~TITLE OF THE | NVENTI ON METHOD FOR MANUFACTURI NG MAGNETI C RECORDI NG MEDI UM
SUBSTRATES 5 BACKGROUND OF THE I NVENTION 1. Field of the invention The
invention relates to a substrate for a magnetic recording nmedium a small
di anet er substrate having an inner dianeter preferably of not nore than 20
mm nore preferably 10 of not nore than 12 nm 2. Description of the
related art The increase in recording density (surface density) of

magneti c recordi ng has been extrenely rapid, the rapid increase over these
past 10 years advanci ng continuously at 15 yearly rates of 50 to 200% At
the mass preduchiroRykevglryrRhRducts with 70 Gobits/inch2 are shipped, while
surface recordfng—gensrfTes—ﬂnTe than tw ce higher, nanely 160

Goits/inch2, ha n gﬁﬁﬁﬁ I y recordi ng
densities at th%ﬁﬁggg E?g uctlg%é?g%gﬁngﬂggg?gép%%§8§%1§65%g§?g§ per one

pl atter 0?U§S§§§§$§DD (3. 5 inch), and corresponds to 40 CGbhytes per single
platter of a : HDD. At these recording volunes, installation of single

platter recording nedia gives a sufficient volunme for use in an ordinary
desk top personal computer (equipped with a 3.5" 25 HDD) or a | aptop

personal  gArRRRBINDERH RRE W ERTR0% 5" HOD) . 1

1. Field of the inventicon

The invention relates to a substrate for a magnetic
recording medium, a small diameter substrate having an inner
diameter preferably of not more than 20 mm, more preferably

10  of not more than 12 mm.
2. Description of the related art

The increase in recording density (surface density) of
magnetic recording has been extremely rapid, the rapid
increase over these past 10 years advancing continuously at

15 yearly rates of 50 to 200%. At the mass production level,
products with 70 Gbits/inchzrare shipped, while éurface
recording densities more than twice higher, namely 160
Gbits/inch?, have been reported at the laboratory level.
Surface recording densities at the mass production level

20 correspond to 80 Gbytes per one platter of a 3.5" HDD (3. 5
inch), and corresponds to 40 Gbytes per single platter of a
2.5" HDD. At these recording volumes, installation of single
platter recording media gives a sufficient volﬁme for use in
an ordinary desk top personal computer (equipped with a 3.5"

25 HDD) or a laptop personal computer (equipped with a 2.5" HDD).
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It is expected that recording densities will also continue to inprove in
the future. However, conventional horizontal magnetic recordi ng net hods
are approaching their thermal fluctuation recording limt. Thus, when
recording 5 densities of 100 Ghit/inch2 to 200 Ghit/inch2 are reached, it
is believed that it will be replaced by perpendi cul ar nmagnetic recording.
At the present tine it is not certain what the recording limt of

per pendi cul ar magnetic recording wll be, but it is believed that 1000
Goit/inch2 (1 10 Thit/inch2) is achievable. If these types of high
recording densities are achieved, it will be possible to obtain a
recor di ng vol undtofis6@8ptat2d0tBayt escperisgndeaspkatsewiofl alsd. 5" HDD. As
it is very likely that such a large volume will not 15 be fully utilized by
ordi nary pergdmale donpopeovesen teeorfditug etediawbag ngecandeatkoral snal | er
than 2.5" are gradually comng into use. Typically, there are substrates
of 1.8" omolrizcarichll n@igndbis wascaldimgs olethiodst e epapprodobd ngofcheat: nor e
than 2" have very snmall capacities at the present 20 tinme, however if
magnet i ¢ rdeomdiIng ldersiatiies imecceasag 1 itdid . f Dhuse, whéenracdr8ingDD in a
personal conputer (particularly in a |aptop) can ensure a sufficient

recor dpng desiaitd.es Buf tiDér @iric/ i’ ecoRADNGbYO) imehdfare IedddRd,s ith t he
order of 1 to 4 CGoyte at the present, however if the volune was 25 severa
times | ar dexr batdmyaubddiasi liitt mdd If dre arapildeadaimye pefrpendicular

magnetic recording. At the present time it is not certain
what the recording limit of perpendicular magnetic recording
will be, but it is believed that 1000 Gbit/inch? (1
10 Tbit/inch?) is achievable. If these'tyﬁes of high recording
densities are achieved, it will be possible to obtain a
recording volume of 600 to 700 Gbytes per single platter of a
2.5" HDD.
As it is very likely that such a large volume will not
15 be fully utilized by ordinary personal computer use,
recording media having a diameter smaller than 2.5" are
gradually coming into use. Typically, there are substrates
of 1.8" or 1", and 1.3" HDDs was also sold in the past. HDDs
of not more than 2" have very small capacities at the present
20 time, however if magnetic recording densities increase in the
future, then a 1.8" HDD in a personal computer (particularly
in a laptop) can ensure a sufficient recording volume.
Furthermore, the recording volume of a 1" HDD is in the order
~of 1 to 4 Gbyte at the present, however if the volume was

25 several times larger, many possibilities for a wide range of
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2 mobile uses would energe, not limted just to digital canmeras and the

| i ke, but also for personal conputers and digital video caneras,
information termnals, hand held nusic devices and nobile phones for
exanple. Small dianeter HDDs, small 5 dianeter recording nedia and
substrates having diameter of not nore than 2" offer prom sing
applications in the future. As a substrate for the recordi ng nediumof a
HDD, Al alloy substrates are mainly used for 3.5" substrates, while gl ass
substrates are mainly used for 2.5" HDDs. There is a 10 high possibility
of HDDs in nobile applications, such as_in |aptop conputers, receiving a
shock. BeR@hbisietneepodrhil| emeraes makalimiked  pastciatehektab gaperas
recording nediumor the head resulting fromhead collision_is |large, the
2.5" HDDs2RApERE el kf/ t Piek e HeQ i £@5 PALEORBNECOBOYERr §erRd ke kit hss 15
substrates, Consequently, there is also a large possibility that glass
substr at e¥14fPP| CaNeH2He tREATTRE L3RI Feanineter handsheld d8ugic RVIRA® t han
2". However, because snall| dianeter substrates of not reater than 2" are
mai nly us®ddi Hohbbe| Bhapps i £t i ermPifociSnalg ([Eamataic dIORs ofsMgldat er

i nportance than for 2.5" substrates nounted in | aptop conputers.

