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I \ll\111 \Ill\\ II~ Ill Ill\ MAGNETIC REC01U>l1'G MXD:tUk Atm 

METHOD OF MANUFACTURING THE SAME 

8ack2round Of ~he Inven~ion: 

The present invention relates to a magne~1o 

~ecord1ng meaium, such as a magne~~c disk and a maqne~~c 

t.ape, and a :naet.hod of manufact.u:r:1ng 'l.he same. 

Magne~ic recor4ing tecbno1ogy bas a long bia~ory 

and is based on eet.ablished techniques. 'the devalopment. 

of an informat1on-ba.sed society in recent years has 

acoelera~ed t.he developliten~ of a ma9ne~ic recor41nq 

•e41um which baa a higher dena~~y with :lll\pzovea 
. . . 

propert.J.es. Such t.ecbnology h&B t.hUS been inlportaint. JftC>re 

and mo.re. 

In par~icu1ar, a ~hlrlner recording 1ayer has been 

u••d for a higher ~ecording densi~y ~n the field of 

ma.gne~ic disks (e.g., hard disks and floppy disks) which 

seJ:Ye as peripheral storage de•ices. ~be age of ~hin 

f 1lm mediwn using ~ magnelic ~hin film has hoen just 

beg~.rming, In this event. impor~an~ challenges are how 

to ensu~ the ~eliability of data stored thereon with a 

higher ~eco~ding density and how to make such media 

suitable for mass-production at a low manufactur~Qg cost. 

7t is knot4n ~hat a higher coeroive force is 

achieved by using chromiwn as the underlying layer or 
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film of a magne~1c recording medium which has a magnelic 

laye~ of CoRiC~ alioy or COC~a alloy (see, fo~ exatnple. 

XEEE ~~alJsaet!ons on Maqnet1cs Vol. MAG-3, No. 3 (1967), 

pages 20S-207). 

aowever. ~be magnetic CQPt alloy 1ayer degrades 

o~~enta~ion alons t.he c-ax1s when 1~ is combined ~i~h t.he 

un.derlayer of chromium (Cr) alone. This 1s because a 

crys~a1 la~~ice constant of ~he ~agne~ic CoP~-based ai1oy 

layer is ~reater than a cry9tal la~tice constan~ of t.h@ 

conventional magnetic layer of ~he CONiCr alloy or ~he 

cocr.ra alloy. As a :resu1t, the magnetic CoP~-base4 layer 

is no~ comple~el~ ma~cbed 1n a~omic a1ignmen~ wi~h ~be 

unaerlying layer 0£ ~he single eomponen~ of er. ~h~s, 

this aavereely affsc~s t.he orientation of the C-axis. 

2n order to overcODte ~his prob1em, U.S. Pa~an~ 

No. C,652,499 which is issued ~o Bowa%d proposes ~o add a 

second or different. met.al t.o t.he Cr underl~er t.o improve 

t.he lattice constant. 'ftle orien~a~ion aionq the c-axta 

can be i.mprcved 'for t.he magnetic layer in a film 
-

1n~erface or boundary by 1neaas of chan9~ng th• lattice 

canst.ant of t.he allay underlayar by addition of Ule 

differen~ me~al to t..h@ Cr alloy. ~h1s br~ngs abou~ an 

~mprovamebt of the coercive to~ce or coere1v~ty ana ~he 

squareness. 

!he present inventors have found, as a result of 

deta~le4 cons~dera~1~n; t.haL the resul~an~ recording 

medium bas a significantly la%ger noise as a resul~ of 

the addi~ion of ~he different metal to the underlyin9 Cr 
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J.ayer, 

Afto~her t.hin f~lm recording medium is disclosed 

in Japanese unexamined Paten~ Publication No. ~ei 2-

210614. namelyr 210614/1990. The disclosed t.hin f~l.lft 

reco~ing medium conaist.s of a maqnet.ic layer of a cobalt.­

platinum lCoPt) ~ased allor having a high eoerc~ve force. 

:en t.he thin. f 1.1.m .recording medium,, 't.he magnet.la J.aye:r is 

4ivide4 into two magnet.ic films wit.h a nonmagnetic 

1n~e:r:me41ate film of chromium (Cr) int.erposed 

t.herebet.weeti. This st.met.um is helpful. t.c reduce a 

noise dui::l.ng :-=eprod'llCt.ion. .More apec1f.1c:ally, the 

reslll.t.ant. magnet.ic layer ia aomposecl of a first. :magn.et.ic 

CoPt. f 1lm. a nonmagnet.1c Cr film. and a second magnetic 

CoPt. film, wh:lch an st..acked 1n t.his order. It. is al.so 

known t.hat. an underlying layer of Cr provides i!l favorable 

c:rys~al st.r:ucture for t.he magnetic CoPt film when placed 

u11der t.he t.bin JU.gnei.ic film. 

However, the above-ment..t.ob.ecl •agnet.ic recording 

medimn which cm11p.rises the underlying er layeJ:, t.be ftrst. 

miMJfte~ic car~ £1J.m, tbe noD11Lagne~ic 1nt.ei:meclia~e Cr f 1ln\, 

ana t.he seconct magne~ic CoPt film exhibits 1nsuff1cient 

or unsatisfac~ory propert.ies for a recordin~ medium, 

such as coercive force, a reprcduc~ion ou~pui (proCluct 

of rea1duai magnet1za~1on and film thickness>. and a 

signal-to-noise (S/?lf) ratio when it is manufactured wit.h 

an in-line sputt.ering appara~us. 

Xn ad.di~ion. ~t has been found ou~ t.hat ~he 

magnetic recording llledium having t.lte above-ment.:looed 
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structure 1s liable ~o a reauct.1on in coarci•e force as 

compared witb a s~ngle magnetic recor4ing iayer and is 

insufficient in over-wri~ing propert.iaa. 

Summary of the Inven~ion: 

Xt is an objaat of t.he presen~ inven~ion ~o 

p~v~de a magne~1e recorBJ.ng med.J.um which has J..mprovea 

properties, such as coerci-.re force (Be), a reproduction 

ou~p~t, ahd a s~gnal-to-noi&e (S/M) ra~io. 

It is llllOlher objec~ of ~he presen~ .l.nvent~on ~o 

provide a magnetic recording me41wn. whieh has g00d over­

wri t.1ngo properties anc1 which can reCluce noise. 

It is still another al)jec~ or the presen~ 

invention ~o provide a magne~ic re~ording medium wb~ch 

has a U1agn.e~~c layer divided in~o a plurali~y of magnetic 

films wit.h a nonmagnetic in~ermediate f~l.m in~erposed 

1.berebe~veen and wbich exhibit..s improved magne~1c 

prope:r:t.ies. 

x~ 1• ye~ another object or t.he present.1nven~1on 

~o provide & met.hocl Of manuf aeturing a ma.~e~ic reeorclin9 

mediUlll. vhieh can cont.rol crystal lat.t.ice plane distances 

(S1mp1y ca1le4 c::ryst.al lat.t.ice p1ane rli"st..ancas herein­

uneter> 'of bot.h an underl.ayer of crv and a magnet..ic: film 

of a CoPt..-based alloy so as to ap~i!ni•e t.he magoetLc 

properties of t.be magnet.le recording mediwn,. 

A mag!letic recording medi\Ull lo vhich the present 

1n~ent1on is applicable comprises a magne~1c f 11.m which 

includes a~ leas~ both Co and Pt and whicb 19 spec:if ied 

by a hexagona1 e1ose-packed (hep) cryst..al struct.ure 
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having (002) p1ane• remo~e from each other by a first 

c.ryst.al 1a~tice plane distaftce 4coo2) and an underlying 

~~l• wh~cb 1ncl~des Cr ~nd v. which is ~on~ac~ed w~tll the 

magnetic film, and which is specif led by a hody-cen~ered 

cab1c (bee) crys~al st~cture ha~ing (110) planes dist.an~ 

f~ each other by a second crys~al lattice plane 

dist.~e a(llO). Accordin!? t.o an aspect oft.he present. 

invention. the £1rst and t.he second crystal lattice plane 

distances aC002) and d(llO) have a difference which fal1s 

w.:l t.bi.n a :range between O. 002 amc! O • 032 anpt.rom. 

Speeif1ca11y, the dlfference ~s given by &Qb~~act.J.ng ~he 

seccn4 crystal lattice plane distance dCllO) by the first 

ery•t.al latt.ice plane 4is~anae a( 002 j. 
Acco:cding t.o anot.he:t! aspect of t.he present. 

invention, e magnetic record1ng medium comprises a 

aubs~rate, an underly~ng layer of a nonmagae~id .mat.eria1, 

. and a lam.in.a on t.he unclerly~ng 1aye1:~ '!he lami.na 

comprises a ~izs~ ma.gnet~c filll\ -h~ch 1• broagh~ ~nt.o 

cont.a.et wJ.t.h t.he underly:Lng layer, a. nonmagnet.1a 
. 

Int.ermecUat.e tu.a which 1-s depoait.ed on the first. 

magnet.le film and which is tormed by a .crv .basea alloy 

and spsc1f1ed ~Y a bedy-cen~ered cubic (bee) crystal 

st.ruc~n~e having (110) planes diatan~ from each other by 

a C:t.:y&~al la~tice plane 61alance d(llO)' atld a second 

magnet~c film which is deposited on ~be nomnagnet1c 

inte:cme41ate film which includes Co and Pt as ~rimaxy 

components and wh~ch is specif led by a hexagonal close­

packecl (hep} crys~a.l structure baviug (002) planes remoie 
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rrom each other by a crystal lat~ice p1ane d1s~anoe 

d(002). The crys~al lattice plane distances d(002) and 
. . 

(110) have a difference Which ~s given by d(OOa>-df IlO) 

ana which falls within a range be~ween 0.002 and 0.032 

angstrom. It has been conf11:111ed t.hat the coeraivi~y (Bo) 

and the S/N ratio are deteriorat.ed when t.he di.fferenoe 

dcoo2)-d(llO) is less ~han 0.002 ang~trom ~nd ts qreat.ex 

t.han 0.032 anqst.rom. Preferably, the difference dc 002,-

4(llO) Jnay be restrictea ~o a range be~ween 0.014 and 

0.030 angstzom ~n order to obtain a higher S(B ~•~1o. 

Aecor4J.ng t..o st.ill snot.her asP,ec:t. of the present 

inven~ion. a me~hod is for use in manufactur.ing a 

magnetic recording mediUlll as me11t.i.oned. a.hove and 

comprises the step of SQCcess1•e1y deposi~ing, by 

sput~erlng, a nonnagnet~c underlying f1l• of a c~ based 

alley and a magnetic f 3.lm of a coPt. baaed al1oy on t.he 

nonmagnetic 11nderlyin9 film, a~ a temperature range 

be~ween 250 and '25'C under an arqon qas pressure between 

0.5 and 10 m!rorr. Pzaferehly, t.he t.emperatu.n fall.s 

wi t.hin a ~ange bet.ween 300 an4 o&OO'C whl.le t.be argoh gas 

pressure falls wit.bin a range bet.teeen l -and 8 iaorr. 

In addition, the firs~ magnetic film also 

~ncludes co and Pt as primary components and is specLfied 

by a hexagonal close-packed (hep) cxys~al struc~ure 

having (002) planeg rell\O~e from each other by an 

add1~1onal cxystal lattice plane 41s~ance d(OOl)" ln 

~h~s even~, ~be underlying lay•r may include an 

additional nonmagne~ic f1lm of a crv based alloy which is 
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oontacted with the firat maqne~ic film an4 whleh is 

spec~f ied by a bcdy-cen~e~ed cubic (bee) crysLa1 

st.ruct.ure having (110) planes dist.ant. ~rom each ot.her by 

a subsidiary Cry9tal lattice plane dia~anaa d(llO). !l'ha 

adcli t..icnal !Uld t.he suhsi.clia:r:y eryst.al la:t.U.c:e plane 

distances aC002> and d(llOJ is given by a difference 

1'h~ch is g1Yen by 4(0D2)-d(llO) and wbich fal.ls within a 

range between 0.002 &hd 0.032 angstrOJ11. 

The magnetic f ilnl of a CoPt•based alloy may ba 

formed by a CoP~Cr alloy which includes 4-20 a~.% of Pt 

and 3-30 at.., of Cr and may be preferably cOJnbined with 

t.he under1yi.ug fJ.lm or the nomnagnetic 1ntexme41ate f ~1m 

of a CrV al.1oy which J.nclucles 4-4.0 at..- of v and 

preferably, 10-20 at.• of v. Wi1.h this combuia~ion of 

t.he Jnagnetic f 1lm aD4 t.he 'Wlderly.lng :film or t.he 

Sl0ftl'lagne~1c intermediate !illn, unifor.m crystalliza~ion 

can be accompliahed in t.be magne~ic film and ~he 

under1yin~ ~~lm. or t.he ncDDU!lgne~ia intez:me41a~e £1lm 

because t.hey have u.nifona part.icle si.zes. Moreover, eucb 

a cmnhinatlon makes 1~ possible to control the difference 

d,002)-d(IlO) w~Lhin the above-men~ioned·range. 

~he UD.4erly1ng layer wblch includes t.he 

underly~ng film of the CrV-based a1loy brough~ ~nto 

contact with the maqnetlc film may also include at least 

one nanma~netic underlying film situa~ed under and 

con~acte4 wit.h t.he undexlyinq film of ~he CrV-based 

alloy. !l'he nonmagnetic underlying f~;Lln may be pl:eferably 

composed of a me~a1, such as Cr, T1,. Ta. Zr, or t.he 1~ke 
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vb~ch has a body•aan~ere4 ana close-packed crye~al 

s~ruct.ux-e and which has unifo;r:m crya~al ~art.~cles and 

good cryst.allizat.ion. Such a nonmagnet.1c unClerly1.nq film 

of t.he body-cent.ered and close-packed crys~al struot.u%e 

may have a ~hickness bet.ween 100 and 1000 angst.rams to 

obt.aift t.he wdfoDD panicle sizes. Preferably, t.he 
·. 

t.hickness of the nomraagne~1c underlying f 1lm may be 

be~ween 100 and 800 angs~roms in v1~w of higher 

coercivity ana a higher S/J.f rat.10. J:n addit.ion, t.he 

ratio of t.he CrV underlying film t.o ~he nonmagne~ic 

underl~ing ~ilJn of t.he ho4y-een~ered and close-packed 

_cryst.al st.ruct.11re .snay fall wit.bib a rpqe bet.ween D.05 

and 0.5 1n order t.o improve t.be coerc19.1t.y and t.he S/M 

rat.10. 

l'ul:t.hei:more, a different nonmagnetic underlying 

film may be loca~ed between the suba~rat.e ana t.he above­

mentioned nonmagnetic tllK1erly1ft9 f 1l.JD of the body­

centeJ:ed and close-paelce4 C%Ystal attucture and may be 

%0%Jlled J>y Al, T1, zr, DJ:' t.he like. '-'he 41~ferent. 
. 

nonmagnet..i.c 11114erly1ng f 11m may have a t.hlckhess f all.i.ng 

W1tll.S.n a :r:ange bet.ween 10 and 100 angst.roms. 1'he range 

may be aetexmine4 by unifom1ty of t.he part.icle sizes 

inciuded 1n the nonmague~ic underly1ug film of ~he bOdy­

t:ent.ered and close-packed cryst.al st.ruct.ure. In t.he 

l1gh~ of the coerc:ivity and the S/N ratio, t.he thickness 

Of the dif!eren~ nonmagnetic underlyi~g fil.Jn ~ay be 

restric~ed to a range be~~een 30 and 80 angs~roms. 

• t • '" • • .. t ,.. ,,. ,.. ..... ~ 



9 
This I iflill mi1ii11mlrced· 

'rief Descr~p~ion of ~he Dr.2-wini: 

Pig. 1 ~o.a see~1onai 91ew of a ma9ne~~c 

recordlnq me41um according to a first. embocllm.ent of t.he 

present. ib.vent.ion; 

Pig. 2 is a plan view of an in-line spu~tering 

appa~a~us for use ~n manuf act~ring the magnetic re~orcling 

med~wn il1ustrat.ed .in Fig. ~; 

~19. 3 is a sectio!llll view of a magne~ic 

recording medium aoco~dinq t.o a second embod1men~ of the 

present. invent.ion; ana 

719. 4 is a plan view of an in-11ne sput.t.ering 

apparat:as for use in manufact.urillg- t.be ma9'iet.1c recording -. 

medium ~llusirate4 in Fiq. 3. 

