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MAGME~lC RECOR.DING M!DIOM aNO 

METHOD OF ~UFACTURING THE SAM! ~ 

BaekgrOQrad of t.he I:r.:vent.:t.on= 

~his invention ~ela~e• ~o a ma~net.ic reoording 

medium for magnet.ically :recording info.x:ma~ion, and a 

method of manufacturing the same-

Recently, a high recording densi~y has been 

required for a magnetic reeor41nq medi1UQ. To ~hie ena, a 

greal at tent.ion has been paid for a .maqnet..1c laye=r of a·, 

magnetic recording medium wbich is composed of multip1e 

magnet.ic t.ltin-fil~ mec11a successively deposit.ed an4 which 

may be called a s~ccessive ~bin-film mediiun. Alloys of 

coPtCr and CoC.d!a system have been known as t.he magne~ic 

layer of tile above suocessive t.hin-film med:1wn -.nd 1s 

generally depos1~ed by tbe known spu~ter~ng method. 

In ~he magne~ic recording medium hav1ng Lhe high 

recording density. bo~h a high coercive force and a low 

noise are required. Bo~ever, 1~ is eonventionally 

difficult ~o sa~isfy bot.h ~he high coercive faree and the 

low noise at. tbe same t.ime. Namely, alt.hough t.be 

conven~1onal ~ernary alloy 0£ a CaP~Cr sys~e.m 1s ' 

excellen~ in ~he high coercive forcea i~ is insuf£1c1ent 

in ~he low noise. on ~be other band. ~he eonven~ional 

~ernary alloy of a CoCrTa system is excellan~ in ~h• low 
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noisa. but. it. ia insu£f.tc.1.ent. in "t.lle high coercive fo:t;ee. 

I·L has been noticed 'that. both t.lle b1CJ1l coe:rcive 

force and ~he low no~se can be ~ch~evea by adjusting 

composition and tbe f;llm thioknes.e of an underly1nq layar 

which are parameters for real131ng the h19h densi~y of 

~he magne~ic recording me411.1m. 

Thers£o~e, suggestion baa been made in Uaaeaam1ne4 

Jagsanese Pa·t.ent Pub11cat.J.on (JP-A) 1110. 111-2s&Ol 7 al:Jout. a 

magnetic racoraing •e41wn having a magne-t.ic layer of a 

CoCrTaPt. quat.ernary alloy whicll is tUnct.ed t.a t.he bifh ' 

eoerc1ve fo~e b! adjus~~ng eompos~~ions o! an underlying 

layer ~nd a magne~ic layer. Such a magnetic recording 

~eoiwn iG fo~a by suc~ess1vely 4epos1~1ng a er laye~ as 

the under.lying layer and a qua~e1""nary al.loy magne~ia 

layer on a nonmagnetic substrate. However, a lattice 

con.st.ant. of t.he magnetic layer is increased in t.be a:bove 

magnetic recor4Lng medium. Consequently, a d1fferenee of 

the la~tice cons~ants between ~be magne~~c layer an4 the 

un4erly1ng layer beeomes large. ~he number of cxya~al 

9ra1ns wherein c axes are inclined wi~h respect to the 

film surface of the magnetic layer !s increased because 
. , 

~f ~be diffexence of ~he la~~~ce cons~oillltS (in ~his oase, 

it. is desirable th.at. Ute C ax1s of each grain .1.n t.he 

magnetic layer ts parallel ~o ~be ~agnet1c film to 

improve ~he coercive force). As a result, ~he coercive 

force becomes 1700 oe at mos~ and therefore, ~he coarc~ve 

fo:.:ce can nol be improved cout.rary t.o t.he expeat.at.J.on. 
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•r.n eolva sm:h a problem, anot.her su9ges-t • .lon has 

been made in Unexamined Japanes~ Patent Publication 

(3P-A) Mo. HS-325163 about a magne~ic recording med.tum 

wherein a 1na9net.ic c;ha::ac·::.e.ristic and a record/reproduce 

cbarac~eriatic are improved ~Y matching a magna~ic layer 

w~th an underlying layer in a la~~ice aons~ant. ~n such 

' a :nta~net.ic re:cor41ru1 medium, a layer which cont.a1ns er as 

a main con1ponent. and :l.ncluaes at ieast. ohe o:e Ko and. w f.s 

\lsect as a11 nnderlying layez: o:f an alloy magnet.J.c:: layer 

whigh 1nalu4es a novel me~ai such as P~, Pd and Rh and 

ineludea Co as ·a main component. consequen~ly. t.he 

magnet.le.layer has a lat..t..tce constant stz.bst.ant.i.ally equal 

~o that. of the underly~ng laye~. As a result, the high 

eoerc~ve force can be obtained according to ~he above 

11U1.gnet1c ~ecording maQi\Ua. RoweYer, t.he noise can not be 

suEf 1e1en~ly %educed in t.he above magnetic recordi.ng 

mediu111 because t..be grain si2e of t.he \lnclerlying layer 

becomes large as compared "1it.b t.he Cr underly.:l..a9 layer • 

Summary 0£ .. ,t.he l:n,,.ent. ion : 

It is therefore an objec~ of th1s 1nven~1on ~o 

provide a magne~ic recording medium and a me~hod of 

• 

manulac~urlng ~he same ~hieh ls capable of aeccunpl.:l.ahinq 

both a high coercive force an4 a low no~••· 

In a magne~io ~eeording medium according ~o this 

invent.ion, a rirst. underlying layer including Al is 

formed on a glass sUbstra~e. FurLher, a second 

underlying layer 1nolu41ng Cr is formed on ~he f~rs~ 

underlying layer. In addition, a third underlying layer 
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0£ a Cr alloy .is fo:i:med on t.he sec:on.d unde:r:ly1.ng J.aye~. 

Finally, a magnetic layer of a Co alloy is formed on the 

th1td underlyin9 layer. 

With aueh a st.rucl:.ure, tlle grain size of t.he 

second underly~ng 1ayer iB xela~1vely small and falls 

wit.h.in t.he range bet.ween 50 and300 J... !rhe t.hird 

un4er1y:Lal.g 1ay0r and the ma9net.ic layer al'.'e fol."Ble4 J:>y 

• 

layer. Speclfiaally, ~he grai.n sizea o~ the ~hit"« 

an4erly111g layer an4 the 11agnet.:Lo layer also became smal.1 

in dependency upon the·grain size of the secona 

underlying layer. Specifically, the grain s~mes tall 

within ~he ran9e between 50 and JOO A _ As a ~esqlt, ~be 

low noise ~au be reaiized. 

Thqa, ~be la~~1ce conetanta be~ween ~he ~hird ·, 

underlying iayer and ~he mavne~ic layer a~e subst.anti•l1y 

14ent1cal to each o~her. Conseguently, the 4~reet1on of 

the crystal axis of the magnetic layer sUbs~an~ially 

becomes para11el to ~he f11m surface. As a resu1t, ~he 

bigh coercive force ean be realized. 

Tl1us, both t.be high coercive force and t.he low 

noise can be realized a~ the same time according to ~his 

invent.ion. 

Brief description of ~be Dra~invs: 

~!~. 1 is a sehema~ic cross sec~ional view of a 

magnetic recording medium according to a first embodiment 

of this invent.ion. 
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Pig. 2 is a sohe.ma·t.1.c cross 1u1C!t.1onal view af a 

magnet.1c recording n\edium acco.J:"ding t.o a second 

embodiment of this inven·t.ion. 

Fi~. 3 sbows an in-line t.:ype DC magnet..rcm 

spu~lerlng apparatus which is used in manqfaQ~u~in~ a 

snagbetic recording medium ·~~ording to ~his invention. 

Descrip~ion of ~he Preferred Bmbodiments: 

Re~err1n~ ~o F~g. 1, desc~iption w~11 be macle 

abou~ a magnetic recardin9 medium according ~c a firs~ 

embo41mon~ of this inven~1on. 

As shown in Pig. i. an unaerly~ng layer 2 1• 

fo:caed on a glass subs~rate 1. The illQs~ra~ed 

underlyinq layer 2 is formed by three layers. 

' 

A f 1rst underlying layer 2a ineludes Ai as a main 

component. and is deposited on t.he glass subet.ra.t.e 1. 

Purt-her, a second underlying layer 2b inclQdGs Cr ana is 

deposit.ad 011 t.he first. underl.ying laye:r: 2a. A ·grain si.ze 

o~ the second underlying layer 2b fal1s wi~hin the range 

bet.ween SO and 300 A . In add.it.ion, a t.bird underlyi.nq 
,· 

layer 2c is deposi~ed on the second underlying laye% 2b. 

