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GLASS SUBSTRATE POR IlfFORMA1'.ION RECORDXNG MED%t7M, 

.M.trlBOD·OF MAmJl'AC!URING !HE SUBS'.m.An, DGNETIC 

8ackwronn4 of t.he tn¥9nt.1on: .. 
~ . 

~is f n99nt.ion nl~~es t.o a magnet..te. reco:r:4ing ... 
I~ • • • 

modiwn £or recordin9 and reii;c>auc!ng at a·b1g'h dansity,·a 
; . . 

. golass subst.rat.e for t.he m~at.1c .teood.ing raecU.\lm and a 

mat.hod of tnanufact.urJ.nv the.same.; 

' 

Recently, a magn.et.ic difll)c ha~ing a h1gh recording 

dene1t.y has been 4eman4e4. To achi.eve t.he high :recorcUng 

density, 1~ ls import.an~ t.o ~educe a fly1ng helqh~ of .a ' 

magne~1c head for a surf ace of a magnet~c recording 

me4!1U1. I!I recent. years, 1t has been requ!re4·t.hat. t.be 

flying he1qh~ fal1s wit.bin ~he range be~waen 0.1 and o.i 

JI.DI. ~o satisfy such a require.manl, t.he magnet.le disk 

having the high reea1"6.ing aens1t.y has been developed as 

··disclosed in Japas:ieae Unexamined Pat.ent. Publicat.ions llo.11. 

&5-303735 and H8-293177. 

tn t.he magnetic diak disclosed ~n t.he al>ove­

men~iane4 Japanese Unexanined Patant Publ1ca~1on Ro. 

BS-303735, an annular-shape subatra~e (glass subs~rata) 

has a. surf ace roughness Ra of 1 p. m or less a.net a 

flat.ness of i p.m or less. 'l?here))y, t.he flying height. of• • 
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~he magne~ic head ror t.lle magnetic disk ~s redu~ed ~o 

realize t.he high recording densit.y. :In t.he above­

ment~oned convent.ional ~echn1que, adait1gnal d1sclosu:r:e 
I 

is made abou~ a polishing Me~hod for smoot.hin' the 

surface :r:oughnese of the illln~lar-shape4 s'Ghst.:r:at.e (g1ass 

subst.rat.e), and lbe glass subst.rat.e.w1th 1t.s surface 

~lnished ~n • supe~-11noo~h~~ manner ao·t.ha~ t.he.surface 

roughneiss i.e set- t.o 0.3 mu ~r: 1es• by lta u4 5 nm az: 1eae 

by Dnwt. 

Fort.he:, 41.sclosuze ··.ls made about. a upet.:1c disk 
. . 

which !a-equipped in a cljn~p head loacling. ~:ne.magnet.ic 
. . . 

disk drlve in the Japanese Unexamined Va~en~ Pablieation . . 
Ro. 88-293177. In1t.he above"mentJ.oned dynamic head 

loadio9 t.ypt! magnet.le d.isk drive,, t.he lleaa. is sep~at.ed. 

from ~he 41ok auzing a st.op operation inst.eaa of t.be ccs 
. arive in Which t.he bead halt.a on t.he llledi'lDll during 

at.art./slop t>perat.ions of t.he matnet.ic diak.. Thia 

magne~i~ disk is structa.rea. by tormJ.ng ~ ID8fJ!l•~~c· layer 

hav~ng a super &1110oth finiskea magne~le sur~ace ana a · 

prot.ect..lon layer having a super •nt0ot.h finJ.shed 

proteation surface on a supe~ smooth finished staba~rat.e. 

Thereby. a magne~ic distance bet.ween 'the head and t.b.e 

lJU!dium is re4uce4 ~o real~ae the high ~eoording 4ens1~y. 

Pur~her. addi~ional disclosure 1s maae about a met.hod for 

' 

' reducing a distance (effec~ive flying hei~ht.) bet."8an ~he 

surface Of t.lle 11tagnet!c laye:r and t.he. IQaqnelic bead by. 

reducing the film ~hickness of lhe pro~ect.ion layer~ 

• 

• 

• 
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In ·t.be above-inent.1oned canvent.~onal maqnet_:!c 

recording mcdiuin, t.11e magnetic d1st.ance bet.ween t.he head 

an4 t.he •ed~uni can beeuf~1c~•n~ly reduced by se~~~ng 

Rmu:: and Ra t.o pre4et.er.nained values or less. However, 

according l~ inventor's research, i~ has been fo~d out 

that t.he magnet.ic: ebarac:te:rist:l.c::, such as tile coe:rc.1.ve 

:foree and ~1e S/JI rat.ia, ancl t.ha :record/reproi!Uc:e 

obaraet.er~a~~c do no~ su:ff!iciamt-l.y eat.J.sfr t.he reden~ 

Bt%1Ct. demand ~n t.he convett~ional magnet.le reeording . 
:medium. Kamaly, eftn When tbe magnetic recording metia 

are ma11u:faet.urea. ill t..he . ooncli t.ion t.hat. the surface . . . 
roughness of Uie gl.ass aubat.rat.e. and t.he manafact..uring 

eoQ41t1on 0£ ~he magnetic layer foraea thereon &J:e made 

·Qni!ozm, the ma90e~~c disk hav~~t an exce11ent. magnet.~e 

aharac~eria~ic can not. be'atwaye obtained. ~he invent.ors 

have enthua1ast.icall.y researchea about. this cause. As a 

resal~. it baa been coh~lud.ed t.ha~ the cause result.s in 

Ute variat.1011 of t.he aurfac@ roughness of .the glass 

subat.rat.e, and t.he ccyst.al growth of a t.h.1.n £1.lm formed 

t.hereon, sucll as t.he magnet.J.c layer, is c11st.u2"bed due t-o 

t.he variat.lon t.o deteriorate the magnetic charac~eristic . . 
·and t.he recoL"4/reproauea eharact.erist:Lc. ~hat. is, Ule 

surface s~at.e (~he surface rcavbness and the variat.~on of 

~he surface roughness) of the glass aubst.~a~e rela~es t.o 

the crya~al grain of the underlying layer and t.he 

magne~ie layor which are formed ~hereon. ~herafore, :L~ 

is necessary ~o suppress the surf ace roughness of ·the 

91aes subs~ra~e and ·~~al~za t.he cz:ys~a1 gra~ns of t.he 

' 

• 
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~h~n ~ilm fo::aned lhereon ~o ob~ain ~he ~a~ne~ia recordin~ 

mediUlll whiah has an excellent magnetic eharactaristi~ and 

wb~ch 18 capable of recording and reproducing at ~he h~gh 

densit.y. . 
on t.be ot.bez- hand, the relat.ioa bet.ween Rmu: ant! 

Ra has 11ot. been cons.:taerea at. al.l in t.he abcva-mant.1oned. 
' 

convent.im1a1 Jnagnetic :recotjling J11ed1wn. 'lberefore, even 

i:f 't.h• •ubet.~at..e 1.u exca••t"i;Sly mnoot.hea. t.he mapet.:Lc 

cbaraa~eristic.of ea.eh magn-iic recording medimn ~s 

fluet.uat.ec1 ff11en a plaralit.y of magnet.J.c recorcun!J me4.ia 
' 

are manufact.\\tie4. Namely, even when ue Mgnet.ic meila 

are mariufac~urea in t.he eon4ition tJia~ t.he surface 

.rou9hness of t.he ylaso aubst.:r:at.e and. the magnet1a layer 1 

formed t.hereon are kept in "-he 8,Jme :manuf aet.ur1ng 
I 

aonai~ion, the mac:.rnet.ic 4.tsk having stable and exee11en~ . . 

mavnetic characteris~i~ can no~ be always obtained~ Xft 

part.icula~, the variation of the magnet.1c character1s~1c 

remarlcab1y occurs when t.he .mapet.ic Clisk ls JDal\u!act.una , 

by the use or ~he known in-l1ne type sput.t.ering mat.hod. 

-:rtaerefore, ~nventors has enthus1as~1cally 

researched t.lte causes. As a result., it. has been found 

· out t.hat. Uie re lat.ion (Dmax/lla) bet.ween t.he sarf aee 

roughnasa Rmax and Ra is no~ apee1f1ed in the conven• 

t1onal techniques. Consequently, 1~ has been conc1uded 

~hat ~he fluct.uat.ion of the •aqnetie characteristic of 

each magnetic diak may OCCUr With ~he var1a~10n Of ~ha 

a.bove-ment.ioned relation (Bnlax{Ita). 

' 

• 

• 
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~axx 0£ tne Inven~ion: 

~hiu invent.ion is performed baseCl upon lhe aJ:>ove­

men~ioned analyzed resu1~. I~ 1s an objee~ of t.llia 

invention to provi4e a magnetic recorainq mec11um which 

has a s~able and excellent magne~ic ahazact.er~st.ic and 

which is eapable 0£ recording- and repr0Clucin9 at. a high 

density. 

· Acooi:ding t.o this j.nvention. 'the · ·au:r:faae rou9h­

nese of the glass sttbet.z-at.~.· and.. the va-r1auon of t.he 

surf ace roughness are suppressed t.o t.he pre4et.e.!Dine4 

ra1l9e. 11am~l1. the auzface magbneas cllliuuc, aa, aci, a.na . 
t.lie re1at.1ou (Bmax/Ra) bet.ween RllD. anr:t· Ra are rest.rict.ea. 

t.o t.he pre4et.e.naine4 2:an.ge. In t.his event., lta is 

~epresent.at!ve of a een~er~lina.mean roUgbness, Ima: is 

defined as a_maxi•um he1gh~ :epreaenta~ive of a 41ffer-

enee bet.wee11 a. h:lghest. point. ana a lowest. .poin~ aad aq :ls 

represen~a~i"U'e of a roo~ mean aq1;1are roughness. ~hereby, 

cryst.al grains of ~he unde~lying layer ati4 ~he :magne~ic 

layer formed t.hez:eon are equalized. Con.sequent.ly, t.he 

magne~io record..1.ng medium ~ving an excellent ma91let1c 

charaeterlstic and a higb reco%a/~roauaa cbarac~eris~~c 

·can be abt.a~he4. S»eo1£ieally, ~he sar£ace roqghness ~s 

specified by Rlaax .s::: 15 mn, Jla ~ l nm. an4 Rq ;I; 1.5 mn. 

Pu~her, t.b.e tat.io be~ween the su~aae rou~bness Rmax and 

t.he surface 2:0u9hness lta is specified by lmax/Ra ~ 30 .. 

