfurilgg ﬁ%gthg%ggﬁcted and
t hat the d| tr| ut i on_of data B03|t|ons i cen ered,in the g{§|n|t¥ gf t he
cent er . N OP et RGP PrebL R T 6YAbUecE bOVE S obl em

TENT S Bl ALty e
C|rcunff <QH§% H%porﬁd,g tnec %5 d beforehaqH_fnﬁghsk Spaped 1glass
subst r at'€s°t G tHE 'SpP ndl &+ A Rei°nf BYTET i OH “r'etoTdf n S ©
SR o oLl 1L ok Ty S 0, D450 v
the portion of contact between the hub or top clamp at least and the
recording disk; and the thermal strain buffer is made a material that is
stable in terms of chemical properties over the whole temperature range in
which the disk recording apparatus would be used and has a thermal expansion
coefficient close to that of the glass substrate.

In another aspect of the invented disk clamp, the main material of the
thermal strain buffer is made by titanium.

In another aspect of the invented disk clamp, the thermal strain buffer
is formed by punching a ring out of a thin titanium sheet evenly spread by
forging or rolling.

In another aspect of the invented disk clamp, the thickness of the
thermal strain buffer is 0.2 mm or smaller.

In another aspect of the invented disk clamp, o, B, or o« + B type
titanium is used for the thermal strain buffer.

The recording disk apparatus of the present invention comprises
recording disks having circumferential recording tracks formed beforehand on
disc-shaped glass substrates, a spindle motor for rotating the recording

disks, a disk clamp which clamps and secures the recording disks to the

spindle shaft of the spindle motor, heads which write and read the recording
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concentrically disposed on the hub, and screws which secure the top clanp to
the hub; and the top clanp and the hub are nade of materials that are stable
in terms of chemcal properties over the whole tenperature range inswa oy

t he di sk recordi ng apparatus woul d be used and have such a coefficient of

el asticity that a clanping force required to clanp the recording disks while

the di skskecandiNAeapRakst U visy Itmle%@ad%anartaet@@tc@weaaﬁgqm hbe: Liigbg eni ng
force to secure the screws; and the material of either the top clanp or the
hub at il east ,has)ant hersyals expansion coefficient close to that of the glass
substrate. I n another aspect of the invented disk clanp is made by titanium
as the main material at |east either one of the top clanp or the hub. In
anot her aspect of the invented disk clanp, when the main material of just
ei t her e d .or the hub is nade by titanium the material of the
ot her f%@néﬁge%ghg?ginless steel. In another aspect of the invented disk

clanp, wherg ploualiLyoRfidl gom nSYON nalesyar eEavidded: 2 i ngrshaned

spacer nmade of a ceramc nateria ermal expansi on coefficient is
cl ose Q%%ky%% %Qe glass substrate is inserped betmeep the gl ass substrates.
10 7 V'NAY'30 i n anot her aspect of the invented disk clanmp for

i nformationprrecordi no: (i ske.aBPas abuseaf: the i Ssanti iar;snssfgﬂugnea@pge@!i sk

clanmp which secures recording disks with circunferential recording tracks

for med mm{ ghand on, i skshaped vgtass rsHbSLEAIERL 0 thenSRi-pdlg shaft in

the infornation

invention.

The magnetic recording disk apparatus 10 shown in FIG. 1 has the
recording disks 17, pivotal actuator assembly 12, voice coill motor 16, and
ramp 20 in its housing 11, forming a airtight space inside. The recording
disks 17 are made of a plurality of disks with magnetic recording lavers
provided on theilr top and bottom faces, stacked and secured to the spindle
shaft 18, and the individual disks are turned together with the spindle
shaft 18 by the spindle motor, which is not shown in the figure. In the
following descriptions, for ease of explanation, the spindle motor is
described as the rotational shaft type which rotates the spindle shaft 18,
but the stationary shaft type which does not rotate the spindle shaft may be
used in the following embodimen£s.

The spindle shaft 18 is also provided with the hub 23 so that the
recording disks 17 are secured, and the recording disks 17 are
concentrically disposed on the top or side of the hub 23. The recording
disks 17 are clamped by the top clamp 31 placed at the top and the hub 23.

The top clamp 31 and the hub 23 are secured by the six screws 22, which

secure the recording disks 17 to the spindle shaft 18. The screws 22 are



recordi ng di sk apparatus, and conprises at |least a cylindrical hub secured
to the spindle shaft, a top clanp which holds fromthe top the recording

di sks concentrically disposed on the hub, screws which secure the t‘*giﬁd c} gtnp
to the hub, and a ring-shaped thermal strain buffer which is inse?t»' i ft%o
the portion of contact between the hub or top clanp at |east and the

recor di&%pgéesdkét gjfnrﬂewa%t erdba'de tdeal Ny Ruk{ e rt]iéé V%'Kgfg & 98 %%%fiéest fat is

stable TN terns chemical properties over e tenperature range in

whi ch the disk recordi aratus woul,d.be. ysed and has a thermal expansion
coeffi cTilgnflrcclug]g”eretng)etcﬁgttgggretcﬁ}é&gq;gg%kstﬁzs]t“'#’atSel.x P%rtaisnot her aspect of the

[ ted disk cl . th ' at eri al h | strain.buff ' d

by t1tani urie FOBaERGY T lRER BT RE TRUebtBo”bi R R1ARRL A AL Ty rls
train buff s f d.b hi i t of t.hi,n titani heet

evenl y Tpr GibyY UG ging bF TFor 11 AQS T Ti"anigter “A4pbcior YRE TIRER ed di sk
I , ,the thi.ckn f.the.th | strain byf i .2 I .

anot herAgpdltCoi T RE IS0BRUSU T SREcanbs (ST 61O TECD (Y6 SLREAM um i s

used for ”\@Ht _tlfgr mal strain bufferl./_ The re or‘di€% di sk appar at us ofththe

pr esent> ¥t o *CofbricEaton PEBDrIdr ntf M SREThAY MR Rirc it 6PBRtI%aI N

ecor gt a9ks, fouEd belorshand on, o5 shaped glage subnlrates, A
RERGT A Lk LG R AL L LR DR N L iy
19 has a magretic head that runs along the top or bottom information
recording face of each disic.
The actuator assembly 12 is driven by the voice coill motor 16 to pivot
about the ;ivot shaft 13, and loads the slider 19 having the magnetic head
onto a face of the recording disk 17 or unloads the slider 19 to the ramp
20. The suspension arm 14 is made of an elastic material, and a bias force
i1s exerted in such a direction that the slider 19 provided on each arm
approaches the corresponding disk surface among the recording disks 17. The
slider 19 levitates to a constant height from the surface of the rotating
recording disk 17 when the levitating force given to the slider 19 by the
rotation of the recording disks 17 and the elasticity of the suspension arm
14 are in balance
The_recording disk 17 is provided with a number of concentric recording
tracks TR1 in advance. The recording track TRZ is provided to represent the
directions of fluctuations of data position in a track caused by temperature
cycling, for reference purposes, and does not represent the fluctuations of

data position in this embodiment.

