TI TLE 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 recording nedium substrate for nagnetic recording,
and nore specifically to a recording medium substrate for magnetic
recording which is optimal as a 10 snal| dianeter substrate preferably
havi ng a dianeter not nore than 55 nm and nore preferably having a

di aneter not nore than 50 mm 2. Description of the related art The
increase in recording density (surface density) of 15 nagnetic recording
has been extrenely rapid, the rapid increase over these past 10 years
advanci ng_cont i nuousl y_at ¥ear|y rates of 50 to 200% At the mass
product i BATEEVEE THE, SNVMENEI@Nt h” 70 Goits/inch2 are shipped, while surface
recording densities nore than_twi ce higher. nanely 160 20 CGhits/inch2, have
been repor t od METERR TaRAHATUFACTEENC MEGHEATC FECORATNG HERIPM os at the
mass production |level correspond to 80 CGbhytes per one platter of a 3.5"
HDD (3. BUBPRBRAYESand corresponds to 40 Gbytes per single platter of a
2.5" HDD. At these recording volunes, installation of single 25 platter
recording nedia gives a sufficient volune for use in 1

5 BACKGROUND OF THE INVENTION

1. Field of the invention
The invention relates to a recording medium substrate
for magnetic recbfding, and more specifically to a recording
medium substrate for magnetic recording which is optimal as a
10 small diameter substrate preferably having a diameter not
more than 55 mm and moere preferably having a diameter not
more than 50 mm.
2. Description of the related art
The increase in recording density (surface density) of
15 magnetic recording has been extremely rapid, the rapid
increase over these past 10 years advancing continuously at
yearly rates of 50 to 200%. At the mass production level,
products with 70vaits/inch2 are shipped, while surface
recording densities more than twice higher, namely 160
20 Gbits/inch?, have been reported at the laboratory level.
Surface recording densities at the mass production level
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

25 platter recording media gives a sufficient volume for use in
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an ordi nary desk top personal conputer (equipped with a 3.5" HDD) or a

| apt op personal conputer (equipped with a 2.5" HDD). It is expected that
recording densities will also continue to inprove in the future. However,
conventional 5 horizontal nagnetic recording nmethods are approaching their
thermal fluctuation recording limt. Thus, when recording densities of 100
Qoit/inch2 to 200 Ghit/inch2 are reached, it 1is believed that it wll be
repl aced by perpendi cular magnetic recording. At the present tine it is
not certain 10 what the recording limt of perpendicular nagnetic recording
will be, but it is believed that 1000 Gbit/inch2 (1 Tbit/inch2) is
achievable If these types of high recording densities are achieved, it

wi ll Fﬂsé'rtillﬁlgtrQ alafs@a | RoB a%%%%h‘a'ln%oﬁﬁhlﬁ@% qfeggqufe@ Q2 KGRyt per

S|ngle platter o it is very y that such a large
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recordi ng nedla having a dianeter smaller than " are gradually conlng
into use. Typigal by, e&{a@&%ear ehaeb%ee&e&naod%slt%esoml1, aake 1.3" HDDs
was al so sold in the past. HDDs not nofe than 2" have very snal

Capac't'@%n%ﬁnh@etgr%%ﬁvaethﬁ?th@OW%E%&e'f HBQB@E&C E@ﬁ@éﬁt@gngﬁnSItleS
increase In the future, then a 1.8" HDD in a personal conputer

(partd cubailiy onitA 18 3pl@Rk %'&o?c'&%%@en@t%‘éfdfé G RN BCRIH iR (Rldire. 25
Furthernore, the recording volune of 'a 1" HDD is in the order
thermal fluctuation recording limit. Thus, when recording
densities of 100 Gbit/inch? to 200 Gbit/inch? are reached, it
is believed that it will be replaced by perpendicular
magnetic recording. At the present time it is not certain
10 what the recording limit of perpendicular magnetic recording
will be, but it is believed that 1000 Gbit/inch® (1
Tbit/inch?) is achievable. If these types 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
15 - 2.5" HDD.

As it is very likely that such a large volume will not
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

20 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
time, however if magnetic recording densities increase in the
future, then a 1.8" HDD in a personal computer (particularly
in a laptbp) can ensure a sufficient recording volume.

25 Furthermore, the recording volume of a 1" HDD is in the order
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2 of 1to 4 Goyte at the present, however if the volune was several tines
| arger, many possibilities for a wide range of nobile uses would energe,
not limted just to digital cameras and the like, but also for personal
conputers and digital 5 video caneras, information term nals, hand held
nmusi ¢ devices and nobil e phones for exanple. Small di aneter HDDs, snal

di aneter recording nedia and substrates having dianeter of not nore than
2" offer promsing applications in the future. As a substrate for the
recording nmediumof a HDD, Al 10 alloy substrates are mainly used for 3.5"
substrates, while glass substrates are mainly used for 2.5" HDDs. There-is
a high possibility of HDDs in nobile applications, such as in |aptop.

conput ersg 1 668I ¥i @i Pe SHOCKne Bocasiset | heowosst bitite b1datawhoss from
scratches to the recordi ng nmedium or the 15 head resulting from head

col |i si gy sSrd Argemed Nea2ydr, HRESy poseiedl i piéhessr deviicas P@M?ec@ﬂ'e to
use very hard glass substrates. Consequently, there is also a [arge

possi bi Ifdwi1d hade 9! ASS1SULRLF @ et | 11l 88q bpusisedsi di'i?ﬂﬁiai dhageh er
substrates of not nore than 2". 20 However, because snull di aneter

substratgsq Ofn &0t Q) et erat B@Nrdr BELsHMAD! Yorselet s HREI hegappli cations,
shock resistance is of greater inportance than for 2.5" substrates

mountsed §1qdAPLORe FRUPUL RESmEtT bRt 8Bhenal §PhiNe Reed £0kict Beveaakl er
size, there is a demand for making all parts
and mobile phones for example. Small diameter HDDs, small
diameter recording media and substrates having diameter of
not more than 2" offer promising applications in the future.
As a substrate for the recording medium of a HDD, Al

10 alloy substrates are mainly used for 3.5" substrates, while
glass substrates are mainly used for 2.5" HDDs. There is a
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

15 head resulting from head collision is large, the 2.5" HDDs
mounted in these devices have come to use very hard glass
substrates. Consequently, there is also a large possibility
that glass substrates will also be used in small diameter
substrates of not more than 2".