Drief Desc~iption of t.he Drawings: 

Pig •• 1 is a partial cross sec:~ional v1ew showing 

a magn~~ic &ucor4ing medium accord~nq to an examp1e 1 of 

' 

' • 

' 
.. 
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t.his _invent.ion: 

Flq. 2 is a graph showing a re1a~1on be~ween an 

average film thickness of an 1rreqularity formi~~ layer 

and Bmax accordinq ~o examples 12 to 15; 

Piu. 3 is a graph showing a relat.ioa between an 

avel:age :fJ.l.m t..h.1ckn.eGo of an irregularit.y ~o:rmin9 lqer 

and. :a.ax accOJ:ai.ng t.o ao.aparat.ive ezmnples.9 t.o 13p 

~ig. 4 shovg a film •~z:acLuze o~ a .n..ana~ic 

recor41ng me41u aacorCling t.o an examp1a 21 ana. a 

cOJnparat.ive example 17~ 

Fig. 5 ·Shows. a film st.met.a.ff of a maga.et.ia 

reaoreling me4lmn ae~r41ng·io a mo41£~aat.1on example; 

Pig.. 6 shows a. :r:ouglmesa cane wbieh 1• ue4 t.o 

define tbe root. mean square zou~bnesa (llcl)~ 

Descrlpt.ion of t.he Prefe~re4 Embo4..imen~s: 

' 

Jleferring" t.o Fig. 1. 4esQ:ript.:ion yill be made 

about. a meignet.ic J:"eoord.ing meaium o! t.his iuvent..ton ana a 

met.hod of mi.\ftufac:t.uring Ue same. 

ln a magneiic reco~ing m~.U.wa ill~str~~ed ~n 

Fig. 1# • firs~ un4e~lying layer 2. a second underly1n~ 

layer 3, an irregularit.y forming layer 4 (a t.ext.ure 

l.ayer); a u,ird underlying layer 5 consi•t.1ng- of a Cr 

laye~ Sa and a CrMo layer 5br a magae~ic 1ayer 6, a 

pro~ec~ion iayer 7 an4 a lu~riaan~ laye~ 8 are 

successively. fo:rme4 on a vlasa subst~at.e 1. Thus, a 

magne~ic disk ie ob~ained. 

Be~einaft.er, de~ailed 4escr1p~1on will be ma4e 

a~ou~ a met.ho~ of man~facturinv ~he above-men~ionea 

• 

' .. 

' • 
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magnet.le disk with ea.oh. inanufa.ct.uri.ng et.ep and &t.J:Qct.ure. 

(1) Rough~ng s~ep 

Fi•a~, a glass substrate of an alum1nos1licate 

glass was cu~ into a dlsc-s~ape having a diamet.er of 96 

mm and a thickness of 3 1lDR by a grinding st.o~e f:EOD\ a 

aheet. glass fo~d by t.lle dOW!J. d:r:aw11ethocl .. 'he glass .. ·· . 
subst.rat.e was· ground by a.r~~aUvelJ' roagh diamond 

~r~nclstone ~o.ob~ai.n t.he flaas· substrate hav~ng the 

diemet.e~ o_f 96 BDD at'ld the t.'b~ckness of 1. 5 mm. In tJrl..s 

eveat., t.he g1ass sllbst.%at.e J!laY be cut. .1.nt.o t.lle disc-shape·, 

in tJte same mabller as the above f'rmn the sheet. glass 
I 
I 

foZllted by t.be float. metbo4 ~nat.ead of t.b.e ahove-ment.icmed. 

down araw met.ho4. Alt.ema:t.ively. t.he as.ac:-shape4 glass , 
sub•~rate ioay be foJ:Jned by d1~e~ly_press1.ng a mel~1ng 

qlas& with a cope, a drag and a drua ins~ead of ~e down 

draw met.bod. 

A cl•emlaal .rei.nforced glass WilS used as i.lle above­

men~1oned almninosilicate glass. 'l'he cbem1cal reinforced 

glass con~a1ns 57-74 ' of s102, 0-2.8 • of zno2 , 3-15 ' 

of A12o3 , 7-16 ~ ox Lio2 and 4-14 ' ot sa2o as a aa1n 

componen~. For example. t.he chemical reinforced 1Jlass 

µ9n~aj,ns 67.0 -, of s102 , 1.0 'o1: z:no2, 9.0 ·- of'A12o3 , 

12,0 ' of Ll02 and 10.0 • of H~O aa a main compon~n~. 

Sqbsequen~ly. ~~e bo~h pr1ncipa1 sqrfacea of t.he 

glass substrate were ground by a ciiamond grin4s~ona 

havinq grainu smaller ~ban ~hose of the above-men~iona4 

grtnds~one. zn ~bis case, a load was ••~ ~o t.be ~ten~ 

of 100 kg. Thereby, ~he bo~h pr1nc~pal surfaces of ~he 

• 

' • 
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glass subst.:r-at.e were ground J.nt.o a s1.u:·face ;:oaghness R.max 

of about. 10 p. m. 

Next, an opening was fo::med al a ~enter port.ion 

of the glass subeira~e by ue1ng a cylindrical grindst.one. 

h:rt.her. t.l-1e out.er s.ide end surface was grouna t.o a 

di•e~er o:E' 95 mm. !!hereafter, the out.er and 't.be inner 

end surfaQOs were chmn£erad:. ln t.b:ls caee, t.he end 

su~face ft.lie aide aurJ!ac::e and tbe chnteretJ. port.1on) of' 

t..he glaas subst.rat.e' hac! a surface rouf1mesa BIDax of about. 

4 "m. :· 

(2) M1rror f1n1ah1Dg step of t.he end surfaee 
: 

SUbseqaen~ly, the glasa BUbstrate waa polished by .. 
~he use of a brash polishing by rot.at1ng t.be glass 

substrate so tba~ ~he surf aGe rc;,ighDess of the end 

surfaoe port.ion (t..he angula:t port..t.on, uae side surface 

and t.he chmnf ere4 port.ion) of the glass substrate is set. 

t.o about. 1 /l m by DJnax ancJ t.o about. O • 3 /1. Jn by .Ra. Tha · 

mirror fin.ishing st.ep 1s ef:fect.ive for prevent.inCJ a :fJ.l.JD . . 
def'ect. which is eausea. by duals which are at.t.aehed t.o t.he 

pzincipal surface of ~be glass substrate. In t.h1• wvent, 

~he 4us~s are generated from the end aurxace of t.he glass 

qqbstra~e when the glaas substrate is transferred o~ when 

~he glass subutra~e is cleaned. 

· 'l'he glass sub&t..-at.e was washaCl wit.h wat.er aft.e::r 

~he above•mentioned mirror finishing st.ep. ~n this case, 

~he mirror ~itt~ab~h9 s~ep 1nay·be oar~1ea ou~ before each 

of first, second and ~bird polishing steps which will be 

descr~bea later. an4.may no~ be carried ou~. 

' 

• i 

• 
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. ( 3) I.a.pp.1ng- st.ep 

~he lapping step was perfo:cmed for t.he glass 

substrate t.o improvg dimena1ou and shape accuracy. The 

lapping st.ep was carried out by using a lapping 

apparat.as. In t.h1a case, the lapping at.ep was conduct.ad 

two t.f.mee ~r changing g~aiD degree froa #400 to #1000. 
L' • 

' 

Spacifiaally, t.he ·1apping ~· performed ~or the l>oth 
f I' t I 

pz:o111aipa1 sarrac:ee of t.be glass subst.rat.es which were ..... 
cont.ainea in a carrier eo that the p~inaipal.sa~ace• hacl . ' 
a surface a~oaracy 0£ 0-1 ••and t.he surface rouwhness 

Rlllax. of . about. 6 /l • •· :J:n th1s evan~; · t.he 'lapplq was 
' c:arr:Lea. out. by rot.at.ing an inner gear 81la an ou.t.er gaaz . 

by the use of alwaina gralna having a grain degree 1of 

#400 ~n tJle con41l:.1on t.hat. ~be l~ L vaa ~~ a~ abou~ 

100 Kg. •ext, ~he lapping was perfoi:mea by changing t.he . . . 
g~ain deq~ee of ~he alumina grain in~o #1000. Xn ~his 

c:ase, t.be surface roughness Rmax vu set. .t.o about. 2 ll m. 

subaeczuently, t.he glass subs~rat..e was su.ccessively 

i'llJlllersed in wash~nv uni~s o~ na~ural 4e~e2:g'en~ ancl wa~e~ 

~o be washed after t.he lapping step was comple~ed. 

(4) Pirat polishing step 
. . 

Next., a first. pol!ablni st.ep was performed by t..he 

use of a polishing apparatus to remove a dQfect and a 

iiist.ort.:l.on rel\\ailling in t.be abcva-mentioned. lapping 

process. Speci~ically, a ha.rd polishe~ (whi~h may be a 

cer1Wl\ impreuna~ed ~oamed urethane pad, such as MBClS 

mad.a by Speecl:f~JU) was used ae poliaheJ: (polishing . . 
powder). In Ul1s case, the firs~ po1ishinq ~as perfo:cmed 

• 

.. • 

• 
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under ~he following polishing cond~tion. 

Pol.1.ebin'l liquid: o~ide ceriusn (grain s.1.ze of 

1 µ. m) + vat.er 

Load: 150-300 q/cm2 ·CL = 230 1'9') 

»oliuhing time: 15-30 minut.es 

llemO•inq amount.t 25-45 ~· 

Rcvolut.ion o:! lower su.r£.ce plat.a: 40 :qa 

uvolut.1on o:f uppez: av.1:face plat.ea 35 :cpm 

Devolution of inner-9'8.~* 14 rpm 

B.evulut..ton of out.er. gear: 29 rpm . 

~he g1asa sUbat.rate was wasJle4 by being 

successively 41ppe4 in washing uni~& of natn~al 

aet.ezgent., J;')\\n wat.er, pure ·water, :J=PA (isopzopyl 

alcohol), :tl=>A (vapor drying-) aft:ez t.l\o fint. polisMng 

st.ep. 2n t.lUa e._nt., t.he wasl\1n11 st.ep :may be omit.t.ed if 

a polishing liqu.1.d in the subsequent aeeon~ polisb~n9 

at.ep is t.he 'Same as t.he above. . 

(5) second polishing. s~ep 

Rext• a second poliahJ.ng waa oonauct.ed by 

changing ~he above-mentioned hard polisher into a soft 

polieher (which may be a polishing pad of a suede type, 

~uch as Polylax made by Spe~c!tam) by using t.he po~~shing 

applU'atus used in ~he first polishing step. 'rha 

po11Shinq con41tiaa is similar t.o ~he first polishing 
. 2 . 

step excep~ for ~he load of 25·150 g/cm , t.he polishing 

~1me of 5-20 m1nut.es and the removing amount of 2.s-10 

"' m. 'l'he glass subst.rat.e was successively immersed in 

wasbing uni.t..e 0£ t.he natural det.erc;ent., t.he nat.ura1 

t • 

' • 
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Clet.ei:gellt., ·lhe pure wat.er. t.he pttre wat.er, t.he I:PA 

(isopropyl alcohol), the IPA (vapor drying) ~o be washed·, 

there.in a:ft.er t.he ••ICIODd po;lish1.ng at.ep. In t.h:f.a case, a 

supersonic wave was applied to each the washing uni~s. 

(G) Third poliahing step 

Hut., a t.h1%4 polish.ing was eom!uct.ed ·~ changing­

.;i-nt.o a 'eupe:r: soft. .·pa1i.sher Cpollsbing powdezi: o .5. IJ m or 

iese) by •s~ng the pa11an1~ apparatus use~ ~ the second 

polishing step. ~he pol1sh~ng con41t1on is a1BL11ar ~o 

the second poi1ahing st.ep excep~·ror the polishing 11qa~4 .. 
of colloldal a1l~ea c~~ain -~-·' 0.2 -·or lese) + I 

wa~e~, the loA11 of 28-100 gfr:m2, t.he po11sb.ln9 tJ.me o! 