FIG. 2 is a cross—sectional view of the disk clamp shown in FIG. 1.
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2 5 MAY 2665 disks, and a device for noving the heads, and the disk clanp
is as clained in any of Cains 1 to 12. 2. 5 EMBODI MENTS The present
invention will now be described on the bases of illustrated enbodigmg-)05
FIG | is a top view of a nmagnetic recordi ng di sk apparatus equi pped mnt%‘a
di sk clanp in accordance with a first embodinent of the present invention.
di ke 17 B orar Bt aat or A2RRnsry 5N e BB oM et inEE 4R [np 20T
its housing 11 ormn . airtij.ght ace_insid T recordi di sks 17 are
F?g glﬂyéﬁﬁ%yxgygaﬁuwaﬁthgg %%%ﬁeﬂ“wn Il%T8 ﬁg Haﬁ:a@‘ﬂ%

made o SKS wi't i recordi P& 5t §9P ded on
their ton a bottom f.aces, .stacked .and secured to the, spindle .shaft 18,
bna t nelrwar b daah BreE e R e T TRy Sk the LRt hafBR 15 hy

t he i ndl.e notor, which is not .shown . in the fi. e. .nt f ol .ow
ocer | B e rarhaheabir Srpriarirint thergat i Bosbale e tReE Pt bed as
the rotat] | haft t whi t at th i.ndl e shaft , ..but.th
statioﬁg?éggﬁﬁﬂfogyﬁﬁ ¥ gﬁhshggggﬁ%?ﬁfiFﬁfgcg %§ﬁ$ﬁ I 'shi€?1H§$“H@]eused

in the follow nmbodj ments, The spindle shaft 18 is alsq provided with the
hub 23 T&EPRLAROT RBLS FEEBTHIERG i SKRT £7041 0 6 (PBER iahd THEM et i T i sks

17 are concentrically disposed on the.top or sjde of the hub 23, The
recordWﬁ6ﬂ1af§¥§ Ry &l&° i ApEd 2Byt B 1?%6“5F%ﬁ%ngnﬁFaE@ﬁ“éW“thgh?on and
t he hub 23.

titanium material of this embodiment has a thermal expansion coefficient
close to the thermal expansion coefficient of glass substrate when the value
is approximately (8 to 9) ( 10 ~%, for instance. The thermal expansion
coefficient of pure titanium is approximately 8.4 ( 10 ~% and that of a
titanium alloy is approximately (8.4 to 9) ( 10 ~% so that a titanium
material having almost the same thermal expansion coefficient as the glass
substrate can be selected.

The titanium material is one of materials that are stable in terms of
chemical properties over the whole temperature range in which the disk
recording apparatus (hard disk drive) would be used, and is generally
divided into three types, which are « type titanium alloy containing pure
titanium and relatively small amounts of metallic additives, B8 type
titanium alloy containing relatively large amounts of metallic additives,
and @« + B type titanium alloy being a two—phase alloy; and any type of
alloy described above can be used for this embodiment if it satisfies such a
condition that the thermal expansion coefficient is close to the thermal
expansion coefficient of the glass substrate

Depending on the percentage composition of materials other than
titanium, the thermal expansion coefficient of the titanium alloy of this

embodiment mayv become closer to the thermal expansion coefficient of the
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The top clanp 31. and the hub 23 are secured by the six screws 22, which
secure the recording disks 1' to the spindle shaft 18. The screws 22 are -12
7 5 MAY 2005 disposed at intervals of 60 degrees, dividing the anglgeMgf?_g@gGO
degrees of the circunference of the recording disk 17 into six parts. The
top face and bottom face of each disk of the recording disks 17 are

indiViaﬁ%%kyyéﬁﬁg#?gﬁga%i{gﬁ%k%gffﬁ%%éghﬁgefﬁﬁ%g%%fqgoﬁﬁg?q&%h?u l pagnetic

head, gur I's"use ac ace. e "4¢t uat or
assenbly 12 has suspension arms 1 e nupber, of ich.is the sane as the
nunber GETFRFGr g ® ' EC8t %ir}?g 4 %%Se'tsl? S nag%ecéa%ed%ﬂghp%c}hl%%lb[ﬂaEerirelagi vot

shaft . Each, suspensi on. .arm 14 .has ,the slider, 19 at .its tip. The slider

16 has EARENT o hemdet HHE T Uh e ar D PoF by SOt (O T BT o

recordi ng face of each disk. The actuator assenbly 12 is driven by the voice
Cor | o THGrD 3 908 ¢ AbeuUIORES A 08 SORATRE 191 caid | 36ds ¢ nESA i dor 19
havi ng the magnetic .head tq a face of .the recording.disk 17 or unl oads
Che o RS folthdor a2t b0 1o Hi e GB pdHSi SHOrTATTa i Pratis 14t Hn teFast s c
material, and a bias force. is exerted in such a,di.rection ]té{%at t(gei sl i der
19 pr oViTd&8S lon PRER H H&RHhUMa b MOSE hEE P RRS W6 #88Bohdilng  dims kL <t &% 14RShg t he
recor di ngfeg&sks | Z The slider, .19 levitates to a constant height fromthe

surf acet OFt HE Pt dOF niftiSr BRWAPARYF-di sk 17 when the levitating force given

to the slider 19 by the. rotatiqgn of the recording disks .17 and the
el asticity Of 3 He S{REpEhABH" 4 Oylﬁm&ir 8% 'ebciﬁqéﬁ e type is used, 28,

instance, anisotropy is lost, which is different from an application of the
« type titanium alloy, eliminating the difference in linear expansion
coefficient between the rolling direction of the raw materials and an
orthogonal direction, so that the amounis of variations in expansion
coefficient among individual disk clamps can be reduced. Experiments
conducted by the inventor have shown that the amount of change in PES
decreases especially on the low temperature side.

If an a + B type titanium alloy is used, the same effect can be
expected because 1ts physical properties and the price are almost the same
as those of the « type titanium alloy.

Any titanium allov is more or less inferior to stainless steel in terms
of coefficient of elasticity. Accordingly, the material requires a greater
thickness to transfer the same force for clamping the recording disks 17.
For instance, if the recording disks 17 rotate at a high speed, the
thickness L11 of the connecting portion 3lc must be greater than the
thickness L1 of the connecting portion 2ic shown in FIG. 10 by an amount
required to secure the recording disks 17. By increasing the thickness L11
of the connecting portion 3lec, the titanium material can be used to secure

the recording disks 17 in the same way as the stainless steel.



The recording disk 17 is provided with a nunber of concentric recording
tracks TR1 in advance. The recording track TR2 is provided to represent the
directions of fluctuations of data position in a track caused by tgﬁp§r25®$e
cycling, for reference purposes, and does not represent the fluctudti A :
data position in this enbodinent. FIG 2 is a cross-sectional view of the
di sk clanp sshown in FEl G L. 3 25  MAY 20 I I; ) n the
di sk cl anp "6f i Eneer%’qulrlraé“ﬁt o ﬁéﬁ%ﬁ%ﬁﬁi@#@% Eaeqég%]@qéﬁ?ﬁ%ﬁg?%?%k
clamp shown, L ELG. 40 bs.dhatothentan) £lame At heenol mmde gl stainl ess
steel HUt i S hede of a titantumnaterial o IC er mal “expansi on
coefficient. is close t.q the thermal expapsion _.coefficient of.the g|ass
cubst r 46 CGTHE S Shordi b Sk 1. CRBEL BRI hear T o (eSS AR
enbodi ment iiejq uire%.to cont ai n tit%niun1as it mat eri al and

T Oo) SEPhebEed Pk PO G, RhEREng B ehitlet Relnp L TR e (R L
The © haPRE cAHB RS oo BETA B of vAEsH L RaTRATEe deh e vhe g OTe *°
D £y CIEHE Lo e 2ot ps R S L BE TR 1% 5 (1126 B TORG BRCapse

ot or 1 e pea T S R PR e et BYBLhET GPROLrre GBRe S Mt BB ass
?E%? %ﬁg?ﬁggi :L Bt B o8 OB b Dbt | BTk Bt o AR bf ] et St 0e '+ ange

Is Testored when the raised temperature lowers to room temperature.

(@]

Therefore, differences in distance from the screws 22 will not result in
such differences that the data position is likely to return to the original
position of contact in some locations and is not in some other locations
after temperature cycling is conducted, and the data position will evenly
return to the original position of contact in any location.

Experiments conducted to confirm the description gziven above by the
inventor have shown in FIG. 3 that the « type titanium alloy has a smaller
amount of change in the relative value of PES after temperature cycling than
the stainless steel and that the [ type titanium alloy has a further
smaller amount of change in the relative value of PES than the a type
titanium alloy.