Fur t her nofeameEBH FRECRELRT fBpdiz nandnabekratoe, Naviene dsametRAe®E f or
making all parts including the substrate snaller and thinner. A thickness
of the 2RO5uBSERatkaBodr dOf SeHREAMEE I REaRPPA1ETBRORRI Mhckhe hERtuTre .

As a substrate for the recording medium of a HDD, Al
alloy substrates are mainly used for 3.5" substrates, while
glass substrates are mainly used for 2.5" HDDs. There is a

10 high possibility of HDDs in mobile applications, such as in
laptop computers, receiving a shock. Because the possibility
of data loss from scratches to the recording medium or the
head resulting from head collision is large, the 2.5" HDDs
mounted in these devices have come to use very hard glass

15 substrates. Consequently, there is also a large possibility
that glass.substrates will alsé be used in small diameter
substrates of not more than 2",

However, because small diameter substrates of not
greater than 2" are mainly used in mobile applications, shock

20 resistance 1s of greater importance than for 2.5" substrates
mounted in laptop computers. Furthermore, from the need for
the smaller size, there is a demand for making all parts
including the substrate smaller and thinner. A thickness of
the 2" substrate board is demanded that is even thinner than

25 the 0.635 mm standard thickness of the 2.5" substrate. Due
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25 the 0.635 mm standard thickness of the 2.5" substrate. Due 3 to the
specifications required of such snmall dianeter substrates, the demand is
for substrates which are easily fabricated, which have a high Young's
nodul us and which have sufficient strength even though thin. d ass
substrates have 5 a nunber of problens on these points. First, when the
board thickness of the crystalline glass substrate which is actually used
is not nore than 0.635 mm the Young's nodulus is insufficient and
resonance frequencies exist in the practical rotating region during 10
rotation. Consequently, it is difficult to slimdown further than this.
Furt her noFe, thet ABEghLdrassopaseepgpired afesughr smayluddamasesubst rat es
with a thickness in the 0.8 mm (ange, it is difficult to fabricate glass
conposi t i 8HESHERERS, atBeadpmaRinher fohafiubAtsatas wWhirghdateasasbby base

pl ates. 15 Because of this, it is necessary to adjust the thickness by

| ap- pol i shrR§LIFRERTY hehdch haveaagbigbwhoudal Remodslam padgehich hyen
thinner. This is not preferable as it increases process costs and process
ti me becaG¥éfiréepsl pShERGLhi pEeRoEhowplt Rhagj usthem® pdevhesteehaveong. 20
Furthernore, the glass substrate is naturally a non- conductor, so there is
t he probl @nfBRbeRapdePipbéamehen §hpserBPéntifen making fil ns by sputtering.

Thus, it is necessary to insert a netal filmbuffer between the substrate
First, when the board thickness of the crystalline

glass substrate which is actually used is not more than 0.635
mm, the Young's modulus 1is insufficient and resonance
frequencies exist in the practical rotating region during

10 rotation. Consequently, it is difficult to slim down further
than this. Furthermore, although glass base plates are
already used as substrates with a thickness in the 0.8 mm
range, it is difficult to fabricate glass compositions which
are any thinner than this, as demanded as HDD base plates.

15 Because of this, it is necessary to adjust the thickness by
lap-polishing from the 0.8 mm range down to the 0.5 mm range
or even thinner. Thig is not preferable as it increases
process costs and process time because the polishing time for
width adjustment becomes very long.

20 _ Furthermore, the glass substrate is naturally a non-
conductor, so there is the problem of charge up on the
substrate when making films by sputtering. Thus, it is
necessary to insert a metal film buffer between the substrate
and the magnetic film in order to ensure favorable contact

25 with the magnetic film. Basically, these technical problems
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and the magnetic filmin order to ensure favorable contact 25 with the
magnetic film Basically, these technical problens 4 have been sol ved,
however this is one reason why it is difficult to use glass substrates in
a sputter filmformng process. Because of this, it would be ideal if it
were possible to confer conductivity to the substrate, however 5 this is
difficult wwth glass substrates. Just as glass substrates are nmainly used
even in 2.5" HDDs, A alloy substrates are conpletely unsuitable for
nobi l e applications. It was stated previously that the hardness of the
substrate is insufficient. Because substrate 10 stiffness is also
i nsuf fici &ave beenomioy)vwasly howewsar ¢hiikatis pesomaasenf weguéncies are above
the actual rotating region is to increase the thickness. Thus, it is not
possi bl e 193 ffdehditddr useaglassastibdiretsabstr at ephdtemolfiile fpphiogti ons.
A nunber of other substitute substrates have been 15 proposed, such as
sapphi re Hrasesssi Beapsseavésthinagi heevduhd phastideatubst iatwesre car bon
substrates and the |ike, however fromthe standard eval uations of
st rengt h, pessdédealtiol icopfercoondustiivaty troohenesbsamdteonpatielekity for
film deposition and the like, all are inadequate as substitute 20
subst rat e¢bfigr ismaiiif fdicanhdt end tdulgdsst substisetels.a Si nonocrystal | i ne
substrate has been proposed as a HDD recording film substrate (Japanese
Pat ent Just as glass substrates are mainly used even in 2.5"
HDDs, Al alloy substrates are completely unsuitable for
mobile applications.- It was stated previously that the
hardness of the substrate is insufficient. Because substrate
10 stiffness is also insufficient, the only way to ensure that
resonance frequencies are above the actual rotating region is
to increase the thickness. Thus, it is not possible to
consider it as a candidate substrate for mobile applications.
A number of other substitute substrates have been
15 proposed, such as sapphire glass, SiC substrates, engineering
plastic substrates, carbon substrates and the like, however
from the standard evaluations of strength, processability,
cost, surface smoothness and compatibility for film
deposition and the like, all are inadequate as substitute
20 substrates for small diameter substrates.
Use of a Si monocrystalline substrate has been proposed
as a HDD recording film substrate {Japanese Patent
Provisional Publication No.6-176339/1994). A Si