5-20 minatea 8Jlc1 t.he;removtng amoun~ o! 1-s ~·· The 
glass sUbatrate was euccess1vely,J.mmerse4 in wash.inf 

unit.a of t.he nat.ural ciet.eqent., t.lie nat.11ral det.e%9ellt., . . 
t..be pure waur, the pure wat.er, 't.he IPA (iaoprop7l. 

alcohol), the J:PA (vapor d.zyiug' t.o'be vaebed t.herein 

af~er t.he above-me~~!one4 super p~ecise poliphl1111 a~ep. 

Xn tlats case, a 8'lperson±c ~aTe was appl.ied to eac~ o~ 

the vash~ng u~~~a. ~n this even~, 1~ is des1rab1e that. 
. . 

an ~brasive usea in the t.hirc! pD1~sbing step ~s small in 

gra.ln •ize. ~he g~ain size ia preferably equal to 0.15 

I! m or less. and iQore preferably o. 1 p. m or l.eaa -

Jrurther,, t.he above-mentioned hard pol1•ber·anc1 

t.he soft. pol:l.sb.er are not. reatrict.ed t.o t.ha aJ;,ove-

' 

mantioned ma t:arials. Hard velour, foamed urat.bana, pit.eh ' 

impragnat,'ed suede, or t.he like are exmnpl1f1a4 aa t.he 

hard polisher while a suede, a ve1our er the 1~ke are 

• 

• 
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.~xemplif~ed ae ~he sof~ pol~~her. Fu~ther, cerium oxi~e, 

alUJn1na, red oxide, ehrmnitnn oxide, zirconi'lllll oxide, 

t.1t.ar1lum oxide and collolda.;L silica or the lilce are 

eze.mpl1~1ed as the abraa1ve. 

Xn th~s even~, the 9ra1n elze o! ~he abrasive of 

t.he po11shJ.ug liquid used :t.~ t.he first. t.o third polJ.abi.ngi 

steps 1• not. re~trictea to ~he abOTe-men~1oned v~ain 

elze. '.rile 9i:un aiae :fa11s. w.1tllj,n. t.lle i:ange ,,ei.weea 1 

ana 3 /j m .it1 t.he first. polisbing et.Gp :wb11e t.he gr.Un 

si.:ae £al.J.s within t.ba range bet.ween 0-5 an4 2 p. m in t.be 

sacona poliabing •iop. P~rt.her, t.he grain size ls 

ad;Jv.st.ed wit.bin t.be rU.11ge of ·0.5 JI. m or less in t.he third. 

po11eh1ng st.ep. In ~h1s event, a flattening process is . . 

efficiently performed by using ~e abrasive havin9 t.he 

sbOYe•men~ioned ran~e ~o.oh~a1n the smooth subat.rat.e 

havin~ no varia~ion in the :t'Oughnesa. 

(7) Cheinical relnfo~ein~ etep 

Bex~. a chemical xelnfozcing step v•a pei:foraaa 

£0~ the qlase sqbst.rate after t.he 9~1n41ng.and polish1n9 

s~ep ws.s eompletea. Pi~s~. a cbein1cal reinforcing 

salu~ion was praparad by mixing po~aaaiwn n1~rat.e (60 'l 

wit.h eod~mn nitrate (40 •l- ~he chemical reinforcing 

solut.ion was heat.ed up t.o 400 .. "C • ~he g1ass s'libst.rat.e 

wbicb was washed ana prehea~ad to 300 "'C was d~pped in 

the chemical re1nforc1nq solution for 3 hours. ~he 

chemic•l reinforcing s~ep ••B carried out so ~ha~ ~he 

ent.1.re surf ace of t.be glass aubat.rat.e tras chemically 

rei.nif:orced ttit.h a plura.J.i.t.y of glass aubat.rat.es re·t..ained 

' • 

' • 
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li~hium ions and sodium ions on a surface layer of ~he 

glass subsl~ale ••re replacad by sodium ions ahd 

potassium ions in ~he chemical reinforcing solution by 

4ipp111g eaeb 9'lase aubst.rat.e in t.be cliem1oa.1 re1nf'orc.1ng 

sOlQtion. Thus. ~he glass s\lbs~ra~e-is chemically 

:r:einforeed.. A corap~essJ..,,.e st.Mia• 1aye:c- ~o:z:mea ':f.n iobe 

su:r:£ac::e 1~yer of t.lle ~lass at:abst.rat:e ha4 a t.hiclmesa of 

about. 100 t.o 200 p. m. &ext.,. the chemically reinforced 

glasa aubat.i:a·t.e was dipped in a Wilt.er tank of 20 't , 
' 

quick1y cooled and·ret.~ined far 10 ~ut.ea_ Subsei;aent.-

1!',. t.be ooolecl flarH11 auhab-at.a was 4ippe4 in a anlfuric : 
. 

a.ei.d beat.ea up to 40 'C • anc1 was washea .1n t.he eoitCli.t.i.oa, 

Ulat. t.he supe~som.o wave is. appl:te4.. Dils, t.he g-laea 

subs~ra~e in which t.he principal surface was super 

preoisely polished was cb~a1ned •. 

Under the above-men~ioned condition, t.he 

po1~shing process was carried on~ with ~everal st.eps, ancl 

~he q~a1n stze of the a])rasive used 1n each step was . . 
se1ect.ed lo a size 6111a11er ihan the normal case. 

Thereby. t.he glass suhst.rat.e havinq the guper amooth 

surface can be ob~ained and further. a manufaetu~ing 

efficiency can ba &xcessive1y improved. 

~n this even~. the surface roughness of t.he 

principal SUrfa.ee Of t.he glass subst..rate Was meaaured. 

Aa a resttllt., :amax was 2.6 mn, "Ra was 0.23 nm and t.he 

ratio (Rmax/Ra) of t.he surface roughness was 11.3. Xn 

this case, Ra is represen~at1ve o~ t.he cen~er-11ne mean 

. ' 

' . 

' 

• 

• 
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roughness (defined in Japanese Xndus~rial s~andArd JIS 

80601) while Rtnax ie defined ae a maximum h~igh~ 

representative of a difference between a highest paint 

and a lowest point (defined 1n·3apaneae Indust.r~al . 
Standard JZS D0601). The aUZ"faco roughneaa was meaeq~ea' 

by t.he 11ae of t.he 1nt.era:t..omi~ force 1D1a.1:0acope (~) • 

%n ~he above-mentioned embo4imen~, \.be t.h.t.ra 
pol.J.8h1 ng st.ep ¥aB perfo~~ 1'efore ··t.he oliemi~al: 

rei.n:forcing st.ep. However, . ~e t..hi~ poli~?~~r at.ep may 

be carried out. after t.he chemical reinf orci~g step t.o 
' . . 

prevent. t.he film defect.. In.µi:s.a.nent.. the filll ~eet. 

is caused.by t.be generatJ.on .of deposit.ed.salt..of 't.he 

glass subst.rat.e due t.o the chemical re~crcement.. 

(8) Magnet.ic disk mangfa~~~~:Lng s~ep: 

Subsequent.ly, a hea; treat.men~, aeposi~lon of tbe 

fir:st. \Ul4e:rly1ng layeJ:- .. 4ePQs1t.1on cf the eecona . . 

unaerlyin~ layer, deposi~ion of ~he i~regularity layer. 

deposition of the t.hird underlyi.Jtg 1ayer,.depos~~ion of 

~he :magne~ic layer and deposi~ion of-~he pro~e~t~on laye~ 

were successively carriecl cm~ for the abo•e-ment.1one4 · 

glass substrate by ~he use of the 1n-l1ne spu.tter.ing 

appuai.us. 

~he in-line ~ype spu~~er~ng·a~pa%a~us (~o~ shown) 

has a ~~rs~ cbambe% in whieh a sube~ra~e bea~ar is 

a~raftged, a second·chambe~ in wh1ah an.Al ~arga~, a c~ 

target and an Al ~arget are arxanqed, a third chamber in 

whi.ch a beat.er is arranged, a fourt.h chamber in which a 

Cr targeLr CrMo ~arget (Cr: 94 a~ '' Mo: 6 a~ •l ana . . 

' 

' 

• 

.. 



----·--···-·----------··-···-· .... 

15 

coc~PtTa ~arget (Cc~ 78 a~,, Cr: 13 at~, P~: 6 a~,, Ta: 3 

a~') are s~ecessiYely arranged and a fifth chamber in 

which a oa1·bon t.arget. is arranged, along t.he moving 

d1rect.1on. 

Fift.y sheet.a of t.he glass subat.rat.es wen · 

a~t.ached on a pallet oonaia~ing of t.it.anlwn ana t.he like 

to be introduce~ int.a t.he f ~~·~ chamber via a 1oa4 lock 

ch8111bez:-. ~llese g1ass subat.;-at.as·vere sw::aess:Lvaly 

transferred lnt.o the ~espeot.1\te ahambera hy a carrier 

apparat.us at. a eon.et.ant. zat:~ t.a ctap0sit. an4 process lll 

tl\e fol.laviu9 cond!Uon.s. , 

' 

Bamely. t.he anbst.ioi.te was beat.ed t.o :350 'C for 2 

mtnat.es in t.he first. ehUlbp.r. An Al film (~ flrat. 

unae=ly.1n9 layer 2) having a1'l a~era9e film tbicJmeas of 5·, 

.am. a er film (Ue second. an4eZ'ly1ng I.ayer 3) .b.a•inf t.he 

film t.hiclcness of 20 nm. t.he i:r:regularit.y .farmiJlg layer 4 

having t.he a.._terage film. th1ekness of S mn and Uua 

success~ve texture film of Al hav.tng t.he sn%f&ce 

roughness (Jlmax) of 24 nm we:r:e 4eposit.ed in the s~con4 

chamber. ~be subs~rate waa hea~ed ~o 350 ~ for 1 minu~e 

in t.he third cnaJilber. !!?he er film 5a. (the t.hird 

-underlying 1aye~ 5) bavtng t.be average f11m ~hickness of 

50. nm. t.he C:dlo film Sb ha,,1ng t.he average film lhiclmeas 

of 30 mn, t.he CoCrPt.'l'a film (the m~net.J.c l.ayer 6) ha•i.ng 

t.h• average film t..b1ckness of 24 hm were suacessively 

depos1.t.ed in·· t.he iourt.h chamber. !I?he carbon f.1lm (t.he 

protection layer 7) having the average film th1cleness 15 

nm was deposited 1n the fifth chamber. 

• 

' • 
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Xn ~his case1 ~he sput~arinq cond1~1ons in ~he 

second, fourth and fift.h chambers were as follows. 

Namely, tb.e sputtering pressure was 5 Dtrorr in the secona 

chillUber while ~he spu~~er1ng p:esau~a was 3 m!a~ in tJie 

fourth chantber. PU.rt.her, t.lle spu'tt.ering preaa11re was 5 

mTo:rr in t.be f.ift.h chamber. . Moreover, an J.nact.1 ve gaa or 

argon was ttaed as t.he.aput.~r~ atmoapllara int.he secontl 

an« :fot:t.b .Cll'Hul\bera. ·'Phe .i.D~ct.i....a gas ·o£: a.:i:gon, a :mJ.xinv 
I . 

gu comp:riuinv.a mu:t.ure of bf4zeien and/or Dit.rcgen.o:f 1 

to :zs 'with t.be iu:von, or.a m:bd.Dg,gas comprising a 

Dl1Kt.11re O~ °hYaJ:OOIU:bOD gal ~f l t.O 25 " IU14 the argo:\1 Wll.8' 
!. 

uaed as t.be; spu.t.t.e~ing at.aaape:re in t.he :l:ift.b e~er. 