Now, the other materials of which thermal expansion coefficient is
close to the thermal expansion coefficient of the glass substrate will next
be described. No other metals or alloys satisfy the conditions that the
chemical properties are stable in the range of room temperature t6 at least
about 60 degrees Celsius, that the coefficient of elasticity (Young’s
modulus) is sufficient for transferring the force for clamping the recording

disks 17, and that the thermal expansion coefficient is close to the thermal
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recordi ng apparatus (hard disk drive) would be used, and is generally
divided into three types, which are a type titaniumall oy containing pure
titaniumand relatively small anmounts of netallic additives, p typey Y 200
titaniumall oy containing relatively | arge amounts of metal lic addltlagé, )
and a + F3 type titaniumall oy being a two-phase alloy; and any type of

al | oy descrlbgq%%g9¥§eggn pqhgsggwto&lSQ¥$ICIeﬁ§hn§pfy%fhékﬂg dsfies such a

condi t i°0R expaﬁ3|on co i s cl’dse’ to°tHe ther mal
expan5|on cggf{e ]gp%a 19' §%f§y s%EaH%l E%Rgnglngav Ee]percentage
conposf?? naterl |tan|un1 erna pansi on

the t herh ﬁ'cifx?faﬂs. 6l cgleu & eﬁh\’WOFhi s S TR IR e?%%f;%“h o di sk
I e L T R
he gl deere Betia éxﬁ%@%&a@f%ﬁ%ﬁio PG R pa 1 ﬁ%‘%ﬁﬁ%ﬂiﬁtﬁ%eqf s
suitable for in_this enbodi eC|aII in.terns, of co pure
Citant GHFTE RBLE B v ARG 06 Lariare byt aher Bkl T Lo
?iﬁeff’énﬁa@edéngf A P AR SRS BT BBy O ostie Rk eh 16 &P H1 GPént f rom an
[ hear ARG %éa rTRT it Bt dERPRE PoPT I S TEBET SRUb Hoot aw |
mater| alstéyle B} use in this embodiment. The ceramic materials such as the one
used for the spacer 24 can have a thermal expansion coefficient close to
that of the recording disk 17 and are stable in terms of chemical
properties, but the elastic limit is low, so that fracture will occur when
the tightening force by the screws is being transferred as the clamping
force for the recording disks 17. Therefore, the ceramic material would not
be suitable for use in this embodiment, .either.

As has been described above, because the top clamp of the disk clamp of
this embodiment is made of a titanium material having a thermal expansion
coefficient close to that of the glass substrate, the data position in a
recording track on the side of the clamp portion 17a on the recording disk
17(A) can be resistant to positional deviations even after temperature
cycling is conducted, and the distribution of data positions can be centered
in the vicinity of the center position. Because the distribution of data
positiohs can be centered in the vicinity of the center position, the head
will not be moved suddenly, eliminating the danger of unsuccessful data read
or write and enabling stable read and write by the head.

FIG. 4 is a cross—sectional view of the disk clamp of a second

- embodiment of the present invention.
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ort hogonal direction, so that the amounts of variations in expansion
coefficient anong individual disk clanps can be reduced. Experinents

conducted by the inventor have shown that the anount of change in PES.
decreases especially on the |low tenperature side. If an a + 1 type t4 ¢ AW i

alloy is used, the sane effect can be expected because its physi cal
properties and the price are alnost the sane as those of the a type

titani um ald @9in Ay Ierenssi bedenolng §lnprcdanr dfeskly arkadisent ¢ha¥aildl ess
steel in terms of coefficient of elasticity. Accordingl¥, the materi al
requi r &8G.a igpeatidre dipli ckaessoft dhe rfanst embphimepanshovor be Flor Zclianiiatg t he
recordi ng disks 17. For instance, if the recording disks 17 rotate at a

hi gh spbedubt Ak ig hbtkmelssoll, stiinfestshet aednbettriadg qfoet iidanBic matistiadeot
greater than the thickness L1 of the connecting portion 21c shown in FIG
10 by ahidmbetmalr eqpinddnt eodctiantt he clecorwi nge dhskmllZxpddgibncr easi ng
the thickness L11 of the connecting portion 31c, the titanium material can

be usedoéfriseent &f the glaeorsitdgraiesks thé réecdriensgaliek vidyand thhe dieai nl ess
steel. -is 2 5 MAY 2005 Because the top clanmp 31 of this enbodi nent uses a

titani upaveritechal sasigleseribed abovdamndibescatsentierihienoals expansi ohe
coefficient of the titaniummaterial is close to the thermal expansion

coef fi eberdlanh. t MRegt B iumURSEE 8dle uséd e nagRisrbefinexpanss o landto the
contraction of the perimetric portion 31b and the clanp portion 17a of the

r ecor dit DgardumkmdiaiAh ] duedt on thdRishBhbRAXRAASI On i n tenperature cycling are
close. In other words, because ‘

The titanium material is more or less inferior to the stainless steel
in terms of coefficient of elasticity, but by making the thickness L21 of
the cénnecting portion 4lc of the hub 41 greater than the thickness L2 of
the connecting portion 23c shown in FIG. 10 by the amount required'to secure
thé recording disks 17, as in the firs£ embodiment, the ti£anium material
can be used to secure tﬁe recording disks 17 in the same wa§ as the
stainless éteel is uged¥J

. (0058)

Because the hub 41 of this embodiment uses the titanium material of
which thermal expansion coefficient is close to the thermal expansion
coefficient of the glass substrate, as in the first embodiment, the
'perimetric portion 41b and clamp portion 17b are likely to return to the
original positions of contact when the raised temperature returns to room
temperature. Differences in distance from the screws 22 will not result in
such differences that the data position is likely to return to the original
position of contact in some locations and is not in some other locations

after temperature cycling test is conducted, and the data position will

evenly return to the original position of contact in any location.
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the perinetric portion 31b and clanp portion 17a expand and contract w thout
changing the position of contact, it is likely that the original position of
contact is restored when the raised tenperature lowers to roon1tenp? %&ﬁrﬁm
Therefore, differences in distance fromthe screws 22 will not resu

such differences that the data position is likely to return to the original

posi tion of,.cont agt i N SOMR.d 96ak) 0ps:And 4 d 2 093 g RO OLNeR, |ACak]ons

after tenperature cycling 1's conducted, ata position wl evenly

return dfodiienOriohaal Jpos!dikam af neoht; ?th Bn@%ytk U s Emﬁr'rrents

conduct’8d 6 confirmthe descrlptlon gi ven above |nventor have shown

in Fl Gco§f%ﬁa%m; g, 8 tgPend eg?wf}%ﬂggiébozumsfa@esr{ﬁua%&a AmYng, of, ghange in

the relafive va ue o) fter erature cycling than the stalnless

st eel %%g Rﬁe répc mitXQ ]H% ?Pﬁﬁg(ﬁhlﬁ%¥ﬁ%§mggwggﬁp%ﬁ?1ﬂ%%¥§nvfg? nt Of

change “i'n °% ati Ve valte o e a anium a

t he ot mat er,i al s _of ch th rnal e nslon coeff e i cl ose to the
t her rm.ltle?éggpaﬁ%lbe rgs sftfa:xll\'gl 0 POk lOPI al d)ég?a ohy &Pl Al e} ?mﬁ)er%tur

descrlbed No. ot her, nmetal s al |.o i sf ions that t
chemi cal’ %”gpé?ngdu%ﬁg std ﬁh86h5¥§ﬂiégoﬁé%o%a &”Se%%%fg u@%CFB %exﬁeast

about 60 gﬁgrees Cyehé%ﬁé(%gégr§?8191&¥fl éca ya%%e%hs%%}QH1¥n(%pqnga

nodulusf 'S su or'transterring the torce t he recording

di sks 17 rc‘)d th%t pihe therml ﬁXp@‘f‘csl'n?P o‘%eftﬁé Gl %Perg tlt(()ase %holvéhe ther mal
-16 2 2005 expansion coefficient t he gl as Pat e ny al |l oys
haVIruJ'aTl not be moved suddenly, eliminating the danger of unsuccessful data read
or write and enabling stable read and write by the head
FIG. 5 is a cross—sectional view of the disk clamp of a third
embodiment of the present invention.
A main difference between the disk clamp of this embodiment shown in
FIG. 5 and the disk clamp of the second embodiment shown in FIG. 4 is that
the top clamp 31 and hub 41 are not made of stainless steel but made of a
titanium material of which thermal expansion coefficient is close to the
thermal expansion coefficient of the glass substrate of the recording disk
17. The titanium material used in this ehbodiment is similar to the
titanium material used in the first and second embodiments.
The titanium material is more or less inferior to the stainless steel
in terms of coefficient of elasticity, but this inferiority can be made up
for by adding an extra thickness as in the first and second embodiments,
which were described above.
The top clamp 31 and hub 41 of this embodiment are likely to return to
the original positions of contact when the raised temperature returns to