monocrystalline substrate is superior as the HDD substrate

25 because of its excellent substrate smoothness, environmental

5



Provi sional Publication No.6-176339/1994). A Si nonocrystalline substrate
is superior as the HDD substrate 25 because of its excellent substrate
snoot hness, environnental 5 stability and reliability, and because its
stiffness is also conparatively high when conpared to a gl ass substrates.
Differing froma glass substrate, it has at |east the conductivity of a
sem -conductor. Furthernore, because it is 5 generally the case that a
regul ar wafer includes P-type or NN type dopant, the conductivity is even
hi gher. Consequently, there is no problemw th charge-up during sputter
film formatiqn.as with glass substrates, and it is possible to sputter a
nmetal fil M 0% 3wt & ali@bdil iy s engk Becpyseyditife sdddnesscags8 1F€ has
favorabl e thermal .condugtivity, the substrate is easily heated, film
f or mat i on GOTRFFELyied ¥ é‘%eﬁﬁ GRMPEH5Er &Ure I A6y S UBSGE%RE it s
excel l ently uited to the sputter filmform ng process. Si nonocrystalline
substrategﬁﬁ 4G T de e Sisc subs tapd €15 Tfadespadddesgtashfaf ers havi ng
a dianeter of, 100 nmto 300 mm, SUWARY OF THE | NVENTI ON However, it is
present | y AT T¥o b aissrdmaondugitaret e FURAREFBORaYi RBCALER akBt 8F of
at nost 100 nm %& nsequently, it is nore realistic to cut out the
desired SfRSTad; m%’@r ‘%\?ﬁ'st%% Ay egFliadg ateh analedes Rafters @i & are
presently in c%pnon use. Because the price of silicon

type dopant, the conductivity is even higher. Consequently,

there is no problem with charge-up during sputter film
formation as with glass substrates, and it is possible to
sputter a metal film directly onto the Si substrate.

10 Furthermore, because it has favorable thermal conductivity,
the substrate is easily heated, film formation is possible
even at high temperatures above 300°C and it is excellently
suited to the sputter film forming process. Si
monocrystalline substrates for semi-conductor IC use are

15 mass—produced as wafers having a diameter of 100 mm to 300 mm.

SUMMARY OF THE INVENTION

However, it is presently difficult to obtain small
diameter wafers having a diameter of at most 100 mm.

20 Consequently, it is more realistic to cut out the desired
small diameter substrate by coring from 6" to 8" wafers which
are presently in common use. Because the price of silicon
monocrystalline wafers is not low, it is important that as
many HDD substrates are cut out from a single wafer as

25 possible. The coring for a diameter having not more than 20
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nmonocrystalline wafers is not low, it is inportant that as many HDD
substrates are cut out froma single wafer as 25 possible. The coring for a
di anet er having not nore than 20 6 mMmin accordance with only conventi onal
coring wwth a cup grinder requires the slow rotational speed for the slow
processi ng speed. Even if the processing speed is slowed down, chipping

i ncreases so that the wafer breakage rate 5 increases. According to the

i nvention, regardi ng manufacturing nethods of non-nagnetic substrates, it
is an object to provide a high efficiency nmethod for manufacturing a snall
di ameter substrate for a magnetic recordi ng medi um having an 10 inner

di amet er PRefBr ABCPTERNGEt Wibhe ONANNCROVEME ipped cprdhgr @bkh af cupt nore
than 12 nm W<th regards to manufacturing nethods of non-magnetic

subst r at e§T1paeLi AL rEsr Ehat SAGWt sosakilrndilaseeed foubsherasdswhavi ng an
inner dianeter of at nost 20 nm as a 15 result of repeated keen

i nvest i gaPrORESSADE iSReed -anBvent 8 tle apeeeesebningpeed hbsisslewrd i nvent or s
have found that it is possible to manufacture at high efficiency a

pl ur al i tydermy hehippisgr dnesepsem a0sithgite thenvedfest Bireakegsi krEen waf er
with corings of inner dianeter and outer dianmeter by different 20 cutting
net hod¥. PBEERESESrly, the inventors have found that it is effective that

the coring of the inner dianeter is
According to the invention, regarding manufacturing

methods of non-magnetic substrates, it is an object to
provide a high efficiency method for manufacturing a small
diameter substrate for a magnetic recording medium having an

10  inner diameter preferably of not more than 20 mm, more
preferably of not more than 12 mm.