~he ~bird underlyinq iayer 2c includeu Cr ana a~ least 

One ma~er1al selec~ed f~o~ a 9roup COD&L&~ing of Mo, Zr, 

B. Si, Zn, Ti~ w~ v. ~a. and A1. A magne~ie 1aye~ 3 is 

fo:cned on tbe underlying layer 2. 

In this even~, ~he magnetic layer 3 has a 

compoei~ion represented by ~he followinq chemical 

foJ:JDula. 

(1) 

• • 
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wh.e.re x. Y and z J:"epresent. a composi.t • .ion rat..lo of 

-each coanponent. by at.%. aerain. it. is t.o be not.ed t.ha't. X 

falls within the range between 5 and 20 a~~. Y falls 

\fit.bin t.be range beu1een 3 and Hi at.\, and z f allm wi thia 

the ran9e bet.ween l and 7 a:t.'. 

A protec~~on laye~ 4 of carbon is deposited on 

the n1agnet.ic layC!r 3 . :uu:rt,her, a lubricant layer is 

ooat.ad on t.he prot.ect.1.on layCillr 4. 

It is desirable ~h~t a nonmagne~ic ma~erial ia·, 

used as a base aubstrat.e. Aa men~ioned above, t.lla 

magnetic Kecording 11tedium has the glass subst.ra~e l as 

the base subs~ra~e. ~he glass subs~rat.e 1 is excellan~ 

in a mecllanical, physical and chell\ical. durab111t.y anCl .is 

easy ~o obtain a surface having high plane accu~aoy. 

Therefore, a h19h recordlug ~ensity can be ach1eve4 hy 

useing ~he ~lass subs~rale l. 

Specifieally. a chemical reinforced glass 

subs~ra~e and a cryst.all1zed 91ass •ubs~ra~e may be used 

as the glass subat.ra~e 1. More speelfically, alumino­

s1l1cate glass, aluminoborosilica~e glass, borosi1ica~e 

glass,, ail.leat.e glass. scda-lime glass, and o.xynJ.t.r.t.de ·, 

glass are used as the ma~erial of the glass su~st.rat.e 1. 

Furt.ber. anonlDet.al substrate, such as a c:exami.c 

subs~rate, a glass ceramic subs~ra~e, a silicon substra~e 

and a carbon substrate •ay be also used as the subs~ra~e 

if they have the saae character1st1e as ~be glass 

subat.rat.e. 
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~be f1~s~ Qnderlying layer 2a serves to avoid an 

undesi~abie invasion of an impurt~y 9as <a2o, o2 , N2)in~o 

~he •agnc~ie layer 3 when such an 1.ntpur~ty ~as ~a 

~eleased from ~he glass d~rin9 a heat process. fhis 

means 't.hat. det.e:z;1orat.ion of a magnet.le charact.er~st.1c can 

be preven~ed by ~he firet underlying 1aye~ 2a. r~rt.her, 

the first Qndexlying 1ayer 2a funct.1ons as a buf~er film 

for ral~e~ift~ an ~n~erna1 s~rans o! a f~im imposed by a 

difference of t.hennal expanslona which occurs during a 

beat t.reat.ment. ~ J:n t.his event., U. !.s su1 t.able t.hat. the 

f 1lm t.hiokness of ~be first. ~nderlying layer 2a falls · 

within ~he range be~ween ahou~ 10 and 100 A. • _Where the 

£ilm t.ltickness :is luau; t.han 10 A , t.lle coercive fol!ce ;i.9 

1owerea and furUler, the noise ~s 1ncreased. on ~be 

ot.har hana. where t.he film t.hS.ckness exceeds 100 A. , t.he 

reproducing ou~pul is reduced. 

The eecon4 underly1n9 'layer 2b of er serves t.o 

adjus~ t.he grain sizes of both ~he third un4ezlying 1ayer 

2c an« ~he magne~ic layer 3 which are depos~~ea t.hereon, 

A crystal o~ ~he second un4erly1ng layer (Cr 1ayer] 18 

f1neE ~han tha~ of the ~bird undezlying layer 2c (Cr 

.alloy layeT inc1udinq, for example, Mo). Under t.his 

circumstance, t.he ~hird underlying layer 2c and t.he 

magnetic layer 3 reflects the fine crystal of t.be Cr 

included in t.b.e second underlying layer 2b. 

Specifically, ~he grain sizes of ~he ~hird underlying 

layer 2c and the magnetic layex 3 become small 1n 

dependency upon t.he fine cryst.al layer of t.he seeond 
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Qndarly1ng layer 2b and thereby, the iow noise ~s 

real.i2ed. 

Vrefei:ably, 1:.b.e g-raJ.n size of t.he seconc.l 

underlyi11g la ye%' 2b falls within the range bet.ween 50 and 

300 A • When t.he grain size is le:aus than 50 A , t.ha 

coeJ."c:ii ve force and t.be reru:oducing ou:t.pu~ are .lowered. 

On U1e 0U1er hand,. when t.he q~ai.n s.i:ce eseeecls 300 A , 

~he low noise Gan no~ be acco.1np1ished because the g~ain 

sizeu of tl1e t.hird underlying layer 2c and the magnet.le 

1ayar 3 become iarge, as .men~ioned before. 

The third underlying layer 2o serves ~o Jftake t.he 

lattice constants be~wGen ~ha th~rd unaerlyinq layer 2e• 

and t.he 11lagne\..1c layer 3 coincide each ot.her. 

Specificall~, tbe 1a~t~ce c9nstan~ Of the a azis 

of lbe crystal (cubic syst.e) of t.he t.bird. underlying 

layer 2c bec:omes equal t.o t .. he lat.t.1ee const.ant of t.he c 

axis of t.be crystal (hela:aqonal syst.eni) of t.ba magnet.le 

layer 3. This is effec~ive to improve ~he or~en~a~~on of 

t.be c a.xi.s in t.he fJ.1m surface of the magnet..ie layer 3. 

~n t.hia case, ~he above word Requaln meang ~hat t.he 

difference bet.ween ~he cgystal lattice spacing of the 

magnetic layer 3 and the crystal lattice spacinq of ~he 

t.h1rd undei;lying layer 2c is lesa than 0.1 A. »re:ferab1l' 

less t.han O. 05 A , and more pre£arably less than O. 02 A. ~ 

More preferably. the content Of the o~her· 

elamenl. such as Mo, in the Cr based. alloy falls wit.bin 

the range bet.ween l and 20 at.omio "· and pre.ferably 

be~ween 5 abd 15 a~omic ' to match ~he above two lat~!oe 
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ooms t.an t.s w1. t.h each ot.lter. C~Mo, C:t'V, CrZr, C~MoZr, CrB, 

CrW, Cr'l'a, CrTi, CrTlB and C~Si and. the like are 

elCempl.1.:f tea as t.b.e cotnponerit. of t.he t.hird underly .1.ng 

layer 2c. Among them, t.he CrMo alloy is prefe:rabl~. 

Fur~her, 1~ is sui~able ~hat. ~ha film ~hieknes~ 

of the third underl.ying layer 2o is t.h:l.nneJ: than that. 01! 

the sec:o.-aa underlying layer 2b. This ls because t.he 

graln size of ~he secon4 underlying layer 2b, an4 

thereby, the grain s~ze of ~he th~:rd underlying !aye~ 20 

becomes large when t.he film ~h!ckness of the t.bird 

underlying 1ayer 2g 1a ~bicker than that of ~he aeeolid 

underlying layer Zb. Where ~he g~ain size of the th~r4 
• I 

unde~lying laye~ 2c becomes larqe, ~he noise also can not 

be red.uced. 

In this even~- ~he third unde~lying layer 3~, 

much as C.tMo, "hich direotll' cont.act.s wi t.h t.be magnet.J.C. 

layer 3 gives influences crys~al 9row~b Cf the •a;ne~ic 

layer 3 and a magne~ic character1stic. 