I:n a~it.ion, t.he sput.t.ering ,Pmter was 200 w in "t.he t.hizi4 

and f ift.h chambers while the s1~~1.ering' towe~ was 100 W 

in the 1isth chamber. 

Subsequently, the •u~Bt~ate.havin,·the p~teet~on 

l.ayer was t.aJcen out. from t.he in-line sput.t.e:ing 

appara~us. Perfluoropolyether is applied ~o the surface 

of t.be p~lect.ion 1ayer by the dipping- process. . . 
Thereaf~er, the lubricanL layer having t.he average f1lm 

thickness of 1 nm was foJ:111ed t.o obtaJ.n t.he magne~ic 

recording ll\ed1wn of an example 1. 

Fur~her- t.he magnet.ic characteris~ic and t.he 

raeor4/reproduce cbar~e~eris~ic of o• , 90° r 180° • 

270° Ca oen~er of a sput.tering mark formed by t.he 

a~tachmen~ of the pallet was speo1!1ed as o• ) ware 

meas~red al a par~ion of radius 22 nmt o~ ~he ob~a1ned 

magnetic rucordlng mediwn. As a ~esul~, t..he coe:rcive 

• 

• 

• 

• 
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force 0£ each magne~ic reeordinq medium a~ each point 

fell wiUdn t.be range bet.tMen 1900 and 2000 Oe wh.ila the 

S/N ra~~o fel1 ~~~h~n ~be rmige ~e~ween 24.2 an~ 2,.6 dB. 

~he process eapab!li~y iru!ex Cp which indicates the 

stabili~y of the manufacturing proceaa was evaluated. Xn 

t.h.f.a event., . t.he Cp is :repre8e,at.a4 by t.he £ol.low1ng 

fonmla1 

an4 

• (uppe); at.and&~)' - .<lower. ~t.anclard) 
Cp • ~~~~~~----~~~----~~~---

& z (st.anda~ dev1at.1on> 

Cp ... 

for both aides otan4a~ 

(average valuet - (lowez st.anela%4) 

3 z (at.a!lda~ d~1at1on) 

for lower limit. ilt.anda.rd 

, 

• 

As a result of t.he evalua~~cn, t.he ~oerciva force 

(Be) becoioea 2.4 for ~he bot.h aides standard of 1900 ± 

100 Oe wh12e t.he S/11 rat~o (dll) bacomes 5.3 for the lower 

limit. st.anaa1~d of 19 ClB or .more. Furt.her, inplane 

distribution Of eaeh nagnetic :r:ecording ~ediwn an4 the 

varia~ion of t.he magnetic charac~eris~ic of t.he magnet~c 

reco.Eding meqiJ2Dt ~n ~ha pallet ~ould be suppressed. 

consequently, t.he ~agnetlg ~ecording medium having an 

-excellent. magnet~c characteris~ic could be obtained, and 

f~z:t.her, t.be stability of the manufacturing process could 

be improved. 

In addition, the css durability test. was carried 

out a hnndred thousand times by using a head slider of 

70 ' having t.he loaa of Jg. As s result, no adsorpt.ion 

phenomenon oaourred between lhe magnetic recording mediwn 

• 

' • 

' • 



___::_ __ ____:----

18 

and t.he magnet~e head, a.na no heaa grash is b~ought 

aboat.. nus·' t.he magnetic recoriing med.tum having- t..he 

• 
high css durab111ty was obtained. In t.hia case, the 

coercive force (Be) was measured by t.he use of the 

vibration sample ~ype magnetomet.er a~ a maximwn ex~ernal 

a.pplyin9 magnet.l.e ft.eld o~ 10 1t0e-by cut.t.ing a aampl.e of 

Bmm~ £:r:om tJte .maml@tlc reaol:il1ng medium and. applying t.ha 

ma,net.ic _f1e1d ~n the film ~~rface dtree~~on. 
i 

Moreover, t.he nco:r:d/reprc4uae aharact.~iaUc 

(S/lf rat.io) was·meaau.red aa follows. •amely, the 

obt.aillea magnetic ·Qisk an4.the·Ma (magneto-reaist.iva 
. . ' 

t.ypa) head having tlle flying height. of O. 055 # m vere 

r usea. In t.his event., t.he reeorc!l/xaproduce charaet.ar.ist.i.a 

in a 11na r~cording density of 1~0 kfc1 (1~na rec:ordJ.n~ 

density of 120,000 hits per 1 inehJ was measured in the 

conrlit.ion t.llat. a :relative rate bet.ween 'the.MR head and 

1.he magnet.J.c disk yas set. t.o 9.6 m/s. J'urt.her. medium 

noise 4ur1ng recording/repzoducing signals was measurea 

by ~he us~ of ~he known spect.%1llll analyzer ~o ealeula~e 

t.he S/N ra~io in ~he condlt.ion t.hat a ca.r~ier frequenoy 

was set t.o 23 MHz ana a measuring bandwidt.h was· set. ·t.o 26 

Milz. '!he Ma head which waa \'lsed in t.he above-ment.ioned 

measurement. bas a t.rack wid.t.h of 3 • 1/2 • & p. m and a 

ma~et.ic head gap len9t.h of 0.3!1/0.28 IJ. m at. w:rit..a/rea4 

siaes. In t.bis case, t.he eurfac:e roughness. t.he cryat.al 

grain sise, ~e coercive force and the S/N ratio of 

examples and comparat.ive examp1es which will be descxibed 

• 

• 

• 
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. 
later were measured tn ~he same manner as the above- • 
ment.1oned tnet.hod. 

~~!Pl es 2 to 4 • con1parati ve examples 1 to 4 

The 111agnet~c record~ng •edium was manufactu~ed in 

~he same manner as t.Ite above-nent.1aned ezample 1 except 

~ba~·the polishing con41t1on llll4 the surface roughness o~ 

Ule glaoa subat.rat.e wen cha.Dpd. ftua, examples 2 t.o 4 . 
and compara~ive examples 1 ~o 4 were aade. ~he surface 

roughness Ra (nm). ~il2t (nml. of the princ.1pa1 auz::faoe of 

t.he g1aas subat.rat.e, Bm~/Ra, the coercive force Be (Oe), 

't.he·S/lC ra.t1.o (clB). Cp and·t.he result. qf t.he css 
4urab111~y t.est are represent.ed fo~ the exBB1ples 2 ~o 4 

ana compara~i•e examp1es 1 to 4 in Table 1. 

!!.'able l. 

lmax na He S/B css 

• 

ltl18Jt (bo~ (~ Dura-Ra (mn) (nm) (Oe) sides) (dB) limit) 

1 . 2.6 0.23 11.3 1900-2000 2.4 24.2-25.8 5.3 

B:lma- 2 15.0 1.3. 11.5 1850.-2050 1.6 21.5-24.1 S.7 
ple 

3 10.0 0.8 10.5 1865-2035 1.8 22.2-2fr.6 4.5 

4 5.0 0.5 11.0 18T5-2025 2.2 22.9-25.1 5-1 

1 18.S 1.2 15.4 1810-2090 1.2 20.4-23.6 .. 3.0 
.Com-
para- 2 14.3 1.4 10.2 1830-2070 1.3 21.3-23.9 3.5 
tiva 
Exam- 3 9.0 1.0 9.0 1840-2060 1.5 21.9-24.5 4.0 
ple 

4 lB.4 ~I. T 10.8 1800-2100 1.1 19.5-23.5 2.9 

From tlle above-ment.1aned result., the coerc1.ve 

for~e falls wit.bin the range between 1850 and 2050 oe 

while ~he S/N ratio ts 19 dB or more in ~he examples. 

bil1ty' 

0 

0 

0 

0 

0 

0 

x 

A·, 

• 

• 
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Purt.hcr, bo·t:.h C~ (bct.h sides) and cp (lower limit.) exceed 

1.3 so that lhe va~ia~ion of ~he maqne~ic character1s~~c 

is suppressed. Thus, the magne~ic record.inq ~edium can 

be s~ly manufactured in the examples. 

On 1' .. he o·t.her band, llmaz/11.a is ~ess t.hati 10 1.n t.he 

compa:r:at.ive examp1es- Con•eqaent.1y. t.ha ad.sozpt.ion 

~et.ween t.he magne~ic head and t.he magna~io reco~d.:l.ng 

mecUwia occun t.o «et.eriorat.e t.he CSS a.~a-ab.i1J.t..~. 
. . . 

J'u~er, bax ana/or Ra are large .s.n the coanparat.ive 

exampl.es. conaequent.ly. t.hf. var:Lat.:l.on t>f . t.he magnet.le 

chaxact.e.r1st1c such aa t.h• coercive force (Oe) 8Dd t.he 

S/B ratio (dB) becomes la:rge. A8 a result., t.he st.able 

magnetic recording can not be manufactured. 

' 

Examples 5 ~o Il, eomparat.1.e examples 5 to 9 

lfhe magnet.ic reco%din9 medimn was JllaDUf ac~ured 1n 

the same manner a• the abav~-men~~one4 exasnple l except. 

t.ha~ ~he polisbing condition and t.he surface roughness of 

t.he glass subst.rat.e wen changed. t.he average £.S.l.Jll 

t.hieki'less of t.he fi.rst. unae1.'ly1nq layer 2 was set. t.o l nm 

and the surface r~ughness (!max) of t.he irregulari~y 

forming 1ayer was set t.o 24 nm. 'l'hus. examples s t.o 11 . 
and comparat.lve examples 5 t.o 9 were matte. '?he sudaee ' 

roughness Ra Cnm), amu (nm.), Rq_(nmJ oft.he principal 

surface of the glass suJ,s~rate, Rmax/lla, the average 

crystal grain size (nm) of the magnetic layer, the S/R 

rat.10 (dD) and the presence or absence of ~be head crash 

are repreaen~ed for the examples S t.o 11 and compara~ive 

e:x:amp1es S ·t.o 9 in Table 2. 

• 

• 

• 
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Table 2 

Surf ace Roupness Crystal Grain 5/N Head 
of S\lbs·t""ate Size of cras11 

.Mqnetic tayu 
Ra Rmax Rq Rmax/Ra 

(nm) (nm) (nm) (am) (dB) 

s 0.25 2.55 0.31 :·io.2 11 24. '7 .o. 
6 O.S3 7.17 0.39 ·::2s.s 13 24.4 0 

1 0.42 9.80 0.50 23.3 15 24.0 0 ' 
Example B R.48 12.0 0.98 2~.1 18 22.8 0 .. 