With regards to manufacturing methods of non-magnetic
substrates, particularly relating to small diameter
substrates having an inner diameter of at most 20 mm, as a

15 result of repeated keen investigations into inner and outer
diameter coring methods, the inventors have found that it is
possible to manufacture at high efficiency a plurality of the
substrates from a single monocrystalline silicon wafer with
corings of inner diameter and outer diameter by different

20 cutting methods. Particularly, the inventors have found that
it is effective that the coring of the inner diameter is
carried out by water jet cutting or laser cutting.

That is, according to the invention, a method for
manufacturing a substrate for a magnetic recording medium,

25 the method comprising a step of coring for obtaining a
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carried out by water jet cutting or |laser cutting. That is, according to
the invention, a nethod for manufacturing a substrate for a magnetic
recordi ng medium 25 the nethod conprising a step of coring for obtaining
a 7 plurality of doughnut-shaped substrates having an outside dianeter of
not nore than 65 mmand a preferable inside dianeter of not nore than 20
mm from a nonocrystalline silicon wafer having a dianmeter of at |east 150
nm and not 5 nore than 300 mm wherein corings of an inner dianmeter and an
outer diameter are carried out by different cutting neans. It may be

Pet cutti b ’“%&l'tﬁ}as%?” BpfhsSRabet, SpHg eatER o RRyBH: FonCCRPLRE "

ol ural 1y SSPREEEECbRopdE %%?5%1”232{ ﬁé?smﬁﬁﬁa gePAEFERenLH FR5H Tal or with
reans. 1 %&HEE%%&%B%”%@ e BRAPNERCR & mahpErieFrEiae “Ouer view
vedi um QRGO SPEREoh néhﬁi%'y@?swﬁ’?%isézé?% F a8o5Thied Brares 5% DETA LED

SCR H FERRED, ENBODI MENTS A | | | f 2
EEV|nSP£|§B;%§F§rE 565288 nwpﬁgeéﬁtSPﬁéBgBynglF8|%§£EIH§23§$ %%;gﬂgﬁ%ner

silicon rBGter diameter are carried out by different cutting means.
It may be preferable that the coring of inner diameter is
carried out by a water jet cutting or a laser cutting.
According to the invention, high efficiency production
10 of substrates can be attained by obtaining a plurality of
substrates from a single monocrystalline silicon wafer with
corings of the outer diameter and inner diameter by different

cutting means.

15 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process overview showing an example of
fabricating a substrate for a HDD magnetic recording medium,

using a silicon monocrystalline wafer as a base plate.

20 DETAILED DESCRIPTION OF THE éREFERRED EMBODIMENTS

A monocrystalline silicon wafer 2 having a diameter of
200 mm is obtained by slicing a monocrystalline silicon rod.
Subsequently, a plurality of doughnut-shaped substrates 3
having an outer diameter of not more than 65 mm and an inner

25 diameter of not more than 20 mm are obtained in a step of
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Subsequently, a plurality of doughnut-shaped substrates 3 having an outer
di aneter of not nore than 65 mmand an inner 25 dianmeter of not nore than
20 mm are obtained in a step of 8 coring. It my be preferably subjected to
a step of chanfering of the inner and outer circunferential faces of the
doughnut - shaped substrates 3 and a step of the inner and outer
circunferential face-polishing. A subsequent step of 5 alkali etching, a
step of polishing (or grinding) both surfaces and a step of washing are
usually carried out. A step of |apping for renoving preferably 10 gmto 100

T o SREASeRE! AP IBe LBl BRSLELERT R B b o e
(1 o7 Sl L (BESTRLE: HELOLGLDC o5t oRaCaagtLto s beliegr e
o0 e TS8R BBt LEn heCaag B0l ST, et et er S
Chart oring ae. Cha gt A RR e B o aP e, A S SRANE C of LR 19T ¢ he
I L TR R S R R s
(100), 3uFum! el heheds! iR TP 20d."9L, P16 Lhap; 390, o and a
A step of lapping for removing preferably 10 pm to 100
um from the surface of the monocrystalline silicon wafer or
the doughnut-shaped substrate may be comprised preferably
10 before or after the step of coring, for example, before the
step of coring, hetween the step of coring and the step of
chamfering, between the step of chamfering and the step of
circumferential face-polishing, or after the step of
circumferential face~polishing. The step of lapping may be
15 mo;e preferably comprised, before the step of coring, between
rthe step of chamferihg and the step of éircumferential fac;—
polishing, or after the step of circumferential face-
polishing.
The monocrystalline silicon wafer used in the step of
20 coring may preferably have a plane orientation of (L 0 0), a
diameter of at least 150 mm and not more than 300 mm and a
thickness of 0.4 to 1 mm.
Semiconductof grade silicon monocrystalline wafers are

exXpensive. Even if a 65 mm diameter substrate is fabricated

25 using the monocrystalline base plate, it will cost from a few
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t hi ckness of 0.4 to 1 nm Sem conductor grade silicon nonocrystalline
wafers are expensive. Even if a 65 nmdianeter substrate is fabricated 25
usi ng the nonocrystalline base plate, it will cost froma few 9 tines to

- ten tines the cost of a glass substrate. No matter how better the
characteristic properties of the silicon nonocrystalline substrate are,
just this cost difference alone nakes it difficult to put these to
practical use. 5 1In the step of coring, coring of seven 2.5" HDD
substrates froman 8" wafer can be perforned using the nethod proposed in
Japanese Patent Provisional Publication No. 10- 334461/1998. In this case,
by settin§lPRE bPoEEBstHEEHI hithgcoal| ehancelaasi aabebrahy- ofia matte
substrates so that the 10 al | owance is overIaEped bet ween adj acent cored
subst r at eBoW B8FFRY Eheachakprbft bftieveRopestiggnaf rhessitbaPhe 8"
waf er can be perfornmed. \Wen the inner dianeter is not nore than 20 mm it
my be nBPBOEFYFEREALNENELLEEFRRE BFCaniMRReEhipafesbrdsfEerancei nner

di ameter coring or inner circunference coring) is carried out at first,
and then B4PRE PAkeEnhEr da4fakeneE Boreutpbhefentasprra@bigalowsehol e, an
outer diameter side (outer diameter coring or outer circunferenti al
coring) is carrtBdtheusted af cwo¥ERent CREERY ngf nee TRl 2 A" R i bed

previously, 20 the circunferential speed of the cup grinder for inner
Substrates from an 8" wafer can be performed using the method

proposed in Japanese Patent Provisional Publication No. 10-
334461/1998. In this case, by setting the process machining
allowance during coring of the 2.5" substrates so that the