In the illustra~ed example, ~he maqne~ie layer 3 

ls cOll\posed of ~he quaternary alloy of Coc~aP~. ~he 

laL~lce constant.. of the magne~ic layer 3 is substan~ially 

equal to the la~tice donstant of lhe ~hird underlying 

layer 2c. ~herefa~e, a dis~ribution of ~be c axis 

4i~ection of the crystal grain of ~he magnet.le layer 3 

begomes pa~allel ~o the f~1m surface. As a reeQl~, the 

hiqh coe~o1ve fo;r;ce can ~e obta1ned. Lt ~s des1rable 

t.bat. er falls wit.bin t.he range bet.ween 5 and 20 at..,, Pt. 
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falls w~thin tile range beLween 3 aftd 16 a~' ana Ta fa11s 

wit.bin lho range bet.ween l and 7 at.~ in t.he a~ove 

quat.ernary a.lloy 111a.gnet.J.c la.ye.I" 3 ot: CoCr.t'ai:'t. ,. When 'the 

cont.e1it o.f Cr is less th;;:.n 5 at.~, the noise charB.('Jt.eris• 

t.ic of t.be magnetic lnysr 3 is deler1orat.ed. On the 

at.her hand. when t.11e oont.ent. of c:r e:ciaeas 20 at.~, 

llU!lgnut.ic moment. in t.he ma.gnet.1c layer 3 is ea~ess:Lvely 

lowered ana ~be~•by, record/rep~odu~e charac~er1•~iaa 

(part.1aul.arly, t.he reproduee charaet.er1st.1c) ar~ 

de~raded. Furthe~. when the conten~ of ~a is laea t.harl 1 

at~, ~he low noise can no~ he accomplished. on tbe other 

han4, wile.ti t.he cont.ent of Ta exceeds 7 at.,, t.he magnet..1c 

moment. is la::gely lowered aud t.hereby, t.he co~n:ci ve force 
I 

an4 ~he ~eeord/xep~oduce char~c~erist.1cs (part.1cul.arty, 

the· reproducing ou~put) are de~e~iorated, like ·the ease 

0£ mu~h aaat~ion of er. ~n ~bis event, it is su~~able 

t.hat. t.be f.llm t.hickness of t.ile magnetic layer 3 falls 

wit.bin the rang-e bet.ween 150 and 600 A. , taking a variet.y 

of ma9netic eba~ac~eris~ics ~n~o consideration. 

~he protea~ion laye~ 4 which is dapos1~e4 an the 

ma9net1o layer 3 pro~ec~s t.he magne~~c layer 3 from 

dest.ruct.1on which might. occur aa.e t.O a cont.act and a 

slide opera~ion of a magnetic head along ~he magne~ic 

recoding Jneaium. A single layer, such as an amorphous 

oarbon, a yraphi~e carbon, a ca~bon fluoride, a carbon 

hydr.t.de, a carbon. nit.ride, silioa., cbrom1um, z1rconia. 

SiR, Sic, Si-0-N ana Si·o-c is used as ~he pro~ect.ion 

iayer 4. Al~erna~!vely, a •a1~1-film aonais~in9 of the 
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sam~ or d~ffe~ent fil.ms s@leo~ed from the al>o•e may b6 

us~d as t.he pro~ee~!on layer 4. In par~icttlar. where t.he 

composit.ion of lbe magnetic layer 3 is formed by t.he 

quaternary alloy of Cocr~aP~, the cArbon ~& suitable as 

t.lle prot.not.ion layer .I.I. I.n this event., J.t. is pre£e.rabla 

~hat ~he f 1lm ~hicknese of the carbon protec~ion layer 

f'all.s wit.bin t.he range bet.ween 50 and 300 A. • Whan t.ha 

~~.lm 't.b.J.c:Jcness J.llJ lefiB t.hBn .50 A. , fr:l.et.ion an4 coJ:ram1aa 

are increased. on t.he other hana, when the film 

t.hickneso exceed11 300 A. , the p~ac:t..t.oal fly.1n9 height. is 

1noreaoed to re4uce the recording densi~y. 

~he lubr~cant layer 5 wh~Cb 18 deposi~ed on ~he 

p1-oteet.ion layer 4 is forJDed ~o reaue@ a f rict~on t 

I 

resi•tanee be~ween·t.he ma9ne~io heaa ana t.he mediUJR 

surfa..ce. The lubricant. layer 5 i.e 9ene¥"ally formea. I'll' 

dilut.1uss pe:r:fluo:ropolyat ... b.e.r (l;l.qu.ta lubricat.ing 11\&:t.erial> 

Wilh a solven~, 8ach as a fraon-based solvett~, app1ying 

i~ on ~he medium surface by a dipping met.hod and heating 

if necessary. Al~ernat.1vely. ~he known lubricant 

ma~erial or a 1ubricant. ma~e%1al on ~he ma:ke~ 1nclu41n9 

phlorocarbon based liquid lubrican~ •ateria1 and a 

lubricant. ma~erial eons!atinq ot alkali metal salt. of 

sulfo111c acid may be nsed as t.he labrica.nt. layer S. 

z~ ~a sui~able that ~be film ~bickneas o~ t.he 

b about. 5
• 

lu.b~1aant layer 5 falls within the ~ange e~ween 

ana 30 A. • When t.he film t.bicknesis is less than s A , 
ab~asion ~~ incJ;"eased and £~r~her, a lubricating life 

~ime is shor~ened. On t.he o~her hand. when ~be f1lm 
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~hioknesa e~eoeda 30 A • ·the abrasion is increaaed and 

fu.r:ther, the m.aqnet.ic head may adsorb t.o t.be lubricant. 

layer S. ln 'lb.is case, t.he lubrieant. layeJ:' S may not. be 

always applied on t..ll.e 111aJnet.1c recording me(U.un\' and 

therefore, may be om1t.i.ed. 

As mentioned above, ~he unde~lying layer 2 has 

the mul~lple struc~u~e of ~hree layers as ill~s~ra~ed 1n 

F:lg. J., .cnl4 t.lle gra.1.n s.1.zes of t.lle magnet.i.c laier l and 

t.he Ulirc\ underlying laye:: 2e become smal1 because of ·t-he 

second u11derlyin9 layel:' 2b eo t.hat. the magnet.1e layer 3 

is m.at.ctuad wit.h t.h• u1.i:a underlying layer 2c= in t.he 

lat~loe ~on1~ant. Con$equently, bo~h the high coercive 

fo~ee and the lov noise can ba obtained tn the magne~ic 

7:ClCOrd1nq medium of tl11s invent.ion. 

SUbsequently, descrip~ion will be made abou~ a 

method of •anufacturing the above magne~ic recording 

mec:.lium. 

Pi~s~, the firs~ underlying laye~ 2a of Al and 

~he second underirtng 1aye~ 2b of Cr are successive1y 

acposlted on ~he glass aubstra~e 1 under an tnac~lve qas 

pressure of 4 ~o lSD\Torr. Ne&~, the t.h1~« underlyiftg ·, 

~aye:r 2c J.ncluding Cr and at. least. one eelect.ed from a 

group consisting of Mo, Br, B, Si, in. ~1, W, ~, Ta and 

Al J.s deposit.ed on the sacond underlying- layer 2b by us• 

o~ ~he k~own spu~~ering method. subsequen~ly, the 

magnetic layer 3 represen~ed by ~he above cham1cal 

fonnula (1) is aeposi~ed on ~he ~bird underlying layer 2c 

anae~ ~be spu~tering cona~ti.on of t.he ~nact1ve gae 
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preasun~ of S t.o 6 m~orr. i-•urt.har, t.be pro·t.ect.1on layer 

4 .ts deposi t.ed on t.he iuagnet.ic layer 3 by t.he lcnown 

sput.t.er:l.ng met.hod. !J.'lhereaft.er,, t.he lu.brioant. layer 5 is 

4epos1 ted on the protect.:!.on layer 4 by dipp:'.nq wi t.h t.he 

1abr1ca~lttg material. 

