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cenprlses a layered product of a plurality of sheets, and nore

particul arly though not exclusively, it relates to an inprovenent in a
nmet hod of obtaining a | ayered product. Description of the Background Art
Multil ayer el ectronic conponents are ;gpically represented by multil ayer
ceram c el ectronic conponents, such a nultilayer ceramc capacitor, a

mul.til ayefesgerah ¢ sybstiiaizes aurtbbl ayeraki-st oF, tRe Mk ihé aYer ayer,
pi ezoel ectric el ement and the like. In addition to the nultllayer ceramc

el'ectroni ¢ gonpengsnt sy d 5gﬂg|Jq@¢gL_eglf?ﬁg4my.goconpgneana4mcgugg a
nuLtllayer fifmelectronic’ component stch as a nultil ayer fil m capacitor,

whi ch 'S“an:so rcpy and maCﬁet-c exchange decoupling between the grazins
pizay key xoles in the recor ding characterlsblcs of _Se disk. The
C' underlayer is ma‘“ly used to control such microstructusal
- parameters as the PO,'hhe Qn;t ceil size and grain size of the
.ccbalt-based magnetic alloy.

- One variation of the iayé: structure described above uses a
very *hin seed layer on a:nonfme:a;l.c substrate %o ES-aDl&Sh an
appropriste nucleztion base fox the uﬁder-aye‘. Varicus materials
have beer used or proposed for seed laye:s, for example, Al, Cr,
Ni,?, Ta, C, W, FeAl and NiAnl. Laughlin, et z2l., have descxibed
Lse 0f an Nial seed layer ‘ollvued by a2 Cr underlaya:r and =
CoCzPt maghetic laye:x:. Tne NiAl seed layer with the Cr
tndexlayes was said to induce the {1070] texture in the magnezic

layer. {See "The Contxol and Characterization of the
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craphic Texttre of Longitudinal Thin Film Recording
¥edia,™ IEZEE Trans. Magnetic. 32!5) Sept. 1986, p.3632).
The PO ¢£ the varlious materials forming the layers cn The
I <isk, 2s ciscussed herein, is not necessarily an exclusive
crientaticn which may be found in the material, bt is merelv the
mCST prominent orientation. When the Cz under;aye: is sputz

cepesited 2t a sufficiently elevated temperzture cn a NiP-goated
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nmade of an organlc film
(1989)

el ectroni c conmponent, which is of
ljterature discloses a nmethod of
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conpri ses. the steps. of fornlng patterned

Japanese Patent Layi ng-QOpen No. 1-226131
descri bes a nethod of manufacturing a nultilayer ceramc

interest to the present invention.
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ofi~a carrier_fi(n1and formng a ceram c green sheet
el ectrodes are-enbedded in the ceramc

conprises the steps of

ont’o

carrier film thereby transferring the
such ceran1c _green sheets are reduced in
| ayers 'FRZoP#esrt 0 2§ nché

of

green sheet.

t her eo

n so that the

The net hod further

S t her noconpr essi on-bondi ng the ceram ¢ green sheet
anot her ceram c green sheet or other el ectrodes and

t hi

f or ner

onto the
ckness and

separating the
| atter.
|ncreased

When
i n nunber

eTP en cHpabi tande @ rédice-thef'siye of the
mul tilayer ceranmic capacitor obtalned with application of

t he
aforenentlamuéd BBt hodthdovEesre, ol ebbredm&;*areeh¢ pe suiteblle for
-ongitudingl recozding. One ©f the congitions In the '175'
methot s approx;matély 300 veits oI negstive b-;s cn the
substrate during sputtering of the Cr updexzlayer.

Tre topography of the surface cn which a thin £ilm is
cepositec cax have a significant effect on the way the Zil
nucleztes and ¢rows and 2ls0 upon its characteristics So called
circumferential textire con magnetic disks has been co -u-y used
to inflvence the Iinplane magnetic anisotrcpy 20r 2 wide range of
magnetic z2lloys. for longitudinzl recorcding it is sometimes
vsefvl tc have & higher coezcivity (Ec) in the circunferential

wrection than in the zadial direction. The ratic of the
cizcumierential Ec “o the racdizl He is call the orientation
T2tlio \oi). ror exzmple, Kaeller (,287.225 states “het he was
2ble to obtain uniexial mzgnetic ani ct:épy (i.e. OR > 1) tsing
cizzumferential texture with an amosphous SmCo alloy. Others

cisks typiczlly use hexagonal close packed (!

Shown simil

~&r effects with body-centered cubic (bcc) zlloys.
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iniernal el ectrodes are extrenmely m sregistered fromeach other, as the
result of the pressurization of the ceramc green sheets. Fig. 5 shows an
exanpl e of such msregistration of internal electrodes. Referring to Fig.
5,- Ceramic green sheets 1 provided with internal . electrodes 2 are stacked
wi th each other. When such m sregistration t akes pl ace, the internal
el ectrodes 2 may be exposed on undesired portions in a later cutting step,
or the as-fornmed nultilayer. ceranic sgapacitor may be insufficient in

_capaci tancg,s rWMVRRY: Chc THE I NVENE O rent : ACGORdiBgt¥d @lsabj-eete @f: the
present invention is to
T OOR > 1.