room temperature, as in the first and second embodiments , and differences

in distance from the screws 22 will not result in such differences that the
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appropriate thermal expansion coefficient, for instance, have a poor
coefficient of elasticity which would cause plastic deformation, agq}ggp%ms
ot her alloys having an appropriate coefficient of elasticity have

| arge thermal expansion coefficient. Generally speaking, netallic materials
except gold or titanium are vul nerable to changes in physical properties

i ncludi ng chem cal .changes such as oxidatian. Therefare, the netallic

al | oys dgFnépst hian %?E&HF&M @ha%ttgpetwgamowlw PRSEXPEt ¥nE8 i dMnot  be
suitable for use in thi.s enbodi nrent. The ceram c terials such as.the one
used fSP™E HACRPRBEr2BY L8 i thal e50qet Hdtetnal 0@k paitis PO I SBTHSTE &t C¥FOSE to
that of the recording disk 17 and are stable_ in ternms of chem cal

pr oper tFe®ndPgted hgt©Itagtdatal PRAlt PR Midly, o681t HREUFT 46t Uit O iN%dccur when
the tightening force by the screws is being transferred as the cl anpi ng
force PoFlitiRe ¢lecoRtRGIgidigKslacztiTherefore, the ceranic material woul d not
be suitable for use in this enbodinent,. either. As has been descri bed
above, becddskas heer glsseriheg 8Fovehebatiabke cihantProflammipgd dwbotli st 4isk made
of a titaniummaterial having a thermal expansion cqefficient close to that
of the cdres st stist ertadineHe agatmedpozli @ bhtaraum mateeigrldhat ner ackhesmat he si de
of the clanp portion 17a on the recording disk 17(A) can be resistant to
posi t i Ghednsdeyiwef bisicayen caft &r thehwdr Blugdascypebiigies d6néhict ed, and the
distribution of data positions can be centered in the vicinity of the

cent er PPBSilPRoH! aBeeEATsend Heaeh 9pr Firutsish Of timcdampesrtivns’cam bee cent er ed
inthe vicinity of the center position, the head w/ll not be noved
suddenFgeoxgl peri Haki hgld henddangere 6f durdubice 53 PeEEIRN &8 ONofham i te and

~enabl i ng stable read F@d wite by the head. . o
récording disk 17(C) can be resistant to positional deviations even after

temperature cycling is conducted, and the distribution of data positions can
be centered in the vicinity of the center position. Because the
distribution of data positions can be centered in the vicinity of the center
position, the head will not be moved suddenly, eliminating the danger of
unsuccessful data read or write and enabling stable read and write by the
head.

Because either the top clamp or the hub at least of the embodiments
described above is made of a titanium material having a thermal expansion
coefficient close to that of the glass substrate, the data positicn in a
recording track can be resistant to positional deviations, and the
distribution of data positions can be centered in the vicinity of the center
position, but because the titanium material is inferior to the stainless
steel in terms of coefficient of elasticity, the thickness of either the top
clamp or the hub at least must be increased in the stacking direction of the
recording disks in order to keep a force needed to clamp the recording disks

17 rotating at a high speed. Therefore, the embodiments described above

cannot satisfy the recent demands for thinner profiles.
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FIG 4 is a cross-sectional view of the disk clanp of a second enbodi nent

of the present invention. 17_ 2 MAY 2005 A main difference between the disk

clanp of this enbodi ment shown in FIG 4 and the disk clanp of the first

embodi ment shown in FIG 2 is that the hub 41 is not made of staioni gap o)

steel but nade of a titaniummaterial of which thermal expansion™ ™ "

coefficient is close to the th rngj exgansion coefficient of the glass
71540

substrate obetthe?R &EBPUINFG TS % KAL2 (S LB R iTERATY 188 af CEs s
steel too clanp 21 as shown in FlI 10.is used as the top_clanp. The
titani ufdTe erdsaf tardedio iRpSt hi Yadnbdefetts | ' HRs Pt Y RE datft ani um
material used in the first enbodLnentn The th%gniunlnaterial is nore or | ess
i nferi oPoXd1elHe car denFessret el L0 (icepiiy BF 'E6efiiter érftSiototel datildiety, but
by making the thickness L21 of the connecting portion 41c of the hub 41
gr eat er deneans thes thireRhagefLbe gpn h%éa@oﬁfh@%twg Yolesanb2dc shown in FIG
10 by the anmpunt required "to secure the recording disks 17, as in the
first embodiHen®, 1t ec¥exsanfeimonat ariellof ¢an dekusleartdf gekuéht he recording
disks 17 in the sane way as the stainless steel is used., (0058) Because
t he hubewppdprenthps tdrbotisrehtNY§Rs ®he titani um material of which thernal
expansion coefficient is close to the thermal expansion coefficient of the
gl ass subst fatadn & ferendsebeivesn Eitb6dsieaem? hethisepnbastimprt sbe¥d o 41b and
clanp portion 17b are likely to return to the )

FIG. 6 and the conventional disk clamp shown in FIG. 10 is that the clamp

ring 51, which is a ring-shaped thermal strain buffer made of a titanium

material of which thermal expansion coefficient is close to the thermal

expansion coefficient of the glass substrate of the recording disk 17, is

inserted between the perimetric portion 21b of the top clamp 21 and the

clamp portion 17a of the recording disk 17(A). The thermal distortion in

this case is a strain generated in the glass substrate because the data

position on the glass substrate after temperature cycling cannot cbmpletely

return to its position before temperature cycling, owing to the difference

in thermal expansion coefficient between the stainless steel used for the

disk clamp and the glass substrate, as described above. In other words, the

force returning the data position on the glass substrate to its original

position before temperature cycling cannot be used up and develop a strain

because the position on the glass substrate clamped by the stainless steel

cannot be returned to its original position owing to a displacement caused

by thermal expansion. The absorbing member is made of a material of which

thermal expansion-coefficient is close to that of the glass substrate, 1is

provided in the portion of contact between the glass substrate and the

stainless steel disk clamp, and absorbs the thermal distortion as described

above bv bringing the thermal expansion coefficient closer. The titanium
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original positions of contact when the raised tenperature returns to room
tenperature. Differences in distance fromthe screws 22 will not result in
such differences that the data position is likely to return to the DFiMayngh
position of contact in sone |locations and is not in sone other |ocations
after tenperature cycling test is conducted, and the data position will

evenl ¥ EEbULD Lo.4 U ariolnalipasi ¢l onqof.Coptagt 0. a0y Jagatios.q 18 2 5

MAY 20 AS has’ been descri be ove, because t of the clanp of

this eqﬂgd?qu ggg%m ]?mﬁkganlun1nater|al having a thernal expansion
en ose

coeffici o tha e glass substrate, the data position in a

recording tﬁx%%ﬁm%’ﬂt&ﬂﬁ $h99m9 {o*}e AR OrtR%xP”ahl?Pla%Qt 1*?1% 5?%%&2{1%% di sk

17(C) can bé‘resistan tional” déviations even a

cycllnghlsq%ond ‘t%”9 ther&hﬁkr'bu5%§<n%ﬁtd aCPOSI}KRﬂS c%que7centered
in the vicini e ctente p05|§|on ecause sfrlbu%lon of ’dat a
p03|t|ons can red,ip.the vichnity of the c ter i o he head

will %éwﬁ%€%§ sﬁ%ﬂeﬁ?9]atf¥nfﬁgtﬁﬁ l%ﬁeaagnge qﬁ%su cggégufgdata r ead
or Mﬁlt and e ablln ta ad a e head

cross- SZEW Sﬁal o% thé"eal K% gkﬁ%)sfﬁf%]efl?% Elcg}%ﬁd‘?ig% gfamPh e "§r esent

inventi-on. A nalﬁ glffer betmeen t he d |nent shown
e

in A& iy dimgﬁre?aw St ¥Eher catafii Ehoarheie 1%@%& CEFECS |
h h 4 d | b d
that t etﬁoghf terlal glmﬁgecﬁsﬁ &ﬁ?taﬁﬁaﬁ %gﬁﬁhﬁ% ess stee ~but made

of a titanhiu Icht Toef i %50 ht® PsTclse to

the out of a thin titanium sheet evenly spread by forging or rolling.