According t.o such a manufact.ur.ing me-U2od, t.he 

f 1rst underlying layer 2a an4 the secona underlying lalrer 

2b a~e dcpoai~e4 on the.glass subs~~-~e l unde~ t.he 

spu~t.erinq condition of ~be in~c~ive ~as pressure of 4 to 

15 m'f'o~r~ COosequon~ly, ~he grain eize of er of t.be 

second un4erly~n9 layer cah be contro~led ~o t.he raa9e 

bet.ween 50 and 300 A . Consequent.ly, t.he t.hird. 

unaerly1rig layer 2c: and t.he magnet.le layei: 3 are formea 

~n the condition tha~ t.he grain sise of t.he second 

underlying layer 2b is reflected. Accordingly, the grain 

sizes of the third underlying layer 2c ana t.he magne~ie 

layer 3 become 'saiall t.o red"tac:e t.be.noise. In ~his event.. 

whe'J:"e ~he 1nac~1ve gas pressare is less than 4 m!rOrr, the 

grain size of Cr ot ~he second underlying layer 2a 

hecomeu large and ~qrt.her, ~he grain si•es of tbe third 

underlying layer 2c and ~he magnetic laye~ 3 also becomes 

_1a~ga. Ao a result, the noise 1ncreasea. on ~he o~her 

hand. where ~he gas pressure exceeas 15 mTO%~, dis~o.rt.~on 

of the crystal 1at~!ce occ:urs for ~he second un4er1yin9 

layer 2a. consequently, t.he high coerc~ve force can no~ 

be ob~ained and further, ~he racord/reproduce output is 

lowered. 
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'.!!be t.hltd. uiulerl.y_ing 1a.yer 2c ia fonned by 

adjusting t.he spu.tt.ex-1119 condition of t.be inact.1ve g"as 

pressure so as ~o ~•f1nc~ ~he gr~in eize of the ••con4 

. ' unde.rly.lng layer 2b ancl match t.he lat.lice co:1st.ant. of t.he 

magnetic layer 3. In ~his e~Qnt, 1~ is desirable t.hat 

t.he second underlying layer 2b is formed ~o a la111inate 

be~ween s~eps ~or ~orm~n9 fixa~ and second 1aye~m. Zn 

t.his cnse, p~e£erably, the second underlying layer 2b Ls 

4epos1tad under ~he same condi~!on as ~ha~ for depas1~1R9 

t.he magnel:l.c layer 3 in ra1at.J.on t.o t.he known in-line 

spu~ter~ng appara~us. 

Vurth&~, ~be follow1n9 ~wo cond~tions mre imposed 

for thQ depos1~ion of the magnetic laye• 3. First., the 

•agne~~e layer 3 •ust be CoCri"a.I?~ which has a~ leas~ ~~e 

compoai~~on represen~ed by ~he abo~e che•ical ~o:mu1a 

(1). seeond., t.he ina.ct..ive gas pressure must. be set. t.o 

0.5 ~o 6 mTor~ du:ing ~be spu~~e~lng p~ooeas. By a 

' 

·synergy of to ~he above two conditions, ~he 9rowt.b of ~he 

grain aize can effectively be suppressed and fur~ber._ 

si9-zag magne~ic domain walls which appear a~ a 

~ransi~1on region of a reoordinq bit become small ~o 

reduce the noise. Xn addition, ~he syneriY of the above 

two cond1t!ons tacili~ates magne~ic separation be~ween 

magnetic grains and b:t:inq about improvement:. of t.he 

coercive force. 

Al t11ougb 'lbe maqnet.i.; layer 3 1.s foJ:me4 by a 
• 

s.l.ngle layer in t.be above f1rst. eJDbodimenl, t.h• noise can 
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be furt.her reduc:ed by int.exposing a spacer f1.lm. 0% a 

nonmagnetig material in ~he maqnetio layer 3. ~herefore. 

descriotian will be .made about a sacond embod.imant in 

which t.he spacer film ls interposed in the magnetic 

layer 3. 

In ~ig. 2, a 9lasa sube~rate 11, an underlying 
• 

layer 12. a pl:O~ection 1ayer 16 attd a 1Qbr~cant iayer 17 

have t..he SUie c:ompoait.1.ons as t.he g1ass subst.rat.e 1, the 

underlying layer 2, t.he prot.ec~ion layer 4 and ~he 

~u~r1can~ layer 5 men~ioned in conjanc~ion W1Lh the first 

embod1Dlent. .illust.rat.ed 1n Fig. 1. Purthe.r, a first. 

Underlying layer 12a, a second underlying laye·r 12b, and 

a thir4 underlying layer 12c which oonstitut.e t.he 

underlaying layer 12 bave the same compositions as 't.he 

~irat underlying layer 2a, the second undexlying layer 

2b, and ~be th~rd underlying layer 2c in Pig. l. 

However, Lhe .magnetic layer ot the second embodiment. 18 

structu:red by three films diff e~en~ from 1.he first. 

emboaiment in which the magne~1c layer 3 is s~ructared by 

a single layer. Specifically, ~ha maqnetic laye~ is 

composed of the f~rst magne~ic film 13, Lhe nonmagne~ic 

space~ film 14 and ~he second aagne~ic film 15 in ~be 

second embodimant, as illQstra~ed in F~g. 2. 

The firs~ magne~ic film 13 is formed on ~he 

underlying l~yer 12. The first magnetic f~l.Jn 13 in~lud•s 

Co as a main component and is a Co alloy magnetic film 

con.sist.tng of Cr, ~a anCI Pt. The nonma9net.ic spacer film . 

14 is deposited on lhQ firs~ ma~ne~ic £11• 13. J'Urt.her, 
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~he second magnetic film 15 is depositea on the 

nonmagnetic spacer film 14. The second magne~ic ~~lm 15 

1ncl~des Co as a •a~n component an4 is fo~ad by a Co 

alloy magnetic film consisting of Cr, Ta and Pt, like the 

first. •agnet1c film 13. 

~bus. ~be magnet.le layer is divided into t.ha ' 

fir•~ m~4411e~ic £ilm 13 1 ~he second'magne~ic ~~lm 15 and 

~he nonmagne~ic spacer fillll 14. such 1n~erpos1tion o~ 

t.he nomnagnet.ic spacer film 14 serves t.o :r:eduee t..h.e 

noise. %n t.b1a case. a c~ alloy based nonmagnetic layer, 

aucl\ as CrMo,. crv, CXHozr. CrB. C:df, er.ta, crs1, Cr't1 and 

Cr'!1B, is 1u1~able as t.he componen~ of the nomnagne~ic 

spacer film 14. ln par~icnlar, CrMO is desirable BlllODg 

them. I~ is pre~e~able that ~he conten~ of ~he o~her 

elemen~,. sudl as Mo, in ~h• Cr-basa4 alloy fal1s w~t.hin 

~he range be~we•n about 2 and 20 atomic '• taking 

cons1s~ency of ~he lattice constan~ with tha magnet~c 

• f~1m into accoQnt. It. is sui~able tha~ ~be fil.Da 

~h~ckness of ~he spacer f1lm 14 (the Cr based alloy £11.m) 

fa1ls wi~hin ~he range between abou~ 20 and ISO A , 
~ak1ng a varie~y of magnetic characteris~ics of t.he 

_magnet1c recording me_clium int.o considerat.J.on. In t.h1s 

even~r ~he film ~hicJcnees of each magne~ia film· 13 and 15 

which is dlv1ded by the spacer film 14 1aay be 1aent.1cal 

wi~h each o~he~ or may b@ differen~ fxom each o~her. 

Subaequen~ly, descript.1on will be made abou~ a 

first example according to ~he second embod.imen~ 

J.llust.rat.ed 1n 1'1'1· 2. 
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In ~he maqnet10 recording medium illus~ra~ed ~n· 

Pig. 2, CoP~ based magne~ie laye~ ha~1ng the bigb 

coercive force (~he first maqnet1c film 13 and t.he second 

magnetic film 15) 1s divided by ~he nonmagne~ic spacer 

film 14 t.o reduce ~he noise. The Jllagne~ic recording 

mediUDt ia preferably applicable for a Mil bead (m•gne~o-
, 

rasis~ive hea~)and a GMa heaa (g1cua~ aagne~o-resis~~~e 

Descr1p~ion will be made abou~ a met.boa of 

ma.nufac~ur1ag ~he magne~ic recording medium according t.o 

the fir•~ example t.here~nafter. 
' P'irst.,. a cllemlcal reinfo%'ceinent. is made £or an 

alum!nosilicate qlass by an ion akchange me~ho4. A glass 

subst.ra~e 11 0£ alwninosilicat.e glass is prepared which 

has a cli.ame~er of 5 inches and a t.hickness of 0.9mm and 

ie ~hemioally reinforced. Both principal surfacea ana 
aide surface o~ the glass eubs~ra~e 11 are preciseiy· 

polished lnt.o a mirror surface having a surface roughness 

(Ba) of about 5 .A. • 

In this e~en~, the glass which is chemically 

reinfo~ced by t.he ion exch•nqe me~hod Ls used as the 

glass sU))strate 11, as disclosed in Unexamined Japanese 

Pa~en~ Publicat~on CJP-A) No. BS-32431. ~be above_ 
' chemically reinforced glass contains, by we~qbt, 62-75 -

ot s102 *• 5-15 ' of A12o3 , 4-10 • of Li2o. 4-12 • of 

Na2o, and 5.5-15 \ of Zro2 as main components. Fnr~ber. 