10 allowance is overlapped between adjacent cored substrates,
coring of a maximum of seven 2.5" substrates from the 8"
wafer can be performed.

When the inner diameter is not more than 20 mm, it may

be more efficient that coring of an inner diameter side

15 (inner diameter coring or inner circumference coring) is
carried out at first, and then using the inﬁer diameter core
portion as a hold-down hole, an 6uter diameter side (outer
diameter coring or outer circumferential coring) is carried
out by a different cutting method. As described previously,

20 the circumferential speed of the cup grinder for inner
diameter coring is slow so that the wafers are easily chipped.
Furthermore, because the wafer breakage rate is also high,
there is a large amount of waste if the same cutting method
is carried out. If the cores which have undergone the inner

25 diameter coring are inspected, and only if the cores which
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di ameter coring is slow so that the wafers are easily chi pped.

Furt hernore, because the wafer breakage rate is also high, there is a

| arge anount of waste if the sane cutting nethod is carried out. If the
cores whi ch have undergone the inner 25 dianeter coring are inspected, and
only if the cores which 10 pass the inspection are subjected to the outer
di aneter coring process, then the production efficiencies my be

enhanced. In a conventional cup grinding nmethod, productivity of 5 the

i nner dianeter side coring process may not be high. The efficiency can be
rai sed preferably hy use of the water jet cutting nmethod or the |aser
cutting nPRRSd ther 1PSPEEEdPrhl arer §ubdgGtes ke theeovtethdipmaErrdi anet er
coring in this way, and chipping nmay be also | essened. Even nore

pr ef er abl FOL191 PTORESSAnERCRi AREt BXOSLEE 108 phd LrderaieFeBagubeby t he

| aser cutting nethod, chipping may be greatly reduced and yield may be
inproved.e?ﬁé ct is particularly pronounced when the inner dianeter is
not nore than 20 mm In the | aser nethod, when a CO02 |aser is used as the
15 i ght sourcellt ReCpBYEPLdBRZILt FUPsIESRPARA MeENGd) o aPuRtEBEBEC®Tt 0 t he
total power. Accordingly, heat may be easily transferred to the coring
substrgtet@F tReeretigiet efafdrle CRFINChOEOCIESSamadnaekcyet Bighact The

because of heat, shock. H gh power density solid-state |lasers (for exanple
YAG efficiency can be raised preferably by use of the water jet

cutting method or the laser cutting method. It is possible
to reduce the time of the inner diameter coring in this way,
and chipping may be also lessened. Even more preferably, if

10 the inner diameter side coring 1s carried out by the laser
cutting method, chipping may be greatly reduced and yield may
be improved. The effect is particularly pronounced when the
inner diameter is not more than 20 mm.

In the laser method, when a CO; laser is used as the

15 light source, the power density is comparatively low with
reépect to the total power. Accordingly, heat may be easily
transferred to the coring substrate or the leftover wafer,
and there is a tendency to fracture because of heat shock.
High power density solid-state lasers (for example YAG

20 lasers) are preferred because thermal loss to surrounding
members is low and the laser power is actually utilized in
coring itself. According to the laser cutting method,
although the reason is not clear, the outer diameter cutting
takes disproportionately longer than the inner diameter

25 cutting. Consequently, there may be a reduction in yield as
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20 | asers) are preferred because thermal |loss to surrounding nenbers is
|l ow and the | aser power is actually utilized in coring itself. According
to the laser cutting nethod, although the reason is not clear, the outer
dianeter cutting takes disproportionately |onger than the inner dianeter
25 cutting. Consequently, there may be a reduction in yield as 11 wafers
may be destroyed by the effects of thermal distribution. The water jet
cutting nethod is a method in which an abrasive nmaterial such as garnet
particles having a mean 5 particle dianmeter of 20 to 200pm is mxed into
hi gh pressure water of at least 100 MPa and jetted. The water jet cutting
met hod i s Wadhaire dwsodse btssdirseyest dydoftfe i Sfierive qprideesslng width) is
short, a high pressure on the substrate is not generated and a thernal
ef fect is Suffstignmitiidny absent. 10 According to the water jet cutting
met hod, because cutting the external circunference occurs after piercing
(openi ng a prepdratwatiethded) cuttisldpugirhnd stmpediatiod am whiledt raat es may
become |iable to be damaged and may becone an annular substrate with poor
r oundness.abim s glatedriciy cdheratdainaeorpant mhehdadng ed madn in - a
different cutting nethod, for exanple by conventional coring such as the
cup grendérarigleks rdiant soharfe0 ien 2001t 1T uiisaty iortcaa Hiage pmasgshineg.
However, the outer coring nethod
water of at least 100 MPa and jetted. The water jet cutting
method is advantageous because standoff distance (processing
width) is short, a high pressure on the substrate is not
generated and a thermal effect is substantially absent.