Deacr~p~ion of the Preferrea Bn\bodimen~~1 

Pixat Bmbo4~n~s 

Firs~ Example· of the Firs~ llnbo~n~: 

Refe:rrinq t.o Pi41. 1. a magnet.1e recorc!inq ineclllllR 

accorcling t.o a firs~ embodiment of ~he present 1nvent1~ 

is etr11c~urecl as a ~1r•~ 9'tamp1e by a glass aubstrat.e l, 

an underleayer 2 on t.he g1asa subst.rat.e 1. and a single 

mavnet~c £1lm 3 on the underlayer 2. On the magnetic 

fibn 3. a protection 1aye% 4 ana a lubriean~ layer 5 are 

success~vely dep0si~•d by t.he use of an in-line 

spn~ter1.ng apparatus. 

More specifically. the qlass substrate 1 is 

formed by aluminos111cate qlass and is subjected to 

m~rrox finish to provide a mirror f~nished surface wh~ch 

has a :toughness Ra of 50 angstroms. The underlayer 2 1s 
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~o:rme4 by a f1rs~ ~hin f11• 2a of Al. deposit.ed on ~he 

~lass s\lbs~ra~e 1, a secon4 ~hin fil.m 2b o~ Cr on ~he 

first. t.hin film 2a, and a thini thin film le of CrV on 

the second thin fil= 2b. i'he first thin film 2a Of Al is 

deposited ~o a t.hickness of SO an~st.roms while the second 

t.hln film 2b of er is 600 anqst.roms t.h1c:k. .Moreover. the 

Ul1rd t.lt1n f1.ll\l le of CrV ls deposited t.o a thickness o:f 

so angst.roms and has a compoa1~1on ra~1o of 96 at.~ of er 

e.114 4 at.., of v. 

The 1ll~st~ated magnetic f 11.m 3 1s forme4 by an 

a1loy of capt.er an4 1s deposited ~o a t.li1cknese of 500 

ang•t.roms. rn additi.on, t.he :aaagnet.1e film 3 eomprisee 78 

at.% of co, 11 at.• of Pt., and 11 a~., of er. 

In t.he example 1lluatzat.e4, ~he pro~eatlon layer 

4 is composed o~ a firs~ protect.ion fi.lln 4a aepos1~ed on 

t.he mcilgnet..:l.c: fU.a l and a aec:ond. prot.ect.ion fJ.lm 4b on 

t..he rirst prot.ec~iOn f1lm 4a. The first.. ~ec~~OD rllm 

4a is toned by a er f 1lm of 50 anpt.roms and senes as a 

chSm1cal pro~ection film for t.he magne~1c f !lm 3 while 

t.he second pro~ect1on film 4b is fO%'Sll8d by a silicon 

oZi.de film.of 160 angstroms thick 1n which hazel fine 

g"raJ.ns are d1spersed.. The secon4 prot.ect.1.on f llm 4b 

aenes t.o provide wear resist.ance. 

The lubrican~ layer 5 is formed by perf1uoro­

polyet..her (PgPE) and is operable ~o mit1ga~e a contae~ 

wit.h a magnetic hea4. 

Referring to Fig. 2, description w~11 be now 

directed to.an ~n-l~ne spu~t.ering appara~us which 1s used 

., . 
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This' if Ii~ iii1mi11ttliced 

to manufac~ure ~he ~agnetic recording ~edium 111ustrat.ed 

in Pig. 1. The 1n-1lne spu~terin9 apparatus 10 comprises 

a pallet load chamber (namely. a loadloek chamber) 11, a 

spu~tering chamber (vacuum chamber) 12, and a pal.le~ 

unload chamber 13 all of which are connected 1~ line ~o 

one anothar through parti~ion walls 14 and 21. The 

11lus~rated spu~~ering .chBl'Aber 12 is d1v1ded in~o a ~1rs~ 

spu~~ering chamber 12a and a second sputtering chamber 

12b coupied to each other through a part.i~ion 21_ 

Prac~1cally, each pallet 18 is loaded w~~h a 

plurality of glass sUbstrates which a~e directed upwards 

ana downwards of Pig. 2. under t.he a1rc11mtances, when 

~be pallet 18 ~s in~rod.ucad int.o ~he pal1e~ 1oad cbamber 

11, 1 t.he pal.let. load ohatnber 11 is exhauat.ec! from an 

abft:ospheric pnu11attre to a degree of a vacuum which 1.s 

sJ.nU1ar to tha~ of t.he first. and the second sput.t.er~ng 

chamber• 12a and 12b. 1'hereaft.er, t.he part.it.ion wall 14 

ls opened ~o introduce Ute pallet 18 in~o ~he first 

sput.t.e:i:ing chamber 12a. 

Wiibin t.he firs~ aput.t.ering ehamber l2a, the 

glass substrates moun~ea on ~he paiiet·18 is hea~ed by a 

lamp heater 19 a~ a tempe~a~ure of 3004t £or one minu~e. 

'?hen, the palle~ 18 is ~ransfen:ed or t~anspo:rted a~ a 

transfer speed of l.2Ja/min. and allowed to successively 

pass be~ween ~a~ets lSa and 16a of Al and ~hereafter 

bet.ween the t.argets ISb and 16b of er. Since the target.a . 
15a and I6a and the £allowing ~argets 15b and 16h are put 

~n d~seharqe s~ates w1t.h an arqon gas kept at. a pressure 
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of 5 Jll!'orr. use ~irst. t.hin fU.ms 2a and t.he second t.hin 

£~1.ms 2b a~e aepcgi~ed on both surfaces of each glass 

a~bst~ate 1 moun~ed on ~he pal1e~ 18. The ~ar,ets 15a 

and 16a are supplied with electric power cf 300 wa~ts 

while the ~argets lSh and l6b are suppl1ea w1~h electric 

powe~ of 1.s kilowa~ts. 

&ext., t.he pal1el 18 is t.ransporte4 t.hrougb t.he 

par~itioft 22 ~o the second sputt.er1ng chamber lib which 

has a heat.er 20. Th• t..rangport.ed pallet. 18 is heat.ed by 

t.he hea~er 20 aqa1n t..o a te211pera~ure of 375'C for obe 

minat.e v~t.hJ.n the second sputtering chamber I~b. W~th~n 

~he •econd sput~erinq chamber 12b. crv tar9et.s 15c and 

1_6c .. CoPt.£r t.a7;get.s 15cl Ud 16dr and er target.s lSe and 

16e are successively arxanged in a transport.&tion 

direct.~on of the pallet 18 and are pu~ int.o discharged 

states. ~he second sp~t.tering chamber 12b ie filled wit.h 

an argon 9as of 1.3 dorr. 171U1er t.he circumst.annea, the 

pallet 18 is allowea ~o saccea•1vely pass between ~he C:rV 

t.a:rget.s 15c and 16c, t.b• Colt.Cr t.arget.s 15d and 16d, and 

t.he Cr t.arget.s 15e ud 16e a~ a t.ransfer speed of 1.2 

m/min. In this event.. t.he CrV t.arget.s 'lSc anc1 Uie, t.he 

COPtCr targets 15d and l6dr and ~he Cr ~argets 15e ana 

16e are supp11ed with elect~ic power of 500 tnl~t.s, 1.2 

k11owat.t.s. and 500 wa'Lt.s, ~spect.ively.. I:n ad4:1.t.1on,. 

the first and ~he second sput~erinq chambers 12a and l2b 

a~e kep~ at a pressure which is equal ~o or less ~han S x 

10-6 7orr. 

'I 
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consequent.l.y, the t.hir4 t.hin film 2e. t.he 

magnet.le film 3. and ~he firs~ pro~ec~1on f1lm 4a are 

saccessively depositea to the thicknesses of 50. 500. and 

50 anqstrOllls, respectively, as mentioned 1n conjunct.ion 

wtt.h P1g. 2. 

Af~er cOlllpiet~on of the deposition based on t..be 

sputtering, hydrophil1cat1on is conducted by wauhing the 

f 1rst. pxotect.1on er f111ll 4a by t.he use of isopropyl. 

alcohol (IP~). Thereafter, t.he second protection film 4h 

is fo:r:me4 on t.he first protection film 4a by 1lllmers1ng 

the above-men~1oned sol:lstra~e wit.bin an o:rganiu a111con 

co.mponna solu~ion (a solution of water, I~A, an4 

tetraethoxy•ilane) in whic:h f ~ne part..~clea (a part.icle 

s~ze of 100 anqs~rom.s> of s111caiare dispersed. 

P1Dal1y,, t.be lU))ricant. layer 7 is formecl on t.be 

secon4 prot.ee~ion film 4b by ~ aipp~ng process ttsing 

perlluo::capolyet.her (Pl'Plt). ~llr;, t.he maghet.ic i:ecordin9 

medlum ill.uat:ated in Pig. 1 is manu~ac~ure4 as the first 

example by using t.he in-line sputter~ng apparat.us shO\m 

in Pi9. 2. ~ fi.rst. example may be considerecl am a 

magne~ic disk wit.hou~ loss of generality. 

The magneti.c disk sa obtained has been measured 

1.n connect.ion vit.h coel:'c:lve force, a product. Krl (simpl.y 

cal.l.ecl t.lie product. Krd ) of residu.al .a9neUza.t..1on an.cl 

thickness, and a signal-to-noise (S/Rl ~atio by 

conducting a running ~est with a magnetic head floatin9 

he19ht kept at less than 0.075 #m. The results are 

shown 1n. Table 1-1 beloir.r. !l'ab1e 1-1 also shows a 
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eompoa~~ion and a thickness of the th~ra t.hin film 2c of 

CrV, a bea~in9 tempera~ure of a subst~ate Cabbt:ev1ate4 to 

a substrate temperature). and an Ar gas pressure toqether 

w:lt.h t.he coercive fcrce, t.he product: .Mr& • and t.he S/lf 

ratio. 

~able 1-1 

~ Hagnet.!C 3td Tb.W Film Subs't- Ar Gu He lkcJ S/R d(002)-
ple Film (3) (2c) rate Pres- RatJo dc11a) 

Colllposi't:iOD Tempe- sure 
5001 Composi- 'l'bJ.ck• ra'ture 

ti an 1189~ (l9lU 

<•tM (a~ <A> ('t) (Jn'l'orr) (Ile) /~) (dB) (1) 

1 Cotst'tuCru Cr95V4 50 375 1.3 1920 2.11 31.S -+0.028 

2 I I I I 100 3'15 1.3 1960 2.0T 31.T .+o.02'1 

3 I I 11 so 300 1.3 1810 2.10 31.0 +0.032 

4 I I ' t 50 315 5,0 1850 2.10 31.2 +D.032 

s Ir CrgoV10 50 3'75 l.3 2010 2.19 !42.9 +0.02S 

& •• •• 100 3'75 1.3 2040 2.10 33 •. 2 -l-0.024 

7 •• I I 20 3'S :&.3 1950 2.oa 33.0 +0.026 

a •• ' t SD 300 1.3 1910 2.10 32 • .0 +o.028 

9 . ' •• 50 3'15 - 5.0 lsOo 2.13 32.2 +0.029 

10 '. CrsoVzo 50 3T~. 1.3 1970 2.19 32.5 ..0.015 

11 I I •• 100 315 1.a 2000 2.09 32.8 +o.014 

12 I I I I 20 375 1.3 1960 2.03 32.8 +0.015 

13 I• •• so 300 1.3 1900 2.10 32.4 -+0.018 

14 I I I I so 3'15 s.o 1900 2.10 32.3 +0.020 
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Table 1•2 

ba- Magnetic 3rd Tb.in Fi.la SllbS't- Ar Gas He Mrc1' I sn d(002)-
ple 

15 

16 

11 

18 

19 

20 

21 

22 

23 

24 

2S 

Pilla (3) (2C) rate Pres- 1at10 dCllD) Co.lllposi ti on Tempe• sure 
SOOA. CoJllpos!- 'l'h.lcr ratunl 

t!OD.. DHS (aeau 
(a~ (atlQ (1) (t) (Jal'orrJ (Oe) trJ.) (dB) C.l> 

<hrsPt11Cr.-11 Cr70V30 so 375 1.3 1920 :L15 31.4 +o.005 

f I I I 100 3TS 1.3 1950 2.20 31.6 +0.00'7 

I I 11 20 3'15 1:3 1920 2.08 31.6 I +0.oos; 
•• 11 50 300 1.3. 1820 2.10 31.2 +0.012 

•• . , so 3'16 5.0 1850 2.10 31.2 ....0.010 

It Cr50Y40 50 375 1.3 1880 2.10 31.l +0.002 

f I I I 50 . 300 1.3 1800 2.20 31.2 +0.005 

I I I I so 3TS s.o 1850 2.18 
.. 

31.1 +0.004 

•• Cr93V.t,Zr3 so 3TS 1.3 2.020 2.22 33.7 +0.027 

I I Cra&V12'Zr2 50 3'15 1.3 2080 2.24 34.2 +o.024 

• t er.,1V2fZr's 50 315 1-3 2040 2.20 33.6 +0.015 

Herein, 1t. is to be noted t.hat t.he magnet.ic.:tilm 
-

3 of COPt.C~ is structured by a heza.gonal-elose~pa~ked 

(hep) cryst.al which has (002) planes and a first. crysta1 

ia~~~ce plane di.s~ance d(002 ) het.•een t.he (002) planes 

wh1.l.e the i.hJ.rd t.h1n £1J.Jn or lh1rd underlayer 2c of Cz'V 

vb~ch is brought into con~a.ct with ~he magftetic f~lm g ~s 

e~ructured by a body-cubic-centered crystal which has 

CllOl planes and a second C%Ystal lat~ice plane distaiice 

dc 110,. tn Table 1-1, a difference ob~alned by sub~ract• 

1ng the seeond c:.cystal lattice plane distance d(llO) fr:oJ11 
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t.he firs~ crys~al lattice plane dis~~ce d(002 ) and 

d(llO). 

On evaluating the S/N raLio, a ~hin film head has 

been used which has a floating height of 0.060 µm. I~ 

t.h1s event., recordinq and reproduct.1on out.put.a were 

measured at a Lrack recording 4ensi~y of 80 kfc1 with a 

reia~1ve speed kepL a~ 5.4111/a between tbe t.h~~ f~lm head 

and ~he magne~ic disk. In add1~1on, a noise spec~:cum 0£ 

~he magne~~c disk was measured durinq signal recording 

and.reproduction oft.he maqnet1c disk by a spec~rmn 

analyzer Which had a carrier frequency and a Jl\easuring 

bandwidt-h wh1cb were set. t.o 8.5 MHz and 20 .M!lz, respec­

~~ve1y. ~he ~b~Q ~1lm beaa used in the measure.men~ had a 

coll t..urn number of 60, a t.raek w1dt.h of 4. 8 p. m, a.net a 

heed gap lengt.h of o. 25 1J. m~ As shown in Tal>le l-1, t.he 

first. example l has the dif~erence beLveeu. 4(002 ) and 

d(ilO) which ia equai ~o +0.028 anga~rom. 

second tlu.·ougb t.vent.y-rift.h exampl.es 2 t.o 2S: 

Second ~brough ~wenty-aacond examples 2 t.o 22 
-

accor«ing 1.o ~he f liat. embodi•en~ of t.he presen~ 

invention are enumerated along w1t.h t.ha.f1rst. 9X1l11Ple l 

in Tab1e& 1-l an4 1-2. Bere~n, tbe second through ~he 

twen~y-second examples 2 to 22 are manuf ac~ured in a 

lll&nner s1m1lar ~o ~he firs~ example except. that t.he 

compositions and the thicknesses of ~he third thin films 

o~ t.hird underlayers 2c are changed ~oge~her wi~h the 

snhstrate Lemperatures and t.he argon gas pressu~es. 
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Each of the twenty-third ~hrough the twen~y-fift.h 

examples 23 to 25 aceordinq to t.he f1r•t iambod1.lften~ of 

t.he presen~ invent.icn is specif 1ed by the f~ra~ t.hin 

film. namely, the f1rst underlayer 2a of Al which has the 

thicbess of so angst.roms ana t.he rougbne9s Ra of 10 

angst.rams and Whieh 1s depo~~ted by spu~tering. In 

ad41tion, each of the twenty-third through the ~venty­

fift.h examples 23 t.o 25 has t.he t.bird t.hib. film, namely, 

t.he t.bi.rcl ~nderlayer 2c of a C:r:VZr aJ.loy Wb1eh has tlle 

t.h~ckness of 50 angstroms and Which has t.he compos~t1on 

shown in !'ables l-1 and 1-2. PUrt.hermo~, t.be prot.et:t.ion 

layer 4 in each of t.he lwen~y-~hi:z:d. ~h%ough t.he twent.y-

f if~h examp1ss 23 ~o 25 is form~d by a single film of . 

carbon which is deposited by sputtering. 