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

25 including the substrate smaller and thinner. A thickness of
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25 including the substrate smaller and thinner. A thickness of 3 the 2"
substrate board is demanded that is even thinner than the 0.635 nm
standard thi ckness of the 2.5" substrate. Due to the specifications

requi red of such snmall dianmeter substrates, the demand is for substrates
which are easily 5 fabricated, which have a high Young's nodul us and which
have sufficient strength even though thin. G ass substrates have a nunber
of problenms on these points. First, when the board thickness of the '
crystalline glass substrate which is actually used is not nore than 0.635
10 mm the Young's nodulus is insufficient and resonance frequenci es exi st
in the practical rotating region during rotation. Consequently, it is

di fficulthborsl kpndewncbupbhes ithasmbhiisd FHethesmeven ghthaughtgbass base
pl ates are already used as substrates with a thickness in the 0.8 mm 15

range, itnbSodibti oMl tthAqbalr tRRERNEE3SE£COAROSI ' 0BELWRIFERe . aArBUANY
thinner than this, as demanded as HDD base plates. Because of this, it is

necessarﬂotQh@dbﬁéElfﬂéaEBbﬁ5n§§§u@¥ed|@E Bakhsbinag1f HeAMEREr0. 8 N range
down to the 0.5 mmrange or even thinner. This is not preferable as it

'anease§u89t959@§8Stﬁesaémaﬂa psoggssstibserheeaugRitheapel kaing tinme for
w dt h adj ust nent becones very long. Furthernore, the glass substrate is
nat ural | ¥28-NEAt8PNHHEEAT haS@ BNBRENI Sohhg' Br ABLAMST aghat@e cuPnaket he
sufficient strength even though thin. Glass substrates have
a number of problems on these points.
First, when the board thickness of the crystalline
glass substrate which is actually used is not more than 0.635
10 mm, the Young's modulus is insufficient and resonance
frequencies exist in the practical rotating region during
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
15 range; it is difficult to fabricate glass compositions which
are any thinner than this, as demanded as HDD base plates.
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. This is not preferable as it increases
20 process costs and process time because the polishing time for
width adjustment becomes very long.
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

25 necessary to insert a metal film buffer between the substrate
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substrate when making filns by sputtering. Thus, it is 25 necessary to
insert a metal filmbuffer between the substrate 4 and the nmagnetic film
in order to ensure favorable contact wth the magnetic film Basically,

t hese technical problens have been solved, however this is one reason why
it is difficult to use glass substrates in a sputter filmformng 5
process. Because of this, it would be ideal if it were possible to confer
conductivity to the substrate, however this is difficult with glass
substrates. Just as glass substrates are mainly used even in 2.5" HDDs, A
all oy substrates are conpletely unsuitable for 10 nobile applications. It
was stated previously that the hardness of the substrate is insufficient.

Because gypsthat gagﬁ@tf 1fne33nl §nabs@erneyf bneheal £a5R8 @Nley MR% A ensure
that resonance frequencies are above the actual rotating regionis to

i ncreasethg ttmecmaa%tlzhlﬁ,lnﬂt B§s£‘8&lp955tﬁé§etQeéﬁn%ﬁi' %buremgs a
candi dat e substrate for | e appl i cations. nunber of ot substitute

substrat ﬁ%anY;%eae%mvrérdop%%ve%u%l%s SRR &%a%lo%S%phySl& %bst rates,
engi neering plastic subStrates, carbon substrates and the |ike, however

fromt hedétf%agerl@ %ak;%%t 'gqa%sofsu%tsrt%%@ iR Qeessakidd i1 2 EHasithg sur face

snoot hness and conpatibility f | m deposition and the I|ike, aII are
|nadqguabgoggsgqbsgéggage éEb§BE§§e§th6u§HabE dhanet e subgkrates.

possible to confer conductivity to the substrate, however
this is difficult with glass substrates.

Just as glass substrates are mainly used even in 2.5"
HDDs, Al alloy substrates are completely unsuitable for

10 mobile applications. It was stated previously that the
hardness of the substrate is insufficient. Because substrate
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

15 consider it as a candidate substrate for mobile applications.

A number of other substitute substrates have been
proposed, such as sapphire glass, SiC substrates, engineering
plastic substrates, carbon substrates and the like, however
from the standard evaluations of strength, processability,

20 cost, surface smoothness and compatibility for film
deposition and the like, all are inadequate as substitute
substrates for small diameter substrates.

Use of a Si monocrystalline substrate has been proposed
as a HDD recording film substrate (Japanese Patent

25 Provisional Publication No.6-176339/1994). A Si
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Use of a Si nonocrystalline substrate has been proposed as a HDD recording
filmsubstrate (Japanese Patent 25 Provisional Publication

No. 6-176339/1994). A Si 5 nonocrystalline substrate is superior as the HDD
substrate because of its excellent substrate snoothness, environnental
stability and reliability, and because its stiffness is also conparatively
hi gh when conpared to a gl ass substrates. 5 Differing froma gl ass
substrate, it has at |least the conductivity of a sem -conductor.
Furthernore, because it is generally the case that a regul ar wafer

i ncludes P-type or N- type dopant, the conductivity is even higher.
Consequently, there is no problen1mﬁth charge-up during sputter filn110
formation as wt ass and it b a neta
fiIn1dir%%??9r%ﬁ€%gkﬁ%esfu ﬁ g?ﬁﬁtﬁs SEB?FH%Fn% %hﬁeggh ﬁuﬁgg favorable
t her mal conductlv ¥ th Eratg t é g ated n1forna [ [
possi bl €° %@%ﬁea? +bf ?éﬁ% tor 88°2b60e® 58 R |§ngi58PPSHtF 15
suited to_the. s Qg sy bstrates
P

filr |l
For em SEONUbLESr STC 68 la?ii"hs Ehto ussasss a1 eretRhlrng S AiRet or o
s_presently

100 mmto v ? Rh THE | NVENTI gever 3
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conductivity of a semi-conductor. Furthermore, because it is
generally the case that a regular wafer inciudes P-type or N~
type dopant, the conductivity is even higher. Consequently,
there is no problem with charge-up during sputter film
10 formation as with glass substrates, and it is possible to
sputter a metal film directly onto the Si substrate.
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
15 suited to the sputter film forming process. .Si-

monocrystalline substrates for semi-conductor IC use are

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

SUMMARY OF THE INVENTION

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

25 monocrystalline wafers is not low, it is important that as
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smal | diameter substrate by coring from6" to 8" wafers which are
presently in common use. Because the price of silicon 25 nonocrystalline
wafers is not low, it is inportant that as 6 nany HDD substrates are cut
out froma single wafer as possible. According to the invention, a nethod
for increasing the productivity of a coring process is provided. 5
According to the invention, a nethod for manufacturing a substrate for a
magneti ¢ recordi ng medi um conprises a step of coring for obtaining a
plurality of doughnut-shaped substrates having an outer dianeter of at
nost 55 mmand a preferable internal diameter of at nost 20 nmfroma 10
nonocrystalline silicon wafer having a dianeter of at |east 150 nmm and at

most 300 oy Wiy elubdhie e Ihe isPefforimeg suchdihatyped.efdover wafer
excl udi ng the plurality of substrates remains in one piece. It my be