9 0.68 3.54 0.19 5.2 21 22.4 0 
' 

. 10 0.84 T.84 1.05 ~.3 2S 22.1 0 

11 0.93 9.86 1.12 : 10.6 30 22.0 0 . 
5 1.15 10.3 1.60 : . 8.96 40 20.3 0 .. 
6 0.84 15.l 1.21 .1~.D 25 20.9 x 

Compex-a-
ti've 1 0.79 3.55 1.52 . ~.so 34 20.5 0 
Example 

8 0.52 16.7 0.63 32.1 20 20.B x 

9 1,50 14.9 3.50 9.93 45 19.5 x 

Xn ~h~s •ven~. ~he roo~ •eBll square roughness . . . 
• • (aq) is defined as foll01fs, Ramely, an evalua~ion length 

(Lm) is sm11pled in a cen~er"liae direction from a 

·roughness curve 11 illus~ra~ed in ~1g. 6. ~he roo~ mean 

square ~ughness (~q> is represett~ed by ~he following 

equat.ioni 

l Lxn 
Rq • -I f(xl 2dx , 

Lm 0 

• 

• 

• 
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where ~he rottgbness curve is represen~ed by f(x). Zn 

this case, the cent.er-line of the sampled portion is 

defined as t.be X alris while t.he 4i~ect.1on of ,,e.rt.1eal 

magnification 1s defined as ~he z axis-

Tba~ 1•, the .root mean aqaare i:ouvhness CRq) is 

de!'lned as t.he root. of t.he value whiah i.s obt.a1ntk\ by 

in~egrating tJie Stptare of the dev1a~1on be~ween t.he 

cent.er-line and t.he rougbness curve by t.he eect.1on Of t.he 

eval~at..t.on iength and averaging vi.t.h t.lle sect.i.an. ' 
'ftle a98rage oz:yat.al ~ain ei•e of t.la~ RUlpet..lc 

layer 0£ t.he magnetic recozding mediwa af Ule example 5 

was •aaured by t.be surface obsenat.J..on l:iy t.he use o:f t.he' 

known t.ransm1ss1on eleet.ron microseope (llHJ. As a 

%eeul~, t.he grain size of the ma~net.ic layer was 11 nm hy 

ref1ect.ing t.lie c:zyst.al ~rain. a.t.ze of t.be under1ying 

1ayer. Purt.her, ~he 4is~rib~tion 0£ the o~s~al grain 

size of ~e magne~ic crys~al g~aina waa inves~igated~ As 

a result., t.be half band"idt.l'r from t.he grain size point. 

Wh~ch is mostly ais~ribu~ed was 20 DJll or· 1ess .. ~hus6 ~be 

magnetic layer hav1nf uniform crystal grain size was 

obta1nea. i~ this case, t.he distribut~on of the crystal ' 

grain a~ze of t.he maqnet~c c~tal grains was measured by 

t.be same measurinq method as the magnetic crystal grain 

size dis~ribu~ion due ~o ~he ~EM which ~a 41sclose4 .tn a 

paper CIBEB Transaction on Maqnetics. VOL. 32, mo. 5 

[Microstrueture/Magnetlo Property Rel~~ionships in COCrPt 

Magne~ic Thin Films/Mary DoetnerJ, ?n ~hia event, Swnbar 

• 
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of Gr~~n$ ara plo~~ed. The d1s~r1bu~ion o~ t.he crys~al 

grain stze was evaluated by the half band w1d~h from the 

maximWtl value of ~he Nwaber of Gralne. 

t 

Further, the magnetic cha:acteristic and the 

reco1"d/re~roduce charaot.eristic ot the obt.ained magnet.:l.c 

recording medium were melisure4. As: a %esult., an 

exc:ellen~ ma!,netic recor41ng me4~Ul'Q havin9 ~he coercive ' 

farce of 2300 Oe and t.he Silt rat.J.o of Z4.7 c1B was 

obt.ainea. 

Horetnrer, t.be css durabilJ.ty t.eet.·was cani•c1 out. 

a hundred t.lto119ancl t.imes by us1n.g the bea4 slider of 70 • 
. 

bavillg t.he load of 3g. As a result, no aW.o:r;pt.ion. · 

phenomenon occurred be~ween the magne~lc xecordi..D.CJ meaium 

an4 t.he magne1.1CI bead, ana f11rt.2-_er, no bead crash 1.• 

brought. about... !'bus, t.he m~gnet.lc l'ecorc!in9 mea.J.um 

having t.be lligh CSS dul:'abllit..Y was obt.aina4. Xft UaJ.a 

case, ~ha coercive ~orce (Be) was measurea by ~he.use o~ 

t.he vibration sample ~ype magnetometer a~ a •a.Xianua . . 
ex~eznal app1ying magnet~c field of 10 Koe b~ cu~t~Qg a • 

SUl.ple of 8mm~ from t..he magnetic nc::oZ'Glng med.ium and 

app1ying t.he.aagnetic field in the film surface 

.a.1rect.ion.. 

Moreover, t.he l:Scord/~eproduce c:haract.e%1sUc 

(S/N rat.lo) was measured as follows. Namely, the· 

obtained magnetie disk and the MR head having ~he flying 

hei~bl af 0.055 um were used.· In this even~. tbe 

record/reproduce charac~er1at1c in the line recoEding 

• 

• 

• 
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dena~~y of 120 kfc1 (line recordin~ densi~y of 120,000 

bi~s ~er 1 inch) waa measured ~n ~he aondition t.hat a 

rela~ive ~a~e be~ween tbe Na head and t.he magne~lc d1Bk 

was set to.t.6 m/s. 
• 

reaording/repro4ucinq signals was •easured by t.he use of 

Further. t.ho medium noise dttr!ng 

tJae apeat.rum analyzer to calculate t.he S/11 ratio i~ ~he 

conCU.~1on tha~ t.he carrier frequency was set t.a 23 MB• 

and t.he meaaurin.9 ban4w14t.11 was set. t.o 26 MB11. The Ma 

bead whicb -as use4 in ~he ahove-ment.ioned measu~emeat 

baa t.he t.rack w14th af i .1/2. 4 p 111 and the 11agnet.1c bead 

gap lengt.h Of 0.35/0 .. 28 It. m·.'at. wr.it.e/read Sides.: %1l W8 
. . 

ease, t.he surface .roughness: \.ha oz:yst.al ·gza!n s~ze; t.;b.~ 

coercive force and the 1111,ra~io in examples rand 

C!omparat..1..re examples which will ~e 4G8CJ:1~ea lat.er were 

measured tn t.he amne manner as t.he above-ment.loned 

me~bod. ·Pllrther, the coercive forces oft.he magnet.ic 

reco.t'ding media of the examples 6 t.o 11 and the 

OOltlparat..lve examples 5 to 9 were measured. As a J:esul.t,. 

~he inaqne~te :recordibg .meaiwn had a high coercive force 

of 2000 (Oe) or ~ore. 

• 

In lhe comparative examples 5 and 7, the surface 

roughness of t.he glass substrate became larger ~haft 1.0 

nm and/or Rq became larger t.han 1.5 nm. Con.eequent.ly, 

the crystal grain.s~ze of~~he underly1n~ layer ~ozme4 

the~eon becitllle large by irregular and abnozmal growth. 

Tharaby. 1~ seems that t.he grain si•e of the magne~ic 

laye~ became large, the variation !s.bxought about and 

~he SIN ratio was lowered. • 

• 

• 

• 
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In ~he comparat~ve example 6, ~he eurface 

roughness Qf t.he glass aubatrat..e becaiue larger than 15.0: 
• 

nm. ~hia affec~ed ~he surface of the magne~ic disk. 

C:Onseqaent..iy~ t.be magnet.le head could not. run a~ a low 

flying he~gh~ and the recorcl/reproduce charact.erist.i.c was 

det.eriarat..ecl. hrt.he~, -t.he · S/B _raUo was aet..eriorat.ed. 1'Y . 
t.he abnormal GJ:Yat.a1 g:r:atn vzowt.h and t.be. beacf C::raab · 

oc:cu.rrecl. 

i:n t.he aamparat.ive ~le ·a, ~e magnet.1c head 

cau1a not. zun at. i.he lov .flylD.g height. beQauae t.he 

su%£ace J:o119hness Dmas o~ ~a gl.us s~t.zat.e was lazge. 

Pu.rt.Mr, t.bu dlffe~enoe bet.~eii Ba ancl smax vas 1arge. 

Consequent.ly, t.b.e ceyat.al grain of t.be magnet.le layer 

fonecl t.bereon locally an4 abnoc;mally grew. As a result.,.·, 

t.he S/5 ratio was aet..eriora~ea and ~he head c~ash aue ~o 

abnormal p~jec~ion was brought. about.. 

in ~he comparative s~ample 9. t.he crirs~al _grain 

size of the magnet.le layer became large and the va~iat.1on 

of t.b~ crys~a1 gra~n size accurrea like ~he above­

ment.ioned campara~iYe examples 5 t.o 8. C:ODSequent.ly, t..be 

S/111 rat..:l.o was aet.eriorat.aa, t.ha D1agnet..1c head. coulcl not. 

Eun at. t.he low ~1y1ng hei.9ht. a.nd °ihe head. crash was 

b:t:ou9ht. about.. 

Moreover. the 41a~ribu~ion 0£ t.he cryat.al grain 

slse of t.he arys~al grains of the magnet,ic laye~ w~s 

measured fo~ ~he examples 6 to 10 like the example 5. 

Coesequen~ly, the same ~esult as t.he example 5 was 
• 

• 

• 
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ob~ained. Namely, the •a9ne~ic layer havins~uni~orm 

cryat:.al grain si.ses was formed. On the other hand, t.he 

d!stribu~ion of the grain si2es of the-crystal grains of 

~he magne~1c laye~ was maaa~re4 for the aamparative 

examples 5 Lo 9. .As a re.ult, the oryaial g~ain a1ses 

were varied. 

Prom·t.he ahe'V'e-inent.1onea :eesu1~. i~ is nece•••ry 

t.hat. t.be · surfa.ce ro11ghneas. ~:! 'the v~.aa11 subst.rat.e 1.s 

apeo£tia4 by Rlllax :s; 15 mn, aa =' l nm, .ati Ii l.5 aun. 

preferably, Rntu: fi 10 ma,.~·~ 0.5 im, 1tq :II o .• 7 nm, 2ftOJ:e 

prete~abl.y, .a.ax ~ 5 ma, aa ·:i: 0.3 nm, Rei ~ 0.4 ma. t.o 

' 

. . ' 
obt.ain·t.he magn~Ua recording Edium. whieh has eizcellent. 

, mavnet.ic charaeteristio and recora/:i:eproduae cbarae~er­

istic and whioh baa a high relia~ility withou~ t.he head 

crash. 

S1m11arly. t.he surface roughness of the g1ass 

subst.:cat.e lllUBt. be specit1e4 by :amax ~ 15 mn. Ra ~ 1 nm, 

Itm•~/Ra Ii 30 to obt.ain magnetic recording medimn having 

an excessively b~gh rel~ab~li~y. Ih t.his event- the 

average crys~al grain size of .t.he magne~lc layer llUS~ 

fall wit.bin t.he range bet.ween 5 and !O nm. FUrt.her, 't.he 

'surface rougohness of t.he 9lass s\lPat.:r:at.e is _preferably 

spec.ified by. Rmax IS 10 mo. Ra ~ O.S lUlr ed moN 

pre:r:arH.b1y :RJDaX :Sb 5 nm,. Ra =' O .3 nm. 

Examples 12 t.o 15 and c:omea~a~1ve examplas 

g t.o 13 

The magnetic ~ecordJ.ng media were manuf aoturea by 

changing ~he film ~hicknesa of tbe ~rregular1~y form.in9 

' 

• 

• 

• 
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layer lo investiga~e eff ecLs of ~he surface rouqhne~s of 

~he glass substrate fo~ ~he irreqularity forming layer 4. 