10 According to the water jet cutting method, because
cutting the external circumference occurs after piercing
{opening a preparatory hole}, the doughnut-shaped annular
substrates may become liable to be damaged and may become an
annular substrate with poor roundness.

15 The outer circumferential coring may be carried out in
a different cutting method, for example by conventional
coring such as the cup grinder, electric discharge, water jet
cutting or a laser cutting. However, the outer coring method
is different from the inner coring method.

20 Although it does not matter whether it is before or
after the step of coring, it may be preferable to provide a
step of lapping for polishing off preferably 10 pm to 100 um
from a wafer surface. When the step of lapping is provided

after the step of coring, it may be provided, for example,

25 Dbetween the step of coring and the step of chamfering,
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is different fromthe inner coring nmethod. 20 Although it does not matter
whether it is before or after the step of coring, it nay be preferable to
provide a step of lapping for polishing off preferably 10 mto 100 im
froma wafer surface. When the step of lapping is provided after the step
of coring, it may be provided, for exanple, 25 between the step of coring
and the step of chanfering, 12 between the step of chanfering and the step
of circunferential face-polishing, or after the step of <circunferential
face-polishing. - The step of |apping may be preferably provided between
the step gf chanfering and the 5 step of circ§nferential face-polishing, or
after theP&t¥FeBi the PLgRr efeRRPRESFARE- BBF SREn§ESPnCthe step of | appi ng,
war pi ng or .swelling of th waf er ,base plate aor the doughnut-shaped annul ar
substratecﬁ§§um5§rgﬁﬁﬂ Htzacﬁﬁaoﬁﬁéﬁﬁﬁﬂckﬁ€s§fﬁﬁ§ EBﬁthPPerfor t he
purpose 1Q of determ.ning an appropriate amunt to be poljshed in
subsequenflZCEpd ereRtigd géSF’FEQ iléﬁlﬁf?"t heDRDBFeR ubst +2RRIBKFWY iR FI G 1,
it my be al so %% sible to grgvide a sggp of chanfering of the ipner and
the out er PEEFEERPEYe RECIEIPSc RS THRANa thCeSTtEP P55 CPRARARF &PENRPE the
face-polishing after the ste _oﬁfcorin f . the base plate such as fer.
The angl e S4f® GmEndIHREeSERERS éaf:ﬁggﬁ%}ssé%r ognatter the step of
circumferential face-polishing.
In the step of lapping, warping or swelling of the
wafer base plate or the doughnut-shaped annular substrate may
be inhibited and the thickness may controlled for the purpose
10 of determining an appropriate amount to be polished in
subsequent steps.
In the fabrication of the HDD substrate shown in FIG. 1,
it may be alsoc possible to provide a step of chamfering of
the inner and the outer circumferential faces and a step of
15 circumferential face—polishing after the step of coring of
‘the base plate such as wafer.
The angle and dimensions of chahfering may be for the
most part restricted as standard dimensions. Usually, the
substrate can become a finished product through the step of
20 chamfering. However, grinding particles and process waste
which adheres to the edge or circumferential face may act to
cause a reduction in substrate strength or may become a
starting point for substrate rupture. Hence, it may be

preferably subjected to the step of circumferential face-

25 polishing after the step of chamfering, and then to the step
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nost part restricted as standard di nensions. Usually, the substrate can
becone a finished product through the step of 20 chanfering. However,
grinding particles and process waste which adheres to the edge or
circunferential face may act to cause a reduction in substrate strength or
may beconme a starting point for substrate rupture. Hence, it may be
preferably subjected to the step of circunferential face 25 polishing after
the step of chanfering, and then to the step 13 of etching for renoving the
distorted layer. The circunferential face neans the inner circunferenti al

| ateral surface.and/or the outer circunferential |ateral surface of the
doughnut - SHaBCarLAge P SMgVARFetheng SFRE B LPHERM et | a
ci 1 cunf or ENEFURESFEEE150] FERPnReoPE RS DOBrerdr STESERAF Lhho ShBE  at o
pol | Shi g LRE=GEpaPIRT FBkePUSP A6 IF SrRetLats dEET AL e EREFSRaSE been
a1 Kal |- ot EREnGoRBPTEToPRa: RUERFEB58 di atortion Trom the step of
|2Poi g or the 3LER.0LyccLEeTler el Lol Lace oLl ShLRg, IRy bescart ! ed out
hydrOXidea%QL%ht%% %%é%oo%olggging after the step of circumferential
face-polishing, it may be preferable that the substrate
undergoes further steps including a step of alkali etching, a
step of polishing the upper and lower surfaces of the
10 substrate that has been alkali-etched, and a subsequent step
of washing.

The step of alkali-etching for removing the process
distortion from the step of lapping or the step of
circumferential face-polishing, may be carried out, for

15 example, by dipping in a 2 to 60 weight % solution of sodium
hydroxide which is at 40 to 60°C.

The step of polishing the upper and lower surfaces of
the alkali-etched substrate can be carried out in any of the
methods known in the art. For example, it may be possible to

20 clasp a substrate mounted in a carrier between an upper plate
and a lower plate, and while rotating the substrate, to
polish the substrate with colloidal silica as the grinding
particles.