preferablgddajidn the step of coring, the 15 coring is perforned such
that a mninumw dth (or distance) of a surface of the | eftover wafer

after the pluralddofd@hng $ebHheatieseaitd #Or &d et Rfd |fRASt nkrandk alg s 5
times the thickness of the wafer. In the step of coring it may be al so

pr ef er ablggJo A58y & FrRIN QM ddr WY rddes£ord HEQFRRRUI e on 20 the
nonocrystalline silicon substrate is less easily exerted than during that
of the cup gri AARGRHRCESS thEh8rsie@? i®n, a method for manufacturing
a substrate for a magnetic recording medium comprises a step
of coring for obtaining a plurality of doughnut-shaped
substrates having an outer diameter of at most 55 mm and a
preferable internal diameter of at most 20 mm from a
10 monocrystalline silicon wafer having a diameter of at least
150 mm and at most 300 mm, wherein the coring is performed
such that a leftover wafer excluding the plurality of
substrates remains in one piece.
It may be preferable that in the step of coring, the
15 coring is performed such that a minimum width (or distance)
of a surface of the leftover wafer after the plurality of
substrates are cored is at least 1 and at most 5 times the
thickness of the wafer. In the step of coring it may be also
preferable to use a method in which the coring pressure on
20 the monocrystalline silicon substrate is less easily exerted
than during that of the cup grinding process. The step of
coring may preferably use laser cutting or water jet cutting,
and the core is extracted such that the minimum width of the

surface of the leftover wafer after the plurality of

25 substrates are cored is at least 1.5 times and not more than
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coring may preferably use laser cutting or water jet cutting, and the core
is extracted such that the mnimumw dth of the surface of the |eftover
wafer after the plurality of 25 substrates are cored is at least 1.5 tines
and not nore than 7 2.5 tinmes the thickness of the wafer. According to the
invention, the productivity of the <coring step is inproved by not breaking
the cullet that is the leftover wafer, and leaving it in one piece. 5

BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a process overview show ng an
exanple of fabricating a substrate for a HDD magneti c recordi ng nedi um
using a silicon nonocrystalline wafer as a base plate. 10 FIG 2 shows a-
nmet hod for core-extracting seven HDD substrates having a dianeter of 65 nm
froma nocrystal]ine_, si]icon fer 2 having a diameter of 200 nm FIG 3
is a viggrgf ém%§n£%%n¥ﬂiﬁ ﬁefﬁrg%ig?gn%% €Hr in a step of coring. 15
DETAI LED DESCR] PTI CF_JH@HEREFERRQP EMBQDI MENTS The.invent%aﬁhrelates to
manuf act uri ng ‘NMeTHoOUE B “° subst TAf B8 oY RESPE ny + HY ng T whiFei n as

ey STeLL ShaPLer SURSLLRIEE 7 RESohBLeghe BhL STk chgteg.from 20

the leftover wafer, and leaving it in one piece.

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.

10 FIG. 2 shows a method for core-extracting seven HDD
substrates having a diameter of 65 mm from a monocrystalline
silicon wafer 2 having a diameter of 200 mm.

FIG. 3 is a view of a minimum width (or distance) dl in
a step of coring.

15

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention relates to manufacturing methods of
substrates for HDD recording films wherein as many small
diameter substrates as possible are efficiently cored from a

20 silicon monocrystalline wafer by a coring process.

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.

A monocrystalline silicon wafer 2 having a diameter of

25 200 mm is obtained by slicing a monocrystalline silicon rod.
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FIG 1 is a process overview show ng an exanple of fabricating a substrate
for a HDD magnetic recording nedium using a silicon nonocrystalline wafer
as a base plate. A nonocrystalline silicon wafer 2 having a dianeter of 25
200 mMmis obtained by slicing a nonocrystalline silicon rod. 8
Subsequently, a plurality of doughnut-shaped substrates 3 having an outer
di aneter of not nore than 55 nmare obtained in a step of coring. It may
be preferably subjected to a step of chanfering of the inner and outer
circunferential 5 faces of the doughnut-shaped substrates 3 and a step of
the inner and outer circunferential face-polishing. In a subsequent step
of alkali etching, a step of polishing (or grinding) both surfaces and a

step of wag the, SaRbhurdil awEt @ SRIIAIeS MR AISHA)d ok SRfact ured.
10 A step o bﬁ%ﬁ&ing orbrg§DV|§gtpreferably 10 nFFB 100 mfromthe

surface ﬂfdvﬁ% IRNQGHLS Qliliae o3 irC o thWa{hle Ghart b8 datghutssthanad

substrate nmay "be conprised preferably before or after the step of coring,

for examphe, heloredf herisiker ot £ayi BE, p?@‘f@’%gﬁl&hgu%@@t@ﬁ ¢@ring and the
step of 15 chanferlng, bet ween the Step of chanfering and the step of

ci reunt eent al f&%ﬁf@@l'nﬁh'o'fg:th%r 1@l atrf@:? R Off r Gl FHE R QNL 1 al

face- pollshlng The step of |lapping nay be nore preferably conprised,

bef org tI}‘Céc%tserOfth%ordo%thl%L%%@)e& hersien fs chaerd neand £ hevstep of
C|rcunferent|a face
inner and outer circumferential face-polishing. In a
subsequent step of alkali etching, a step of polishing (or
grinding) both surfaces and a step of washing,‘the small
diameter substrates are usually manufactured.

10 A step of lapping for removing preferably 10 pum to 100
um from the surface of the monocrystalline silicon wafer or
the doughnut-shaped substrate may be comprised preferably
before or after the step of coring, for example, before the
step of coring, between the step of coring and the step of

15 chamfering, between the step of chamfering and the step of
‘ciréumferential face-polishing, or after the step of
circumferential face-polishing. The step of lapping may be
more preferably comprised, before the step of coring, between
the step of chamfering and the step of circumferential face-

20 polishing, or after the step of circumferential face-
polishing.

The monocrystalline silicon wafer used in the step of
coring may preferably have a plane orientation of (1 0 0), a

diameter of at least 150 mm and not more than 300 mm and a

25 thickness of 0.4 to 1 mm.