FIG. 7(a) shows a record of fluctuations in data position of a full
recording track like FIG. 12(a), within the width of a single track after
temperature cycling is conducted with a disk clamp having six screws 22 of
this embodiment. FIG. 7(b) shows the distribution of data positions varying
within the width of the track in a single full recording track shown in FIG.
7(a). In FIG.s 7(a) and 7(b), the width of a single track is divided into
256 parts, and the center of the recording track corresponds to the position
of 128, as in FIG. 12.

As shown in FIG. 7(a), the data positions of a full recording track
after temperature cycling do not have six peaks Pl to P6, which were shown
in FIG. 12(a). The peaks P1 to P6 in data position in a recording track
after temperature cycling is conducted have been eliminated.

As shown in FIG. 7(b), when the clamp ring of FIG. 7(a) is used, the
width of the extension of the data position distribution within a single
track divided into 256 parts is reduced to a relative value of 30 from the
conventional relative value of 100 shown in FIG. 12(b), and no part largely
deviates from the position of 128, which is the track center in a recording

track.



t hermal expansi on coefficient of the glass substrate of the recording disk
17. The titaniummaterial used in this enbodinent is simlar to the
titaniummaterial used in the first and second enbodi nents. The titani um
material is more or less inferior to the stainless steel in ternsZdfMAY 2005
coefficient of el asticity, but this inferiority can be made up for by

adding an exira,bhckpessas,d nathes Girst. and Secand STROdLIBNLE,,, wi ch

wer e descri top clanp |nent are
likely k@ r?ﬁ Uil 101k R QELOI0A] aRAsELLENS, ois GBALAR! 4yhe igiiﬁ Lingd
t enperature retu ns ' to roomtenperature, as int irst and secon

e et A0 A1 ISR, AR, RSP AR 5 SN gl o

result in SUC ences ta position is

i kely return to the orj I [ nt act. Qne | ocat.i ons and
i s not §§H30he St%éﬁ’i%égﬁﬁgigﬁhf %ﬁa%gﬁﬁe?%f%?%x%wlt“”1§ iS r@8%d%é%ed and
in

t he dat S|t|on wll eve return t t e onigi t n of cont act
any Iocﬁ?f %@eﬂé§dbégﬁlg%z%FFbe§ aBP R e beéﬁ%éﬁgﬁﬂ%ﬁf %% and hub of
the disk .clanp.of_this A de tita ninater haV|ng a
hor A o E0eT TEPRnt DePo B Fo This ﬁﬁiéedf‘a et atite
dat a pQ§ kon in record%Q Cfﬁgc o Vhsggts%get of aplanﬁlportion 17a on
the retor ﬁoafgfnlifﬁfn I on tHE STHSIEY Fhe"CIC8hp paPT1dR 17b on t he

recordi ng d# §)a%§W(Q? |§1gph %ﬁieoﬁit'P nal dEV%%tIOHS even after

tenperature ycI condutt’ed, "an distri ol of dat'a’p p05|t|ons can

the top clamp 21 of this embodiment causes the data position in any location
to be uniformly likely to return‘to the original pesition of contact when
the raised temperature returns to room temperature, as in the first
embodiment, and differences In distance from the screws 22 will not result
in such differences that the data position is likely to return to the
original position of contact in some locations and is not in some other
locations after temperature cycling 1s conducted.

As has been described above, because the disk clamp of this embodiment
has the clamp ring 51 made of a titanium material of which thermal expansion
coefficient is close to the thermal expansion coefficient of the glass
substrate of the recording disk, inserted between the top clamp 21 and the
clamp portion 17a of the recording disk 17(A), the data position in a
recording track on the side of the clamp portion 17a on the recording disk
17(A) can be resistant to positional deviations even after temperature
cycling is conducted, and the distribution of data positions can be centered
in the vicinity of the center position. Because the distribution of data
positions can be centered in the vicinity of the center position, the head
will not be moved suddenly, eliminating the danger of unsuccessful data read

or write and enabling stable read and write by the head. The need for

l
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be centered in the vicinity of the center position. Because the
distribution of data positions can be centered in the vicinity of the center
position, the head will not be noved suddenly, elimnating the ddgg AY?@H
unsuccessful data read or wite and enabling stable read and wit ”@@ ‘he
head. Because either the top clanp or the hub at |east of the enbodi nents

descrlbed ab ve s de of a l terlal Vi er.nal nsi on
1Tic the % ﬁmtos fothe gc{lgm n o %ear tﬁgngaé A te?e%%e

coefficien clbse %6t ass substra a p05| ion'in a

recordi k_.can eS|stan positional deviations, and the
dlstrldg |%dm%fa it Pq F?Pdﬂ%mcat 8e centered in the V|C|n|ty of the center
posi tion, bgcause t e_titani um mat er nferlor o st ai nl ess
steel in tQH%% %f“%%e??a i ehttIoF el AT i%i he dlﬁ*(?ﬁﬁ knessf Fﬁelther the top
clanp or ,the h t nyst be |ncreased in the stacking direction of the
recordlﬂﬁ tiner ? B?d&FS?B H@éﬁnd'Porce needed to clanp the recording disks

17 rotat t Th ts descriped ab
cannot sat (5116 U PEESHE. GEHRRAS Fof P IHIE: orUfi 1602158 “a%%in%&

Next , di t t h,wh he .dat f. t be -
Fosi 5t ANES Co 0o T B c&@w%%? bt fogne Eﬁi'wgﬂ&' Biof Tdata Cpgsi e bne can
b t d th ty of .th t t th d ds. f
hi nner T bIPet tnbbe SAr TR Fed il PF 58P dhger P EmEis 8 166 reaeding”
Cross- cFLI kﬁ?@% OVIteY)VeT?Jee%hghedlpgllglmcet [TP portlonf Qy or} thenggg ﬁegltld Otfh the

pr esent

clamp portion 17b of the recording disk 17(C). The titanium material used
in this embodiment 1s similar to the titanium material used in the first to
fourth embodiments.

The clamp ring 61 having a thickness of about 0.1 mm, for instance,
produces a sufficient effect as in the fourth embodiment, and the increase
in thickness of the disk clamp can be ignored.

As has been described above, because the disk clamp of this embodiment
has the clamp ring 61 made of a titanium material of which thermal expansion
coefficient is close to the thermal expansion coefficient of the glass
substrate of the recording disk, inserted between the perimetric portion 23b
of the hub 23 and the clamp portion 17b of the recording disk (C), the data
position in a recording track on the side of the clamp portion 17b on the
recording disk 17(C) can be resistant to positional devietions even after
temperature cycling is conducted, and the distribution of data positions can
be centered in the vicinity of the center position. Because the
distribution of data positions can be centered in the vicinity of the center
position, the hHead will not be moved suddenly, eliminating the danger of

unsuccessful data read or write and enabling stable read and write by the



A main difference between the disk clanp of this enbodi nent shown in FIG 6
and the conventional disk clanp shown in FIG 10 is that the clanp ring 51,
which is a ring-shaped thermal strain buffer made of a titanium material of
whi ch thermal expansion coefficient is close to the thermal expdnsManlith
coefficient of the glass substrate of the recording disk 17, is inserted

betueen Lhe ger B LG ROELLON, 0ol Lhe Lo clam 2t sod the, slamp
cose, 5 2aEt B0 AELELOUEHI N A1, Blohn sibpLasLs bepause e data positton
(0,112, Postilon il oL s Lemerat e cueling g te the dtaence 0
clanp and the gl ass, substrate, as described above. In other words, the
force re@PRtYERY thé B ESHRSIIVEH IR t he gl ass substrate to its original
position before tenperature cycling cannot be used up and develop a strain
because thé*ﬂéé?ﬂhéﬁaﬁﬁmﬁh%”§F5%3“§h é?%éi%“bP%ﬁ%@é %Vméﬁﬁﬁ§té?ﬁﬁbé§ st ee
conrol i "ELnE o115, 1) pel pesliion gulne o2, ap agehen e
t hermal expansion coefficient is close to that of the glass substrate, is-
pr ovi déaeiwafnﬁerwrgfolﬁ OFSEHhE st *Bet \%éntqphélﬁwpaéé % bats &FEOHMAEt he
stainless, siesl disk.clarp, end gbsorbe he Lheral dictort on, ae descrbec
212 5 NRY 2005 i erial pised In LIS enbodi ment L simiar o Lhe