~be weight ratio of Na201zr02 falls •ith1n ~h• range 

between o.s and 2.0. ana the weight rat~o of Alao31zr02 
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falls wtthin ~he range ha~wean 0.4 and 2.s 1tt ~be above 

chemically reinforced glass. 

Such a chemically reinforced qlass subs~rate 11 

1• excellen~ in bo~h heat-resistance ana xnoop hardness 

and furt.her, can keep flat.ness wit.bout preoipit.at.ion qf 

Na during a heat ~reatment. 

'l'he above qlasa oubstrate 11 is a~~ached to a 

a'lbst~at• holder (pai1e~) and in~rodQCed int.a ~he known 

in-line Lype DC ~a9nelron &pu~~ering apparatus. As shown 

in Pi9. 3, the sputtering appara~us 100 1& struc~ured by 

five ebanabers of a p~epa~ation chalhber 110. a f~rst 

vacuqm chamber 120. a aecon.4 vacuwn chamber 130, a t.ht;~ 

vacuwn ohalllber 140 and a preparation chamber 150. ftese 
I 

chainbers are aepara~ed by separal1on plates 102, io5 ana 

po~ls 103, 104. The glass substra~e ll which Ls equipped 

on ~be pallet 101 moves fxom ~he le£~ban4 si4e t.o ~be 

righthand side of the figiire. 

•ext, t.he struc~ure of each chamber w~ll be 

expla~ned along the moving direction of ~he pallet 101 

t.hereinaft.er. 

• 

The prepara~ion chamber 101 serves ~o exhaust the 
l 

air in~o a vacuum. The first vacuum chamber 120. ~he 

seeona vacuwn ch.amber 120 and ~he ~hircl vaguwn cba.mbe~ 

140 serve to carry out ~he sput~erinq process. The fi~st 

vacuum chamber 120 includes he•~ers 121a and l~lb tor 

enhancing the coercive force of the ma9netic material, 

tar9ets 122a. 122b of Al and ~~rqe~s 123a. 12Jb o~ Cr. 
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The second vacuum ahalftbe~ 130 includes iamp hea~era 13la 

and 131b for improving the coe4clve force of the magnet.ic 

mat.erial. t.arget.s 132a and 132h of Cr, t.arget.s. 133a and 

13lh of C%Mo, ~arget& 134a and IJ4b of coCrT~Pt, tarqe~s 

135a and 13Sb of CrMo and ~argets 136a and 136~ Qf 

cocr.rat~. The ~hlrd vacuum chamber 140 incl~de• ~argeta 

14la and 14lb of e (car.bon). the f1.n:al preparat.1on 

chambe:r 150 serves t.o emaust. t.he a..i.r .tnt.o a vacuwn. l.i.ke 

t.he preparation Qhamber 110. 

'l'be pallet which is e~uippetl with the glass 

a~b•~~•~e 11 ls first in~~oduced int.o the p~epa~aticn' 

chamber 110. ~he preparation chamber 110 is exhaust.ea 

from the ataosphere pressure ~o a 4egree of vacQum ~n ~he 

firs~ Yacuum chamber 120. Thereafter. the palle~ 101 la 

in~Z"OCluced int.o ~he firs~ vacuum chamber 120 by open1ns 

the sepa~ata plate 102. The glass substrate 11 oq t.he 

pall•~ 101 is'hea~ed by ~he lamp hea~ers 12la and 121b a~ 

375 -Ctoi: two minu~es 1n t..he first vacuum ebanlber 120. 

!'hereaf~er, the pa1let 101 is transferred a~ ~he moving 

rate of 50 cm/ain to pass bet.ween the Al t.arget.s 122a, 

122b and ~he Cr ta~ge~s 123a, I23b in ~he d~scharge 

.cond~~ion. ~ereby, the first ~nderlying 1ayer 12a of Al 

Ct.he f'lllll t.hickneas 0£ 3 O A ) and the second u.nd.erlyi.ng 

lay•r l2b 0£ Cr (t.h.e f il:m thickness of 300 A. ) ai:e 

successively deeosited on t.he ·both surfaces of the glass 

auhstra~e 11 ~n accor4ance with the order of ~he arxanged 

targets. In ~bis event, an ultimate pressure inside the 
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first vacuum chamber 120 is se~ ~o S x 106 Tor~ o~ lesa, 

and the spat~er1ng is performed a~ 4 m~orr by introducing 

Ar qas. In ~his condition, the qrain si~e of the Cr 

underlying layer (~he second Qnderlying layer 12b) 

becOJlles 3 00 A. • 

SubseqQen~ly, the palle~ 101 is ~ransferred ~o 

~he second vacuum chamber 130 via the po~t 103 ~o hea~ 

~be suba~ra~e 11 by ~he hea~ers 131a and 13lb. Xn ~h~S 

evan~, the hea~ing is performed at 350 'Cfor one minute. 

1'hereaf~er, ~he palle~ 101 passe• between each 

Larget (Cr ~argets. 132a and ll2b, C~Mo ~argets 133a anc! 

ll3b, CoCt~aPt targe~s 134a and 134h, C:dfo targets 135a 

and l3Sb, CoCrTaPt targets I36a and l36b) in t.he 

discharge condi~ion at ~he mo~ing rate of so em/min. ~he 

eecond underly1ng layer 12b (~he f1lm thickness of 300 

A. ) of' Cr, t.he t.hird underlying layer 12b (t.he f 1lm 

t.h1ckness of 300 A ) of CrMo. t.be fi~st. magnet.1o :film l'l 

Ct.h• .film t.hieJcness of 120 A ) of cocn-aPt., t.he 

nonmagriet.ic spacer film 14 (~he film th1okneas o~ 50 A ) 
of C%Mo and the second magneLia £ilm 15 Ct.he film 

t.hiclcness of 120 A ) of CoC:r:Tu>t. are e1access1vely 

4epoa1ted on t.he both aurfaces of the glass subst.~at.e 11 

1~ accordance w1~h ~he order of the arranged ~argets. 

In this event, ~he co•posi~ion of the CrMo 

t.arget• of l~3a, 13lb, ll5a and 135b is set to, by atomic 

-, 94 ' of Cr and 6' of Mo. F1u:t.her, t.he compos1.t1on of 

cocrraPt targe~s of 134a, 134b, l36a and l36b 1• set. t.o, 
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by atomic '· 78' of co, 13' of er. '' o~ P~ ana 3~ 0£ ~a. 

In ~his case, ~he ult1•ate pressure inside ~ha second 

vacuum ~hmnber 130 is sel to 5 x 10-6 Torr. and the 

sputtering 1s perfot:med at 2 mTorr by introd~cing ~he Ar 

gas. 

S'1bsequen~ly, t.he pallet 101 is ~ransfe~.a!d to 

t.he third vacuum chamber 140 'l>"ia t.he port. io~ t.o pass t.he 

palle~ 101 be~ween ~be e targe~· 141 an4 14lb ~n ~be 

discharge condi~ion i~ t..he third vacttlllll chamber 140 at 

~he moving rate of 50 cm/min. Next, ~he protection later 

16 of carbon (t.he fi.lJn t.hicJcness of 150 A. )is deposit.ad 

on the second.magnetic f1lm 15 of CoCr!aP~. Int.his 

event, the pro~ection laye~ 16 is foS1fte4 by sput~er~ng 

wi~h Ar gas and H2 qas CB2 : 5~) in ~he ~hird vacuum 

chamber 140. rtnally. the lubricant layer 17 is 

deposi~ed to t.he ~hickness a! 20 A by dipping ~he 

p:r:otection layer 16 with the lub~icatlng ma.~erial of 

perfluoropolyether (AM2001 ma4e by Montedison Pharma). 

The coercive force (Oe) an4 th• noise (p vl:nla) 0£ 

~he above magnetic recording medium are represented by 

the fol1ow1ng ~able 1. %n this c~se. the coercive force 

(Be) was measured by c~ttlng a se.unple of emm• from ~be • 

magne~ic recording medium and applyinq a magnetic field 

to the film sur~aae direcLion. su9h a measu~ement was 

perfor111ed wi~h t.be maximum external applying magne~ic 

f 1eld of 10 xoe by ~he use of a vibra~ion sample ~ype 

magnet.o•et.eJ:". 