. '!he second t.hroutb "t.he · t.we!lt.y-fif t.h examples 2 t.o 

25 were manufact.urad as •ac;net.ie di.sks an4 subject.eel t.o 

rmuU.ng t.es~s •Lt.h tlle float1ng·helgh~ of a •D4l'tet~c h•ad 

kept. at. leas t.han 0.075 fl m. A11. of t.he examples 2 t.o 25 

enibit.ed excellent. zesult.e. :In a&lit.ion. t.he coercive 

force (lie), the prodllet. (.Mr6 J, and t.he S/N raUon were 

also evaluat.ec1 in the manber men~ioned·in conj'llDCt~on 

wi t.h t.1le :f:t.rst. examl'le 1. 

As sbown in Tablelii.i 1-1 i!bld 1-2, it.. bas been found 

ou~ that the d1fferences between the c:tystal lat~ice 

plane diatance d(~Ol) of ~he magne~1C film 3 of CoPtCr 

ana t.he ~rya~al iat~1ce plane d~stance d(llO) of the 

third t.hin f~lm 2e of crv fall within a range be~ween 
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0.002 and 0.032 angst.ram in t.he first. t.brau9h t.he t.went.y­

£1f~h examples l to 25. 

c:~arative Bxamp.les !,. t.hrough 6: 

Provision has been made a.bout first t.l\rough sixth 

eomparat.:lve examples l t.o 6 so as t.o compare magnet..1c 

characteris~lcs of the firs~ through t.he sixth 

cOft\p~ative examplee l ~o G with ~hose of the fi:rst 

throu~h ~he ~wen~y-f1f~h Ggmnples l to 25 aecor4l.ng to 

the present inve~tion. %n ~able 2, t.he magnet.ic 

cbaract.eris~ics of the f i~s~ ~hrough t.he sixt.h 

C01Dparat.ive tulasDPlee l to 6 are enumerated £or 

comparison. 

!!able 2 

Cm- lfupetic 3rd Thin Pi.lm Sabst- Ar Gas Be Mr8 sn dco02r 
para- fila (3) (2c) :t8't8 Pre.I\- .lfa1::lo d(llD) 
1:1'1'8 ColPDs!tkm 'rape- sme 
Ima- '500,\ Ccmiposi- 'l'bick- nftre 
ple tion 

.. = .ness 
(a~) (atSJ CJ) (~) ~01'1'] (08) lclBl (1) 

l Cof8Pt11Cru er.- 50 315 l.3 l~SD l.89 28.$ .. o.oas 
. 

2 WI ~V50 50 3'1S 1.3 1810 2.11 28.& -o.01$ 

3 •• CrgsV4 so 220 1.3 1120 a.19 · 28.8 -t0.037 

4 I I I I 50 375 · 18.0 1930 1.80 aa.3 +0-039 

5 I I 
~aov40 50 430 l.3 1880 1.T8 28.0 -0.006 

6 t I 
I ' so 3T5 0.2 1730 2-15 2'1.6 -o.ooa 

Th~ 1li~i1 l1U1~l1lii 
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As s~own in Table 2r the firs~ eo.mpara~ive 

example l is similar in atzueture ta the first etnbadimen~ 

of t.he present. inwntion except. that. the t.hird thin f llmr 

namely, the third underlayer 3c 1s ~omposed of er and 

fa1l.s t.o include v. The se~nd eompa~a~J.ve ex.ample 2 is 

upecif ied by ~he ~hil:d ~hin tilm of CrV ~ob c011rpr~sea 

50 •~·' of Cr and so a~., of v. 
· .'l'he t.hird and the fourth comparative examples 3 

and 4 are manufactured in a manner s1m11ar to t.he first. 

embodimen~ of t.he presen~ invent~on ex~ep~ that t.he 

sllb~~ra~e ~emparat.u.res and tbe argon gas pressu~es are 

varied on deposition of Ule third t.hin film 2c of crv. 
LUew1se, t.he fifth anct t.he siXth cOJftParat.ive 

examp1es 5 and 6 are also manufac~ured by vary!ng_t.he 

subat.rate t.emperat.u.rea and the argon.gas pressu:i:es from 

those of t.he tven~ieth example 20. 

-rhe first. t.hrough t.Jie slxt.h comparat.ive examples 

1 ~o 6 were subjee~ea ~o rannin~ ~es~• wb~ch are aim~1ar 

t.o t.hose ment.1one4 in eonjunc~ion '.'fit.h t.ha f~rat. ~hrough 

t.he t.ven~y-fift.h exa.ple• 1 t.o 25. In add.it.ion. t.he 

coerc1ve force (Be). t.he product. (Mrl )_, anti t.he S/R. 

rat.io ware measured as shown in '!able 2. In 'lab1e 2. t.he 

COJllPOS~~lons and thiaknesses of t.he ih~rd thin £ilms 2Cw 

t.he subs~rate ~emperatures. and the a.rr:ron gas pressures 

ara also shown along with the differences be~ween the 

crystai lattice plane 41s~ance d(002 ) of t.he maqttetic 

fil!ll 3 of CoP~Cr and ~he cxystal la~tioe plane distance 
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dCilOJ of ~he underlayer con~ac~ed with ~he mague~~c 

f.11.m 3. 

'F:r:om 'l'al>les 1-1. 1-2, and 2 .. .1..t is readily 

unders~ood t.hat the first through t.he ~wenty-second 

ekamples 1 to 22 whieh include ~he t.hird thin film of 

CrV are i.snproved in t..be coercive fo±c:e (Be), the proauct. 

(Mrcl >, and the B/I r:at..1.o in compari.son with Uae fi:r:st. 

coniparative example 1 which includas the third thin fi.litl 

of er. 

ln addition, t.he twen~y-t.hird through the twen~y­

f1fth examples 23 to 25 which ~nclude the third tb.t.o 

films 3c of CrVZr are great.er int.he coercJ..ve force {lie). 

t.he product CMro ) , and t.he Si's rat.lo than t.he fixst. 

comparative example 1. Bspeoially, a6.dition of z~ ~o tbe 

crv alloy is effeet..tve t.o reduce a noise and ~herefore to 

improve t.he S/tll rat.io. In t.b1s event. .. it. i.s preferable 

t.hat. an amount. of Z.r :falls wit.h!.n a range bet.ween 2 anct s 

at.•, as sbown in Table 1-2. 

By comparing Table1 1-1 and 1~2 with ~ah1e 2, 1t 
-

has been confirmsd't.hat t.!.le differences d(OOl)-4(llO) 

betV@en the c:r:ystal la~tice plane distance a,002) of ~he 

ma9ne~~c f~lm 3 of COPt and t.he Cl:'l's~a.1 1att1ce plane 

d1s~ance d{llO) of t.be underlayar contac~ea with ~he 

magnetic film 3 a.re variable in dependency upon t.he 

composi~ions of the underlayers. ~be substrate tempera-

ture; and Use argon qas pressures. 

For example. the third t.hiu film, namely. the 

~hird underlayer ac of the third compara~ive example 2 



--··-···· -·-----·----·­. --~-------------·--. 

~-------------- -----

--------·-------·-----------

21 

includec_se at..• of v toget.har wit.h 50 at.., of CrM :xn 

t.his case, the aifference d(002)-d(ll0) is reduced ~o 

-0-015 angs~~Olll- Such a reduc~ion 0£ t.he difference 

brings about a degradation of the S/N ratio, as compared 

wi~h the fire~ ~hrough ~he ~tren~y-fift.h exasnples 1 to 25. 

Fl:Om t.h~s fae~, the amoun~ of V in ~he c~ al1oy used as 

t.he t.hird t.h1n film 2c 1s des1~ably rest.r1ct.e4 t.O a ran.ge 

between 4 and 40 a~.%. 

In a4dition, it is read11y understood. £~OJI! t.he 

~h~rd ~h~ugh t.he six~h oompara~1ve examples 3 t.o 6 that. 

the diffez:ences a,002 )-d(llO) are also varied in 

depenclency Dpon ~he subs~ra~e ~empera~ures and ~he argon 

gas pzessures. '1'h1s migh~ be based on Lhe fact t.hat a 

iatt1ce defec~ or dis't.Ort.ion takes place wit.bin the £11Jul 

due to process con41 t.10.11s and i_a varied w;L t.h a c:han9a of 

~he aubs~~a~e ~empera~ures ~a the argon g~s pressures-

AccoJ:dingly, ~he dJ.fferencea d(0021 ..a(llO) can he 

cont.J:a1l.ed w1t.h:ln t.he rfll'lge bet.ween. 0.002 an.4 0.032 

angstzom by acljustinq the amount. of V inc1uaea ib t.he 
-

t.hird t.h1n ~.11m ~.., t.oget.he.r with t.he aubst.rat.e t..mpera-

~urea and t.he argon gaa pressu:tes. 

For 1nst.ance, t.he third and. t..he fcurlh compara­

~~ve exasnp1es 3 and 4 are iden~ical in the composi~~ons 

and t.he t.h1cJmessea ot t.he t.hJ.i:-d t.hin f1l.m 2c wit.h t.he 

f 1rst example 1 but are manufacture4 under the suhs~rate 

~emperat.u~e and t.he argon g11s p~e9sure whioh are 

di.fferen~ frcm ~hose of the fira~·example 1. In ~he 

t.llird comparat.ive example 3, t.he suhst,rate t.e111perat.u:re is 
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lowerea t.o 220'C , wh1ch tncraases the difference t.o O. 037 

angstrom. As a ~e9ul~, the coercive force (Re) and ~he 

S/N ratio ~~e reduced ~o 1720 Oe and 28.8 dB, respec-

t.ively. J:n the fourth comparat.ive example 4, t.he argon 

gas pressure is increased ~o lB.O mtrorr. Such an 

inel'Gase of t.he argon ga.s pres·sul::e rendezs t.he difference 

d(002)-a(llO) into 0.039 angstro~. This resu1~s J.n 

the reduct.ions of Mr ii and t.he S/N rat.lo, as shown .1n 

'!'able 2. 

Furt.he.cnore, eacb of the fift.h and the aixt.h 

co.iparative ~amplas 5 and 6 bas the composition and the 

thickneGs oft.he ~hird ~hin film 2c.whieh are ~den~ical 

w1tb t.hose ot the twen~ieth exampie 20 accordJ..nq ~o ~he 

presen~ inven~ion bu~ is manufac~ured ~ythe eubstra~e 

~emperature and t.he argon 9as pressqre which exe 

different. from ·t.hose of t.he twen~1e~h ezample 20. 

Spscif~eally, the f1fth comparative exi!IDlple 5 is 

111anuf act1U"f!Cl at ~he subst.rate ~emperature higher than t.be 

~weat.iet.h 9'lmftp1e 20. wh~ch re4uces t.he difference 4(002)­

dlllO) t.o -o.oo&. As a result., a re4Uct..1cm occurs in Kr" 
and t.he S/11 .rat.io, as shown in Table 2. 

On the ot.ber hand, the argon gas pres&11re is 

reduced t.o o.2 lld'orr in t.he sixth compara~ive exampie 6. 

!'he aixt.h compara~ive exalllple 6 has t.he d1fference «coo2>­
d{llO) reduced Lo -0.008 angstrom and ~he reduced 

coercive force (Re) a.r&d the S/N ratio, as shown ~n 

'fable 2. ---·-----··-·--- --~-----·--·-·-·---··-- ···-
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Twent.y-aixlh t.hro~h fon.x-t.hird ~sles_26 t.o 

43: 

'l'Wen~y-sixtb ~hrough t..h~r~y-fift.h examples 26 t.o 

35 are manufactured ih a manne~ s1:m11ar to the firs~ 

example 1 eJtcept t..hat Lhe eompos1t.1ons of t.he magnetic 

f1lms 3 and t.he compositions of the thii:d th1n £ilms 2c 

are changed from those of t.he first. example 1. Furt.her-

111ore, t.hirt.y-sixt.h Ulrough fort.y-third examp1es 36 t.o 43 

are man.u~acturea 1n a manner si:mi1ar ~o tbe first exarap1e 

1 except that bot.h of the ma~eria1s an4 t.be compos~tioRe 

of t.he magnetic film 3 an4 t.he COl\\POSi~ions cf the 

t.h1rd t.hin films 2c are varied from tbose of t.he first 

exampl.e 1. 

~he t-unning'test.s were made abo~t t.he ~went.y­

s.ixt.h t.h2:0n9~ t.he fo.rt.y-t.him examples 26 t.o 43 in a 

:manner similar t.o ~hose mentioned above wi~h t.be f1oat.ing 

heJ.9ht. of the ugnet.ie head kept. at. ·1ess than 0.075 ·P. IQ. 

!be coe:rcive force (Be). lhe prod.net. Mr4 , and t.he S/N 

ra~io were evaluated in co!lllec~~on wi~h each example 26 

t.o 43 • l:n Table 3 •. the c:omposit.ions of t.lle JDag11et.ic 

£il.ms 3, the composi~ions and the ~hickllesses of t.he 

t.h~rct ~h~n films 2a, the attbstra~e ~empera~ures, and the 

argon gas pressure& are sbOllft alon~ wit.h t.he coerc~ve 

force (Be) , Mr 8 , and !.he S/R :rat.io. Moreover, t.he 

differences the c~stal lattice plane distance dc 002 , and 

t.he crys~al. 1a~~ice p1a.ne d1s~anee d(llO) ~re also 

enUJaera~ed in Table 3. - ----- - - - ---- ---------
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Table 3 

Ex- Magnetic 3rd Thin Pilm Strbst- ArGas Be Jlrc5' S/11 d(Q02) .. ... Pilm (3) (2c) rate hes- Ratio d(llO) pla Co11pos!ticm '1'espe- 8\1.l'e 
5001 Composi• Thick- ratare 

'tiao :aess (1118Bnl 
(atJ&) ca~ (1) ("C) (lllTOtt) (De) 1=21 (dB) CJU 

26 Coatf''t5Crn Ct-90V10 50 315 1.3 lTBO 2.35 31,& +0.010 

21 . , 
cr90V~ so 375 l,.3 1800 Z.40 31.D "'0.003 

28 Co71P't18Cru Cr90'110 50 375 1-3 2150 l.98 31.6 +o.032 

29 •• Cr30V20 50 315 1.3 2220 l.99 32.4. +0.022 

30 C0&4h11Cr5 t:qaoV10 50 315 ].3 1860 2.35 32.0 +0.030 
.. 

31 I , eraoVzo so 315 1.3 1900 2.3T 32.5 •0.020 

32 eo.,4•t11Cri5 Cr90V10 so 3'5 1.3 2120 2.0S 32.T +0.019 

33 I r Creov20 50 379 1.3 '2141l 2.05 31.8 +0.009 

34 Coa¥'tuCr25 CrgoV10 50 STS 1.3 2230 1.82 31.5 +0.012 

35 ' ' CraoV20 50 3'75 1.3 2300 1-80 31.0 +0.oos 

36 Co9TPt11Taz OrggV10 50 3'15 1,3 1150 2-40 30.1 .0.026 

37 I I 
CraoV20 50 315 1.3 1880 2.41 30.S +O.Ol.9 

38 ~lTas CrgoV10 50 315 l.3 2900 2.20 ·30.0· +o.032 

39 I t Crso"20 so 315 1.3 1900 ·2.18 30.5 -t0.022 

40 Cor&Pt11Cr11Ta2 CE-soV10 50 375 1.3 2020 2.00 33.S ...0.025 

41 ' . CraoY20 50 3'PS l.3 1980 2.0'l 33.0 +o.017 

f2 Coorih11Cri1Tas cr90V10. 50 375 1.3 2080 1.70 3L8 +o.029 

43 •• CraoV20 SD 315 1.3 2050 1.72 32.2 +0.021 
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~e t.ll.t.rt.y-i"1ft.h examples 26 t.o 3 5 compriae t.he 

t.bird t.hin films, namely. the third underlayers 2c of crv 
and t.he magne~ic films 3 of lhe CoPtCr alloy. rn 

addition, the amount. of V in the t.hird thin £11Ias 2c fall 

within Ule range between IO and 20 at..,. Under t.he 

circwast.ances. high aoerci.e £orce (Be) and a high S/N 

ratio can be accomplished when eaQh of Ule magnet~o f ~lln$ 

3 comprises 60-90 at.• of CO, 4-20 at..- 0£ Pt, and 3-30 

at..% of er-. lJreferabl.y. t.he magnet.ic films 3 may 

compr~se 64-84 a~., of Co. 5-lB al.% of Pt. ana 5-18 a~.• 

of er in o:r:c!e~ ~o achieve h19h coercive ~o~ce (Be) and 

high S/N rat.ios. 