17(C). The titanium material used in this embodiment is similar to the

titanium material used in the first to fifth embodiments

The clamp rings 51 and 61 having a thickness of about 0.1 mm, for
instance, produce a sufficient effect as in the fourth and fifth embodiment,
and the increase in thickness of the disk clamp can be ignored.
As has been described above, because the disk clamp of this embodiment

has the clamp ring 51 made of a titanium material of which thermal expansion

coefficient is close to the thermal expansion coefficient of the glass

substrate of the recording disk, inserted between the top clamp 21 and the

clamp portion 17a of the recording disk 17(A) and has the clamp ring 61 made

of a titanium material of which thermal expansion coefficient is close to

the thermal expansion coefficient of the glass substrate of the recording

disk, inserted between the perimetric portion 23b of the hub 23 and the

clamp portion 17b of the recording disk (C), the data position in a

recording track on the side of the clamp portion 17a on the recording disk

17(A) and on the side of the clamp portion 17b on the recording disk 17(C)

can be resistant to positional deviations even after temperature cycling is

conducted, and the distribution of data positions can be centered in the

o
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the first to third enbodi ments. Experinents by the inventor have shown that
the clanp ring 51 having a thickness of about 0. 1 mm produces a sufficient
effect as showmn in FIG 7, which will be described |ater, and thg inﬁrﬁﬁfe
in thickness of the disk clanp can be ignored. Therefore, the su i ¥ile

t hi ckness of the clanp ring 51 would be 0.2 mm or below, even in

PO TIMED LA S O P T S AT il 0
e R e e A TR
o Saple et L e UG M ey
oot R TR ARY P 1 U0 MR SR AT B
e gk L LI e, 208 R s e el S g et o

7(a), the data .p 05|t|%ns of a full recording track after tenperature :
cyclinéaﬂ3wﬁ6ﬁﬂﬁ§%%ﬂ§lx peaks P1 to P6, which were showmn in FIG 12(a) The
peaks Pl tq P6 i ition in rd|n track after tenperat

cycling is%éBWHﬁ t ]H@BHSQF?ﬁVﬁég Ovis hémﬁflﬁmﬁFéﬂn%(%fF ﬁ t he
clanp ring of FIG 7( a) is used, .th extension aof the data
oo i BHOSHt FIBUH O a1 A oL g &Pt RaeR thop edor S0 c 986 pabt € <

r educed to relatlve ;alue of 30 fromthe conventional relative val ue of

100 sh8Ghe it a%ﬁ@f 5B NG AGSHd SpaFed | ar gel y

Although the embodiments described above use six screws, the present
invention is not so limited but is applicable to any case in which more than
one screw is used.

The shapes of the top clamp and hub are simplified in the embodiments
described above, and it is needless to say that the present invention is
applicable to more complicated shapes.

The hub and top clamp are simplified in the figures of the embodiments
described above, but the present invention is applicable even when the
connecting portion 3lc, 4lc, or the like having the geoﬁetry of a funnel is
formed with the larger end directed toward the recording disk 17 so that the

tightening force transfer efficiency can be improved, for instance.

2.6 EFFECTS OF THE INVENTION

If a titanium material having a thermal expansion coefficient cloée to
that of the glass substrate is used for the top clamp of the disk clamp for
disk recording apparatus of the present invention; as described above, the
data position In a recording track on the side of the recording disk in

contact with the top clamp can be resistant to positional deviations even
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deviates fromthe position of 128, which is the track center in a recording
track. -22 2 MAY 2005 1In conparison with the values of the conventi onal
disk clanp shown jr, FIG 12, the relative standard deviation a ig ;aReuiii0.
45 and RROis about 0. 31 in FIG 7(b). Because the relative PES value is
reduced froml1l to 0.31, it is confirned that the deviations in data
position.. i track are, reduced nd be%zil se the. r(%eal ative val ue

di ]
of i nciteAT ‘SPARTAAS TEUiaE | onoT S PEHcanl TG 6 by IGhgel qia

t“is confirmed
that the distribution of dglt.a osition . is ﬁentere in thg.vi cinity of the
y v "

cent er 5FtASnSaEIPE €2 EAT dRd Y BY C SHdW Phat e betHEELBhE ¥lamp ring 51 is
i nserted, e top cla 21 of this enhodi nent causes the.data sition in
any |ocati oig] & 6“%@15%{%&?%}1@ F?\Q@Wgya{%efﬁgﬁr’eﬁpf‘Wlioﬁec%Egé‘F]r?é‘It Bg%?iet i'Bn of
cont act_when he rai sed tenperatur eturn 0 roomtenperature, as in the
first eRbodi rﬁé‘ﬁtg,laéﬁdsug’lsitlr’@reeﬁéé?egn%% §g%§h”é' f?}t?ng%‘w’e PSETEWRE 22 Ai || not
result in such differences. ha% the datg. positjon is likely to relélgrn to
the ori%gPRANEPEEIYS B 'GF Ebth A6t thenT SBHE D CAPK ors CaMdci*sY hdt T 'éBme ot her
| ocations after tenperature ,cyc#icrg,i s. conducted. As has been described
above, BécauidEsiHedi sk PePahy et it ot SieAt tethAS RAE L SNgctitdg 181 nade
of a titog‘ai um material of which thernmal expansion coefficient is close to
the t hefaralc elpati dhe cOSEFIRITER Bf I3 e PePHIEns (iiBsb? a8 tered AR Yécor di ng

di sk, inserted hetween the top.clanp 21 and the «clanp portion 17a of the
recor di AiG LA Sk o1 7(8) cerlies Batidipdsition in a

If a titanium material having a thermal expansion coefficient close to
that of the glass substrate is used for both the top clamp and the hub, the
data position in a recording track on the sides of the recording disk in
contact with the top clamp and the hub can be resistant to positional
deviations even after temperature cycling is conducted, and the distribution
of data positions can be centered in the vicinity of the center position.

If a clamp ring made of a titanium material of which thermal expansion
coefficient is close to the thermal expansion coefficient of the glass
substrate of the recording disk is inserted between the top clamp and the
side of the recording disk facing the top clamp, the data position in a
recording track on the side of the recording disk facing the top clamp can
be resistant to positional deviations even after temperature cycling is
conducted, and the distribution of data positions can be centered in the
vicinity of the center position.

Because a clamp ring as thin as about 0.1 mm can produce effects, there
has been no need for upsizing the disk recording apparatus in order to
produce the effects of the present invention.