THIS SHEET HAS BEEN 
.. REPLACED 



--

22 

Table l 

Film s~ructure of Coercive Force lloiae 
unde~lying Layer (Oo) (Joi v.:ms) 

1 Al/Cr/Cr.Mo 2200 9.5 
J:xample 

2 Al/Cr/CrMo 2.200 9.8 

l Al/Cr 1700 9.2 
Compara-
t.ive 2 Al/CrMo 2200 14.0 
lxatnple 

3 Cr/Cralo zooo 15.3 

~urtber, the X"ecord/rsproduce cbaractaristic 

(medium noise) was •eaeured as followin~. NaD\ely, a thin­

£11.m ma.911et.ic bead having a. flying height. of O • OSS ll :m 

was uaed for the magnetic disk. Under ~his eond~~ion, 

~he record/xep~duce output of a line reeord1ng density 

of 120 kfcl (line rec0Edin9 deftsi~Y 120,000 bi~ per o~e 

' ~~ch) is measu~•4 in the eondition ~hat a rela~lve :at.e 

be~ween 1.he ~hin-f ilm head and the maqnet.ic disk is set 

~o 9.6 m/s. Purt.her, a noise spectrum du~1n9 ~eco:4ing 

an4 ~eproduc~n9 signals was meaaur~d under a oarr1er 

freq~ency of 23 MBz and a measuring bandwidt.h of 26 MBz 

by t.he use of a spec~rwn analyzer. In ~his even~, t.he 

~hin-f 11• magne~ic head which is used in ~he abO"IJ'e 

measurement has a coil of 30 turns, a track wid~h of 

3.1/2.4 µ m, and a magne~ic head gap of 0.35/0.28 ~ m on 

~he wr1~e/read side. 

~he coercive force (Oel and the noise (~Vans) af 

exllJllples and compa~a~ive examples ~hich will be describ~d 
' thereinaf~er wexe measured in the a))ove-men~1oned manner . 
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Nex~. ~be CoC:r:TaPt magne~ie layer of a s~ng1e 

layer was deposited on the underlying layer 12 of ~he 

f ~rs~ example as a s6cond example by s~oppin9 ~he 

4ischa~ge of the C~Mo ~a~ge~ of t.he nonmagne~ic spacer 

film 14 and ~he coC~aPt targe~ of ~he second magnet1c 

lilm 15 which were usea in manufac~uring t.he fi:s~ 

example. %n this eveq~. the ~i1m thick~esa cf ~he 

C:oCr'l'aPt. magnt!t..ic layer was .1dent1ca1 wu.h t.be t.ot.al r1lm 

t.hiakb.esa .(240 A. ) of t.he magnet.le layer cf t.be tirst. · • 

example. The aputtering was perfoJ:lled in ~he san1e 

conal~ion aa the firs~ example excep~ the above 

conait.ion. 

Pur~he~, t.hree cOl'llpara~ive examples were made in 

addition to the above first and second examples. '!'be 

first oomparat1ve ex&lllple was made by stopping the 

41acharge of the CrMo ~arCJe~ to £ozm only ~he Al/Cr 

underlying layer in t.he underlying layer 12 of ~he f 1rst 

example. The second comparative example was made by 

stopping the discharge of the c~ ~arget ~o form only ~he 

Al/CrHo underlying layer. '!he t.hird comparative example 

was made by s~opping ~he disch~rge of the Al ~arget ~o ' 

fo:rm only the C%/CrMo underly1n9 layer. ~he sputtering 

1• pe~foi:aed in t.he same con41tion as the f1rst ex.ample 

except the above aondi~ion. 

As seen from the Table 1, ~he magnetic recording 

medium sa~isfies ~he both ebaracteris~ics of ~he high 

coercive fo~ce of 2000 Oe or mo~e and the low no~aa af 
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lD.O (# Vr~s)or less by us!nq Al/Cr/CrMo as the underly­

ing layer of the CoCX'TaP~ magnet~c layer. 

• The grain s1ae of the second underlying layer 12b 

of Cr iargely depends on ~he A~ gas p~essu~e during 

f o:J:Sna~ion of the Al underlying layer and uie Cr 

nnderlyinq layer. !herefore, the cbarac~eris~ic was 

meaauxed by changing ~he Ar gas pressure as fo1lowing1 

Lhe second example, and the composi~ion of •ach ~il.Jn ls 

equal ~o t.ha~ of ~he firs~ example. 

~he Ar gas pressure during ~oi:aat1on of t.be Al 

unaarlying- layer Ct.he first. underlying layer: 12a) Pd. t.be 

Cr qndarlying layer (~he secona underlying laye~ 12b) ls 
I 

changed into 3 a~orr (fourth compara~ive examp1e), 5 
• 

m~orr (third example), 8 mTorr (fourth example), 10 m~orr 

(fifth example), lZ mTorr (eix~b example), 15 m~orr 

(seventh example), 18 •Torr (f1flh c~para~1ve example). 

Pu.rt.he~. ~he 9rain size of the second unaer1yinq la~er 

12b of Cr and the noise of ~he obtained magnetic 

recording medium wexe 1nvestigated. ~ha result of t.he 

1nves~iga~ion is represented by Table 2. 

In ~his case, ~he noise was measured in t.he same 

manner as ~he first example. The •agnet1c record~ng 

me41wn in the first ~o seventh e~ampies ana ~he fo~r~h 

compa~at~ve example had the high coercive force of 2000 

Oe or more. On the o~her hand, the coerci~e ~oroe of ~he 
• 

f1ft.h comparative example was 1850 Oe. 
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Tabla 2 

Gas Pressure Grain Si.:&e 0£ Mo.tse 
(ln!l'orr) Cr: Layer ( A. l ( P. Vrms) 

compa:ra:t.1.ve 3 400 11.0 
Example 4 

l .. 300 9.5 

3 s 250 9.3 
Bxaple 4 8 200 9.3· 

' 5 10 150 8.9 

fi 12 100 8.7 

7 15 50 8.2 

COJnparat.1ve 18 20 8.9 
Bxample 5 

i As see~ f~om Table 2, the grain sise of t.he er 

underlying layer (the second qnderlying layer 12b) falls 

w1~1n the range betr.1Gen 50 and 300 A. by aet.~inq ~he gas 
pressure to 4~15 ~~orr during formation of tlle A1 

underlying 1ayer and t.ha Cr underlying layer. 

consequently. the Magnetic recor41ng med1Qm ean sa~~sfy 

the both charaoter1s~1cs of the high coercive force of 
' 2000 (Os) or more ana the low noise of 10 (pV.rms) or 

less. When ~he gas pressure ~s lese than 4 m~rr, the 

qrain s1%e becomes la~ge, and the grain s1ze• of ~he C.rMo 

unae~lying layer and the cocr'l!aPt magne~ia layer also 

become large in dependency upon the grain s1•e of Cr. 

conseq~enlly, t.he noise exceeds 10 (a Vaas) and t.be low 
no~se can no~ be ~ealizea. On the other hand, when ~he 

9aa pressure exceeds 15 •~or~, the grain sizo becomes 

• 
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s•all. but ~he grain slze of tne CrMo undarlyin9 layer 

becomes excessively small in dependency upon ~he ga~n• 

size of er. Consequently. diator~ion of ~be orion~aLion 

occurs in ~he f ~l.m surface of the c axis of the crystal 

grain of ~he magnetic layer 3. As a res~lt. the coercive 

force becomes lesa than 2000 oe and ~hereby, t.he ll19h 

coerc~v• force can no~ be ob~a1ned. Al~hou9h-~he 

speci~~c axamp1e is not desa~J.be~, an exee11en~ a.9net~c 

reoora1ng medimn which has ~he high coercive force and 

Lhe low no11e can be ob~aine4 hy interposing t.he 

nonmagne~ic apacer be~ween ~he •agne~1c ~ilms. 