As apparent from t.he t.h1r~y-s1xt.h t.hrough t.he 

t.hirt.y-nin~b exampies 36 t.o 39 Whi~h compri~e t.be 

JD&Pet..ic films 3 formecl by CoPt.Til all.oys. hi!Jh coerc.1V"e 

foxce (He) and high S/R ratios can be acoompl1shed when 

80-90 at., cf Co, 5~15 at., 0£ P~. an4 1-7 at.~ of ~a are 

included ill t.he magnet.ie fi.h\s 3. 

hrt.he~re, i:.be fo~iet.h t.h%ou9h t.he fort.y-t.h1:r:4 

examples 40 ~o 43 comprise the maqnetie !1.llbs 3 Of 

CoPt.Cr'?'a aJ.loys. In this event., it. 1.s preferabl.e t.hat.. 

70-80 a~-' of co, 5-15 at..~ of Pt. s-2s at..% of er, ana 

1-7 at.~ of ~a may be included in t.he magne~ic films 3 o~ 

t~e CoPt~rra alloys •o &s to cb~ain high coercive fcxee 

(He) and high S/1f ra~ios. 

At. any rat.e, t.he fJ.rat. t.hl:'Ough Ule fort.y-t..bird 

eJcamples l to 43 aceo~1ng to the firs~ embodimant are 

exce11en~. in stA.~1c =agne~ic propert.ies, euch as the 



·---·----·--·· 

-------------··------~-·- ·····-· 

26 

coerc~ve for~e. the product Mr6 and in reaord1ng and 

r~produotion propeE~ies, sueb as S/N ratios and ow. W~t.h 

t.his st..:r:u1;t.ure, it. has been cou£J.rmea t.hat. Ule magnet.le 

disks fonned by ~he above-mentioned examples have a larqe 

outpu~ and a reduced medium noise even when a surface 

recording aens1t.y is !nereased t.o 500 111.b/1.n.2 or moJ::e. 

Second Bmbo41ment.: 

First sample of ~he second embodiments 

Referring ~o Fig. 3, a.magne~1c recording mediWll 

accozding to a second embo4imen~ o~ t.he present invent.ion 

1a simi.lar in struc~ure ~o t.hat 11lttstrated in ~ig_ 1 

except.. ~hat. a magnetic liJlllina 3a is substit.ut.ea ~or t.he 

magnet.ic film 3 illustrated in Pig. 1. Specifically, t.he 

magnet.J.c lamina la. is formed b1 a ti~st. magnetic f.11.m 31,1 

a seconcl magnet.ic film 32, and. a nomnagnet.:lc int.e:oaediat.e 

f.1lm 33 1nt.erposea bet.ween the flrst. and th• secon4 

magnet.ie ;r:J,lJDS 31 al\4. 32. 

tn any event. the i1lus~ra~ed •agne~~c recording 

me4i1JJQ will be called a first. sample sc as ~o distinguish 

t.he second embocli.llent !rom the eJt&mplea according to t..be 

first. embed1ment. and is struct.urec1 by a glass sub:st.rat..e 

1, a~·underla~er 2 on ~he glass subst.~ate l, the magne~~c 

1aa1na la, a protec~ion layer 4 on t.he magne~~c 1a11t1~a 

3a, and a l~brican~ layer 5 on ~he prc~ec~ion layer 4. 

The underlayer 2, the magnetic lamina 3a, the prot.ect.ion 

layer 4, aud the lUbricant layer 5 are suecessively 

deposi~ea on the 9laas subs~~a~e l by the use of ~he ~n­

l~ne sput~ering apparatus. 
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Speci~1ca1ly, tbe q1ass substrate l is composed 

of alum1nos1l~ca~e glass and is subjected t.o mirror 

f 1n1sh to provide a m1rror f in1she4 surface •hich has a 

l':OUghuess Ra of 50 angstroms. The illust.ra~ed underlayer 

2 is formed by a fi~st thin r11m 2a or Al cleposi~ed t.o a 

t.hickness of 50 angs~roms on ~he glass subs~ra~e 1, • 

second t.hin fflm 2b of er deposited to a t.hickness of 600 

angstroms on the first. thin f1lm 2a, and. a third thin 

film 2c of CrV deposited t.o a tllickness of 50 angst.roms 

on t.he second th~n !i1m 2b. .In t.he fi~st. sasaple 1 of ~be 

seaona embodiment., Ule third t.hin f:llm 2c has 8. 

COJllPOSi~ion 0£ 96.a~-' of er ana 4 a~., qf v. 

fte first. t.hronqh t.be t.hird thin f .t.lms 2a t.o 2c 

w~ll be calle4 firs~ ~brou~ t.hird underlayers, 

respect.ively, hereinunder. 

:Iq t.he 111aC)!let.ic lamina la, t.he first. magitet..ic 

film 31 has t.be suie mat.erials as the second magnet..ic 

fj.l.m 32 and is composed of e CoPt.Cr alloy whieb aompr1.ae8 

78 at,, of c:o. 11 a~.% of P~, and ll ~~-• of Cr. Xn the 
-

illust.rat.ed exampJ.e. each of the £.tnt. and uo second 

magnet.le films 31 and 32 bas a t.h.:lokness of 120 

ang•t.roms. on t.he ot.her hand, t.he nonma.gnet.ic 

in~e:nnedia~e film 33 be~ween the f 1rs~ and the second 

magnet.J.c filins 31 ancl 3 2 is cmnposed of .a CrV a1loy 

comprlsin9 96 at., of Cr and 4 at.- of v. The 

nomnagnet.ie int.e:z:mediat.e film 33 i.s 50 angst.roms Ul.lck 

~nd thinner ~haft the first and the second magnetic films 

31 and 32. 
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~e pro~e~tion iayer 4 is composed o~ a f~rs~ 

pro~ection film 4a deposi~ed on ~he seCOftd magnetic film 

32 and a second pro~eo~ion film 4b deposited on t.ha fi~st 

pro~ec~ion film 4a. The first protection film 4a is 

formed by a ex- f il.Jn of SO angst.roms t.h1ck and serves as a 

cbem1.cal prot..eet.ion film for t.he'nia.gnet.ic lamina 3a while 

~he second pro~ect1on f 11• 4b 1s formed by a si1icon 

cud.de fil1a of 160 angat.roma t..h:lek. In t.he second 

prot.ection film 4b, hard fine par~ic1es are disperged ~o 

~rov1de wear reeist..ance aqainst a mechan1ca1 shoe~. 

The lubricant. layei: 5 1s £or.med by perfluoro­

po1yether (PPPk) and serves ~o alle~iate a.eon~ac~ w1~b a 

magn.et.ic head.. 

•eferring t.o •1q. 4, deacr~pt.1on wi.11 be made 

abou~ a met.boa of ~an.Qf ac~uring the first. example 

illustrated in P1q. 3 bf the use of t.he 1n-line 

spu~t.er~ng apparatus. L1ke in P1g. 2. t.he i1lua~rated. 

in-line sput.t.ering apparat.us comprises il pallet. load. 

chamber 11. a. sput.t.ering chamber 12. ana a pallet. unload 

cbambe~ 13 all of which are connec~ed in series t.o o~e 

anot..her, as shown in r1g. 4. :rn the 1l1ust.rat.ed. example, 

part.it.ion walls 14 and 21 are locat.ea bet.ween t.he pallet. · 

load. cham))er 11 and t.he apult.ering chamber 12 ana bet:t1een 

t.h• spu:t.t.er.tng ChaJQber 12 and t.he pallet. unload chambe%" 

13 •. respectively. In addi~ion, the sputtering chamber 12 

is d1Vided 1n~o a f~rs~ sput~er1ng chamber-I2a and a 

second sput~er~nq chamber 12b coupled to each other 

through a partition 21. 
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Within ~he firs~ and ~he secon~ spn~tering 

cbmnbers l~a and l2b, tar~et pa.i~s ~ a~ranqed ~~ a 

manner to be descr1bed ~o saccees1vely depas~~ t.he 

un4erlayer 2, ~he mague~ic lamina 3a, and t.he protection 

layer 4 on t.hA glass subs~ra~e 1 and ~o mannfacture the 

fi~st sample l illuat.raled in Pig. 3. 

Prae~1ca1ly, when ~he palle~ 18 wb1ch 1s 

pre~1ously loaded with a plurali~y of g1aas suJ'jstrat.es l 

is intrOdnaea in~o t.he pallet load cba.D\ber 11, t.be palle~ 

loacl chamber 11 1s exhaust.eel from t.he at.inospheJ:ic 

pressure t.o a degree of vacuum Wbi.ch is similar t.o t.hat. 

of the first and t.he second sput~ering chamber• 12a and 

12b. '.rhereaft.er, t.he pa.rt.U.1on wa.ll 14 is opened t.o 

~ntrodu~e.~h• pal.le~ 18 1nto the firs~ sputtering chamber 

l2a. 

Wi'-hin the f~rat sputt.e:r:ing chambe.r 12a, each 

g1ass substrate l on the pal1e~ 18 is heated by a 1amp 

hea~er 19 at a tempera~ure of 300CC for Ohe lft.lnuLe. 

Then, t.b.e pallet. 18 i.i; t.ransfe~recl or t.raaisport.ecl at. a 

t.rusP>rt speea of 2.2 :m/11.tn and allowed t.o pasa between 

t.be tar9et.s 15a ana 16a of Al and t.here.tt..er bet.ween t.he 

t.arget..s lSb and l6b of Cr. 

S1nc• ~he targe~s lSa and 16a of Al and t.be 

t.argets lSb and 16b of Cr are pu~ in discharge st.a~es 

wi~h t.he argon gas kept. at t.he pressure of 5 lld'orr, t.he 

f 1~$t. ~bin £llms 2a and the second thin f !lmS' 2b are 

euccess~Yely deposited ~n that orde~ on both surfaces of 

eaeh glass subst.J:at.e 1 mount.ed on t.hg pallet. 18. The 
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targetl lSa and l&a of Al are supplied with t.he electric 

power of 300 wat.t.s wbi.le the t.arg-et.s lSb and l&b of Cr 

are suppl1ed with ~he electric power of 1.0 kilowatts 

during t..he aput~ering- As a resul~, the first. and the 

second thin films 2a and 2b have lhe ~hlcklleuses of so 
and 600 angst.roms, as ~entionea above. 

Subseq'llently, t.he po.llet. 18 is t3:'ansport.ecl or 

t.ransterre4 throuqh the partition or port. 22 to the 

second eput..t.e:t:"intJ chainbel:." l2b which has a heat.er 20. 1'he 

transported palle~ 18 is hea~ed by the beat.er 20 ~o a 

tempera~ure of 375-C for o~e minu~e wit.bin t.he second 

sputtering chamber 12b. 

In orde~ to successively deposit t.he ~112h6 

111ust%'a~ed in Pig.-3 in the illust.~at.ed O%der on tlie 

second t.h!n t'.tl•s 2b, crv t.arget.a 1sc and 16e, COPt.Cr 

t.a%1]et.s 15d and l6d, crv t.arqet.s 1se and iae, CoPt.Cr 

t.arget.s !Sf and 16f'. and er t.arget.s 15g and 169 311! 

arrangec! within t.be second sputter~ng chamber 12b and are 

put in Cli.acharge ata~es v~th the argon gas kept. at ~be 

pi;essure cti! 1.3 nttorr. The pallet. 18 .ie t.raneport.ed at. 

the transfer speed of 1.2 In/min bet..ween-~he respective 

~arqet pairs, namely, lSc and 164 to 15g an4 l&g. 

Du.ring t.he transportation or movement of t.he 

pa11et. 18, t.he t..hird t.h1.n f1lm or t.h!m underlayer 2c of 

erv,.t.he first. magnet.ic film 31 of CoPtCr, t.he nomnagne­

t..ic int.e:r:medi.at.e f1lln 33 of crv. t.he second magnet.le film 

32 of CoPtCr,· and the first protection film 4a of Cr are 

aucaessively s~a~ked in t.hat o~der on the seeond thin 
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film 2h in ~he second sputt.ering chamber l2b. In th1a 

eve~~. the CrV ~arge~s 15c and 16c and lSe and 16e are 

supp11ea with electrie power of SOO vat.ts while ~he 

CaP~Cr ~argets 15d and 16d and l5f an.4 l&f a~e supplied 

wit.b eleet.J:ic powel:' of 300 wat.t.s. In add11: .. 1on, t.he Cr 

t.arget.s 15q an.a l&g are given elec~ric potrer of 500 

watt.a. 

During tl'le spn~t.ering, t.he f~rat an4 t.he ssoond 

spu~~ez1nq ehambers 12a and I2b are kep~ a~ a degree af 

vacuum which is equai t.o or less t..han 5 z 10-6 ~or:r:. 

Under t.he c1rcumstances, t.he third thin film 2c of CrV 

has t.he thickness of SO angs~roma while each of the f~rs~ 

an4 t.he second magnetic fil!ns 31 &lid 32 h•s ~he t.hiekhesa 

cf 120 anvst.:r:oms. Likewise, the noninapet.ic int.er.mediate 

film 33 of CE'V' 1s 50 an~st.roma th1ck while t.he :first. 

p:rot.ect.ion f 11.ln 4a is SO angst.rems t.hick, as ment:lcned 

befon. 

A:e~er eomplet.ion of ~he above-ment~one4 

depos1t.1on, the first. prot.ect.ian £1.lm 4a is washecl by 

isopropyl. alcohol (:tPA) to aonauct. hych:opbj,lS.catJ.on. 

~hereaft.e:t:. t.he second protection f'il.m Cb S.e formed on 

~be first pro~ectioQ.fllm by imtnerain9 the above­

processed substrate wit.bin an orqanic silicon compound 

solut10J) and by f ~r1ng ~he subs~ra~e to lea•e a s~licon 

dioXide film on the first prot~ct.ion film 4a. The 

organic silicon compound so1u~1on may be, for example, a 

so1u~ion of wa~er, IPA, and ~etrae~hoxysilane in which 

fine p~:tt1c1es of silica are d1sperae4 •h1ch have a 
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par~icle size of 100 anqetroms. 

r1nally, ~he lubrican~ layer 5 is fo:rmed on t.be 

aecond prot.ec~ion £1lm 4h by a 4l.pp1ng process usi~V 

perfluoropolyetber (PF.PE) • !bus, the first. sample 

acco%ding to the second ~o4imen~ of t.he present 

inven~ion is •anuf actured and is operable as a magne~~a 

disk. 

Like in the first embodiment, t~e rtlllning test 

was carriea out with a floa~1'19' height kept. at 0.075 pm 
. 

in oon.nec~ion with ~he first. sample 1. The firat sample 

1 exhib.f.t.ea an e~cellent. resul~. Furt.hezmore, 

measurement. of the first sample 1 'was mada aboGt ~he 

coercive force (He) • t.he product. (Mr& ) of .reai.Clual. . 

mapet.!1u1t.ion an4 thickness, t.he S/11 rat.10. Such 

measurement results a:e tahulat.ea in ~able 4-1. 

~able 4-1 shows a compoait.ion and .a t.hickness of 

the t.hi.:rd t.h1n ~il.m 2c cf crv. a compoait.ion aad a 

t.b1ck11eas of' t.he nomnagnet..lc .1nt.exme41.at.e £il.ln 33, and a 

s\lbst.ra.t.e t.eJnperat.1:1re ant! an ar90n gas pressu:re on 

aepos:lt.1.n.g t.be t.bird t.hin fibn 2c and t.he nomaagnet.ic 

:Uit.ermediat.e :film 33 t.oget.ber wit.b tbe coercive xorce 

(Be), t.he product. (Mr6 ) , and t.he S/N rat.lo. 