~bus, the examples 12 to 15 and the compara~ive examples 

9 ~o 13 were macle. Nalllely, the magile~ic re~ord1ng media 

wexe manu!ac~ured by using the above-•en~1oaea glass 

subetra~e of \he·a~tlD'1)1e sin a s.11\\ilar manner as t.he 

example 5 f!ZCe(»t. £or cban.9in9 the averli.CJe f i1m ~ic:kltess 

o'f tla• 1r:regula~1t.y :romJ.n9 laier int.o 5 na (e:amp1e 5), 

6.5 nm (example 12), 6 ma (ezample 13), 4 .. S mt (eamp1e . . 
14 l and 4 mn ( m::&111ple 15) .. 

Yhe ~la•• substrate of t.Jle·comparative example 

s was usecl as an example Which aepans frmn t.he range 

of this invention. 
i 

Purt.her, the magne~~c reco~41ng . 
me41a were manuf act.ured in a s1~11ar u.nn.er as t.he 

abave•Jl\entioned egmnple 1 e:c:cep~ for chanqinq the.a11'erage 

film t.h~clrneas of ~he irregu.lari~y fonning, layer 4 

1nt.o 5 nm (comparat.ive ezample 9)~ 6.5 nm (ooapara-Li.e 
. 

example 10), 6 JU11 (ecmpa~aUve example 11), 4.5 mn . 

(co.ipara~lve example 12) an.a 4 nm (cOlftParatlve example 

13). 

~e average film thickness (nm), t.he surfac:a . . 
.r~ughoeus (:Rlnax) and (2q/Aa) of the irregularlty"foxm1n9 

layer 4 of ~he obtained ~•gne~ic recording medium are 

represent.ed in '!'ables 3 and 4. i'UJ:t.her. t.he relation 

bet.ween t.be avera9e film t.hickness (a) of the· -

irregularity formin9 layer 4 and t.he surface rouqhness 

• 

• 

• 

• 

(Dmax) is indica~ed in Pigs. 2 an4 3 aa g~aphs.:__~~~~~~~~~ 

• 
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' 'l'ab1e 3 

Irregular! t.y Average P1.lm sun ace Rq/Ra Head 
Fo:r;.ming Layer Thicltness Roughness Crash 

(mn) (Rmwt) 
t 

12 6.5 35.0 l.5 0 

13 6 32.0 1.4 0 

Bxample s 5 28.0 1.l 0 

14 '-5 25.0 ·1.2 0 

15 4 22.0 1.2 0 

( Subst.rat.e: Glass ·Substrate in Bxample 5) 

Table 4 

Irregular.it.y Average l'ilm surf ace aq/Ra Kead 
J'oi:min9 La1ar 'l!hickness ~ghness cra:11h 

.. (nm) (DI.ax) 
t 

9 6 .. S 35.0 2.1 x 

10 6 31.0 1.6 x 
Compara-
t.ive 11 s 34.0 l.8 )( 

Bxample 
12 4.S 32.S 1.7 x 

13 4 18.0 1 .. 6 x 

. . 
(Subst.rat.e: Glass Subst~ate in Comparative Example 9) 

seen t~om ~hese resul~s, the film thickness a£ 

the 1rregular1~y fonninq laye~_and the surface roughness 

~r• in m linear relation in the glass substrat.e of ~he 

above-men~ioned examples. consequently, the surface 

roughness can be oasily controlled ~o ob~ain the high css, 
du~ab~l~~Y so that t.he magnetic ~eco~dinq med~um having 

.. 

.. 

.. 
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~he high rolial>il~~Y is ob~ained. • On ~he other hand, ~he 

rela~ion between ~he filJn thickness of t.he irregulari~Y 

1ayer and the surface ~oughness 1s •ar~able in ~he glass 

substrate (the ~omparat1ve example) having large surface 
roupness. consequent.l.y, it. is excessively di.:ff:Lc:ul.t. t.o 

- . 
eon~~ol tJ1e surface roughnasa of ~he 1r~egular1~y fo%Dl1ng 

layer. As a resul~. the rel1ab1li~Y ~ec0mes low. 

Moreover. each example ana aach comparat.1ve 

example were examined with respect. ~o the ration (~) 

of t.he sur:face .roughness of the irregularity foJ:JDing 

layer. ne abno.Dial pro.:tec:t.1on of t.he J.rregul.arlt.y 
. . 

forming lay~r due to the variation 0£ t.he su~fade 
• roughness of the suhs~~a~e ana t.be variat.J.on of the 

aui::face roughness occur 1n t.he 09mpars:t.ive examples. In 

the examples. t.he irregul~ri~Y forming layer aaiisfies 

tttJRa =' 1. S, and no head crash occurs beea11se t.he surface 

J:0\1ghness of t.he sUbst.rat.e 1s excellent.. on t.he otber 

hand., t.he magn~t.ic recording medium satis.f!ea Rq/R.a > 1. 5 

due t.o t.be var~a~lon of ~he surface roughness of t.he 

glass subst.l:'at.e and t.he abnoriu.1 project.ion. •. ·In t.his 

case, it. is confi.:rmed t.ha.t. t.he bead c:r:asb occu..rs. 

Although not indicated in the ·figure. the 

relation between the film thickness of the irregularity 
. 

forming laye~ and the surtace roughness and the :relation . 

between the varia~ton and the head crash were 

in~est1galed for the glass substrates of lhe above­

mentioned exaiaples 6 to 11 and the compara~ive examples & 

• 

• 

• 
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~o 8 ~n a similar manner as the above. The examples 6 ~o 

ll had ~he same ~rend as rable 3 and ~he graph of Fig. 2 

wblle the compara~~ve example$ had ~ha u8Jlle ~rend as 

Table 4 and the graph of rig. 3. Therefore, the.surface 

roughness of t.he 1rragulari~y forming layer can be 

preciseiy aont.rol1ed and the •az~at.1on of t.h~ eqrf ace 

rou~hness can be suppreesea by ue~ng the glass aubs~~a~e 
. . . 

according·t.o t.his invent..t.on. COD.seqaenUy, t.he magnetic 
~- . 

recording 111edi\UD having t.he -high zeliabilJ.t.:r can.. be 

obt..ained. 

Bxmnp1es 16 ~o 20, CO!p~~at.J.ve e!!Dlp1ea 14 ~g t6 

~he magnetic recording media were:manufact.11re4 by" 

ad.just-ing- t.he fibs t.b.tcknea• oft.be irreg~ar1t.y·fo:r:ming 

layer and t.he spu~terin9 uondi~i~n in t.he.same manner as 

.t.he example 5 except. that. t.he surface roughness o:f t.he 

irr8911larity forming 1ayer w~s changed int~ g nm 

(comparali,,.. exainplA 14), ·10 nin (example 16), 20 nm . . 
(example 11), 30 Dill (example 18), 40.mn (ex.ample 19). SO 

nm (ejtampla 20) and 55 mo (e.xamp1e 15). Purt.be:, t.ha 

magneLic recording med~um wa• 111&nufae~ured in t.he same 

manner a• Uie examela s •=aept t.ha~ ~be ~zreCJ11lari~Y 

~o:cn~ng laye.l':'. having t.he surfaae roughness (Rta,az) of 10 

nm was fa.!:'llled on the glass suba~rate of the ahoYe­

ment..ioned ooJnps.rat.ive exaJnple, . !n t.his event., t.he 

surface roughness of ~ha irregularit.y formin9 layer, the 

ccs aurabili~r ana t.he character1s~1a of t.he head crash 

ara represented in Table 5. 

' 

' 

• 

• 

• 



' 
--------

31 

Table S 

. 
Bmax CSS Durability Bead 
<mo> c100,ooo t.ince) C:raeh 

Conapara-: 
t.ive 14 9 x 0 
Bzample 

16 10 0 o. .. 
17 20 0 0 . 

Bx.ample 18 30 0 .o 
19 40 0 0 

20 50 0 ·o 
com.para.- 15 55 0 0 
t.ive 
Bzample 16 ~o 0 x 

. I 
As seen i:rom the above-ment..ioned result., when 

t.be surface rou9hnees of t.he irregular:lt.y form:l.i:t.g layu 

1a 1ess t.han 10 nm, t.he magnetic head ac!sorbed wit.h t.he 
. 

magnet.1c racorcllng me41wn. Consequently, the high css 
clu~abilit.y coula not. be obtained. The ~lass subst.rat.e 

hav~n9 Ule h19h surf ace ~ufhn••• ~as used like t.he 

compara~~•e.examp1e 16. As a resu1~. t.he projec~1on of 

t.Jie surface J:Qughness of t.he i~~egularit.y fo:rm1ng layer 

was 1ncteased wi~h ~he abnormal project.ion on t.he.aurtace 

o! t.he glass subst.rat.e. Con-sequent.17 .. as shown in Table 

s. t.he head crash due ~o the abnoJ:ma1 p::cojection 

occurred. Thereby. the magnetic disk as 1"111 as the 

magne~ic head were subjected to a fatal dama.~e- Part.her. 

~he magnetic bead could not run at. ~be low flying he19ht 

1h t.he compa~at.ive example 15 because ~he surface 

• 

• • 
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•~ample 15 ia undea~rable for recording ana .l'ePl:Odueing 

a~ ~he high density. 

bamp1e 21, Comparat.ive example 1=7 

'!be magnet.ic disk in which t.he. irregularities 

were ~ormoa on ibe su~aee by fozming the ir~ularity 

fomlng layer is examplif'i~ in t.he above-ment.1.oaaa 

e.zampiea. ~lt.ernat.1vely. the magnet.1c cllslt mar be usable 

as a contact t.ype magnetic dlsk ~ive by zeflect.1Dg . . 
axceaoively high 9moot.11ness ana f1a~neas of t.he 9lasa 

sabet.rat.e usea 1n.·t.1ae abo¥e-inanuonea.·esmnplaa int.o t.he 

sarfaoe oft.he mo.gnet.ic d!sk.v!Uoa't. t.he irregUarit.y . . 
fomin9 layer. Be.re1naft.er, t.he 9laas sUbst.zat.e of t.he 

axampie s waa used as ~he glass ~etrat.e of t.he con~act. 

t.ne magnet.i~ disk in t.he e:umple 21 while t.he g~aas 

subs~rat.e .oft.he comparative example 5 was:usea as t.be 

g1ass subst.ra~e ~n t.he eomparat.ive example 17. 

In the ma~etic recording me411111 lllQS~ra~ea in 

:P.19. 4, a first. under17in9 layer 2 (Al= t.he a•erag-e £.il.• 

~hickness 5 nm), a eeeona un4er1ying layer 3 (Cr1 t.he 

average fillll t.hiekness 50 m), a t.hird underlying layer 
... .. 

·· 50 (CrMo: C:r:: 94 at't, MO: 6 at.-. t.he &1"erag-e :fila 

thickness 30 ma), a magne~ic layer 6 (CoCrPr.l?ae Co: 78 

at%. Cr: 13 a~•, Pt: 6 at.-, Ta: 3 a~~. ~he average film 

thickness 24 .nm), a pro~ection layer 7 (oarbon: the 

average f i:l.m t.h.1.cknees 15 nm) and a lub:rtcan~ iayer 8 

(perfluoropolyet.her liquid lubr1can~ layer1 ~he average 

• 

• 

• • 

• 

• 
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film t.hJ.clcnests 1 run) were sudceslilively for.med on a glas.s 

su.bst.rat.e 1. 