20 polishing, or after the step of circunferential face- polishing. The
nonocrystalline silicon. wafer used in the step of coring may preferably
have a plane orientation of (1 0 0), a dianmeter of at |east 150 mm and not
nore than 300 mmand a 25 thickness of 0.4 to 1 mm 9 Sem conductor grade
silicon nonocrystalline wafers are expensive. Even if a 65 nm di aneter
substrate is fabricated using the nonocrystalline base plate, it wll cost
froma few tinmes to ten tinmes the cost of a glass substrate. No matter 5
how better the characteristic properties of the silicon nonocrystalline
substrate are, just this cost difference alone makes it difficult to put
these to practical use. In the step of coring, coring of seven 2.5" HDD

substrates f r QA S NalEr SamDe NI TRhasr Fhoan fi0s wifeexapie | n

FIG 2. This nmethod can be carried out according to the technique proposed
in Japangge Patent Rroy sionales RupldiGatdtr NubskG-2334461/ 98 cdtred hi s

case, by 'setting the process machining allowance during coring of the 2.5"

substrates; 59 {RAlndec AL NBNGR. |52 0 951 20PPU; belIeENcdSt adiareat feol ed
g o

substrates, .2 corin maxi mum of seven 2.5"_ substrape§ fromthe 8"_
wafer cap beg p@éfé’éﬂegjhmé‘?%ﬂ@rcos{eéf oyey189&t k@St FLEBI NiNg mitesr coring

of seven 'substrates ereinafter referred to as "cullets") are not |inked,
and 5 how better the characteristic properties of the silicon
monocrystalline substrate are, just this cost difference
alone makes it difficult to put these to practical use.
In the step of coring, coring of seven 2.5" HDD

substrates from an 8" wafer can be performed as shown for

10 example in FIG. 2. This method can be carried out according
to the techniqﬁe propoéed 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 allowance is overlapped between

15 adjacent cored substrates, coring of a maximum of seven 2.5"
substratés from the 8" wafer can be performed. However,
leftover portions remaining after coring of seven substrates
(hereinafter referred to as "cullets™) are not linked, and
scattered during processing. Although the maximum number of

20 pieces cored from the wafer 1is desirably maintained as much
as possible, however, if the cullets scatter during the
process, the work becomes complex and difficult. In addition,
the scatted cullets may collide with a disk to cause chipping
or damage the disk surface.

25 First, air-suctioning a lower surface of the substrate

10



scattered during processing. Al though the maxi mum number of 20 pieces cored
fromthe wafer is desirably maintained as much as possible, however, if
the cullets scatter during the process, the work becones conpl ex and
difficult. In addition, the scatted cullets may collide with a disk to
cause chipping or damage the disk surface. 25 First, air-suctioning a
| ower surface of the substrate 10 is effective for wafer support. However,
for substrates smaller than 2.5", the cullet portions are snall, and it is
difficult to prevent scattering by using air-suctioning alone. Although a
problemis solved if they are physically held down 5 from behind or
renmoved, this requires human intervention. Automation by robots is
possi bl ej s hereyet i vempyal wh Senosuapost nploweskr bebausabdier ks et s whi ch
are not linked will nove during processing. Furthermore, if the number of
cored snghhldéanehen 216"subkératddetspoetiord, athesnallet sndrétl inked and
can be handled as a single piece after coring. Consequently, if a mninmum
of threegptacesientbhpremént saatberingedy tikéngcalikresactannbegsappoet ed
wi thout scattering, and the manufacturing step of the coring can be
5|np!|f|ggthbpgﬁvgrpréﬁléﬁl$s|SOmvéddéﬁithbyeabecphyeicedmyihgldhdownnber
of pieces which are cored raises the cost of the snall diameter
substy at esomABeBIABdaLI eamofetihesbisonthiiéresghderandsteorvention.
Automation by robots is possible, however removal is not a
simple task because the cullets which are not linked will
move during processing.
Furthermore, if the number of cored small diameter
10 substrates is reduced, the cullets are linked and can be
handled as a single piece after coring. Consequently, if a
minimum of three places on the wafer can be fixed, the
cullets can be supported without scattering, and the
manufacturing step of the coring can be simplified. However,
15 this is not desirable because reduecing the number of pieces
which are cored raises the cost of the small diameter
substrates. Accommodation of these conflicting demands for
cullet treatment in the step of coring is a large problem.
In conventional coring by a cup grinder, it has always
20 been nécessary to maintain a minimum cullet width at a level
of 5 mm (at least 6 times the wafer thickness) between
adjacent cores in order to retain the cullet in one piece
without fracture because pressure acts on the base plate

wafer during coring. If the width is at a level smaller than

25 this, cullets will break at a constant ratio. Even after
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cullet treatnment in the step of coring is a large problem In conventional
coring by a cup grinder, it has always 20 been necessary to nmaintain a
mninmumecullet width at a level of 5 mm(at least 6 tines the wafer
t hi ckness) between adjacent cores in order to retain the cullet in one
piece wthout fracture because pressure acts on the base plate wafer
during coring. If the wwdth is at a level smaller than 25 this, cullets
will break at a constant ratio. Even after 11 coring, consideration was
given to providing a cullet as a single piece, and setting the m nimum
width to as small as possible. It should be noted that the m ni mum w dth
refers to the mnimumw dth of the surface of the cullet, whichis a5
m ni num dosiagcecbatndenathencenesgovebetwepnovhdiogre aendlethes a
circunference of the base plate wafer. When the distance between the cores
is shorteinghanptbeedi ahdneethéhgetheand¢nimumanddthetoi reusiedénes of the
base plate, in FIG 3 in which the distance dl between the three cores is
t he sanmepodbib3ell Itheshdunldnive widted tlhat hielye amenivgtmthedsaneefedsh, the
mnimumw dth is the shortest of those widths. By applying a | aser cutting
met hod otoathat atnjistim eutithngfmehkodutrdatkeofothrgcmitikdd, whiehi Avent or s
have found a way to conplete core renoval while maintaining the cullets 15
in asingieipuacdiseeanewbetnweke mhei tomesublrebewivéeh ithencorepread han 5
times the wafer.
the circumference of the base plate wafer. When the distance
between the cores is shorter than the distance between a core
and the circumference of the base plate, in FIG. 3 in which
the distance dl between the three cores is the same, dl is
10 the minimum width. If they are not the same width, the
minimum width is the shortest of those widths.
By applying a laser cutting method or a water jet
cutting method to the coring method, the inventors have found
a way to complete core removal while maintaining the cullets
15 in a single piece, even when the minimum cullet width is no
more than 5 times the wafer.
Laser cutting is a method of cutting by concentrating
laser light from an oscillating device such as a CO; gas
laser, a YAG laser or a laser diode or the like.
20 It has been found that when thermal coring such as by
laser cutting is used, the minimum width may be preferably at
least 1.5 times and not more than 2.5 times the wafer
thickness because pressure on the wafer substrate is not

generated. However, instead of pressure, because of the

25 increase in temperature of the laser irradiated portion,
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Laser cutting is a method of cutting by concentrating Ilaser light froman
oscillating device such as a CO2 gas |aser, a YAG |aser or a |aser diode
or the like. 20 It has been found that when thermal coring such as by

| aser cutting is used, the mninumw dth may be preferably at least 1.5
times and not nore than 2.5 tines the wafer thickness because pressure on
the wafer substrate is not generated. However, instead of pressure,
because of the 25 increase in tenperature of the |aser irradiated portion,
12 there may be cases in which a mninumwdth that is less than the wafer
t hi ckness cannot w thstand the heatshock. Accordingly, the m ninmumw dth
may be preferably at | east the sane as the wafer thickness. Furthernore,