Herein, each o.f t.he first and t.be second mapet.ic 

£i.1tns 31 ana 32 of CoP~Cr has a hep crys~al s~.racture 

having (002) planes distant from each othe~ wbile each of 

t.be 't.h:l'l:d 1..hin fl. lm 2c and t.he nomnaqnet.ia int.ermecU.at.e 

film 33 Of CrV hes a bee crys~al s~ructare having (110) 

pi~nes dist.ant. f~om each ot.her. A d~st..anee ba~wecen ~he 



Table 4-1 

Sam- tfapeUc PUii 3rd "lltJ.n :Ulm Honmapetic Inter- Subst· 
p.le (31 • 32) (2C~ madJAte FU11 l33l rate 

Cmposltion Ccmpas.1- 'l'h:tc:k- Compos!- '?hick- Tempa-
120Jl "a tJ.on D8SS Ucm 11881 ratura 
Ca~ (BO) 

I Cl l (a"tS) <1> ('C) 

l CC-,art11Cr11 Cr91Y4 so CrqV4 50 ·3'16 

2 II • • 1QD •• 50 3'15 

3 ,, t I 50 I I 50 300 

4 ,, u 50 •• 50 315 

5 r' Or90V1ct 50 Cl'goV10 so a'lS 

6 I I I I lOD " 50 3'75 

1 11 I I .20 t I so 3T5 

8 t' II 50 11 2-0 375 
' 

9 I I II 50 I I .50 300 

10· 11 I I so It so 315 

11 11 
0teoV20 60 CrsoV20 so 375 

12 I I I I 100 II &O 3'15 

13 11 I. 20 II so. 3'F5 

14 I r II SD 11 20 a1s . 
15 I t r I SD H so 300 

16 11 rl 50 I I .. 50 3f5 

Ar Gas He MrcT 
Pres-
sun . (•mu 
(mTou) (Oe) !=°'> 

1.3 19?0 0.95 

1.S 20.J.O 0,92 
..___ 

1.3 1860 0.93 

5.D 1900 0.95 

1.3 2060 D.99 

1.3 2090 G.95 

1.3 2000 0.94 .____ 
1.3 2oao 0.98 

1.3 1960 0.94 

s.o 1950 0.95 

1.3 2030 l.00 

1.3 2050 0.95 

1.3 2010 0.92 

1.3 2010 8.99 

1.3 1950 lt.96 

s.o 1950 0.95 

S/J d(Q02)-
Ratio du10> 

(d.B) CA> 

35.5 +0.028 

35.'I +0.027 

35.0 +0.032 

35.l +0.032 

36.9 +Q.025 

37.1 +D.024. 

36.9 +Q.026 

36.B +0,025 

36.1 +0.028 

36.2 +0.029 

36.5 +0.015 

36.9 +o.ou. 

36.8 +O. Dl5 

36.6 +0.015 

3&.3 +O.Dl8 

3&.l •0.020 

w 
w 

;} 
_iii. 
-ct> 
-":J 
!!!!!!!!!!!!!!!m 
!!!!!!!!!!!! t1) --___.::x: 
-Ol !!!!!!!!! C/l ==OJ t1) 

-(\) 

---- :J -::u 
iiiiiiiiiiii CD 
-"O -[ 



Table 4-2 

Sam- Masnethr Film 3rd ThJA Ula Honmapetlo Inter-
ple t31 a s21 (Zc) ucUate r 1 lm (33) 

Composition 
UCA >e 2 Ccmposi- Thic:1r.- ColllPOSi- Thick-

ticn naas Uon USS 
(at'l (atrc) (1) (atfe) CJ.) 

11 Conft11Cr11 er:..,.0V30 so Cr1GYso 50 

18 11 ' I 100 I I 50 

19 r I r r 20 t I 50 

2CJ 11 11 sa Cr70V30 20 

21 11 
' I sa. 11 50 

22 I I I I 60 •• so 
23 11 CreoV40 50 Cr&oV..a 50 

2.t. 11 l I 58 • I 50 

25 I I I I 50 I I 60 

I 26 11 Cl'93V4Zrs 50 Cr93V41r3 so· 

27 
,, 

~a4V12Zt4 50 CretVizZ...' so 
28 11 ~0V15Ztt 50 Cl'90V1eZr4 so 
29 11 Cr71V2GZts 50 crnva~s 50 

Subst- kGaa He 
rate Pres-
Tempe- sure 
ratilre 

('C) (~rr) (Oe) 

315 1.3 1910 

3'15 1.3 zooa 

• 3"15 1.3 19'70 

STS 1.3 1970 

300 1.3 18'10 

315 5.0 1900 
..,._._ 

315 l.a 1930 

300 1.8 1850 
-

3'16 5.0 1900 

315 1.3 20TO 

MS 1.a 2130 

315 1.8 2160 

3'15 1.3 3090 

'Krc7 S/N 
RaUo 

(ZIMllB\I. 
/cm2) (dB) 

0.97 35.S 

l.DO .ss.s 

0.94: 35.4 . 

0.97 35.4-

0.95 35.0 

0.9• 35.0 

0.95 35.1 

l.01 3&.D 

0.99 as.1 

1.01 3T.S 

1.00 30.0 

1.0S SB.I 

1.00 3'1 .s 

dtoon-
cl(110) 

Ul 

+.0.006 

+(l.007 

+0.006 

+0.006 

+0.012 

+0.010 
-
+0.0()2 

+o.005 

+0.004 

+o.02'1 

+o.024 

+o.022 

+0.015 

w 

""" 

;} 
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(002) planes will be referred ~o as a first czys~al 

ia~t.~ce plane dist.ance and depicted a~ d(002) Whiie a 

c11sta.nce between the (110) planes will be referred to as 

a second cxys~al la~~ice ,1ane distance ana depict.ea at 

d(llO)' as men~ioned in conjunc~ton v~th t..he firs~ 

embocliaent.. 

Herein, leL relatiodships be~ween t.he first and 

t.he second crystal latt.1ce piane a1a~anees dCOOl) and 

d(llO) be conaidered not. only abou~ the ~hircl ~hin fil• 

2c of CrV and the :£'irst mapet.ic film 31 of CoPt.Cr bul 

also ilbou~ the nonJnAgnet1c lntermedia~e ~11Jn 33 of CrV 

and the second magnetic f!].iq 32 of CoPt.Cr~ At. any n.te, 

t.be t.hird t.hi.n film 2c aJ\d t.he nonmagnetic int.en1e4.1at.a 

f il.ta 33 are coatacted wit.h the f ~rst an4 t.ha aeecn4 

ma9ne~ic films 31 and 32. respectively. 

In adcli.~ion. i~ is to he n.otea ~bat ~he above 

relat.ionship bet.ween the tb1rcl ~hin ~ilm 2e ana the ~1ra~ 

magneUc fS.l.m 31 .ls 1.dent.i.cal w1t.h t.hat. bet.ween tlle 

nomaagnet.ie 1nt.ermecliat.e film 33 and t.he secona :&11agaet.lc 

t"ilm.32 .beoauee t.he t.hird t.hin .film 2c: and the nomnagne..­

t.1c int.erme&llat.e film 33 are 1111U111!act.11rec1 Ullder t.be aame 

condi~ions and the f1rat and ~he aacond JDB.gnetic films 31 

and 32 are manu:fae?t..ured on t.he same con.d1t.1ons. 

AccoratngI.y. t.he relat.1onsh.1p bet.ween t.he t.h1rd t.hin film 

2c ana the first ma911et1e film 31 applies to the 

relationship between t.he nomuaqne~~c in~e:r;mediate film 33 

ana ~he second xnagnet..ic film 32. The above rela~ionsh.t.p 

1B spec1~1ed bf a 41.fference which is obtained by 
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subt:ac~ing the second ~~ys~al la~~1ce plane di.stance 

d(ilO) from t.he fi~s~ cryst.al 1a~~ice p1ane d~s~ance 

d(oo2) and which may be simply represen~ed by a 

dif£erence d(002)-d(llO)" Taking ~he abo•e ~4~o 

cans~derat1on, the difference dcoo2)-d(llO) between the 

nolllllagnetic 1n~ermed1at.e f~lm 33 ari.4 th~ second aagne~ic 

f~l~ 32 aiona ~s ta.bula~ed in ~able 4-1. "rhis ~s true of 

Tab1es 4-2 and 5 which •111 ~e shown. hereinafter. 

As apparen~ ft'Olll Table 4-1. t.he firs~ sample 1 

has lhe difference d(002)-d(llO) of +0.028 angstrom. 

The S/N ratio was evalua~ed hy us~ng a t.h~n film 

head which opera~es with a floa~1ng heigh~ kept at o.060 

ll m at. a relat.1'119 epeea of 5 m/s betweeQ the t.h.in f1l.Jb 

head and t.he ~agnet1e diak or the first sa.ple l, ana by 

m•a•uring recordinq and reproducing outputs appearing on 

t.he t.rack J:ecorc11ng aensit.y of 110 kf'c1. :rn add1t...1on. a 

noise spectrum of the magne~ic 41sk WilS measured durin9 

t..he &ignai recording and reproduct~on o~ t.he magnet~e 

disk by a spect.rwn llni\lyzer wh.tch bad a carrier f :regnency 

ana. a measuring bandwidt.h Wh1ch wen eet. to e.s MHz and 

20 MHz, respect.1vely. The thin film cllak was an KR head 

which baa a recording t.rack width of '·2 IJ. m, a reproduc­

t.ion t.J:ack w:idt.b ot 3 .5 p. 111, a recording gap lengt.h o"f 

o • 4 3 µ, m. and a reproducin~ gap length of O • 31 p. lll-

Secon4 th~ugh twenty-nint.h samples 2 ~o 29: 

Xn Tables 4-1 and 4-2~.~he second through t.he 

t.vent.y-fif Lh samples 2 t.o 25 were manufactured in a 

manner similar tc t.be f i~st Si:UPPle 1 except that ~be 
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compoa1~ions and the ~bicknesses of ~he third t.b~n films 

2c oE CrV, ~he composi~ions and the ~hicknesses of t.be 

nomnagnet1c intermediate films 33 of C:rV were cha~ged, as 

shown in Tables 4-1 and 4-2. toqet.her v1~b ~he substrate 

tempera~ures and the argon gas p%essures on depositilltJ 

t.be third thin films 2c a.nd the nonmagnetic 1nter:med1a~e 

fJ.lms 33. 

rn ~able 4-2, the twen~y-s1Xt.h t.hrough ~he t.wenty­

n~nt..h smnples 26 ~o 29 were maaqfac~urect 1n a ma!Uler 

s1milar to t.he f 1%st sample l except. that the ~hird thin 

f 1lms 2c and the nonmagnetic intexsnedia~e £1lma 33 were 

foz:me4 by alloys inclwlinq C:tVZr at 41fferent ra~ios. · 

Bach of t.he third t.hin ~11.ms 2e an4 t.he nonmagnetLc 

1nt.enned1at.e films 33 was d.epos:l.t.ed t.o a U1ckness of 50 

anq.st.roms. 

'!he running tests were aond.uc~ea in connect.ion 

w.1t.h t.be seconct through t.he t.went.y-nJ.nt.h samp1es 2 t.o 29 

w1t.h ~he floating head of t.he thin film bea4 kept at 

O. 075 p. m. The result.ea of the naning t.est.s were 

ea:cellen~. Like in ~he first samp~e 1, t.he coe~cive 

force (BcJ., the prod.11ct (Mrcf ), and t.he S/lf rat.io were 

measured .S.n a manner s1m11a~ t.o t.he f1.rst. sample 1 and 

t.abula~ed 1n Tables 4-1 and 4-2. ~ft addition, ~ables 4-l 

and 4-2 show the compositions and t.he th1Cktlesses of the 

t.hird t.hln films 2c of crv, t.he composit.tons and the 

thicknesses of the nonmagnetic inter.mediate films 33, and 

the substrate ~emparatures and ~he a:1:9on gas ~ressures on 

deposition of t.he th1.r4 Uiin films 2c and the nornnagnet1c 



----·-~. -=-=·· =-=····=·· =· ,---,---,-,-----,,,-------~ 

----· ---- -----------··----··--···-

38 

~n~e:anedia~e f~l•s 33. Moreo11er, t.ha dlfferenees a(002 )~ 

d(llO) of the second through ~be ~ven~y-ninth samples 2 

~o 29 which are men~1oned in conjttnc~1on wi~h the ~irst 

sample l have been also listea in Tables 4-1 and 4-2. 

Virs~ t.hrough si~h comparative s~ples: 

.Pir•~ t.b2:0Ugb sixth comparati•e samp1ee were 

fabr~ca~e4 in a manner whieh is sOU\eWhat d1ffe~n~ from 

~hose of the f 1rs~ throu9h the ~wen~y-nint.h samples 1 ~o 

29. Speei£1cally, t.he first comparative sample 1 ~s 

similar t.o the f~rs~ sample 1 except. tb&t each of t.he 

thir« thin film 2c an4 the nonmagrae~ic 1ntar:mediat.e film 

33 is fonaed by er a:Lone wit.heat. v. ~e second compara­

t.ive sample Z comprises t.he thirel t.h1n film 2c· and tbe 

nonmag.neU.c intemediate f 1lm 33 which are different in 

compos:it.ion from those of the first. sample 1. :rn 

adcli~ion. t.he third and the fourt.h comparative sWDples 3 

and 4 are manufactured ~n a manner aimilar t.o t.ha~ of t.he 

~1rst sample 1 except that ~he •Uba~rat.a temperat.ures and 

t.be argon gas pressures on deposition of t.he t.h1:r:d t.bin 
. 

films 2c and t.he no!lJllagneUc int.er.mediate f11m.s 33 are 

change4 from t.hoee used in nianu:fact.urt.ng t..be fU:st. sampl.s 

l. Similarly. the fifth an.4 the 1ixt.h comparat..ive 

samples s ana 6 had t.he ~hird thin ~ilms 2a aud ~he 

nonmavnet.ic int.enne«iat.e films 33 which were inanufact.ured 

under ~he subs~rate teznperaturee and the arqon gas 

pressures d1ffereni from-~hose of t.he ~wenty-~hird sample 

23~ 



·"·--··-····-··--··-·- ----·-··----·--·-~-----------··--- -

---------------- - -- ------ -- --

39 

The running ~es~s were conauc~ed in connec~ion 

with ~he firg~ ~hrcuqb the s!.x't.h compaca~ive samples l to 

6 w~t.h the f loa~ing helgh~ ox ~be :magnetic head kep~ at 

0.075 ~m. Subsequen~ly. t.he coercive force (Be), t.he 

product. CMr 8 ) , and t.he S/5 rat.io were .measured in t.he 

man11er ment1oned In conjunct1on ~1th ~he first sample l. 

The resul~s are lis~ed on Table 5 together w1th the 

compos1t1ons and t.he tll1cknesses of t.he third thin films 

2c. the CO!ftposi~ions an4 ~be thicknesses af t.be 

nonma91\et.1c 1nt.emed1a1.e filma 33, t.·he subst.r~t.e 

temperat.ures, and the ar9on gas pressures. l'urt.he:r:more~ 

t.he 41f!erences a,002 ,-a(llO) men~ionea above are also 

~abula~ea in Table 5 to specify t.he relationships be~ween 

1.he ~irst. or the seaon4 aaagne~i.c film 31 or 32 and t.he 

1:.hi~a t.h1za film 2c ox- t.he nomnagnet.1.c :t.nt.esmecU.at.e film 

33. 

A• ahown in Tablea 4-1. 4-2, an.a 5, t.be f1~st. 

t.hrougb ~he t."8nt.y-f ~ft.h samples 1 to 25 which have t.he 

t.bird t.hln f ilma 2c ana. the nonmagnet.1c int..emedt.at.e 
-

filJns 33 foxmed by ~ have been :bnproved in coercive 

force (Be), t.h~ product. (Mr8 ) , ana the S/R ratio as 

compared vit.h the first. comparat.ive sample 1 list.ed in 

'!'able 5. 

In addi~ion. ~be ~wenty-six~h ~hrough t.he ~wenty-

nint.h samples 26 to 29 which have the t.hitd thin films 2c 

and the nonmaqne~ic inLermedi~te films 33 of CrVZr are 

Qlao improved int.he coerc~•e force (Be), ~he product 

(M%';'c5' ) , and t.he S/N rat..io in compa.r.ison wit.h t.he f'i.rst. 