~he resul~a similar to t.he ahOve-iaentioned 
• 

examples and compara~ive examples we~e ob~a1ned in t.heae 

example and comparative eUlltple. Namely, t.he crystal 

grain$ of ~he underlying lay~r and t.he .magnetic layer . . . . 
.fo!:llle4 on the 9laas euJ)strate became excellen~ in tJle 

c:aae of t.lae :magnet.:l.c disk aft.he e:xampl.e 21·1n Whic:b i.he 
. . 

vlass subat.rat.e o:f' t.he eamnple 5 was used, Consequently. 

Ule cont.act. t.ype aagnet.ic 4isk ha.Ying excellent. magneU.c 

cha~ac~er1st.ic an4·=reear4/repro4'1ce cba.racter1aiic · 

(coercJ.ve force11 Z'OO Oe, S/W tat.ta: 24 .s aBl co\llcl be 
. 

obt.aine4. On t.he ot.hez band, the grain sises which 

eons~1~u~e t.he Underly~ng layer .ana the .agnet.J.c laye% 

for:me<l on t.he glass substrate were -var1ea in t.he case of 

t.he magnet.lo disk of t.he c::oinparative ••P.le 16 J..n whioh 

t.he glass aubsi.rate of 1.he eompara~tve exanll"l• 9 having a 

baa. sur.face conclit.1on was·used. Cansequon~ly. t.lie S/lf 
.. 

ra~io waG 4e~er~orated ~n~o 21.0 dB. ~hus, t.he 

t'E!cord/reproduce charao~eris~ic became ba4. ' 

Al t.b011gh t.he magneUc disk was man.uf act.ux:ea by · 

usin9 t.he in-l1ne ~ype auccesai~e apu~lar1n9 appara~us 1n 

the a.bo•e-mentloned.exaaple•, the same resul~ could be 

obtained oven when the known still s~anding opposed ~ype 

spu~~ering appara~us wae uaed. Althou9h the irregula.ri~y 

fOJ:lfting layer was formed on ~he underlying layer of Al/C% . 
tn ~he above-men~~oned e;icamplest ~he 1rre9Ql&~~ty fo:niiag 

l.ayer nt;t.ght. be direc:tly foxmed on the surface af t.be 

• • 

• 



.. 
-----------

34 

glass s~b~trate vi~hou~ ~he u~derlying 1ayer. ~n t.he 

magnetic record~ng medium illus~~a~ed !n Fiq. 5. ~he 

irregu1arity fazming layer 4. ~he undQ~1a71ng 1ayer 51 

cons1u~1nq or the er layer 5la and the CtMo layer Slb, 

t.be naagnet.1e layer 6, t.he prot.ection layer 1 arid t.he 

lUbr1cant layer 8 are suaeessively formed an the g1ass 

nbst.rate 1. 

' 

Met.al .mat.llr:l.ala b&ving a low m.e1t.1ng poJ.nt. 

const~tu~ing 1:.ba ~~regala~itY ~ozm1ng layer are 

preferably salaot;ad from metals suob· as Al, ~~. ~. Ag, 

lib, ~a, 11, S~, Zr, Cu, Ce, Aa, Sn,·Pcl, Sb, Ge, X~, ln, 

W, »h and alloys t.hereo! or ox14e., nitride and cm:b14e o-f 

t.bese met.als and alloys. A material cant.a1n1nig Al as a 

main eompobent., such as a e1nqle_ subst.ance of JU. Al 

alloy, ox14a Al and ni~roqen Al, is_part.lcularl~ 

p:r:efezable. Amonq others, Al anCl nit.1:0g-en_Al az:e 111.0e°t­

prefe~able. The configurat.1on of t.he irre911larJ.t.y 

fotmiDcJ layer may be a Buocessive texture film ar 

d1sereteiy 1s1and-ltke projee~ions. 

Furt.her, ~he ir~egulari~y for.min~ layer may be 

fo.nied. only on a landing zone. Al.t.ernat-ively, t.be 

·1n:egularH.y :Eo~:l.ng layer may be a. aone t.ext.ure which is 

fo:cmed by saoo~h1ng a read/wr1~e z0ne and rou9hen~ng the 

surface roughness of t.he landing zone.. i'urt.her. t.he 

1r:r:egular1.ty .fominq layer may be om1t.t.ed in aaaordan.ce 

wi~h ~he kind of ~he usea drive. 

A surf ace relnforced viass subs~rata and a 

crys~allized gla~s subs~rate are exemplif1.ad aa ~he §l&G§ 

' 

' 

.. 

.. 

.. 
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~ubs~ra~e use~ in this invention. Spee1fi~al1y, 

aluminoailica~e g1aao, alum1noborosil~ea~e glaae. 

bo:r:os~i~eate ~ia$•, •~liaa~a 9lass, aoda-1.u&e !1••• •n4 ' 

oxyniter!de glass are uemplified. rurther, a non-met.al 

subst.rat.e. SQ~h as a ceramtc substrate. a glass ceramic 

aubst.rat.e, a silicon subst.rat.e and il carbon aubet.rat.e is 

exemplified as a subst.'.l'at.e hav1ng the same ch~raete%~s~1e 

as· t.11e glass. KoreoVer. the glass 1UDst.rat.e of t.hJ.s 

1nvent1on ia u•e~ui as the aubs~rat.e for an op~1eal d.isk 

other t.han t.1le magnet.to <l:La~. 

A mat.er.t.al eont.aining Ge. Ga. zr an4 ':L'S. as a ma.tn· 

componeni o~her than Al may be •••4 as t.he firs~ 

underlying layer 2. An alloy containing Cr as a main . 
component. ot.ber t.han a sin9le auJ;>st.rat.e of Cr may be used . -
as t.he second underlying layer 3. 

Furt.her, t.he t.hira underlying layer s aar be 

formed by one layer or more con~a1n1ng at least one 

element o~ more s~lected from a group cons~st~ng of er. 

Mo, Zr. B, Si, Zn, T~, 1f, V. Ta and Al. 

' 

In ~h~s case, it is preferable ~ba~ Al ~8 used as 

t.he f 1rst unde~lying 1ayer 2 an4 Cr 1s used as· t.h~ seconc! 

underlying layer 3 ~o contJ:Ol the cry•~al growt.h o~ each 

layer. COnoequen~iy, ~he 1rr.•gular~~ies 0£ t.he 

irregulari~y rorm1ng layer 4 of the me~al t.h!n f1lm 

having ~he l.ow mel t.ing point formed thereon can be 

precisely Cf?n:t.rolled wit.bout. t.hc -va>::lat.ion.. Fu~her, t.he 

loW f lyinq beigh~ can be realized by t.he synergistic 

erfec~ wit;b ~he charact.eristic of ~he 91aas subst.rat.e .~o 

' 

• 

• 
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improve raproauc1ng ou~put. 

Co baaa4 alloyG, such as Co~~. Cocr, CoNi, 

CoP~C~. CoCrTa, cos~c~. CoSiP~, ComiCZ"Ta. CoN1C~P~, 

' 

cocrP~Tallb, cocrPtTaZr, CoC~PtTaSiO olher than coerPtTa, 

a fer~ite-basad ma~erial or an ~ron-ra:r:e earth-hase4 

:anat.er:Lal may be used. as the magnat.1c layer & • Alt.er­

nat.i vely, a IBDlt.1-layer fil'9 which :ls fome4 by cllvicllng 
t.he magnet.J.o 1ayer ~t.h a no_n-ma91iet...t.c fJ.l.m (:foi: e:xamp1e. 

c:r:. CrMo. CrV) t.o red.nae a noise m;a.y be used. as t.ha 

ma.gnet.1c layer 6. . !'Or example, CoCrPt.!l'ci/CrHo/Coedt.'.l!a, 

CoPtCr/CrMo/Coftcr (the left. side of '/' is closer t.o the 

subaira~eJ DlilY be usea. 

moreove.r. the pro~ee~ion layer 7 is fozmed by a 

a1n9le layer of tlle car~on prote~t.ion layer 1n the a:bave­

ment.1onea examples. However. the protect.ion layer 7 is 

no~ ·J:es~ric~ea t.hio case. For example, ~he non-magnet..ic 

mat.erial such as Crr Mo, Ti, TiW. CrMo, Ta, W,'S~r and Ge 

o.r alloy of t.hmn. oxide, nit.ride and carbide may be 

in~ezposed·b•tveen ~he carbon pro~ac~~on layer and the 

magnetic 1uyer. A s102 ~11.m. •ay be formed ins~ea4 o~ ~be 

carbon protec~ion layer by dispersing colloidal Gilica 

' 

f·1ne grains in t.et.raalltoxysilane cU.lut.ed W1t.h an &1eohol­

based solvent arid t.hereafter by coating and baking the 

dispersed gra~ns. In ~his even~, t.he s102 film !uno~1ons·, 

bo~h the p:r:otection layer mid the irregularity for.ming 

layer. 

In addi~ion, fluorocarbon based liquid luhrieant 

ma~erial or a lubricant material dOb81s~ing 0£ alkali 

• 

.. 

• 
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metal ~a1~ of mu1fon1c acid may be used as the ~a~e~ial 

of ~he lubricant layer 8 other t.han perfluoropolyet.her. 

I~ in 4eelrdble ~nnt ~ne fllm tnlcJcnesa o! ~he lUb~1cant 
laye.r 8 falls within the range bet.ween O. s and 2 nm. 

When t..hG film t.hiclmess is lese t.han O . S nm, t.he . 
resist.ance io abraolon 1s·reduae4. When the f~lm 

t.blelmeas exceeds 2 .Diii, the adso::r;pt.lon.occu~• wi.t.hout. 

.tmpziovDtent. of t.he re•iat.anea t.o abrasion. l:D t.hi• 

eva11t., When t.he prot.eet.ion layer it.ael~ bas. a lub.z:r.teant. : 

effec~, the lubricant layer may be omitted. 

' • 

' • 

' • 
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WHAT IS CLAIMED IS: 

1. A glass suhs~ra~e which is £or mse in an ' 
1nfozmation recording medimn and which has sarface 

rouglu.le.sses Ra, Dmax and llcJ, where Ra .ls reprasent.at.ive 

of a center-l~ne mean roughness, Rmax is defined a• a 

maximum heigh~ r_epresen~ative o~ a 4iffereaaa be~ween a 

bi.est. po1. .. t. an4 • 1oveet. point. ana. •• J.a .z:epresen+.au ... 

o~ a ·roo~ mean square ~ghnesa whe~ein: 

. the surf ace J!Ollghne•• is speeJ.£.l.e4 by amax i!i! 15 . 

nm., Ra :; 1 1111\ and u.q ~ 1. s nm. 

2. 

wheJ:e.S.tat 

t.he surface roughne•s i~ spec1:f1e4 by amax =st 10 . . 
nm, Ba ~ o.s nm ana Rq ~ O. 7 ma. 