the mni pHEvw fhh BemeYsbe prefvatahl ¥ gieamem whanhf ithett ised etsise thaber
t hi ckness, because it increases the cost due to a reduction in the nunber

of coredtpkeagserhBACanE82 kasebti siskktandt hiel asatshbicght source in the
| aser cutting nmethod, the power density mnay be conparatively lowwth

respect phecbheihange tetahih@mpeweidtheabynby beegasiaby yt mandfeerstedhteo t he
cored substrate and the cullets, and there may be a tendency to fracture

because ghnpbeak $hecCkardirghhpewaesdensitytisotindrst atkel aseinun(wddtbxanpl e
YAG | asers) may be nore preferable, as thermal |oss to surrounding nmembers
is | oy apdyt be baseerRONS greathr atlwmalfliyeutdiiesedhlomwafen rf iidieelss,
because it increases the cost due to a reduction in the
number of cored pieces. When a CO; laser is set as the laser
light source in the laser cutting method, the power density
may be comparatively low with respect to the large total
10 power, heat may be easily transferred to the cored substrate
and the cullets, and there may be a tendency to fracture
because of heat shock. High power density solid-state lasers
(fqr example YAG lasers) may be more preferable, as thermal
loss to surrounding members is low and the laser power is
15 . actually utilized for coring itself.

Water jet cutting is a cutting method in which an
abrasive material such as garnet having an average particle
diameter of 20 to 200 pm, is mixed into high pressure water
of at least 100 MPa and jetted. Water jet cutting may be

20 advantageous because the standoff distance (processing width)
is small, a large pressure on the substrate is not generated,
and heat effects are substantially absent. The width of the
shortest cullet portion may be substantially the same width

as with laser cutting, and may be preferably at least equal

25 to but not more than 5 times the wafer thickness. It may be
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Water jet cutting is a cutting nethod in which an abrasive material such
as garnet having an average particle dianeter of 20 to 200 pm is m xed
into high pressure water of at |least 100 MPa and jetted. Water jet cutting
may be 20 advant ageous because the standoff distance (processing width) is
small, a large pressure on the substrate is not generated, and heat
effects are substantially absent. The width of the shortest cullet portion
may be substantially the sane width as with laser cutting, and nay be
preferably at |east equal 25 to but not nore than 5 tinmes the wafer
thickness. It may be 13 nore preferably at least 1.5 tinmes and not nore
than 2.5 tinmes the wafer thickness. O course it is also possible to | eave
behi nd amorknpegrakablll et Wetbtalnbniimeswedtihnot motenbhentBad 5 times 5
even with a conventional cup grinder by adjusting the manufacturing process
accor di nghiMesFencexafplethiwckhesgppi ng, the m ninmumw dth portion of the
cullet is strained just prior to coring, causing the greatest tendency to
fracture. Altbeugbutbe ptoducaivybtyossibhertdi tedyehbkiing afi the 10
grinder velocity and | arge reduction of the cutting pressure just prior to
the coringtéferlexanpke atita at ageiatmwhiichht b€ noemabmienghthi Gknegest o be
cut is inthe order of 0.1 mMmmto 0.2 mm) can produce the cullet in one

pi eces Hewewelyi thbacauseeht ibsanotupr ggsnterf bge akdijkettihg ltager cutting

ethod manufacturing process accordingly. For example, with cupping,
the minimum width portion of the cullet is strained just
prior to cofing, causing the greatest tendency to fracture.
Although the productivity is sacrificed, halving of the
10 grinder velocity and large reduction of the cutting pressure
just prior to the coring (for example at a stage at which the
remaining thickness to be cut is in the order of 0.1 mm to
0.2 mm.) can produce the cullet in one piece. However,
because it is not pressure free like the laser cutting method,
15 the minimum thickness may not be reduced to 2.5 times or. less.
If the base plate wafer is fixed by at least three
points due to the cullet being left in a single piece, there
is no necessity to insert any surplus steps into the entire
process. Furthermore, when the substrate for coring is a
20 small diameter substrate having a diameter of 2" or less the
size of the leftover cullet portions is reduced further.
Since methods such as air-suction are also more difficult to
use, it is extremely advantageous to simplify the
manufacturing process by cullet integrality.

25 The step of coring may include outer diameter coring
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15 the m ni num t hi ckness may not be reduced to 2.5 tines or. less. |If the
base plate wafer is fixed by at |least three points due to the cullet being
left in a single piece, there is no necessity to insert any surplus steps
into the entire process. Furthernore, when the substrate for coring is a
20 smal | dianeter substrate having a dianeter of 2" or less the size of
the leftover cullet portions is reduced further. Since nethods such as
air-suction are also nore difficult to wuse, it is extrenely advantageous
to sinplify the manufacturing process by cullet integrality. 25 The step
of coring may include outer diameter coring 14 (outer circunferenti al
coring) and inner diameter coring (inner circunferential coring) Either
t he i nnerodicametércundeiregtdrlt kordnger adidarmpner cddrimedecacdrdngarri ed out
at first. 5 Although it does not matter whether it is before or after the
step of danneg, citcuafehenprieflecaliagie pEbtvhde Bhesiwpesfdiapptay for
polishing off preferably 10 mto 100 m froma wafer surface. Wen the step
of | appi ngriisgpreavittied oudktre diahe tstre goaflngociang bei tcamayi dde owtodtded, for
exanple, 10 between the step of coring and the step of chanfering, between
t he stepfatstchanfering and the step of circunferential face-polishing, or
after the step of <circunferential face-polishing. The step of |apping may
be 5 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,
10 between 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
preferably provided between the step of chamfering and the
15 - step of circumferential face-polishing, or after 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
20 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 also possible to provide a step of chamfering of

the inner and the outer circumferential faces and a step of

25 circumferential face-polishing after the step of coring of
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preferably provi ded between the step of chanfering and the 15 step of
circunferential face-polishing, or after the step of ~circunferential
face-polishing. In the step of lapping, warping or swelling of the wafer
base plate or the doughnut-shaped annul ar substrate may be inhibited and
the thickness may controlled for the purpose 20 of determ ning an
appropriate anount to be polished in subsequent steps. In the fabrication
of the HDD substrate shown in FIG 1, it may be al so possible to provide a
step of chanfering of the inner and the outer circunferential faces and a
step of 25 circunferential face-polishing after the step of coring of 15
the base plate such as wafer. The angl e and di nensi ons of chanfering may be
for the whetbpaet pleser iscictd aas wstfemdar d di nensi ons. Usual |y, the
substrate can becone a finished product through the step of 5 chanfering.
However, grindi Igepantilel esdaddmpnecess wéstbamfikicrdéhgadher be tfort deedge or
circunferential face may act to cause a reduction in substrate strength or
may beconmoat ghatt iregtpdiotied as sihsideate dimsnsieonsHentepaill yraghbe
preferably subjected to the step of circunferential face 10 polishing after
t he step shibshanfer icag bewdrchen ffioitsheds pepduaft dthatoiugd ftdre rssrmpviafy t he
distorted layer. The circunferential face neans the inner circunferential
| aterad 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-
10 polishing after the step of chamfering, and then to the step
of etching for removing the distorted layer. The
circumferential face means the inner circumferential lateral
surface and/or the outer circumferential lateral surface of
the doughnut-shaped substrate.
15 After the step of circumferential face-polishing, or
after the step of lapping 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
20 substrate that has been alkali-etched, and a subsequent step
of washing.
The step of alkali-etching for removing the procesé
distortion from the step of lapping or the step of
circumferential face-polishing, may be carried out, for