If a clamp ring made of a titanium material of which thermal expansion

coefficlent is close to the thermal expansion coefficient of the glass
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recording track on the side of the clanp portion 17a on the recording disk
17(A) can be resistant to positional deviations even after tenperature
cycling is conducted, and the distribution of data positions can be geng{gmﬁ
in the vicinity of the center position. Because the distribution of data
positions can be centered in the vicinity of the center position, the head

will not be noved sud V. el g..t.h g S ful, data read
or MWItéﬂhn tgngglal g‘ta [&e fgg% ?glgﬂw %{tﬁ gg% #ﬁy%ﬁéedJ %%23 75
MAY 2005  increasing the thickness of,the. disk inarde duce the
effectsamﬁéscﬁibgﬁcgﬁﬁ4ﬁwﬁa§ eeﬁaélfﬁiﬁgfgdmsﬁfkﬁpg %CQ“%§§ té%?iona

S
vi ew of ,,t he of,.a fj h enbo th |nve ion
rein o s 2t o emée%ortdﬁg ik "B 8 "F <h eogtﬁtfﬁﬂ SR 10% A
and the, di.s

t he fourth enb nt sho 6 i h
clanp rifig® g]lonlss eﬁisgﬁeé(dtﬁ%lterﬁétl éﬁctlﬁ to COEWH gah &° )é ﬂii’rhg
di sk 1]%? gut bet ween the peri . ortion.
clanp p Fﬁfhpfﬁbt6Pst%%1$800 é?ﬁ dps 1?(%5” b?éﬁpuﬁﬁ éﬁi used
inthis enb i.s sim,ar.to,the titaniunina . sed .in the first to
fourth enboﬁtdrfréﬁt% r“tﬁ% "efant Ai hb 1 hAGi g 4 ¢ Wétabest eb'ialaséatnsoonl mm
f or |nstaQ . r odu S ffi |en5 effect as | the fo @p enbodi nent, and
the i nc?oe?agé“epﬁ thi 38 ﬁ%“ﬂfi s%‘pc?lnﬁh‘b“ &8h %léf Frbth s been

descri bseu S Ibé)t\{aebf bt%%ausc%rtdrl]r? Cgl K e(t:rleal erteé be%ween (%lde r%%p clamp and the

side of the recording disk facing the top clamp and between the hub and the
side of the recording disk facing the hub, the data position in a recording
track on the side of the recording disk facing the top clamp and on the side
of the recording disk facing the hub can be resistant to positional
deviations even after temperature cycling is conducted, and the distribution
of data positions can be centered in the vicinity of the center position.

Because the distribution of data positions can be centered in the
vicinity of the center position, the head will not be moved suddenly,
eliminating the danger of unsuccessful data read or write and enabling
stable read and write by the head.

If the o type titanium alloy is used for the disk clamp of the present
invention; the cost can be lowered. Especially when pure titanium 1s use,
the cost becomes low. |

If the B type titanium alloy is used, the amounts of variations in
expansion coefficient among individual disk clamps can be reduced.

If the o« + 3 type titanium alloy is used, the same effects as
produced by the « type titanium alloy can be provided because the cost and
physical properties of the material are close to those of the « type

titanium alloy.



has the clanp ring 61 nade of a titaniummaterial of which thermal expansion
coefficient is close to the thermal expansion coefficient of the glass
substrate of the recording disk, inserted between the perinetric portion 23b
of the hub 23 and the clanp portion 17b of the recording disk (O, tHe WAt 2005
position in a recording track on the side of the clanp portion 17b on the
recording disk 17(C) can be resistant to positional deviations even after
tenperature cycling is conducted, and the distribution of data positions can

be Ce“tffedmhﬂng%c%&Pﬁ%thFQﬁmtﬂ@w@ﬁ@§ef position. Because the
a

distribution o ta positions can be centered in the vicinity of the center

position, tig head wiil, not, be, amyed ﬁa;éﬂ%?% xecg}bmnﬁtsikngpgg@stgér}g@;nﬂ]e

unsuccessful data read or wite and e st eread and wite b

24 7 Syl 2005, Nigad., The, et (AL nekeasl ag.Lhe Liiaknsss of the di sk

clanmp in order to  produce t ects descri ove has been elim nated.

B o ot T O8SrSeclianal g SHOW, NG L2 APl IchATRl B BIEIN.

enbodi ment of 't he present inven A main e ween

clanp of thi eﬁrbs%%iygf o %’3?!”3%%% of! ﬁ%ee %ﬁé\?%l&xﬂ?gsﬂﬁl‘.i%' AP 9! %ﬂ%i{\&wth

enbodi nent shown 1n t clanp rin 1 i's inserted béetween

the to I . nd the recording disk 17(A) and the clanp ring 61 is also
insertgapggg%ééﬁﬂ%he perimetric portion 23b of the hub 23 and the cl anp

por 1o | el 11 Cerarttog s LG 0oy Sy poed |1
enbodi MEALS;inent of the present Invention.

FIG. 5 is a cross—sectional view of the disk clamp of the third
embodiment of the present invention.

FIG. 6 is a cross—sectional view of the disk clamp of the fourth
embodiment of the present invention.

FIG. 7(a) shows a record of fluctuations in data position in a single
full recording track after temperature cycling is conducted with the disk
clamp having six screws of this embodiment, and FIG. 7(b) shows the
distribution of data positions in a single full recording track shown in
FIG. 7(a) within the width of the track.

FIG. 8 is a cross—sectional view of the disk clamp of the fifth
embodiment of the present invention.

FIG. 9 is a cross—sectional view of the disk clamp of the sixth
embodiment of the present invention.

FIG. 10 is a cross—sectional view showing the structure of the

conventional disk clamp which holds three recording disks using glass

substrates
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The clanp rings 51 and 61 having a thickness of about 0.1 mm for instance,
produce a sufficient effect as in the fourth and fifth enbodinent, and the
increase in thickness of the disk clanp can be ignored. As has been} § MAY 2005
descri bed above, because the disk clanp of this enbodi nent has the clanp

ring 51 made of a titaniummaterial of which thermal expansion coefficient

i's close tarthe t hermah.expanst Q'Eecﬁ)ﬁ?fhftbl@ﬁ%n?ol%fe bhe gl aSswsStistrate of the
recordi ng disk, inserted between the top clanp 21 and the clanp portion 17a

of thes@%ﬁ%ﬁg'ﬂ% 9&&%d%3%6%s@9d&@@§ ih?I@|QGan%@9n§%rFQﬂ%hl pathitani um
material of which thermal expansion coefficient is close to f%e t her mal

expansmqg<gqg$gL@lgp%hgfp&h%oggqﬁﬁo§ﬁg§trate of the recording disk,
i nserted between the perinetric portion 23b of the hub 23 and the clanp

portion 1716l ihe) ragacdl gedi sl (O bhacdats posl Hhok i g, f econd ng

track on the side of the clanp portion 17a on e recordin (A and

on the rgide of . £ihe ﬁla%Fp evrta%mgzlbatqpeta@mcqwt ng diske &cfu@ wi BN, be

resistant to pOSIfI on iations even after % enperature cycling I's

conducted, .ang, be; d sh(i Aublon qf SalarPesi LiARs AN be-sedlar d 4y the 2 5

MAY 20 vicinity e cent'er position. Because the stribution of data

POS! t1 0Bs:+16R0 he,conkeL e ymn SARAYAELDLLY Qb i PRNL S5 (HOF] flian.pd he head

Wil nove |n1na ing the danger of unsuccessfu

read or,; M@!Eﬁ enabllng stable read and wite by the head. The need for
increasing t |ckness of the disk clanp in order to produce the effects
descri bed above has been elimnated. Although the enbodi nents descri bed
above use three recordi ng disks, the

EXPLANATION OF THE REFERENCE MARKS
10: magnhetic recording disk apparatus;
11: housing;
12: actuator assembly;
13: pivot shaft;
14: suspension arm,;
15: lifting projection;
16: voice coil motor:
17(8), 17(B), 17(C): recording disk;
17a, 17b: clamp portion;
18: spindle shaft;
200 ramp;
21, 31: top clamp;
Z2la: screwing position;
21b, 23b, 31b, 4lb: perimetric portion;
2lc, 23c, 3lc., 4lc: connecting portion;
22 screw ;