3. h glass subutra~e as claimed in claim 1, 

where1n1 

t.he surface roughness is specifiea bJ' Rmax ~ 5 

nm, R.a !ta o • 3_ nm and Rq ~ 0 • 4 ns.. 

4. A glaus substra~e as claimed in c1aJ.m·1, 

wherein: 

the rat~o be~ween t.he surface ~oughneas amax and 

t.he surface roughness 1'a is specifi.ed by Rmax/Ra =' 30. 

s. A magnetic recording mea1um having a glass 

sub$t.ra~e as claimed in any one of cla11na 1 to 4, 

wherein: . . 

I • 

a t.llin film including at least a magnet.:l.a layer 111 ' 

formed on sa14 glass eubs~ra~e-

• 

• 

• 



··-·-·--·-·---- -----

If-~~ ll(U ~I U If II ·· 
39 

6. A masne~1e recording med1Wll aa elaimed in 

claim 5, wherein: 

said thin film is composed of eubst;antially 

unifoz:tn crys~al grains by eontroll1n9 tlle surf ace 

roughness of said glass substrat.e. ancl 

an ave~a9e crystal g:a1n aiza of the crystal 

gralqe !alls wit.bin t.he rilllge between ~ anci 30 ma. 

7. A ~net.!.c %'1!CJOrding aaed.111111 -.Uch has a uu.n 
. 

film ~nc1uain9 at. leas~ a ~gnet.ic layer on. a ~laas 

subst.:rat.e Dav.:lng surf ace roughneeses aa an4 Itmaz, •hare 

Ra ~a rep~seniat1•• of a cent.er-l.J.ne mean J:O\lgbneas ana 
Rmax :la def J.ned as a max.tmmn height. repr•sent.at.1.Ve o~ a 

41fference bet.ween a hi,hest. ppint. ana. a lowest. poil'lt. 

wherein: 

t.he au~ac=e roughness is apeoi£1ed .by Bmax ·=- 15 

run. Ra i$; 1 run and Rmax/lla ~. 3 o; 

said thin f il.Jn ~a compoaed of subs~ant.ia1ly . . 
un~~o:tm cryst.~1 9ra1na by con~roll~ng t.he aarf ace 

rou9hnessi and. 

an ave~age crys~al grain size of ~h• crystal 

grains fal1s within ~h~ ranve ~etween 5 an4 30 nm. 

a. A magnetic ~ecora1ng me41.ma aa cla.tmed in 

c1a1m 7, wherelb: 

~be surface rou9hness is specified by Rmax ;I; 10 

nm and Ra ;; O.S mo, and 

Lile r•~1o between the surf age roughness .Bmax and 

~he surface roughnoms aa is specified ~Y llmax/Ra ~30. 

• • 

' • 

• • 
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claJ.m 1. wherein: 

t.he surface roughness is specified by lmax :;; 5 nm . 
and aa ~ o . 3 nm. and 

t.he ratio between the surface %ougb.ness-Rma.x and 

t.he surf ace rou.ghneao .Ra Js specified by Bmaxfl.a :&; .30 • 

10. A magnet..:l.a ncor41119 Dled.ium as cJ.aJJnec1 in 

aby one 0£ claimfl S t.o 9, "herein: 

-here t.he o:cyatal grai~s of said t.hin film: are 

meas11l:e4 with respect. t.o_ 41ut..r~but.i.on of _czys~al grain 

sizes .in a uquare o~ 1 IJ. m, .a half band viclt.h 0£ a· point. 

in which !Ulc c;yst.a;t grain s1aes are moeUy d.i&Jt.r1J;:n1t.ea 

is 20 nm or less. 
' 11. A ·Dl&CJllet:J.c xecordin.J medium as claimed .in. 

any one of claims 5 to 10. whe~e1nt 

• an- urader1y1119 layer 1s ~ormed 1'et~en sal.d glass 

su~s~ra~e and said magne~ic layer. 

12. A •agnetic reoord1n9 aediWll as olaime4 1"' 

any one of ol•ims 5 ~o 11. wherein: 

an irragu.lari~y £O?!lling layer oonsie~in9 of a low 

mel~ing poinl me~al ta forned between said glaes 

_auba~rate an.4 ea~d magne~ig layer. 

13. A magne~1c recordlng.medi'IUa as claimed in 

cla~• 12, wherein: 

Rq/na of said 1:regu1arity fo:cn1ng layer 1a 1.5 

or leas. 

14. A magnetic recordinq medimn as claimed in . ' 
olaim 12 or 13, where~n: • 

• 

• 

• 
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the o~~faae rouvhnese mna~ of said irregularity 

forming laye~ falls within the range be~ween 10 and 15 

nm. 

15 • A met.llod of manufacturing a glass subst.rat.e 

having a principle su~f aee for an infoz:m.a~ion recording 

medJ.wa, comprising t11e at..eps of r 

tapping said. 91••• •ub•t..~~~er and 

po11ab1ng t.be pr11'lC1ple s\1%1!aee . .,Y using a 

polishing liCJUJ.4 1nai\ld.1ng a po11~n9 g:ain, t.be 

polishing qrain havin9 a p.rede~e2:mine4 gzain size; 

t.hfit grain a.lae be1119' se1e.:;t.ea •o that. •&S.4 g:laas . 
subst..rat.e has surface roughness Wb1cb 1a specified by 

baz ~ 15 m~ •. 1ta :1' 1 nm and Rq :!!l: Ls mu, 'Ith.ere lla ls 

repreaont.at.ive of a center~line ~ean- rou9hness, Dmaz is 

4•f 1ned as a maximum height representat~ve of a 

4iffe:rence between a h19bes~ point and a 1~wes~ poi~t. and. 

nq ~· repraoen~a~ive 0£ a roo~ mean square ~ugbness. 

16. A method of manufac~ur~ng a glass substrate 

far an .1.n!'oX"lfta.t.::lon rec::ord.iftg' .meclium, comprising t.he st.eps 

Of 1 

lapping saia g.1ase suhet..rat.e; 

polishing, as a firat polishing step, said glass 

substrate by using a f iret polishing liquid including a 

firs~ polishing grain, t.he first polishing grain having a 

first grain .size bet.ween 1 and 3 p. m; 

polishing, as a second polishing step, said 9lass 

su.b1trate by using a second polishing liquid 1nc1uding a 

• 

• • 

• • 
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aegond polish~ng g~uin, ~he aecond polishing gra~n havinv 

a second g.rain size bet.ween o. 5 an<i 2 Jt m: 

polishing~ as a ~hird po1iahing m~a~, aald . . 
substra~e by usinq a third poliBhing liquid including a 

t.hird pa11.sll.ing gl:ain, t.he t.nird pol.1ah1.ng graia b&1r1ng a 

t.hird. grain size of o. s /l m: or leas. 

17. ~method as claimed in claim 16, whereJ.ns 

t.he t.hizd ~o1~shing grid.a eompr~ses a eolloi4al . 
sil~ca q~ain havlng a grain Gize of 0.2 #m or less. 

18. A met.hod aa claimed.in any one o:f cla.!nuil 15 

t.o 17. fart.Iler comp:.laing th• st.ep of: 

forming a ~hin film 1nclu41ng a~ leaa~ a magne~ic .. 
1a:yer on said gtaos subatrate1 

' 
said ~hin film baing a~posed of subs~antialiy 

unifo%1ll cryo~al grains, an average c:rys~al,9~a1n size of 

t.he en st.al grains falling vi t.h1n the range bet.ween 5 and -

30 mo. 

19 • A met.had of manuf act.ur1ng a :magnet.1c. 

reco~in9 mud~um hav~ng a glass aubstrater com~rising ~be 

st.eps of i 

p:oaess1ng a principle aurface of sa14 glass 

-subst.rat.e so t.bat surface roughness is speciflecl by :emax: 

:ii 15 nm, B.a ~ 1 nm ~nd. Rq ~ l. 5 nm, where Ra is 

representa~ive of a cent.er-line bean rouibqess, Rmax is 

defined as a maximum height representa~ive of a ' 

d1frerence be~ween a highes~ poin~ and a lowest po1nt and 

Rq is ~epreoontative of a roo~ JllE!an aquare roughness; and 

lfiiUffiU 

• 

.. 
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deeosi~inw a ~hin film including at least a 

magnetic layer·on the p~inciple surface of said glass 

subst.ra~e so t.hat sa~d ~bin film ~s compo•ed of 

substantially uniform crystal grains and an average 
cryst.al gra.in size of t.lle cryst.al grains fall.a w1t.h1.n t.he 

range bet.ween.5 and 30 nm. 

20. A.met.bod of mannfact.11rin9 a Jnagnet.:l.c. 

reco.z:d.ing mecu.um nav1ng a golass aUbst.rat.e,. eomp%':l.aJ.ng- th& 
st.egs of 1 

prodess1nv a principle surface of said gl~a 

suhs~~ate so t.hat •tl%f ace =ougbneso 1• apec1f ie4 hy amax 

=s 15 nm, lta rs: 1 11111 and Jlllla.:n:. /Ra ;&; 30, where Ra is 

represent.at..J.ve·of a cent.er-line 111ean roughness and ltma.x 

1s defined as a max1l'a.wn beight.r~present.ative of a 

41ffe~enae bet~een a highest poin~ ana • lowest. point1 

ana 
4epos1Ling a ~h~n film including a~ least. a 

magnetic la.ye~ on the ~r~nciple eur:face of said glass 

subst.ra~e so t.hat said ~hin film ~s composed of 

subst.anlially uniform ci:ystal 9ra1ns an4 a~ average 

crystal grain ·size of t.he aryst.al grains falls wit.bin t.he 

range between·s and 30 run. 

21. A glass s~bs~raie which is for use in an 

info:r:ma~ion racora~n~ med1um and which has.surface 

roughnesses Ra and R.max where Ra ~s representative o£ a 

eenter~line 1nean roughness, Rmax ls defined as a maximum 

hei9h~ representative of a difference between a highest 
poin.t. a.bd a l.mirast. pc.int, _,.herein1 

' 

' 

• 

• 
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~he aur~ace rou~hnea~ ~a ·~ee1fie4 by a.ax ~ lS 

nm, Ba ~ 1.l .1JJR and nmax /Ra :rt 10. 

22. A g1a~s subs~rate as c1a1~e4 in cl•im 21, 

wherein: 

Ule am:faoe roughneas ia specif'ied by Blnax i1' l.O 

nm. aa. ;s; o.e nm and Rmu /Ba ~ 10.s. 

23. A magnet..ic :recording •c1ium having a glass 

sUbs~ra~e as claime4 in cl~ 21 or 22, wbere~n= 

a t.hin f !lm including at 1east.. • aagne~ie layer 

is form.ea on ea14 glasa aubst~at.e. 

24. A met.hod of manufa~~~zing a ~4Jlle~ic 

recording medium having a glase ·aubat~~e as cla.tme4 !A 

claim 21 or 22, QOJRPr1s1ng the stepo of: 

prep~~ing said ~lasa s•b~t..rate; and 

£o:rming a t.hin film includ1n9 at 1eas~ a pagne~ic 

layer on said ~lass substra~e. 

25. A met.hod as claimed in cl~im 24, Whenin: 

uaid ~bin f 1lm 1a %oxmed by t.ha u9e of ~ha in-

11ne ~ype successive sputtering met.bod. 

' • 

' • 

' • 