Bx.ample 

E.1Camp1e 

Compara­
t.1 ve 
Example 

!l'able 3 

I 
Com.pos1t.1on 
(at.omic \) 

CoercJ.ve Force 

Co Cr Pt. !a (Oe) (" Vrms) 

: 8 80 13 6 l 2100 9. 8 
ll!-••••••-1-••••-•• ...... ,,, •• , "l•••H•••r ••••-........ "'•••••--•••··-••••·-••-.. ... •••IH•.-•- ..... --.. ••••••-•··-•• 

l . 9 74 13 6 4 2300 9.0 , ______ ..................... , ... ····•••••":""· ..... ,.. ...................... -..................................... _ ... ······-··-····-··---· 
l 10 75 14 g 2 2350 9. 6 
: ....... ,.. .............. -·······- ····-···- ..................................... ___ , __ ..... , ... _ .............. ,,.,_ .............. . 
i 11 68 13 11 3 2450 9. 7 
r-···-· .... ·--·· ........................ -····--· ···---···-······-······ ...................... ,_ ................ " .. ,_ ....... .... 
i 12 Bl 8 6 3 2050 9. 8 
.................... , ..................... ·······-·· -........... __ , ...... -... ·-····-·-··-·········-·········· ... -.................... - ... . 
~ 13 16 15 6 3 2250 8.0 

I i 13 13 6 3 2200 9 .. s 
i 6 78 11 11 0 2000 15.9 
i•••••lst•Ht l't••••Ulfl• ••l101 ....... t••••••••••• -••1U••- i'fl"--•11•u--••••'"•,.IUll••••N•IH11••-lll -•-••-••-•-.. --11•-

l 7 Tl 13 6 8 1200 9. 0 
; ................ _ ........... 01••··-·· .................................................................. --·-·--·· ....--··-···--·--··· .. •• 

~ 8 82 13 2 3 1300 10. 0 : ............................................................................ h•··················-·"···-·······--······· ~ ............. ," ......... , •• _. .. 
l 9 67 13 17 3 900 17 .o 
; ....................................... ····-····- ............ u ····-·-····-····--···· .................. , .............. - .................. _ 

i 10 87 4 6 J 1200 14.' 
: ............. It ...... -...... ............ ······--·· ............... • ...... ____ ,...................................... ·-------.. ········••1 
f 11 60 21 6 3 BOO 16. O 
: . 

subsequen~ly. ~be coereive forca (Oa) an4 t.he 

noise (~ Vxms) is represented by Table 3 in ~h• case tha~ 
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~he composition of the fira~ ana second ~agne~ic £~i .. ~. 

changed in ~be e1gh~h ~o tbir~aen~b examples and the 

1s performed 1n ~ha same manner ae Lhe firs~ example. 

As seen from Table 3, the preferable compo•it.ion 

range of ~be COCrl'aP~ magnetic layer is represented by 

t.he following chemical formula to obtain ~be magne~~c. 
' recor(ling •ediUDI hav1ng ~he h1gh coercive force Of 2000 

<oe> or more and the low noise of 10 (P Vrias) or ieGs 

whe~e Al/Cr/CrHo underlying layer is used. 

C0100-x-Y-z crx Pt.y '•z 
where X ~ 5-20 atomic \, Y • 3-16 atomic •, z • 1-7 

a.t.omie '· 

Where t..ha compos1~1on ra~io depar~s from t.he 

above range, ~he high coe~ei'le force can not b• ob~ained 

and further, th• no~se becomes.large. Conseq~en~ly. the 

magne~ic reuording medium can no~ sa~1sfy the bot.h 

characteris~ics of the high coercive force and the low 

noise. 
' 

The p_x-eferable eompo.61 Uon :r-ange ts t.he saJ:Qe as 

~he above caae vbere ~he magne~lc layer is of a single 

layer. Fur~her, ~he CrMo alloy is exemplifi~d as the 

third unae~ly1n~ layer 12c an~ ~he nonmagne~ic spaoer 

film 14 in ~he above example, bu~ t.he same resulL was 

ob~ained whe~ Cr alloys such as c~v. cz~a and CrMoZr are 

uaed ~ns~ead af the CrMo. 

In ad41tion, a texture layar, namely. a~ 

1xregulari~y fozmtng layer for adjust1ng the aur~ace 

• 

• 
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~ougbneus of ~he magnetic raoording mad~um may be £oxllied 

belween ~he 9lass substrate and the maqnel1c layer or on 

t.he .magne~1c iayer ~o prevent the adsorp~1on between ~he 

magnet.1c: recording med!wn and the magnetic head and 
improve CSS (contac~ start. and stop) durab111ty. xn·thia 
case, it is desirable that an average surface·roughness 
Ra 0£ ~he 1~regulari~y foi:m~ng layer falls w1~h~n t.be 

range bet.-an J.O •st.Cl so A • araa moX"• pJ:e~erab1y bet.ween 

10 an4 30 .A • Where li.a 14 lass than 10 A , t.he 1aagnet.ic 

recording 111ediwn adacrbs the magne~!c head because ~be 
magnetic recording medium 18 absolutely flat. 'fhe~eby, 

~be •agnetie head and t.he •agne~ic recording mecli\Ull are 

undesi~ably 4amaged. ~n addi~ion, a bead crash occurs by 
Lhe a4sorp~1on. As a result, fatal damages occur for ~he 
magnetic hea4 and ~be magnetic racordi~g naed1wn. On the 

ot.her hand. where Ra exceeds 50 A. , a glide height. 

beoomes large ~o reduce the recording density. 

The con£1gura~1on of t.be irregulari~y fo=ain9 

laye~ may be a successive texture film ar disare~e1y 

island-like projec~ions. It is su~~able that ~he heigh~ 

of t.he projection falls within ~he ~anwe bet.ween 100 and 

500 A. • and more preferably bet.ween 100 and 300 A. in t.he 

case of t.he 1Cland-11ke p~ojac~ion. 

Various kinds of •a~erials and f o%111in~ me~hoda 

' have been known about the !~regularity foz:ming layer and 
a~• ftQ~ ~es~ric~ed. Metals such as Al, ~~, er, A~, Rb, 

Ta, 81, Si, Zrw Cu, Ce, Au, Sn. Pd, Sb, Ge, Mg, In. W, Pb 
and alloys 0£ t.ti.em or oxide" nit.ride and carbide of t.hes• 

• 

• 

i 
i 
~ 
I 
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•e~ala an4 alloys can be used a~ the materiai 0£ ~he 
1rregular1~y fo%'m1ng layer. Ma~erials containing Al as a 
main aomponen~ such as a single suba~ance of Al, Al 
alloy, ox1de Al and nitrogen Al are preferable. 

~be surf ace roughness and ~he projec~ion he~gb~ 
can be con~rolled by ~be ma~erial ana ~he ~on~en~ o~ ~he 

• ~he ir~egula%i~y fol:'minq layer a~d t.he.r:mal process 
con41~~on. A ~ex~qre process 4Ue ~o chemical poi1ahtng. 
a te>rt.ure process due to chemical e~chinv. and ~ ~ex~ure 
pracesa due ~o energy beam ir~adia~ion a%e exemp1if~ed •• 
~he other fOZJD1ng met.ho~ of tne ir:r:egularity forming 
layer. P1lrt.her, t.he col\lb1nat.1on of t.hese methOcls may be 
used, ~be 1.r:r:egu1a.r1 t.y form1nq l.ayer may be ~oaied uncler 
or on t.be magnet.1c layer~ and more preferably. may be 
f ozmea under ~he magne~ic layer ~o approve t.he higb 
reao:tding densi~y. This is because ~he distance between 
the magnel1c head and t.he magn&t.ie rec:orcU.tig iaedimn 
becomes lar~e wi~h the film Lhickness of 'tlle irregular~ty 
fOl:nting layer whe~e the 1rxegular1~y fOX!ll1nq layer ~s 
fo2:11led on ~he magne~ic layer. tn par~icular, ~t ~s 
4es1rable ~hat ~he Cr layer of the second underlyinw 
layer has t~o layer s~ructure, and ~he 1rre;ulari~y 
fo:r:ndng layer 1s interpoeed be~ween ~he Cr layers. 