-------- ---
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Table 5 

3rd Thin P J lm Ncmm.agoetJc Inter-
C2cl mediate 1'1lm (33) 

Coapos.S- Tbick- Colipoa.S- Tb.Jm-
tiaD ness tJon USS 

Ca-US> (J.l (at'l CA l 

Cr 50 Cr 50 

CrsoV5p 50 . Ci-50V50 51) 

Cr96V4. 50 Cra&V-4- 50 

ti 50 " 50 

CreoVto so O:soV40 50 

I I 50 ,. 50 

Subst- ltrOa• He 
rate Pres-
T&mpe- sure 
rature 

('C) (atrorr) (09) 

S't5 1.3 1TQO 

3'15 1.3 1920 

220 l.3 11'10 

31'5 18.0 1910 

•30 1.3 1930 

3'15 0.2 1830 

Kr!! S/N 
Ratio 

(Jlsmu 
/m2) (dB) 

0.86 32.5 

0.95 32.6 

0.99 32.5 

(l .82 32.3 

D.80 32.3 

0.99 32.1 

d(002)-

d(JlD) 

CA> 

+0.035 

-0.015 

-tO.<taT 

+Q.039 

-D.OOll 

-0.008 

... 
0 
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compa.rat.1va sample I whi.ch has t.he tbi.rd t.hin fi.Im 2e and 

~he nonmagnetic inte~ediat.e film 33 each of which is 

:formed by er. Espec1a11y. add1t.J.on of zr t.0 t.he crv 

alloy is very effective ~o reduce a noise and results in 

an improvement of t.he S/N rat.io. Preferably, t.he waount. 

of Zr may be restr1ct.ed to a range bet.ween 2 ands at.~ 

so as t.o red.uce the noise· and t.o t.hereby improve ~e S/N 

ra'lJ.o. 

BY comparing t.he first t.hrouqh t.be twen~y-n1nth 

smu.ple.s 1 t.o 29 of Tables 4-1 and 4-2 wit.b t.he second 

through ~he sixt.h scunples 2 to 6 of Table 5, ~'l baa been 

found out ~bat t.he d1f£erences d(OOl)-d(llOl of t.he 

crys~a1 lattice plane dis~ances between ~he firs~ 

magnetic films 31 and t.ha third thin.films 2c and t.he 

aeeond magnet.ic f 11.ms 32 ana the nonmagnetic int.@naediat.e 

filJn& 33 are variable in depenaenoy upon t.he ccmposJ.t.ions 

of t.he ~bird ~hin film8·2c and the nonmagne~ie 

:l.:At.e:cneClia.t.e f.il.ms 33, t.he subst.rat.e t.emperat.11rea,. and 

the argon gas pressures. Por example, the •econd 

comparat.in sample 2 of Table 2 has t.he t.hir4 t.hln £ilm 

2c and t.he nomnagnet.ic int.ennediat.e film 33 each of Which 

aompr1ees 50 a~' of V ahd 50 a~., of er. ~hisren4ers 

the difference• d( 0021 -a(llO) 1n~o -0.015 angs~rom and 

result.s in a re4uct..ion of t.he S/N ration in comparison 

wi~h t.he first ~hi-ougb the ~wenty-ninth samples l ~o 29. 

As a result.., it.. may be concluded Lha~ t.he amoun~ 

of v ~n t.he crv a11oy pre~erahly f&l.ls wi~h~n A range 

between 4 and co a~.% 1n each of the thir4 thin film 2c 
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and the nonmagnetic 1nte.rmed.1.a~e film 33. 

As apparent from thQ resni~a o~ the t.hird throu~h 

Ule sJ.xt.h comparat.ive samples 3 t.o 6, t.he differences 

a(OOa)-a(llO) are widely varied by the subst.ra~e 

~emperatures and t.he argon gas pressure~. such a 

va~1a~ion might result from the fa~~ t..ha~ a lattice 

distortion in each filln is _chanqed by tbe subst.rat.e 

~emperature and the argon gas pressure. zn o~h•~ words, 

the differences 4(002 )-d(llO) can be adjusted t.o a range 

bet.ween 0.002 and 0.032 angstrom by control11n9 t.he 

subst.rat.e tSJ11peratu,n, and t.be argon gas pressure together 

w.t.t.h t.be amounl. of V iftcl.uded in t.he t.hird t.hin film 2c 

and the nonuaaqnetic inte:rmedia~e film 33. 

the third' and the lourt.h comparat~ve s8!11ples 3 

and 4 shown in ~ab1e 5 are 1den~1cal. v1th t..he %1rs~ 

sample I of ~able ,_l in t.he c0lftpcait1ons and ~he 

t.hieknesses of' t.he t.hird t.hin f.il.m 2c 1:uarl 'the nomnagnet.1c: 

1.nt.e.mecliat.e £11:m 33. However" the t.h:l.rd t.lUn film 2c 

and the nonmagne~ic 1nt.e=ne41at.e f~lm 33 0£ each of t.he 

t.bLra·ana the fourt.h comparative •amples land t vere 

depoaitecl unaer the substrate temperature an4 t.he argon 

gas pres•ure different. from t..hese of t.he f~rst sample 1. 

Speci£~cally. t.he t..h~rd t.hin fil.m 2c and ~be 

nonmagbet~c 1nt.e:r:med1a~e film 33 of t.he t.hird comparative 

sample 3 a.re Clepos1t.ed at the temperat.ure of 220't which 

is very lower t.han t.hat. of t.he fir•t. sample 1. Th.is 

increases the difference d(002)-d(llO) ot t.he third 

cOlDpara~1~e sample 3 to 0.037 angs~rom, as i~stea in 
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~able 5 and consequen~ly reduces ~he coercive force CSe) 

and t.he S/5 rat.lo. In the fou:cth c:cmparat.1ve sanLple 4, 

t.he argon gas pressure 1s ext.reme1y increased. Sttcli an 

increase of the arion gas pressure renders t.he difference 

d(002)-d(IlO). in~o 0.039 angstrom aitd results in a 

reduction of Mro and the S/K ra~io. 

In ~he fift.h and tba six~h aompa~a~ive samples S 

and 6, ~he third ~hin films 2c and ~he nomna11fte~1c 

lnt.ennalliat.e £1111\s 33 have t.he &BDle composit..ione and 

t.hicknesses as thoae of the twen~y-~hircl sample 23 bu~ 

are deposi~ed on the subs~rate temperatures an4 t.he argon 

gas pzessu~s 4ifferent f%"0DI t.hose of the twenty-~hi:r:d 

aamp1e 23. Specifically, the Sllbatra~e ~empera~U%'e is 

raised up ~o the ~esriperature of 430'C in t.he f if~b 

compara~ive sample 5, Which renders the cliff~rence d(002,­

d(llO) into -0.006 angs~rom. As a resul~, ~he pro4uc~ 

Mr6 and. t.he S/ll rat.io .is reduced. in compa:r:isoJ.1 wit.h t.he 

t.went.y-t.hird sample 23. On t.he ot.her hand, t.he argon ga~ 

p%essure 1G lowered or reduced to 0.2 m'l?orr ~n t.he sixth 

comijara..t..lve eample 6. Suah a .reduction of t..he argot\ gu 

p~essure renders t.he difference dtOOl)-a(llOJ into -o.aae 
angstrom and results ~n • reduction of t.he coercive £0.rce 

(He) and the S/N ratio as compared wit.h the ~~eaty-thi~d 

samp1e 23. 

Thirtieth throuqh forty-s!xt.h sa.mples 30 ~o ~ 

Thirtlet.h through fort.y-six~h samples 30 to 46 

are similar in st.ruct.u.re t.o the first. t.hrough t.he twent.y-

ninth samples l to 29 illustrated in Pig. 4 except t.hat 
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t.he t.b1rd t.hin films 2c and 1.he nonmagnet.1c 1nt.eme41at.e 

f~l.m• 33 includes Cr and v a~ ratios different from ~ha~ 

of ~he f~rst smt1ple l and ~ha~ ~he ~&t~os of Cr and V in 

~he third thin films 2c are varied from the ratios of er 
and V ~n t.he nomnagnet.ic 1nt.emediat.e films 33. :In 

aad1~1on, i~ is to be no~ed lha~ t.he fort.y-four~h ~hrougb 

t.he fort.y-s.J.xth samples 4il t.o 46 included. t.he £.trst. t.bin 

:f illn 2• of Al. which was depos:l.t..ed to a thickness of 50 

angst.rems by sput~er~ng and which had a SUJ:'face roughllees 

Ra of 10 angst.rems and the sole prot.ect.ion layer 4 of 

carbon which was deposited to a ~hi.ckness of 130 

angstroJQS by spu~~ering. 

The thir~iet.h through t.be forty-s1xt.h samples 30 

t.o 46 t.hus obt.ained. were subject.eel t.o t.he running t.ests 

with t.h• float.1ng be1~t of t.he t.hin film heaa kept. at. 

O . 075 1' m and founa to be ucelient.. ~he coercive force 

(ltc), t.he prod.uct. (Mrcl ) , and t.he S/B rat..S.o. were .measured 

~n ~be manner aeftl!Otted above to evalnate each sample 3D 

t.o 4 6 • tile .resul t.s 0% t.he J11tu1an~eme1H. are showi j,n Table 

6 along -~~h t.he subst.rata ~emperat.ures an4 t.he argon gas 

pressures~ 

As shown :ln !'able &. when t..he t.hird t.hin film 2c 

which includes 4 t.o 40 at.,, of V is coinb.ined w1.t.h t.he 

~onmagne~~c intermed1a~e film 33 which alao includes 4 t.o 

40 al.% of v. it has bean found out that the coe.rc:lve 

force (Be), t.he product. (Mr8 ) , and t.he S/N :r:at.i.o are 

in-creased. 
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COZ11pOa.t t!on . Co111posi· Th.lclt- Coapos1• 'l'b.lck- Tape-
1201)(2 tioa ness ticn 11881 rature 

(a.tMI cam <1 l <am fAl t'C l 
30 C07aft11 Cr11 Cr9&Y4 50 Cl'saV10 SQ 3'1'S 

31 ' I It 50 Craovao 50 315 

32 I I I I ao CreoYto &O 3TS 

33 ' . Cr9aV10 so <lrt&Vt 50 375 
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Hapet.f.c 11 Um Magnetic r.tlm 
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C2c) . IUm (33) 

+0.02 +0.D28 
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In ord:er t.o improve t.he S/N ra:t.io, 1 t. is 

pref'erab1e t.hil.t. t.he t.hird t.hin film 2c of CrV which 

1nc1uaes.4-40 at.., of v 1B EWD!b1nea ~!tb the nonmaqne~ie 

int.er:me41ate f ilnt 33 of CrV which inclu4es 

10-20 at., of v or t.ba~ the third th~n film 2c of crv 
wh1ch includes 10-20 a~.% of v is comb~fted wit.h the 

nonmatjnet.1c 1ntermed1at.e fillll 33 of CrV which includes 

4-40 at.- of v. For ~~provement of t.he_S/bT ra~io, an 

op~imunt ~omb1na~1on of the third t.h1n fi.lJI. 2c and the 

nonmagnetic int.e:rmediat.e film 33 is given by a 

colftb1na~1on of t..be t..hiril t.hi.n fi1m 2c inclu41n9 10-20 

at.~ of v and t.he nomna9ne~1c inter.meaiate film 33 

1nc1ud1ng 10-20 •~-' of v. 

As men~ioned before, the ratios of er t.o v of the 

third thin ~1l.Jns zc are d1fferen~ from those of t.he 

nonmagnetic 1nt.ezmeGJ.at.e f1lms 33 in t.he t.h1:r:t..1et.h 

t.hxough t.he fort.y-s1xth samples 30 t.o 46. Accordingly, 

the differences 4cooz)-d(llO) of t..he cxya~al la~~1ce 

plane 41.sT.ances bet.ween the first. Jaaqnet.1e films 31 and 

the thi.rd t.hln ~1lms 2c are somewhat. dit~erent. f:t0m t.he 

d~£ferences 4(002)-4(llO) of tbe crys~al 1at~1ee plane 

dJ.st.ances bet.ween t.he second magnet.le ~11.ms 32 and the 

no11111a.C)Uetic intermediate films 33, as.lls~ed in Tab1e &. 

However, bot.h the former and tlut lat t.er differences all 

fall within the r~qe between 0.002 and 0.032 angs~rom. 

~orty-sevent.h through sixty-fourth samples: 

Fort.y-sevent.n through six~y-fourt.h sample• 

aocordinq to the second el'll.bodimen~ of t.he present 
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invent.J.on were manu:fact.u.red in a manner simJ.lar to that. 

:rnen~ionea ~D conjunc~ion with ~be·first samp1e 1 e;icc•pt. 

~ha~ ~he ra~ios of t.he t.hird t.hin films zc ana t.he 

nonmagnetic 1ntermea1ate films 33 are change4·from t.hose 

of Table l, as shown in Table 7. In !!able 7. it. is t.o be 

no~ed ~ba~ t.he rat!o of t.he ~h~rd ~hin £ilm 2c of each 

sample 47 t.o 64 are sUbs~an~!ally ~dentical with t.bat of 

t.he nonmapet.ic int.e:r:mecUat.e film 33 and is noi. changed 

from t.he lat..t.er. 

More specifically, the ratio of compositions in 

each of t.he first and the second magnet1e films 31 and 

32. the ratio of composi~iohs ~n each t.hiJ:il thin f~lm 2c, 

and the ratio of composit.ions in each nomaagnet.1c 

~n~exmedia~e film 33 are va~ied ~n t.he fort.y-se•ent.h t.o 

t.he tift.y-sixt.b samples 47 to !56, as shown in !'able 7. 

from those of the first sample l listed 1n Table 4-1. 

L1kew1se, 1t. is apparent from ~able 7 ~ha~ ~he 

ma~eriale and ~he ra~ios of ccmpoeit1ons in tJie f~rs~ and 

t.he second magnet.le .films 31 u.4 32. t.he rat.108 of 

coapos1t.1ons in the t.hlrd th1n f.1lm9 2c, and t.he rat.Los 

of compos1t1ons in the nonmagnetic in~ermedtat.e fillls 33 

are var~ed ~n t.he f ifty-sevent.b t.hrOugb the slzty-faurt.h 

samples S7 t.o 64 from those of the first sample 1. 

'l'he f o~y-seveuth through t.he •1•~y-foar~h 

s~les 17 to 64 were subjected ta the running.tests with 

~he f1oatin9 heigh~ of t.he t.hin film head kept et 1ess 

t.han O. 07 5 p. m ana exhJ.bi t.ea. excellent.. resul t.s. 'the 

coercive force Ure>, Ule prccluct. (Mr6 ) , and t.he S/lf 



'nlble 1 
Sala- Magnetic Ji lm 3rd Th.la f Jlm Ncmmtpetic Inter-
ple (31 • 32) (2cl 1118dlata Pilm C33l 

Composition . C:Oaposi- 'Dttc:k- Coapo11i- Thick-
1201><2 tioa 11811 t.ton nass 

(at'4) <•1M <1) <a~ (1) 
41 COMPt&Cru (!rgoV10 so Cr90V10 50 

I 

it-8 I. eraov20 50 CreDV2Q 50 
I 

49 ConPt1aCrt1 CrgoVto 50 CrtoV10 50 

50 , , 
CraoV20 50 craaV20 so 

5J Cos4Pt11Crs CrgoV10 50 C:'9gV10 50 

52 I • 
CrsoV20 56 CrsoV20 50 

53 C°'J4't11 Cr15 Cr90V10 so Ci-90V10 50 

·54 Ii CraoVzo 50 Cr:aoV20 20 

55 Coe.tft11Cr25 CrtoV10 50 Cr90V10 50 

SB Ir traoV20 50 C1'90V20 50 

51 co87Pt11Tzl2 Cr-goV10 50 C"90V10 50 

58 I ' CraoV20 50 Ci:gV20 50 

r,9 Coa•Pt11Ta5 CrgoV10 50 Cr90Y10 50 

80 11 cr60v20 50 CrsoV20 20 

61 C°'1sft11 Cr11Ta2 Cr90V1a 50 CrgoV10 50 

62 I t CraoV20 50 c:raoVzo 50 

63 c07s11-t;11er11 Tas Cr9c)'l10 60 C:r9gV10 · 50 
•· 64 11 <qoVao 50 C!"anVcao 50 

·Subst- Ar Gu He 
rate Pres-,...... sure 
rat.un 
<i:> (dOZT) fOa) 
3'f5 1.3 1830 

!TS 1.3 1850 

STS 1.3 2200 

315 1.3 22'11t 

3'15 1.3 1910 

315 1,3 195D 

375 1.3 2170 

3T4 1.3 2199 

3TS J.3 2280 

375 1.3 235<J 

376 1.3 1900 

315 1.3 1930 

375 1.3 1950 

3.,5 1.3 1950 

375 1.3 20'10 

375 1.3 2030 

375 1.3 2130 

315 1.s 2100 

Ki-6 S/ff 
Ratio 

(mamu 
/CD2) (dB) 
1.DT 35.3 

l.01 35.1 

0.85 36.5 

0.66 36.4 

1.n1 35.7 

l.08 36.1 

0.94 36.4 

Q.92 35.S 

0.60 SS.? 

o.sa 35.Q 

1.09 3t.l 

l.lQ 34.8 

1.00 34.0 

l.09 34.6 

Q.89 36.8 

0.90 36.'l 

D. ?3 315.4 

0.'15 35.8 

d(002)-
d(UO) 

(1 l 
+0.01D 

+0.003 

-tD.031 

+0.022 

+0.030 

+CJ.020 

+0,019 

+0.009 

+0.012 

•0.003 

+o.026 

+-0.019 

+o.032 

i-0,024 

+o.O'Z1 

+0.011 

+D.030 

+0,020 

.,. 
at 

-I 
:T _en· 

-en 
-:T 
~<D 
!!!!!!!!!!!!!! <D --iiiiii'iiiiii :c 
-D> 
-fl) ==CD =ro 
-CD 
iiiiiiiiii ::3 
-;.o 
iiiiiiiiiiiiii CD 
-"O -o:; 

~ 
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rat.io were measured 1n t.he manner men~1ona4 above ~o 

evaiuate each sampie 47 ~o 64. The resuits af t.he 

measurement are shown in ~able 7 along with tbe substrate 

temperatures and the argon gas pressures. 