The step of washing can be carried out in any of the

25 methods known in the art such as brush washing or chemical

14



The step of polishing the upper and | ower surfaces of the alkali-etched
substrate can be carried out in any of the nethods known in the art. For
exanple, it nay be possible to 20 clasp a substrate nounted in a carrier
bet ween an upper plate and a lower plate, and while rotating the
substrate, to polish the substrate with colloidal silica as the grinding
particles. The step of washing can be carried out in any of the 25 nethods
known in the art such as brush washing or chem cal 14 washing with an

al kali and/or an acid solution. The substrate for a magnetic recording

medi um of thﬁ' inven%ion can be trﬁzted in the sapne way as a conventi onal
subst r at e"2PALPEdYELPoAT R K250 RRHAQRet R caFAFePOARBLANS recording | ayer
for exanple can_produce a perpendi cul ar pagnetic _recording medium To

i ncrease cl ose %ﬁﬁt%ﬂ?sﬁf?ge f@% 3oreImRbhet FRCPRGERY Medhdy ok Eirlo

possi ble to provide a rimer layer in advance prior to formng the soft
magnet i ¢ lPE@BE%O%oCPP ytpeaERdolBosRPLFEMEQWBY 03F d8 GOPVEREEPRIE | ayer
and a | ubri agin | ayer above the recording |ayer. The invention wll be
expl ai nedSB§§ Hagﬁ-exﬁ%lf UGt G, OF vy B3¢ hientd st iahdhdt linited to

them _15 An overview of exanples is given below A |large dianeter
MTONOC stﬁFFPﬁglngi&%gﬁﬁ ?85 gxpmple“can produce a perpendicular

magnetic recording medium. To increase close contact with
the soft magnetic layer, it may be also possible to provide a
primer layer in advance prior to forming the soft magnetic
layer. o

10 It may be also possible to provide a protective layer

and a lubricating layer above the recording layer.

The invention will be explained based on examples below,
however the invention is not limited to them.
15 An overview of examples is given below.
A larée diameter monocrysfalline silicon rod i is
.sliced so that a wafer 2 is formed. The wafer 2 is lapped
with abrasive particles to even out its thickness and surface.
Next, coring of the inner diameter side by water jet cutting
20 or laser cutting is carried out. Then, coring bf the outer
diameter side is carried out by cup grinding processing so
that the doughnut-shaped annular substrates 3 are cut out of
the wafer. A plurality of subgtrates are thus produced due
to the above. Next, the edges of the inner and the outer

25 circumferential faces of the substrate are removed by

15



sliced so that a wafer 2 is formed. The wafer 2 is | apped wth abrasive
particles to even out its thickness and surface. Next, coring of the inner
di aneter side by water jet cutting 20 or laser cutting is carried out.
Then, coring of the outer dianeter side is carried out by cup grinding
processing so that the doughnut-shaped annul ar substrates 3 are cut out of
the wafer. A plurality of substrates are thus produced due to the above.
Next, the edges of the inner and the outer 25 circunferential faces of the
substrate are renoved by 15 grindstone. Subsequently, the front and rear
surfaces of the substrate are polished so that the desired substrate is
obt ai ned. INERESEGRENdi PigP el hanefha gl Font nand ukRa T a3wr fages rafrohe] i n
the step of washing so that production of the 5 substrate is conpleted.
Exanpl e 1sﬂbﬁééaﬁﬁ1&F&n@?éﬂsﬁéﬂe§°2tﬁé§ tbeargsdredofrstarge 1di anet er
nDnocrystainne silicon rod 1, and |apped. Thirty 10 six doughnut-shaped
annul ar sGBSeraFEs VoBke PHinGhed, 29petei adreling nke i Hrerswh s side
coring was carried out by water jet cutting using garnet particles ##220
and the 28TenhEBOVEL éPa&éﬁeﬁtSBrPﬁgwﬁégléarﬁpeﬁhéﬁtP%Pdﬁcﬁi@upoérﬁhaer.
Subsequently, coring required 271 mnutes to process five 15 wafers 2 and
as ar suFP%f?§a§Gb§§r&P@§l§tﬁ€re obt ai ned. However, outer dianeter coring
was not carried out on the 7

Example 1

A 200 mm diameter wafer 2 was obtained from a large
diameter monocrystalline silicon rod 1, and lapped. Thirty
10 six doughnut-shaped annular substrates 3 were obtained,
wherein the 7 mm inner diameter side coring was carried out
by water jet cutting using garnet particles #220 and the 26
mm outer diameter coring was carried out with a cup grander.
Subsequently, coring required 271 minutes to process five
15  wafers 2 and aé a result 173 substrates 3 were obtained.
However, outer diameter coring was not carried out onlthe 7

places which had been chipped during inner_diameter coring.

Example 2

20 Apart from carrying out inner side coring with YAG
laser cutting apparatus (YAG laser), processing was carried
out in the same manner as in Example 1, in which five wafers
2 were processed in 285 minutes and as a result 180

substrates 3 were obtained without chipping.

25
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pl aces whi ch had been chi pped during inner dianmeter coring. Exanple 2 20
Apart fromcarrying out inner side coring with YAG |aser cutting apparatus
(YAG | aser), processing was carried out in the same nanner as in Exanple
1, in which five wafers 2 were processed in 285 mnutes and as a result
180 substrates 3 were obtained w thout chipping. 25 16 Conparative Exanple
1 Apart fromcarrying out both the inner and outer dianeter corings by a
cup grinder, processing was carried out the sane way as in Exanple 1. Five
wafers 2 were processed 5 in 436 mnutes and as a result, 112 substrates 3
were obtained. However, one wafer 3 broke during inner dianmeter coring,
and out er SRPEIRALL VE Pk@s Inot carried out on the 32 other places which
had been chi pped. 10 Conparative Exanple 2 Apart fromcarrying out both the
i nner and out er AP@r&néren earrk§BIbpukabethj shechnnengangrovtesi ng was
carried out in the same way as in Exanple 1. Five wafers 2 were processed
in 51 mi ndiéfeded FRTiagssbyapeSup WELadssy apregessinbdowesecaronedwatier 3
broke during inner dianmeter coring, and outer dianeter coring was not

carri ed ol€ofaee WBY @ishdn Epkapds ihi cHinmadwpéens chipped. processed

5 in 436 minutes and as a result, 112 substrates 3 were
obtained. However, one wafer 3 broke during inner diameter
coring, and outer diameter coring was not carried out on the

32 other places which had been chipped.