Q,

25 example, by dipping in a 2 to 60 weight % solution of sodium
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surface and/or the outer circunferential |ateral surface of the
doughnut - shaped substrate. 15 After the step of circunferenti al
face-polishing, or after the step of lapping after the step of
circunferential face-polishing, it nmay be preferable that the substrate
undergoes further steps including a step of alkali etching, a step of
polishing the upper and | ower surfaces of the 20 substrate that has been
al kal i -etched, and a subsequent step of washing. The step of
al kal i -etching for renmoving the process distortion fromthe step of
| appi ng or the step of <circunferential face-polishing, may be carried out,
for 25 exanple, by dipping in a 2 to 60 weight % solution of sodium 16
hydr oxi deyakbehdé swai cd0is0ab000 Thees8t®p of polishing the upper and | ower
surfaces of the alkali-etched substrate can be carried out in any of the
met hods known The téiee@ref polisximpl eheitppay dedpbseebl surbadesl afp a
substrate nmounted in a carrier between an upper plate and a |ower plate,
and whi | ehe od Bkahg-¢hehsdbstbateateocapobésharhéedubstr aheanyt hfcthkoi dal
silica as the grinding particles. The step of washing can be carried out
in any ahetheds lBnoethbdstkaoantin Edie examsieh s nayshe vieshs Hglerto
chem cal washing with an alkali and/or an acid sol ution.
5 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

10 methods known in the art such as brush washing or chemical
washing with an alkali and/or an acid solution.

The substrate for a magnetic recording medium of the
invention can be treated in the same way as a conventional
substrate. Introduction of a soft magnetic layer and a

15 recording layer for example 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.

20 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.

25 An overview of examples is given below.

17



The substrate,for a magnetic recording nediumof the invention can be
treated in the sane way as a conventional substrate. Introduction of a
soft magnetic |ayer and a 15 recording |ayer for exanple can produce a
per pendi cul ar magnetic recording nedium To increase close contact with
the soft magnetic layer, it may be also possible to provide a priner |ayer
in advance prior to formng the soft nagnetic layer. 20 It may be al so
possible to provide a protective layer and a lubricating |ayer above the
recording layer. The invention will be explained based on exanpl es bel ow,
however the invention is not limted to them 25 An overview of exanples is
given below. 17 A large dianmeter nonocrystalline silicon rod is sliced so
that a wafer i3 Iargedighetenfrenocryappblingtdlihbeeriyed parsiered to
even out its thickness and surface. Next, the doughnut-shaped annul ar
substrates thatcatwalerofst hernedaf eFhg wyfer | b3 ckappenn Wi YaGhageive
oscillation apparatus or ny cup grinding processing. A plurality of
substratesrhielelhuso preduced dte tbickaeabogrd RExfacehe MeRges ®Ret he
inner and the outer circunferential faces of the substrate are renoved by
gri ndst odeugBubseghepetlyannhéatr spbsanatesarrsuFiiceytopfithehwadgbstrat e
are polished so that the desired substrate is obtained. Next, grinding
agents adieai hgseo fhemsab¥ihfFaleser oscillation apparatus or by cup

grinding processing. A plurality of substrates are thus

produced due to the above. Next, the edges of the inner and

the outer circumferential faces of the substrate are removed

‘by grindstone. Subsequently, the front and rear surfaces of

10 the substrate are polished So that the desired substrate 1is
obtained. Next, grinding agents adhering to the substrate
are removed in the step of washing so that production of the

substrate is completed.

15 Example 1

A wafer having a diameter of 200 mm was obtained by
slicing a large diameter monocrystalline silicon ingot.
Eleven doughnut-shaped annular substrates having an outer
diameter of 48 mm and an inner diameter of 12 mm were

20 obtained with a cup grinder. At this time, a minimum width
dl between the doughnut-shaped annular substrates was set to
5 times the wafer thickness and the grind stone supply speed
was reduced to.be half at a point of 0.2 mm before complete
coring. Consequently, the cullet which was the leftover

25 wafer was left in one piece without damage. Subsequently,
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are renmoved in the step of washing so that production of the substrate is
conpleted. 15 Exanple 1 A wafer having a dianeter of 200 mm was obt ai ned by
slicing a | arge dianeter nonocrystalline silicon ingot. Eleven
doughnut - shaped annul ar substrates having an outer dianmeter of 48 nm and
an inner dianeter of 12 mm were 20 obtained with a cup grinder. At this
time, a mnimumw dth dl between the doughnut-shaped annul ar substrates
was set to 5 times the wafer thickness and the grind stone supply speed
was reduced to be half at a point of 0.2 mm before conplete coring.
Consequently, the cullet which was the | eftover 25 wafer was left in one
pi ece wi t hout damage. Subsequently, 18 coring was carried out. |t took 400
m nut es dar mooess dameledudel s did teaska 406 glinUER ss ies s sudrigre
obtained. A large nunber of substrates were obtained in a short period of
time wwdbarts cdinppinge oreslahiged osbsier 3te s déere hebbevinedusdd I3r9s t he
cullet. Exanple 2 Qther than setting the mnimumw dth dl to be three
times t heundederof hidkaesateproees solmee waed ciit rd ethout Paripe ofotshmae
manner as in Exanple 1. The cullet which was the leftover wafer was left in
one pi ecel whdbuth tewige. or Sldrsagredt | Yhe conr higcoatheteef edavaed PY t ook
440 m nutes to

5 the cullet.

Example 2

Other than setting the minimum width dl to be threeb
times the wafer thickness, processing was carried out in the
10 same manner as in Example 1. The cullet which was the
leftover wafer was left in one piece without damage.
Subsequently, coring was carried out. It took 440 minutes to
process five wafers and as a result 60 substrates were
obtained. A large number of substrates were obtained in a
15 short period of time without chipping or damage-on the

surface thereof caused by the cullet.