Like in ~able 1, the differences a(002)-d(llDJ of 

t.he c~sta1 la~~iee plane d~stances between t.he firs~ 

magnet.ic film 31 and t.he t.b1rd t.ldn fihl 2c are 

substantially equal ~o tha di£ferences d(002)-4(llO) of 

t:Jae urystal lat.~ice plane distances between t.he second 

magnetic film 32 ana '\.be nomnagnet.ic 1n~e1"J11edJ.a~e film 33 

beeanae the lhird ~hin films 2c and t.he nomnagnet.J.c 

int.emecliat.e filllls 33 were depo&it.ed 1lnder t.he same 

con41~1ons as each ot.her and t.he f~rst and the second 

.magnet.ic films ll and 32 were also deposit.ed und~r the 

same conclit.ions as each ot.her. In t.h1.s connect..ion, 

sJ.n.~1e values alone are shown as t.he differences d_(002)­

a(llO) in t.he fort.y-seventh through t.he six~y-f011rt.b. 

smDples 47 t.o 64 ahown ~n ~able 7. 

AS shown in '!able 7, t.he fort.y-sevent.h t.brough 

t.he fifty-s.lxt.h samples 47 t.o 56 can accmaplish high 

coe:raJ.ve force (He) an4 hi9h S/H rat.ios by using t.he 

third th1n f il•s 2c and the nonmagnetic inte:cnedia~e 

fi~ 33 each of which consis~s ~f ~he crv alloys 

~nclud1n9 10-20 at.~ of V when eaeb of t.be first. and the 

second magnetia films 31 and 32 of CoPtCr comprises 60-90 

a~.~ of co. 4-20 at.-~ ctf Pt, and 3-30 at.% of er. 

Furt.hermo~e. 1t is preferab1e t.hat. each of t..be 

£:1rst. and t.he sec:oDd magnet.ic fil.m.s 31 ana 32 c::ompri.see 

'I 

,. 
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64-84 •~·' o~ Co. 5-18 a~., of P~. and s-25 a~.~ of er so 

as to obtain tha high coero~•e force (Be) and the high 

S/N rat.lo. 

When eaeh of lhe f irsL and the second magne~ic 

films 31 and 32 is formed hy t.be CoPt.Ta alloys, as shown 

i~ the fi!~y-seven~h ~hrough t.he sixtieth samples 57 ta 

60. high coercive force (Kc) and high S/N re.t.ios can be 

accoznglt•hed by inc1Qs1on of 80-'0 a~.~ of co. 5-15 at..% 

Of Pt, and 1-7 at.., Of Cr. 

In adcllt.icn, when each of t.he fh:st.. and t.he 

seeond ma.gneUc films 31 and 32 is formed by CoPt.Cr.ra 

alloys. as 111ted in t.he s~y-firs~ t.hrough ~he aixt.y­

tourt.h sampl.es 61 t.o 64, b.1gh coercive force (Be) and 

·high S/11 ratios can be achieved by 1nc1us1on of 70-80 

a~.• of co. 5•15 a~., of P~, 5-25 a~-' of C%, and 

1-7 at.., of !l'a. 

ovepr.tt.1n9'(0W) pmpert.y t.est.sr 

Bvaluat.J.on has been conducted as re~ards 

overvrit.1.rag (OW) properties (aR) of 't.he first. t.hrough t.h• 

s:lxt.y~fourt.11 samples 1 t.o 64 in a manner t.o be 4eucr1l>ed 

be1ow. 

At. £Lrs~, vrlte-~n opera~~on is carried ou~ at a 

freq11eney of 3.4 MS• and 1a as.swned t.o cause an out.~t Vl 

t.o occu.r at. a £ir:st. st.age. !he 0verwrit.iis9 (OW) 

op~ration ls conducted at a frequency of 13.5 MHz a~ a . 
second mt.age. Aft.er t.he ove:rwr1t.in~ op~at.1on, an out.put. 

V2 is de~ected which is writ~en at t.he frequency Of· 3.4 

I• 
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MBs during t.be first. st.aqe. The ove:rw1:it.1ng pzopert.y 

(OW) ls g~•en hy= 

01f (GB)• 20 109(VZ/Vl). 

Dur1nq t.he overwriting property t.ests, the MR 

head used for ~estJ.ng the firs~ sample l was also used to 

eva1ua~e ~he oirerwri~inq propert.y with t.he same floating 

be1gh.t.. 

In or4er to evaluate ~he overvr1~1ng properties,. 

the f~ft.h sample 5 was modified into sJJ~y-£if~h t.bzougb 

si~ty-sevent.h s;unples 65 to 67 by changin~ t.he thick­

nesses of each of the f i%s~ and ~he second magne~1c films 

31 and 32, t.he t.h1rd. t.b.5.n film 2c. and t.he nonmagnet.ie 

int.ermed.iat.e f1.lm 3J, as shown in 1lab1e 8. t.iJtftf.se, t.he 

eleYenth sampl.e 11 was modified into sJ.ny-elght.h t.h:r:ough 

seventiet.h Sal\Ples 68 to 70 by changing 't.be ~hicknesses 

of each of the first and the second maqne~~e f ll.ms 31 

and 32, t.he t.h.ira t.h.111 :!J.lm 2c~ an4 t.be nonmagnet.i.e 

1.nt.emed:iat.e £!.1m 33. 

S~la~ modif~ea~1on was maae abOu~ t.he firs~ 

CCJnparative sample 1 so as to ae.ea~h ~brough twelfth 

compa.ra~~ve smnp1es 7 t.o 12. 
Q 

ne overwriting (OW) propert.ies were evaluat.ed at. 

each sample 11st.e4 1n 1able 8 and were represented by 

satura.t~on values. as shown in Table 8. This is because 

t.he oventr~ting propert.ies t.ena to be saturated with an 

1ncrease of a wrl~e-in curren~. 
------------------ ----

Thislif~i~ flU1i1Ul1iil~ 
I• 
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Table ~ 

Sample ~.lcP.U• 31'4 'l'Zain Fll11 Bonmegnetic Xnter Otar-
(31 '32) (2c) mediate Pilm (33) Wdtq 

(ON) 
Campos1t1on Thick- Cmposi- Thick- Cm.posJ- Thick-

oess tiol1 ness ti.On. uess 
(a'OO Cl> (atM CA> (B~ U.) (dB) 

5 CoorsPt11tr:ti 120 CrgoV10 50 CrgoV10 50 -42.3 

65 r I 23Q •• So I I 50 -38.S 

66 ' t 120 I I 150 •I 50 -39.0 

6'1 11 120 I I 50 I I 100. -38.0 

11 ' . 120 Cr&oV20 5D CtaoV20 so 11.a 

68 t I 23U r I 50 I I 50 -38.5 

69 I I 120 I t 150 t I 50 -38.8 

TO I r 120 I• 50 r' 100 -38.D 

_.._..__.,.--
t1"1t 
Ssmp.le 

1 Co./aPtnCt-11 120 er ·so Cl.'. 50 '"'36.3 

' 
I I 270 CrsioV10 50 Cr90V10 SD ~36-5 

8 I I 120 I I 200 I I 50 -36.8 

-
g '' 120 . ' 50 11 150 -32.1 

10 I ' 2TO CruoYzo 50 eraovzo 50 •38.0 

11 I I 120 ' ' 200 I I 50 ... 38.S 

12 '' :1.20 ,, 50 r I 150 -32.0 

This I if Ii~ ~ii1i1~il1iilaced 
" 
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Aa readily understood £rem Tabie 8, Lbe f~ft.h, 

t.he eleventh, &Aa ~he ai~~y-fifty t.hrough.t.he seven~iet.h 

samples S, 11# 65 t.o 70 each of which inclttdes ~he f1la• 

of crv are very excellent. in the overwrit.ing (OW) 

propert.ies in comparison w1th Lhe firs~ sample 1. 

Moreover, 1.t. ha1 been fonna. ou.t from !able 8 t.bat 

t.he overwritin9 properties are widely changed in 

dependency upon t.he t.hicknesses of each magnet.le f illll, 

t.he t.hird thin fil111 2c, ana the nonmagnetic: in:t.emecllate 

£i1m 33. In o!:dez- t..o accomplish t.he overwr1t.1ng 

prope%t.1es less t.han -38 dB, it. is preferable t.b.at. each 

of t.he first. and the second maguet.ic films ll and 32 has 

a t.hlcknesa of less ~ban 230 angstroms while the t.bird 

t.h~n fil.11 2c ana ~he oomnagnetic ·~ntei:med~a~e !ilm 33 are 

equal to or iess t.han 150 and 100 angst.ram&, reepec• 

t.1.vely. Hore preferably, t.he magnet.ic films 31 and 32, 

the t.bird. tb1n film 2c, anll'I t.be nonmagnet.1c 1nt.armed1at.e 

f1l.m 33 are equa.1 t.o or 1eas t.Jian 150. 100. and 80 

8.llgstroms, res~ectively. 

According t.o t.he second embod.iment. of the p:rese:nt. 

J.nvent..lon. t.he mapeUc recor«.t.n9 sne«1um has exoell~nt. 

s~a~lc magne~e propert.1es, such as eoere~ve force, t.he 

p~auc~ of residual maqne~iaation and t.h~ckness, and 

ezcellent. recor41n~ e.nd reprod~cing propert.ies, egcb aa 

S/~ rat.ion and OW property. As.a result., it. is possible 
. . 

~o ob~ain a large out.put wLt.h a smal1 mediwn noise e•en 

vhen t.he recording and re~r:o4ucinq o~era~ion is carried 

11 
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out a~ a sar~ace ~eco~dlng dens~~y not less ~ban 600 

Mb/1n2 • 

While tha present inven~ion has t.hus far bean 

4escribed in conjunc~ion wit.h a few f!lllbodiiftents thereof, 

1~ will be readily possible for th9se skilled in ~he art. 

to put the presen~ 1n,,.ntion ~nto prac~1ce in va~~ous 

oUie:t manners. !'or example, when each Jnagnet.ic film J.n 

~he f ira~ and t..he second embod1men~s is fozined by 

CoPtcrra, it may preferably include 1-18 at., of er, 1-15 

at., Of P~, 1-8 a~.~ Of Ta, ana t.he balance formed by Co. 

ln ad41t~on, each maqnetic film may be, for example. a 

film which tnclud.es an oxide (for ins~ance, y~trium oxi.de 

and/or t..he J.lke) in ddit.lon t.o Co and Pt.. 02: whJ.cb 

ibCludes a llU\~ne~ic ma~er1a1 or magne~ic ma~ariale 

dj.spersed w1t.h1n oxide or o.x14ea. The subst.rat.e 1 may be 

for::mad by a.nonmagnet.ic material and :may be, for example, 

a crya~allize4 vraas aubst~a~e, an aluminum substrate, a 

cer11111ie substrate. a carbon subs~rat~, a silicon 

sUbstrat.e, or t.he like. ~a f1rat. prot.eeUon f 11.Jn 4a may 

be. for eQJllple. a atlic:on ox1a11 film, a carbon £.llm,. a 

zireon~a film, a caxbon hyclr~de film. a a111con ni~r~de 

film, a Sic fib.t. In add1t.1on, t.he seeond protect.ion 

f~lm 4b may be, for example, a carbon film d.epos~ted on 

~be f1rs~ protect~on f~lm by spft~~e~!ng. 

Herein, 1t is noted t.ha~ the silicon oxide film 

which 1s laid en ~be sub~tra~e ~erv~e as a ~exturing fiJJn 

which has undulation and which is effeclive lo avoid 

s~~c~~on of • ma9net.1c head.. SUch a ~ex~urinq f11:m .saay 

I• 
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be ei~ber an alwninum film or an Al.N filM. 

As regards ~he maqne~1c f 11.m according t.o ~he 

first embodiDtent., it is preferable t.hal a totai amcun~ of 

Co and P~ ia equal t.o o~ grea~e~ than 70 at.• ln 

consideratio~ of the coercive force (He). A rat.~o of 

P~(a~.•l/Co(at.,) desirably £alls wit.bin a ran9e be~veen 

0.07 and 0.2. ~n addi~ion to co and Pt, the magne~ic 

filJn May include at. least. one of Cr, Ta, R~, Si, B, O, B, 

Nb, Mn .. Mo, Zn, W, Pb, Re, V, Sm, and Zr as an addit.i.on.al 

· COlftponent.. '!he amo\\llt. of t.he ad.di t.i.onal component. may be 

decided in consideration of the magttetic propert.ies bu~ 

may not. preferi\bly exceed 30 at..%. Po:r: examp1e, 'the 

magnet.10 film may be formed by a CoPtCJ!' all.cy, a CoPt.Cr'la 

alloy, ,a COl't.CrRi alloy, or t.he like.. 'rhe t.111.cknes& t>i: 

t.be magnetic .film may be bet.ween. 400 an4 550 angst.roms in 

view of t.he out.put., t.he oveNJ:1t.1n9 p%'0pert.J', ana t.he 

noise. Wbdn t.hia t-hieJcness of t.he mafnet.ie f'il.la 1.s leaa 

t.han 400 augst..roms, a sufficient. out.put. might not. be 

obtained while t.he J101&e tend& to increase when the 

t.hiclmess ot t.he magnet.ie film exceeds 550 Bllgstroms. 

Moreover, ~he un4erlayer 2 may include •~ least. 

one ~~im or c~ Vb~eh ~n~iuaea less than so a~-~ of v. 

This is because ~he un4erlayer 2 is fo:z:med by part.1c1es 

0£ a unifoZ'Jll sise and has good c~stallizat.ion. Inst.ead 

of a part of v, a~ leas~ one Qf zr. w, B, Mo, Nb, ~a. Pe, 

N~- Ra. Ce. Zn. P, Si, Ca, Hf r A1. Ti may be added to t.ha 

magnet.le film as a subsicllary component.. In t.his case,. 

tt. is clea1rab1e t.hat. a swn amount. of v and t.he subsidiary 

·I• 
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component. does hot. uoeecl 50 a~.- so as t.o improve t.he 

particle size and eryst.allizat.1on. :It. is preferable t.hat. 

'the thlekneas oft.he underlayar falls within the ran9e 

between 10 and 150 angstroms ~o provide a pert.1nent 

crystal lattice plane distl!lllce between (110) pl~nes. 

Mo%e preferably, t.he t.hickness of the unde~layer is 

bet.ween 20 and 100 angstroms. When the crvzr alloy ls 

used for the underlayer or the t.hird t.h1.n f 1lm 2e which 
~ 

ineludes Cr and v, t.he S/lf rat.10 is .improved hy a441t1.on 

of Zr ~o the CrV alloy because ~he a441t1on o~ zr is 

ef£ect.1ve t~ re411ce lhe noise. The amount of Zr 

prefe%ably falls within the ranqe between 2 and 5 at.~. 

Further, t.he CrVSr alloy may ha1ra t.he t.hickness bet.ween 

10 and 150 angat.roms, preferably, between 20 and 100 

anqst.rODls. This is because t..he coercive farce becomes 

~nsu£!lcien~ when t.be thickness is lees t.ban 10 angatroms 

wh~le re4Uctiona of ~he ou~p~t and the o'IJ'e.zvrit.ing 

pxopert7 t.ake place vlt.h an increase of t.he noise when 

t.he t.hiekn.ess of the CrVZr esceeds 150 anpt.roms. 