23, 41 hub;



present invention is not so limted but is applicable to any case in which
nore than one recording disk is used. Although the enbodi nents descri bed
above use six screws, the present invention is not so limted but is
applicable to any case in which nmore than one screw is used. The 3tapksI(tif
the top clanmp and hub are sinplified in the enbodi nents described above,
and it isspeedl ess;.t . the present invention is applicable to nore
conplicafgg's%égggkggﬁgﬁﬁﬁEng%d top clanp are sinplified in the figures of
t he enbo@4neq£§ceppscribed above, but the present invention is applicable
even when the connecting portion 31c, 41lc, or the like having the geonetry
of a funnel is: ith the larger end directed toward the recording

di sk |-d@§o fﬁ%P£?%§89?¥ghtening force transfer efficiency can be inproved,
for instanc . FEECTS HE_INVENTION If a titaniumnmaterial having a

t her mal ZngﬁgigHﬁcég Tiéggﬁgwgfbse to that of the glass substrate is used
for the %%R %%ﬁnptth£Qqngi§§tctanp for disk recording apparatus of the
present invention, "&s deseribéd’ above, the data position in a recording
track othlheNI idgﬁg& &b%orggording disk in contact with the top clanmp can
be resistanht to posi fonal “devi ati ons even -26 2 5 MAY 2005 after
tenperature cycling is conducted, and the distribution of data positions can
be centered in the vicinity of the center position. If a titaniummateri al
having a thermal expansion coefficient close to
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that of the glass substrate is used for the hub, the data position in a
recording track on the side of the recording disk in contact with %QMFA 13 .
can be resistant to positional deviations even after tenperature c Pi g@ﬂé
conducted, and the distribution of data positions can be centered in the
vicinity oVhatieldmed 8r position. If a titanium material having a thermal
expansi on coefficient close to that of the glass substrate is used for both
the top clanp._ and the hub, the _data position in a recording track on the
si des of tlhé ¥ iAGSeAEg reqerdingytitks ot thwieHnipTTRNal argording s # hub can
be resi st agbstrh@s RASIHINARRBAS intha\disk trécORiEn gl PiRatad, tRIdidkeIaIGY fof diklere€it@ing Ng i S
conducted, and the distribution of data positions can be centered in the
vicinity GPPYHES BRIEMEposition. If a clanp ring nade of a titanium material

of whi ch t heg pindgedPBitsidapted oRIsEdutdda@n theisfin@lk St dn@ hivis AnRis B kot@&IcRANSI oNn
coefficient of the %Iﬁrass. substrata of the recording disk is inserted

bet ween t he 95 clprpr hokding #top of thg gecardingisks eqngentiqadfy disaesed ae hagu®ihe t op

clamp, the dal@vd¥esietirti thdtopclamfePthehi track on the side of the recording
di sk facing the top clanp can _ bhe resistant to positional deviations even

af ter tenper afing-ghapsctheray! jtwin Rublseriepation ghepntaribelivest op plipgeptreetrdipgt a

PoOsi ti0oNs HRMPEnLEMEUBUNd the tdpelany, GicRithay thethebhf sERARbEIerROSINipIly Because a
clanp ring as thin as about 0.1 mmcan produce effects, there has been no

need for iy PHBoahefl the wroTdig disky Myets¥par at us in order to produce the

effects of the RHEASRLn bENGR foffled thdm Rh&théiReotd ABteARURt Af staBlel ih kARl HM
mat eri al of which thermal expansion coefficient is close to the thernal

expansi on cheyaicdlipEQpETiics gyer 91hgpegqtiag demperature range of the disk recording apparatus, and
has a thermal expansion coefficient similar to that of the glass substrates.

2. The disk clamp of claim 1, wherein the material of the thermal strain buffer is titanium.

3. The disk clamp of claim 2, wherein the thermal strain buffer is a ring punched out of a flat

titanium sheet and is in a parallel orientation with respect to the recording disks.

4. The disk clamp of claim 2, wherein the titanium is of the alpha type.

5. The disk clamp of claim 2, wherein the titanium is of the beta type.

6. The disk clamp of claim 2, wherein the titanium is of the alpha+beta type.

7. The disk clamp of claim 1, wherein a thickness of the thermal strain buffer is in the range
of 0.1 to 0.2 mm, and wherein an outer diameter wall of the hub and inner diameter edges of
the recording disks are unobstructed.

8. The disk clamp of claim 1, wherein a ring-shaped spacer formed from a ceramic material

having a thermal expansion coefficient similar to that of the glass substrates is located

between the glass substrates.

9. The disk clamp of claim 1, further comprising ceramic spacers between adjacent ones of
the recording disks; and wherein
the ceramic spacers are the only structures located directly between adjacent ones of the

recording disks; and
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-27 2 ? MAY 2005 substrate of the recording disk is inserted between the
hub and the side of the recording disk facing the hub, the data poqh;hgpgmp
a recording track on the side of the recording disk facing the hub can be

resistant to positional deviations eyen after tenperatyre cycling is
conduct ed, atICHFHBIC AT PHAYY BACE BT BAREMATES Ffitscuding Akt ¥rled in the

vicinity afstahbietie @itin@s spOIs bhif@ixially spatedipart 1885 clERgErdh the alijabeabi um mat eri al
of whi ch thermal expansion _coefficLeEt %s cl ose %p t he thergPI expansi on
coef fi ci eftcownedisk byjagecond disigass apddho kst digtance Sovem gl R Piser t ed

bet ween t B@ohd@istehcdnP and the side of the recording disk facing the top
clanp and between the hub and the side of the recording disk facing the
hub, the data position in a recording track on the side of the recording

di sk facing A Bk teotdkapprandcafprishg: side of the recording disk facing the
hub can be resistant to positional _devjatjons even after tenperature

cycling is cobithidentef tobpepcirsd top shindlaiheit anf hayme gnpys pysiatiph g RoMtehe
centered ignfeRewyi:.Ci Nity of the center position. Because the distribution of
data positions can be centered in the vicinity of the center position, the
head will ndEcBENEBVEFoRHHEAYYdisPogqd;onithediup apd hayinesirryaieregtial sportitges st ul
dat a read @ik Qs adra8ahl imer dishall @gdsead and wite by the head. If the a
type titaniumalloy is used for the disk clanp of the present _invention,

cof

the cost car®damp mRwretto tediybaxially gutbgsetof Sirrecordipg sk tstaipang the t he cost
becomes | eWordide didk€ok et titaniumalloy is used, the ampunts of

variations in o
a thermal strain buffer located between the clamp and the recording disks, the thermal

strain buffer being completely axially outboard of the recording disks and in a parallel
orientation with respect to the recording disks;

the thermal strain buffer being formed from a single, homogenous, flat sheet of material,
having an axial thickness in a range of 0.1 to 0.2 mm, that is stable in terms of chemical
properties aver an operating temperature range of the disk recording apparatus, and has a
thermal expansion coefficient similar to that of the glass substrates; and

other ones of the recording disks are spaced apart by an axial distance that is much greater

than the axial thickness of the thermal strain buffer.

11. The disk recording apparatus of claim 10, wherein the thermal strain buffer is formed

from titanium.

12. The disk recording apparatus of claim 10, wherein the outer diameter wall of the hub and

the inner diameter edges of the recording disks are unobstructed.

13. The disk recording apparatus of claim 10, further comprising ceramic spacers between
adjacent ones of the recording disks; and wherein
the ceramic spacers are the only structures located directly between adjacent ones of

the recording disks.
14. A disk recording apparatus, comprising:

a hub adapted to be secured to a spindle shall and having an axis of rotation and an

outer diameter wall;
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expansi on coefficient anong individual disk clanps can be reduced. If the a
+ /3 type titaniumalloy is used, the sane effects as produced by the a
type titaniumalloy can be provided because the cost and physi calZ 3 MAY 2005
properties of the material are close to those of the a type titanium alloy.
-28

recording disks concentrically disposed on the hub and having circumferential
recording tracks on glass substrates and inner diameter edges, the outer diameter wall of the
hub and the inner diameter edges of the recording disks being unobstructed;

a clamp mounted to the hub axially outboard of the recording discs for retaining the
recording disks on the hub;

a thermal strain buffer located between the clamp and an adjacent recording disk, the
thermal strain buffer being completely axially outboard of the recording disks and in a parallel
orientation with respect to the recording disks;

ceramic spacers between adjacent ones of the recording disks, such that the ceramic
spacers are the only structures located directly between adjacent ones of the recording disks;

the thermal strain buffer being fromed from a single, homogenous, flat sheet of
titanium material having a thickness in a range of 0.1 to 0.2 mm, that is stable in terms of
chemical properties over an operating temperature range of the disk recording apparatus, and
has a thermal expansion coefficient similar to that of the glass substrates; and

the ceramic spacers axially space apart said adjacent ones of the recording disks by a
first distance, the thermal strain buffer axially spaces apart the clamp from the adjacent
recording disk by a second distance, and the first distance is significantly greater than the

second distance.
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