10 Comparative Example 2

Apart from carrying out both the inner and outer
diameter corings by water jet cutting, processing was carried
out in the same way as in Example 1. Five wafers 2 were
processed in 51 minutes and 129 substrates 3 were obtained.

15 However, one wafer 3 broke during inner diameter coring, and

outer diameter coring was not carried out on the 15 other

places which had been chipped.

Comparative Example 3

20 Apart from carrying out both the inner and outer
diameter corihgs by YAG laser cutting, processing was carried
out in the same way as in Example 1. Five wafers 2 were
processed without chipping and 144 substrates 3 were obtained
in 80 minutes. One wafer was broken during outer diameter

25 coring.
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Conparative Exanple 3 20 Apart fromcarrying out both the inner and outer
di aneter corings by YAG |l aser cutting, processing was carried out in the
same way as in Exanple 1. Five wafers 2 were processed w thout chipping
and 144 substrates 3 were obtained in 80 mnutes. One wafer was broken
during outer dianmeter 25 coring. 17 As given above, when a cup grinder is
used, the wafers are |liable to be broken during inner coring. Wen water
jet cutting or YAG |aser cutting is used, the wafers are liable 5 to be
broken during outer coring. Wien the inner and outer diameter corings are
carried out in different nethods, the higher yield is obtained. Exanple 3
10 Apart fromsetting the inner dianmeter to be 12 mmand the outer
dianeter to be 48 mm processing was carried out in the same manner as in
Exanpl e 1. Fi ft3sS ofievenbahede esWiteek eCuRbytinder f iomsede Wed evafersn 122
m nut es. However, outer dianmeter processing was not carried out on the 4
pl aces whitf liBbhadtpeba khvhpeddurkagpiangrAgaringr orfitewst tWaten eli nner
dianeter to be 12 mmand the outer dianmeter to be 48 nm processing was
carried ogutfang20rt KAGsdpsernnaneting ia Egedpl the. wEfeeswatertizblere

5 to be broken during outer coring. When the inner and outer

diameter corings are carried out in different methods, the

higher yield is obtained.

Example 3

10 Apart from setting the inner diameter to be 12 mm and
the outer diameter to be 48 mm, processing was carried out in
the same manner as in Example 1. Fifty one sﬁbstrates 3 were
obtained from five wafers 2 in 122 minutes. However, outer
diameter processing was not carried out on the 4 places which

15 had been chipped.

Examéle 4
Apart from setting the inner diameter to be 12 mm and
the outer diameter to be 48 mm, processing was carried out in
20 the same manner as in Example 2. Five wafers 2 were
processed in 129 minutes and as a result 55 substrates 3 were

obtained without chipping.

Comparative Example 4

25 Apart from carrying out both inner diameter and outer
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processed in 129 mnutes and as a result 55 substrates 3 were obtained

w t hout chi pping. Conparative Exanple 4 25 Apart fromcarrying out both

i nner dianeter and outer 18 dianmeter corings wth a cup grinder and
setting the inner dianeter to be 12 mmand the outer dianmeter to be 48 nm
processing was carried out in the same manner as in Exanple 1. Five wafers
2 were processed in 218 mnutes and as a result 5 43 substrates 3 were
obt ai ned. However, outer coring was not carried out on the 12 places which
had been chi pped. 19 CLAINB 1. A nethod for nanufacturing a substrate for a

magneti c recordi ng nmedi um e nmet hod conprisin a step of coring for
obt ai ni n %a%ﬁﬁ?ﬁlF?ﬁlBgS ﬂb h%u?ughﬁﬁﬁag%ﬁb§? 2P RECHRYi FHhE JHRRE er

di anmeter of at, nost 65 fron1 nonocrystal |line silicon wafer having a
di amet er SHEEEPEAS? 2S0 gt %%s?u%%ﬁ HERREPEI Fo the torhys of an

i nner dianeter and the outer i anet er re carried out by different neans.
2. The né?ﬁ%ﬁe?%%nﬁnHﬁFaE?ﬁ¥+%€ %PEnb%eF e ?%@%r%?%@ern%ﬁl{Hn%%ﬁﬂﬁ%%xk

according_to clatn11 wherein in sai steﬁégf coring said coring of t he

i nner di aleYer"?ECESr £ BRTBURTeTRASERat? i ARRPLEF afeflefs @ result

5 43 substrates 3 were obtained. However, outer coring was not

carried out on the 12 places which had been chipped.
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is at nost 20 nm 3. The nethod for manufacturing a magnetic recording
medi um substrate according to claiml1l or claim2, wherein in said step of
coring said coring of the inner dianeter is carried out by water jet
cutting or laser cutting. 20 :

CLAIMS

1. A method for manufacturing a substrate for a
magnetic recording medium, the method comprising:

a step of coring for obtaining a plurality of
_doughnut—shaped substrates having an cuter diameter of at
most 65 mm from a monocrystalline silicon wafer having a
diameter of at least 150 mm and at most 300 mm

wherein the corings of an inner diameter and the outer
diameter are carried out by different means.

2. The method for manufacturing a magnetic recording
medium substrate according to claim 1,

wherein in said step of coring said coring of the
inner diameter is carried out such that the inner diameter
is at most 20 mm.

3. The methdd for manufacturiné a magnetic recording
medium substrate according to claim 1 or claim 2,

wherein in said step of coring said coring of the
inner diameter is carried out by water jet cutting or laser

cutting.

20