As revante t.be Beconcl embo41ment. of the present 

1nven~1on, lllDS~ of the f•cts mentioned .above apply Lo t.he 

second embodilaent.. :En ad41t.ion, t.he 1-.ina Ja :may 

include more than two magnetic films, naD1ely 1 three, 

fan~, or ~ive mB.gne~ie films. rn th~u even~. t.he 

nonmagnetic 1n~ermed.la~e film or films interposed be~ween 

two adjacen~ ones of t.he magnetic f 1lms include at leas~ 

one nonmagnetic intermediat.e film of C:r:v. The lPlina 3a 

may be st~ac~u:r:ed. by a cO!llbina~~on o~ a magne~ic f 1.l.m-a 

.. 
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nonmagnetic film-a •a9ne~ie f11m, a co.lltbination of a 

ma9net.io film-a nomnaqnetic film-a ma.gne~ic film-a 

nonm.ag11e~ic film-a maqne~ie film, or a eombina~ion of a 

magnetic film-a no1Ut1agne~ic film-a magne~ic film-a 

nonmagne~io f ~lm-a lllaqnet1c film-a nonmagnetic f il.Jll-a 

magnet.J.c filnl. The magnetic films may have compos1t.1ons 

and ma~erials·which are iden~ical wi~h one anotlaer or 

which are c!U.fferant. from one anot.her. 1.l'hie is t.rue of 

~he p1uralit.y of ~ha nomnagne~ic films. 

Each of t.he magne~ic f 1lms may have a 1.hickness 

bet.ween 20 ana 230 angst.roms, preferably. bet.wean 40 and 

150 ang&t%oms. Less than 20 angst.rem& of t.ha magne~1c 

film .ma.Jces t.he eoeJ:"Civi.t.y .l.nsuf~1e1ent. W1'.t.l.e Jll(Jre t.han 

230 angst.ram• of t..he magnet.le film m&kea t.he medium nciae 

J.ncrease. Each of the nonmagnet.le films may have a 

t.hiekness bet.ween 10 and 100 an9st.roma, p:cefet:ably. 

bet.wean 30 and 80 angst.rems. 'l!hi11·1e because leas t.han 

10 angst.rams o:f the nomna?.et.J.c .film ~educes t.he 

coerciv.1.t.y whi.l.e more t.han 200 aftgst.roms 0£ t.he 
-

nonmagne~io film br~nga ahou~ a reduc~~on of t..h• 

reproauatlon outpu~, degradation of the overwrit~n9 

propert.y, ana an 1nc~ease of t.he ~ed.1um noise. 

II 
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WIIA!t' :IS CLAIMED !S: 

1. A magnetic recordlng medJ.um compr1s1nq: 

a mavnetic film which includes a~ leas~ Co and Pt 

and which ~s epec1f ~ed by a hexagona1 close-packed (bcpl 
. 

c~st.al. st.i:qct.ure having- (002>. p1anes remot.e frOJJ'I each 

other by a firs~ crystal lattice plane distance d(002); 

an underlying f1l.Jn which includes Cr and v, which 

J.s cant.aet.ed w1t.h tJae Magnet.ic £ilm, and wh1oli is 

specified by a hody-eent.er:ea cubic (bee) crys~al 

s~ruct.ure having (110) planes d~s~&n~ from each ot.her by 

a second crysta1 la~~ice plane cU.st.ance d(llO)i 

t.be magne~1c film and \he underlying f~.lm being 

spec1f 1ed by a difference between the firs~ crysLal 

1a~t.1ce plan~ 41s~a.nce 4(002 ) and the second cryut.al 

lattice plane distance d(llO)• the d~fferenee being'. g~ven 

by •ub~~ac~ing ~he second c:rye~al 1a~tiee plane d1s~ance 

af110) !roia t.he tirdt cryst.a1 1a~~ice p1ane ats~ance 

4(002) eft4 falling w.itllin a range bet.ween 0.002 ana o.032 

an9s~m. 

2 • A magnet.le recorcUng .meaim as clalmecl. in· 

ela.1.m. l, £ut1.ber OOlllprising; 

a substrate which underlies Lhe underly~ng f ~lm 

ett4 wbich ~s cl1rec~ly conlac~ed wi~h ~he underlying filln-

3. A magne~ic recording medium as claimed in 

claim 1, further comprising: 

at least one subsidiary underlying f~lm wh~ch 

underl~es t.he ~nderlying £11m and wh~ch ~s brough~ 1nto 

,, 
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contac~ wi~h t.he underlying ~1lm; and 

a substrate kep~ in contac~ w~t.h ~he a~ leas~ one 

subsidiary under17in9 film. 

4- A magnetic ~ecordinq medinm as cla1Med in 

claim 3, wherein the at. least one s'llbsidiary under1y1119 

film is cam.posed of a nonmagnet.ic mat.erial. whJ.eh has a 

hocly-cen~ered and close-packed C%YS~al s~ru.ct.ure. 

s. A magnetic recol'd1ng :medium gs claimed ~n 

claim 4. whexein t.he nonmagnetic mat.erJ.al is formed by a 

met.al selec~ed fro• a group consis~ing o! er. ~i. ~a. a.n4 

Z:r_ . 

6. A maq11et.ic recording iiaecUwn as ela11le4 1n 

claim 1, wherein t.he 11taqnet.ic: film is.compose4 of a 

CoPt.<:% alloy. 

7. A magnetic recording metiJ.wn as cla.llned J.n 

claim 6, whe~ein the co.P~cr alloy compr~ses 60-90 a~., 0£ 

Co, 4-20 at.-~ of Pt, ana 3-30 a~.% of ~-

a. A mapeUc recording medi11J11 as ele:lmed. .in 

claim 1, wherein t.he magnetic film .ts composea of a 
-

CaPt..erra alloy. 

9 • A magnet.le reco:rcling medi.mn. as cl.aJ.mecl in . 
claim 1, wbe~ein the diftel'enee falls wlthi.n the range 

be~ween 0.014 and o.030 angstrom. 

10. A magnetic recorain9 mea~wn as c1aimed in 

cl~im I, wherein the underlying f1lm is composed of a 

CrVZr al:1oy. 

11. A maqnetic recording med1mn as claimed in 

claim 10, wherein the c~vzr alloy comprises 2-S a~., of 

11 
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zr. 

lZ. A magne~~c recor41bg medium as ~1a!Jne4 1n 

claim lOr Vherein the underly1nq film of the crvzr alloy 
' ha9 a t.hicJcness bet.ween 10 and 150 angstroms. 

13. A magnet.le recording medium comprisin~ a 

subst..rat.e, an uderlylnq layer of a nomaagnet.ic mate:rial, 

and a 1a.mina on t.he unde::rlyi.ng layer, said lamina 

c:ompr1s.ing1 

a firs~ maCjftet1~ film which is brought. int.o 

cont.ac~ v1th ~he underlying iayer. which includes Co and 

Pt. as p%1mary cOltlponent.s; 

a nonmagnetic ~nt.ermedia~e f il.DI which ls 

ctepoa1~ec1 on the first. maqnet.ic tilm. which 111.clud.es Cr 

and v. and which is specified by a body-cente%e4 cabic 

(bee) ary!ri..al st.ruc't.ure havJ.n9 (110) p1ues 41.et.aAt..from 

each other by a cryst.al lattice plane distance a(11~)· 

and 

a second magnet.1.c f ihl which i.s c1epos.1t.ea on t.he 

nonmagnet.i.c 1nt.ermedie.t.e film. which i.ncludes co and Itt.. 
- . 

an4 wh.1.ph 1s spec1f1ed by a hexagonal c1ose-packed (hep) 

cryst.al. st.nct.nn ha•.inCJ (002) planes 'remat.e f:ttm eaoh 

ot.her by a CEJ'S~al la~~ie~ plane dis~ance d<002); 

the second magne~ic film and t.he nonmagne~ic 

in~ei:media~e f 1lm being specified by a 41ff erence between 

~h~ erys~a1 la~~~ee plane clis~ance 4(002 ) and t.he e:i:ys~al 

1a~t~ce plane dis~ance-d(llOl' ~he di£ference being given 

by suh~~acting t.he crys~al lattice plane distance d(llD) 

from the crystal la~tice plane distance a(002) and 

)t 
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falling v~t.hin s range be~ween 0.002 and 0.032 angs~rom-

14. A magnetic recordinq med.1um as claimed in 

claim 13, wherein the first. :magne'-ic film includes Co and 

P~ anc1. is also specif !ea by a he.xagonal close-packea 

(hep) Cl:J'stal s~ruct.ure havinq (002) planes remo~e fl."Om 

eaah o~her by an a.dai~~cnal crystal lat.t~ce plane 

cl1st.ance a(002)" 

15. A magnetic recording roedium as claimed in 

c1aim lt, wherei~ t.he underlying layer Comp%~ses: 

an uppen10st. thin film 'trhich is brought. 1nt.o 

cOJ1t.act. wit.h t.he first. 111agnet.ie film, wb1ch includes Cr 

and v, and which is specified by a body-cent.ered cubic 

(hc:e) cryst.al st.ruct.u:re hav.ing (110) p1anes dist.ant. from 

each ot.her by a subsidiaey crystal lat.t.ice plane diat..ance 

4 (110) 1 

t.he f'J.rst. mapet.ic :tiilta and t.be uppezmost. t.hi!I 

f!.lm being specif 1e4 by an a4d.U.iona1 cli.f ference between 

t.he add.1.t.ional cz:yst.al lattice p1ane 4is~an.ee d(002) and 

t.he subsidiary czys~al lattice plane dist.ance d(llO),' t.he 

difference be1n9 given hy by subtrac~iug t.he subs~diary 

crystal l&t~ice plane 41slance d(llO) f~ t.he add.it.ional 

CZ7St.a1 lattice plane 41siance 4(002) ana· fal1inq Vithtn 

a range he~ween 0.002 an4 0.032 an~strom. 

16. A magna~1c recording mediUJD as claimE!d in 

c1~in\ 13. wherein t.he difference bet•een d(002) ana 

d(llO) falls within the a ranqe between o.014 and 0.030 

anqst.xom. 

111111111111111111111111111111 
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17. A magnet.1c record.t.nCJ medium as c1a1med in 

aiaim 15, wherein t.he additional difference be~ween t.be 

additional cryst.al 1at.t1ce plane a1atance a(002) ana the 

subsidiary crystal lat~ice plane distanee dCllO) falls 

v~thin t.he range bet.ween 0-014 an4 Q.030 angs~rom. 

18. A magne~~c recordi~g me41WI as clai.med in 

cla!Jll 15, wherein the underlying layer further comprises: 

an ad41t1oaa1 thin film vhich ~s situat.ed under 

t.he uppermost. tJlin film, whic:h is brought int.o cont.act. 

w.tt.b t.he uppemosl thin fillll, and which i.s composed of a 

nonmagnet.ic JRa~er~al of a body cen~ered ana c1oae-packed 

crystal st:tUct.ure. 

19. A magnetic recording med.i:mn as clainled in 

clai• 18, wherein ~he nomna911et.ic material of the 

acU11t.ional t.hia fi1m is comp0sea of a meta1 which has ~he 

body centered and close-packed cJ:Y&tal s~zuc~ure. 

20. A aiagnet.ic reeo:rcli&g mediWll as claimed in. 

claim 19. wherein t.he met.al is aelect.ed from a g.roup 

oons~st..~n9 of Cr, Ti, Ta. and Zr. 

21. A .mag2!et.ic reeorclinfJ Jaer:liam compr11.1n9 a · 

sUbst..rat..e, an. ud.et:"l.yi.119 layer of a n.0Dllla.gnet.1c mate::r:ial. 

an4 a lamina on ~he ~naeriying layer, said lamina 

compr.i.s.1n9 i 

a plural~~Y of magnet~c fil.ms each of which 

ineludee co and Pt and which bas a hexagonal close-packect 

Chcp) crysta1 s~.ructure ha~ing (002) plane~ re~ote frolh 

each ct.her by a first. crystal la~t1ce plane distance 

acoo2>J 

111111111111111111111111111111 
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a plura11~y of no.mnagne~1c 1n~ezme<U.ate f1l.ms 

each of which is interposed between ~wo adjacen~ ones 0£ 

t.he magne~ie films. which includes er and V, and which is 

specified by a body-cen~ered cubic (bee) crystal 

s~ruc~ure having (110) planes dis~a.n~ frOJl'I each other by 

a second crys~al lattice in~erme41ate d~stance a(llO); 

the f 1rs~ and ~he second la~~iee plane distances 

a(002 ) and d(llO) havinq a difference be~ween 0.002 and 

O. 032 a.ngst..rom. 

22. A mapetie recording medium a• claimed in 

clai• 21, wherein thQ difference falls with~h a range 

be~ween 0.014 and 0.030 angs~.rom. 

23. A mag"net..lc record.inf medium as claiJl\ed. in 

claim 21, wherein the underlying layer e01Dpr1sas= 

an uppermost thin film wh1.eh is brought in~o 

con~act w~th a lowex:most one of t.he ~agne~1c films. Wbich 

J.ncl*1.ee C:.r and v, ~6. which ia speci.fiecl by a bociy­

een.t.e:red. cubic (bee> eryst.al st.nct.ure having (110) 
. . 

planes dist.ant f.blm each other by a '•\lbs141a~ ci::yst.al 

la~~ice plane dis~anca d(llOl' 

t.h• lowe%1ROat. one o~ t.he ma911et.ie f llms and t.he 

uppe?:lllos~ t.hin film being specified by an a441~1onal 

di~fe~ehce between the first crys~al la~~ice plane 

d.i•tanee d(002 ) and the eubaicllary cryst.al latt.1ce plane 

distance d(llO)• ~e differe~ce being g~-v-en by by 

sUb~ract.ing the subsidiary crys~al lattice plane di.s~ance 

d(llO) from t..he adc!it.ional c~sta1 lattice plane dis~ance 

4(002 ) and falling wit.bin a ranqe ~etween 0.002 and 0.032 

,, 
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24.. A ntagnet.ie :recordinq media as cla:l.n\ed in 

cla1m Zl, wbere1n ~ne (Ufference Det.ween d(oo2) anQ 

d(llO) falls within ~he a range between 0.014 and 0.030 

angst.~•· 

25. A aa9ne~1c reect'ding msdium as claimed in 

claim 23, wherein t.he underly1nq 1a~e~ further comprises: 

an addi~ional thin film which is s1~uated under 

t.he upperft\Ost. t.hlti f1lm and vhieb 1s composed of a 

nonmagne~1c mat.ar1al Wh1ck has a body cent.e:red and close­

paeked orys~al s~J:Uc~nre. 

26. A magne~ic record.1.ttq med11Dll as cla11led in 

claim 25, wherein t.he nonmagnetic zna~erial is selected 

£1'0lG a group consist..lug of er. Ti, ~a, and Zr. 

27. A 111apet.ic recording snedJ.lUI as claimed in 

elainl 21. wherein ~ se1ec~ed one of t.he ~gne~~c f~l.lns is 

fo%llled by a CaPtCr al.lay. 

28. A magne~ic rec::o~ng ~edlum as claimed 1n 

alahl 27, wherein the CoPt.Cr al1oy cOinpr.ises 60-90 at..% 

of co~ 4-20 •~• cf Pt, iJ.1'14 3-30 at..• of er. 

29. A method cf manufact..uri:ng a nm.gnet.ic 

recording medilllll 1rhicb comprises an undeJ:lying film and a 

111agnet.ic film deposit..ed on t.he underl.yi1'g fi1m. the 

met.hod comprising t.he s~eps 0£: 

successively depos1ting, at a p>:ede~ermined 

~ell\Pera~ure under a p:redeterm1naa argon gas pressure, t.he 

~nde~lyin9 film of a CrV-baae4 allO)' which bas a body 

cen~ered-cubie erys~al alruc~ure specifiea by (110) 
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planes and a crystal lattice plane distance d(llO) an4 

thereafter ~ha mag~et~c film of a CoPt-base4 alloy vh!eh 

bas a hexagonal close-packed crystal structure spoc1f ied 

by (002) planes ana a cxystal lattice plane distance 

d(OD2) 1 

t.he prede~el:'Jll.ined temperature and t.he 

prede~eJ:mined argon gas pressure being selec~e4 so t.ha~ a 

difference obtaiPed by 9ubtract1n9 a(llO) from d(oo2) 

~all• wit.bin 0.002 and O,OJ2 angstrom. 

30. A met.hod as claimed in claim 29, where~n the 

preclete.r:m1nea tempe~a~ure is between 250 and 425 C while 

the prec1ete.zm.1ned arqon qas pressure 1s between 0.5 and 

10 mTorr. 
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