Example 3
Apart from setting the minimum width dl to be eight

20 times the wafer thickness and leaving the grind stone supply
speed at its regular speed, processing was carried out in the
same manner as in Example 1. The cullet which was the
leftover wafer was left in one piece without damage. However,
the number of doughnut-shaped annular substrates obtained was

25 as low as 8 pieces. Subsequently, coring was carried out.
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process five wafers and as a result 60 substrates were obtained. A large
nunber of substrates were obtained in a 15 short period of tinme wthout

chi ppi ng or danage-on the surface thereof caused by the cullet. Exanple 3
Apart fromsetting the mnimumw dth dl to be eight 20 tinmes the wafer

t hi ckness and | eaving the grind stone supply speed at its regular speed,
processing was carried out in the sane nmanner as in Exanple 1. The cullet
which was the |eftover wafer was left in one piece w thout damage.
However, the nunber of doughnut-shaped annul ar substrates obtai ned was 25
as low as 8 pieces. Subsequently, coring was carried out. 19 It took 370
mnutes to process five wafers and as a result 40 substrates were

obt ai nedIt Theokb3 P neingtest Fat REOERSS nbt Ve nWaEeERi PPAngSof d8FHGE 8A the
surface thereof caused by the cullet. 5 Conparative Exanple 1 Apart from
setting sWeshratesnverdt pobriredo. sThe RiFainrd R L IHF K 1E5S, "PF ocessi ng
was carried out in the same manner as in Exanple 1. The cullet which was
the | ef thyee coippirg usdamptagedaklesearfaredthrERdli RgUERE BYnbBHEd
cullet, coring was continued. It took 560 mnutes to process five wafers
and as acwkkglt 60 substrates were obtained. However,

5

Comparative Example 1

Apart from setting the minimum width dl1 to 0.5 times
the wafer thickness, processing was carried out in the same
manner as in Example 1. The cullet which was the leftover
10 wafer was damaged and scattered. Removing the damaged cullet,
coring was continued. It took 560 minutes to process five
wafers and as a result 60 substrates were obtained. However,
substrates were also scratched during breakage of the cullet

so that only 40 substrates could actually be used.

15
As given above, it has been found that the cullet
remains in one piece and the substrates efficiently obfained
when the minimum width is set at 2.5 times to 5 times the
thickness of the wafer for cup grinding processing.
20

Example 4

A 200 mm diameter wafer was obtained from the large
diameter monocrystalline silicon rod 1. Twelve doughnut-
shaped annular substrates 3 having a diameter of 48 mm and an

25 inner diameter of 12 mm were obtained with a YAG laser
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substrates were al so scratched during breakage of the cullet so that only
40 substrates could actually be used. 15 As given above, it has been found
that the cullet renmains in one piece and the substrates efficiently
obtained when the mnimumwdth is set at 2.5 tinmes to 5 tines the

thickness of the wafer for cup grinding processing. 20 Exanple 4 A 200 nm
di aneter wafer was obtained fromthe |arge dianmeter nonocrystalline
silicon rod 1. Twel ve doughnut- shaped annul ar substrates 3 having a

di ameter of 48 mmand an 25 inner dianeter of 12 mmwere obtained with a
YAG | aser 20 processing device. At this tine, the mnimumw dth dl

bet ween the doughnut - shaped annul ar substrates was set to be twce the

vaf er t hhekaessindhgesuttet mhiwi svasindie ded trovermumededtivedl | eft in one
pi ece without danage. Subsequently 5 coring was perforned. It took 50

mi nut es porpPEesestef§ hyeghnatessapad asnalaesstibstPasabstaat estwenebe
obtained. A large nunber of substrates were obtained in a short period of

time wthost €hépphngrothdarRBgsson THe ulfeicesthel eods celusele byovehe
cullet. 10 Exanple 5
wafer was left in one piece without damage. Subsequently
5 coring was performed. It took 50 minutes to process five
wafers and as a result 60 substrates were obtained. A large
number of substrates were obtained in a short period of time
without chipping or damage on the surface thereof caused by
the cullet.

10
Example 5

A 200 mm diameter wafer was obtained from the large
diameter monocrystalline silicon rod. Thirty doughnut-shaped
annular substrates having an outer diameter of 26 mm and an

15 inner diameter of 7 mm were obtained with a YAG laser
processing device. At this time, the minimum width dl
between the doughnut-shaped annular substrates was set to
three times the wafer thickness. The cullet which was the
leftover wafer was left in one piece without damage.

20 Subsequently coring was performed. It took 60 minutes to
process five wafers 2 and as a result 150 substrates were
obtained. A large number of substrates were obtained in a
short period of time without chipping or damage on the
surface thereof caused by the cullet.

25
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A 200 mm di aneter wafer was obtained fromthe |large dianeter
nonocrystalline silicon rod. Thirty doughnut-shaped annular substrates
havi ng an outer diameter of 26 nmand an 15 inner dianmeter of 7 mm were
obtained with a YAG | aser processing device. At this time, the m ni num

wi dth dI between the doughnut-shaped annul ar substrates was set to three
times the wafer thickness. The cullet which was the |eftover wafer was

|l eft in one piece without damage. 20 Subsequently coring was perfornmed. It
took 60 minutes to process five wafers 2 and as a result 150 substrates
were obtained. A large nunber of substrates were obtained in a short
period of time w thout chipping or danage on the surface thereof caused by
t he cullgkam%QeZE Exanple 6 Apart fromsetting the mininumw dth dl to be
1.2 times € wafer thickness, processing was carried out in the sane
manner as in ExgaEpkerPomTBetetihbethehindhiwas whethetitover be walertilmefd in
one piece w thout damage. Subsequently coring was perfornmed. It took 70
m nut es t@ePvadess thiiv&neaiser $ranedssdsg waes Warri@Q suhstimtiese et
obt ai ned. A |l arge nunber of substrates were obtained in a short period of
ti lrrr: Wi t hewherChispRinn@x@inpdamege Dhet baldutf angéchheaeotheansgdolyert he 10
cullet.

5 wafer left in one piece without damage. Subsequently coring
was performed. It took 70 minutes to process five wafers and
as a result 180 substrates were obtained. A large number of
substrates were obtained in a short period of time without
chipping or damage on the surface thereof caused by the

10 cullet.

Comparative Example 2
Apart from.carrying out coring by cup grinder,

processing was carried out in the same manner as in Example 5.
15 A 200 mm diameter wafer was obtained from a large diameter

monocrystalline silicon rod. An attempt was made to obtain

30 doughnut-shaped annular substrates having a diameter of 26

mm and an inner diameter of 7 mm with a cup grinder, however

the wafer was damaged and scattered, and none could be

20 obtained.