' 

Fqrt.ber. a silicon oxide (Sio2 ) may be formed by 
d!cpersing colloidal silica fine grains 1n tetraalkoxy-
81lane diluted wi~h an alcohol-based solve~t, co•~ing and 
baking t.he dispersed g~ains 1ns~ead of ~be aarbon 
pro"t.ect.101a l.aye.t in t.he example t.o .f'unet.ion as t.he bot.h 
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~he pro~ec~ion f1lm and ~he ir~egu1a~i~y form~ng lay$r. 
In add1~ion, although the ma9ne~ic re~ording 

•edJ.Qm has t.wo magne'lic: laye:t' st.r'llct.\u;e of t.be f'lret. 
magnetic film. the nonmagnetic spacer film and the secon4 
magnet1c film, t.be magne~ie recording •ediuM aceord1n9 t.o 
t.h1& invention is no~ 1im1ted t.o ~his structure and •aY 
have ~h~ magne~ic opaeer between three or JDO:e •agne~ic 

' 
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I If Ill~ ml~ 11,1 ~1[1 II If II 

WHAT IS CLAIMED IS: 

1. A magnetic r&ca~dlng medium ha~lng a 

substrate, comprisinq; 

a firs~ underlying layer inclualng Al f0%11ed on 

said aubat.rat.e;; 

a seeon4 on4erlying laye~ including Cr fo.t:me4 on 

said E~~s~ underlythq layer, sa~4 second un4er17in9 layer 

having a prede~ezm1ne4 grain size; 

a ~h1r4 underlying laye: of Cr alloy ~o:rlll!4 on 

•a1d second un4erlyin9 layex; a.ad 

a magnetic layer of Co alloy formed on said t.hJ.r4 

under laying layer; 

the pre4e~ez:m1ned grain s1se falling within ~he 

range bet.ween 50 and 300 A • 

2. The medium as claimed in claim l, whereina 

sa14 aubs~rate o0ll\pr1see a glass sqbs~ra~e. 

J. The me4tum as claimed in claim 2, Where~n= , 

said firs~ underlying l&yer serves to preven~ aa 

impurity ot said glass substrate from entering in~o said 

magnet.ic layel:'. 

4. The mediwn as clai~ed in claim 1, wherein: 

said first. nnderlying laye~ bas a f 1.lm t.hickness 

which falls wit.hln the range be~ween 10 be~ween 100 A. • 

5. ~ne medium as claimed 1n ela1m l, whereinz 

said second underlying 1ayer aervea ~o adjus~ 

grain eizes ot said t.hird underlying iayer and sa14 

magnet.ia layer. 
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' 

6. ~he mad~um as ciaimed in e1ai.1n 1, whe%e~n• 

said ~bird underlying layer ~nciude& C% and a~ 

leaGt one mater~al selec~ea trom a group ccns~s~1ng 0£ 

Mo, Zr, a·, Si, zn, Ti, w, v, Ta and Al. 

7, The medium as claiaed 1n claim 1,·wherein: 

sa~d ~bird underlying layer serves to 

•ubs~antially ma~oh a lat~ice const.ant of •aid •a911e~ic 

1&Jr•r w~t.h ~ha~ of sa~a ~bird uad.•~1ying layer. 

8. ~he .me41wn as c1a1Jned in claim 1, whareJ.n~ 

said t.hi~d unaeriying layer has a grain size 

whi~h fall• w1th1n t.he ra"ge between 50 and. 300 A . 
9. !!!be medium as claime4 in e1a1m 1, wherein: • 

said thl.rd under~ying layer is ~o:r.:med by the Cr 

alloy aeleated f:rom a group cons1s~in9 of er.a, crv and 

C:r:Molr. 

10. ~he mea1um a.s claimed in clailft 1, wherein: 

sa14 ~hird Qnderlyinq layer is thinner than said 

aecan4 unde~lying layer. 

11. The mediWll as claimed in claim l, wherein: 

said magnetic la~ar is fo~ea by the co al.loy 

Which con~ains Co as a main componen~ and which inelucles 

er. Pt. and '?a. 

12. The mediUD\ as claimed 1n claim 11, •herein:. 

sa1d magnetic layex bas c01\\posi~1on Which ts 

represen~ed by ~he tallowing chem1cal foxmula: 

ColOG-X-Y-Z Crx Pty Taz 

where X falls wi~hin ~he ~ange between 5 and 20_ ~ ~ails 

wi~hin ~he range be~ween 3 and 16, z falla within ~he 
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~ange between 1 a~d 7, by a~om1c '· 

13. The medlwn as claimed in claim 1, wherein= 

$~~~ ma9ne~ic loyer baa a 1a~~1ce constanL wb1cb 

ia substantially equal to that of said ~hi%d ~nderlying 

layer. 
' 

14. '!he mediu as c.la!.med in cl.Aim l, whei:e.in.:r 

said magnetic layer has a ,rain size wh~ch fal1• 

w~~hin ~ha range be~ween so and 300 .A • 

15. The medium as claimed in claim 1, whe~ein: 
. 

said magne~1c layer baa a firs~ ma.gne~ia f ~lm. 

foi:ined on said ~bird underlying layer, a nomnagne~ic 

apace~ £ilm formed on said first magnetic film ana: a 

se~ond magne~ic fil.11\ foxmed on said spaoer film. 

16- The medium as claimed in e1aim 15, wherein: 

each of said f 1rst and second ~agne~1c f il.ms ia 

famed by a Co alloy which cont.ains Co as a main 

eoaponent and which includes er. Ta and P~. 
' 

17. The medi'l.1Dl as cl.aimed in claim 15. wherein: 

said spacer film 1• a er alloy which is selec~ea 

from a group coneis~in9 of CrMo, crv and CrMQZr. 

18. '!?he medium as r:laiinea 1n. cl&im 1, ~urt.h.ei: 

c;omprisin9: 

~ pro~ec~1on layer foxmea o~ the aagne~ic 1ayer~ 

19. The medium as clai.Jaed in claim. 18~ wb.e~ein: 

said pro~ec~ion layer comprises a carbon film. 

20. Tha medium sd claimed in claim l, wbexainc 

an irregularity fo~ing laye~ ~• foJ:me4 under 

said ugnet.tc layer to adjust a sur.faae roughness of said 
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mecU.um. 

21. A magnetic recordtng medium hav1ng a 
substrate, comprising; 

a er underlyin~ layer fo.t11\ed over said sabs~rate, 
said er un4erlyinq iaye~ havinq a lire~ grain size, 

a Cr alloy ~nderlying layer fornvtd on ·~aJ:A er 
underlying layer, said Cr alloy underlying layer bav1ng a 

a magnet.10 layer of co alley formed on aa1d er 
alloy Gnderlying layer, said magnetic layer having a ·, 
t.hird grain size and a secon4 lat.tice cona~an~: 

~he second an« tbir4 graJ.n's1zes depen41ng o~ the 
firs~ graia size $0 as ~o ~edu~e nqlae; 

t.he f irat ana second la~~ice constan~s b~ing 
substantially iden~icai with each other in order ~o 
i•p~ove coercive force. 

22. The mediu~ as cl~i-ed in ~laim 211 wherein: 
~he firs~ grain a1ze falls wi~hin ~he range 

bet.ween 50 and 300 J.. • 
23. A method 0£ manufact.uring a magnetic 

reco~din9 medium having a substra~e. compr1a1n9 t.he steps 

• depositing a firs~ underlyi~9 layar inclu4ing Al 
·.under ~ first. sput.t.ering concUt.ion; 

deposit.inq a second qnderlylng layer including Cr 
on sa14 firs~ ue4erly1ng laye~ un4er ~he f~rst. spu~~ering 
condit.iona 
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depositing a third unde~lyinq layer 0£ Cr alloy 
on said second underlying layer by &puttering; and 

aepo11t1n9 a magnetic layer of co alloy on said 
lbl~d underlying layer under a second spa~~ering 
cond1t.1on; 

tb• firs~ spa~~ering coudi~ion including an 
inac~1ve gas pressure of 4-15 ft'forr. while 

t..he seaon4 sput~eri~g con4i~ion io.o1u41n~ an 
inaot.J.ve qas pressure of O.S-6 a!orr. 

' 

24. A met.hod as cla1mecl in claim 23,. wherein: 
said secohd anaezlyin9 layer has a grain size 

vh~ch falls within the range be~tMen so an4 300 Ji. -
2s. ~be metbo4 as claimed ln olaim 23, Where~n: . I 

said ~bi~d underlying layer ~nc1udes Cr and at 
least one material •elec~ed from a group consis~inq of 
Mo, Zr. B, Si, z~. T1, w, v, Ta and Al. 

' 26. the •e~hod as claimea in cla1n123, whe~e1n: 
sa~d magne~i~ layer bas coaipos1~1on •hich i• 

represented by ~he following chemical formula! 

Co100-x-Y-z crx P~y ~•s 
where X falls within ~he range between 5 and 20, Y falls 
v1t~in ~he ~ange b•~we@n 3 and 16, z fal1s within ~he 
range be~woen 1 and 7. by atomic '· 

27~ The me~hod as claimed in claim 23, wherein: 
said magne~1c recording mediwn has coerc~ve force 

no~ s~aller Olan 2000 Oe and noise no~ qreater t.han 10 

• 

• 
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