Comparative Example 3

Apart from setting the minimum width dl to be 0.5 times
the wafer thickness, processing was carried out in the same

25 manner as in Example 5. One portion of the cullet that was
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Conparative Exanple 2 Apart fromcarrying out coring by cup grinder,
processing was carried out in the same nmanner as in Exanple 5. 15 A 200 nm
di aneter wafer was obtained froma |large dianmeter nonocrystalline silicon
rod. An attenpt was nade to obtain 30 doughnut-shaped annul ar substrates
having a dianeter of 26 mmand an inner dianmeter of 7 mMmmwth a cup
grinder, however the wafer was danaged and scattered, and none could be 20
obtai ned. Conparative Exanple 3 Apart fromsetting the mninumw dth dl to
be 0.5 tines the wafer thickness, processing was carried out in the sane
25 manner as in Exanple 5. One portion of the cullet that was 22 the

| eftover wafer was damaged. Renoving the damaged cullet, coring_ was
subsequetihky ledtrived water| wasodkmeQ@dyi nBeBeVing phecdsnagedafriidetnd as a
result 200 substrates were obtained. However, the substrates were

scr at chedowhiey whe subseduenidre cargapigeiitso Thatookl y024nisubser 4Pes
could be actually used. Wwen the mninumw dth dl is set to be 1 to 2.5
times theoneber St Wadlkerss antlop st e regddit QPG istidp s&d agieve Wedisowd tginedhas
been found that the cullet remains in one piece and the 10 substrates can
be even Howevef,i thenshpstbriicsederExSayladche wafear Uhgyicvg-letd afdter of

200 mMm was obtained froma
5 damaged so that only 140 substrates could be actually used.

When the minimum width dl is set to be 1 to 2.5 times
the wafer thickness for the laser cutting as given above, it
has been found that the cullet remains in one piece and the

10 substrates can be even more efficiently obtained.

Example 7

A wafer having a diameter of 200 mm was obtained from a
large diameter monocrystalline silicon rod. Eleven doughnut-

15 shaped annular substrates having an outer diameter of 48 mmb
and an inner diameter of 12 mm were obtained with a water jet
processing device using garnet particles #220. At this time,
the minimum width dl between the doughnut-shaped annular
substrates was set to be three times the wafer thickness.

20 The cullet which was the leftover wafer was left in one piece
without damage. Subseguently, it took 40 minutes for coring
to process five wafers and as a result 55 substrates were
obtained. A large number of substrates were obtained in a
short period of time without chipping or damage on the

25 surface thereof caused by the cullet.
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| arge di aneter nonocrystalline silicon rod. Eleven doughnut- 15 shaped
annul ar substrates having an outer dianeter of 48 nmand an inner dianeter
of 12 mmwere obtained with a water jet processing device using garnet
particles #220. At this time, the mninmumw dth dl between the
doughnut - shaped annul ar substrates was set to be three tines the wafer
t hi ckness. 20 The cullet which was the |leftover wafer was left in one piece
wi t hout damage. Subsequently, it took 40 mnutes for coring to process
five wafers and as a result 55 substrates were obtained. A |arge nunber of
substrates were obtained in a short period of tinme w thout chipping or
damage on the 25 surface thereof caused by the cullet. 23 Exanple 8 Apart
fromsetting the mnimnumwi dth dl to be 1.2 tines the wafer thickness,
processing was carried out in the sane 5 manner as in Exanple 7. The
cul | et whixehpdes 8t he | eftover wafer, left in one piece wthout damage.
Subsequently, coring required 45 mnutes to process five wafers and as a
result 60 subsPparés fweme sebtargedheAninigemnwieh el toubst dates lwmese
obtained in a short period of tinme w thout 10 chi ppi ng or damage on the
surface tther eoff egadddd Xne sishe ProFeslnaCHFarcatinie Eeartplig £hmpaand r om
setting the mnimnumw dth dl to be 0.5 tines

5 manner as in Example 7. The cullet which was the leftover

wafer, left in one piece without damage. Subsequently,

coring required 45 minutes to process five wafers and as a

result 60 substrates were obtained. A large number of

substrates were obtained in a short period of time without
10 chipping or damage on the surface thereof caused by the

cullet.

Comparative Example 4

Apart from setting the minimum width dl to be 0.5 times
15 the wafer thickness, processing was carried out in the same
manner as in Example 7. A portion of the cullet which was
the leftover Wafer was damaged. Removing the broken cullet
and continuing coring, 56 substrates were obtained from
processing five wafers in 60 minutes. Substrates were also
20 scratéhed when the cullets were damaged, so only 50 could

actually be used.

It was found that when the minimum width dl is set by
water jet cutting to be 1 to 2.5 times the wafer thickness as

25 given above, the cullet remains in one piece and the
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15 the wafer thickness, processing was carried out-in the same nmanner as
in Exanple 7. A portion of the cullet which was the |eftover wafer was
damaged. Renoving the broken cullet and continuing coring, 56 substrates
were obtained from processing five wafers in 60 m nutes. Substrates were
al so 20 scratched when the cullets were damaged, so only 50 could actually
be used. It was found that when the mninumw dth dl is set by water jet
cutting to be 1 to 2.5 tines the wafer thickness as 25 given above, the
cullet remains in one piece and the 24 substrates can be even nore
efficiently obtained. 25 CLAIMS 5 1. A nethod for manufacturing a
substrate for a nmagnetic recording nedium the nethod conprising: a step
of coringupstrabeai nangba pvenanprg effioidotgkinabtashapdd substrates having
an outer dianmeter of at nobst 55 mmfroma nonocrystalline silicon wafer
having a dianeter of at |east 150 nmand at nost 300 nm wherein the
coring is perfornmed such that a |leftover wafer excluding the plurality of
substrates cored remains 15 in one piece, and wherein the coring is
performed such that a mnimumw dth of a surface of said | eftover wafer
after

25



the plurality of substrates are cored is 1 to 5 tines the thickness of
said wafer. 20 2. The nmethod for manufacturing a substrate for a nmagnetic
recording medi umaccording to claiml, wherein in said step of coring, the
coring is perfornmed using a laser cutting or a water jet cutting such that
said mnimumw dth of said surface of said |leftover 25 wafer is 1.5 to 2.5
times the thickness of the wafer. 26

CLAIMS

1. A method for manufacturing a substrate for a
magnetic recording medium, the method comprisingﬁff;
a step of coring for obtaining a plurality of
10 doughnut-shaped substrates having an outer diameter of at
most 55 mm from a monocrystalline silicon wafer having a
diameter of at least 150 mm and at most 300 mm,
wherein the coring is performed such that a leftover
wafer excluding the plurality of substrates cored remains
15 1in one piece, and wherein the coring is performed such that
a minimum width of a surface of said leftover wafer after
the plurality of substrates are cored is 1 to 5 times the

thickness of said wafer.

20 2. The method for manufacturing a substrate for a
magnetic recording medium according to claim 1,
Qherein in said step of coring, the coringiis
performed using a laser cutting or a water jet cutting such
that said minimum width of said surface of said leftover

25 wafer is 1.5 to 2.5 times the thickness of the wafer.
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