Trhere zce pote”;;aily confiicting Viewé on :uE mechanisme
be“-nc the relationship between anisotropy and circumferentizl
Textare., A:nc‘d;sse“, et ;l., attrﬁbutec the aﬁisotropy of their
disks to an enhancement of shape anisotrepy. Others have
claimed toO ha?e Zecund t“atrthere'is a preferentizl alignment -of
~he C-zxes of the hcp crystals paraliel tc the texture lines, but
others have fziled te Zind any such alignment. For exaﬁple,
Miyamoto, et al. in the specification of US patent 5,352,501,
£iled in Japan on 12-21-1985, appezr to claim to have obtazined
scme degree cf preferential C-axis zlignment along
cizcumferential texture lines using CoCr(X) alloys where X is Ta,
Nb, P, P¢, Ni, 2», w, Mo or Hf. On the other hand, using a

Y

ColrTe/Cx thin £ilm circumferential textured disk Kawamoto and

3 . £y - -

Fikaml claim to have cetermined that magnetostrictiorn was the
meghandism underiving :he'anisotrcpy end that they sav no
Preferred crystallocxephic orientation in the plane of the éisk.
{A. Kewamoto and ‘F. 3Hikami, "Magnetic anisotropy of sputtered
xecdiza induced by textured sudbstrate”, J.Appl.Phys. €5(8), 15

ril 1881).

Orne factor contriduting to shape anisotropy is the

acicularity and crientation of the magnetic grains which in

aced




3. provi de a nethod of manufacturing a nultilayer electronic conponent,
whi ch can sol ve the aforenentioned probl ens. The present invention is
directed to a nethod of nmanufacturing a-multilayer el ectronic conponent

whi ch conprises a |layered product of a plurality of sheets. The inventive
met hod conprises the steps of preparing a nother sheet being supported on

a base for providing the

6
" Cr/Co(X) disks are influenced by the underiayer grains. In the

pxiocr a&t eleongated gﬁains or particles of magngtic material heave
been used to control the "easy axis" of magnetization by aligning
the long axis of the particles with the desired easy axis.
Needle-like magnetic particles have been used to achieve in-plane
anisotropy in particulate coated disks for several decades. The
needle-like magnetic particles can be mixed‘with.a liguid organic
binder and poured onto the substra.e in the presence of a
magne;ic f£ield to orient the particles with the long axis in the
plane of the disklénd along the circumferentizl direction. This
techaigue is obviéusly inapplicable to thin £ilm disks. On thin
£ilm disks any acicularity of the grains must be inherent in the
gZowth during the deposition process. Teng and Ballard claimed
tc have cbserved acicular magnetlic grains on thin film disks
(Cr/CoCr ahd Cr/CoNi) with the longer axis substantially aliigned
with the cirzcumferentizal texture grooves and a:tributed the
meastred anisotropy té this. (E. Teng and N. Ballard,
; "Anisotropy Induced Signal Waveform Modulation of DC Magnetron
Sputtered Thin Films Disks™, IEEE Trans.Mag., vol.MAG-22, No.S,
Sept.1586). However, it is not clear from Teng and Eallard's.
experimental procecure how the elongated grains were created and
thelr result may have been due tec hidden or unknown parameters.

On typical current thin film disks the grains of the hcp magneti

S
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plaurality of sheets, preparing a frame having inner dinmensions being
capabl e of locating the sheets therein, cutting the nother sheet in

di mensi ons corresponding to those of the frame for obtaining the plurality
of .sheets fromthe nother sheet, successively stacking the cut sheets in
the frame by transfer fromthe base and pressurizing the stacked sheets
in the frame. Each sheet rOV|de with a patt ed condyctor film The
‘conduct or PREERIRY O™ ﬁﬁl?edg PR e dHetY L INFER s? Sf ﬁrebar?+ﬁf

nmot her sheet.,, or. by transfer after the step of stacki sheets. by
transfer. POSSIIN& RO fHet BTaHeS roSERY 1MmANCBNITE r}% PEY Wpich

have no net acicularity.

!

The surfaces of the substrates have tended to become
smoother as the areal density has increased In 1984 |
Arnoldussen, et al. used c;:cumferentlal texture of
approximately 50nm peak~to=-valley. Present disks typically will
have a peak~to-valley lesslthan 10nm. A 10nm texture appearé
mirror—like to the unt ained eye. Special polishing eqﬁipment is
necessary to achieve circumferential texture this £fine such as is
described in Jones, et al., S5,450,8089.

Various oxides and nitrides afe suggested as dopants for a

. thdn £ilm megnetic layer in Shimizu, et al., 5,516,547. Silicon
oxide, silicon nitride or béron nitride among others are
suggested for alloying with CoPtCr to increase the coercivity

and signal to noise ratio.
Sumnary of Invantion
A thin £ilm recording structure with 2 magnetic layer

comprising small acicular grains and uniaxial anisotropy is

descri bec- While the films are being deposited, the grains grow
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sheets obt ai ned by cuttlng the nother sheet are regulated by the franme to
Be successively stacked with each other in the frame by transfer and to be
pressurized in the frame, whereby no msregistration is caused in the
plurality of . conductor filmns. Thus; according to the present

I nvention, it is _ 4  possible to

prevent rﬁ&%rgg&§££a of aég Jﬁc%%t 99 s%&pthe radial direction in the
£ilm has been xeduced, therefors, lowering the surface energy in
the radial direction to encourage.more rapid hcp crystal growth
' along the radial direction. In the following, the magnetic film
¢ the invention will be referred to as a STRAG (stress reglieved,
acicular grain) film for cén§enience. The mégnetic marerial,
e.g. cobalt, is alloyed with a glass forming material to
encourage a significant number of acicular grains to grow with an
orxientation that is influenced by the loeal substrate tépography.
'Tne'result is the g:o#th of small, magnetically
decoupleﬁ/isolated,-aciculaf graing. The preferred magnetic
recording medium for a STRAG film. is 2 quaternary alloy of
CoPtCrB. The grains #re preferenéially stress relieved in the
radial direction by local clrcumferential texture lines in the
planar surface of the substrate. In'the preferred enbodiment the
easy axis has a tendency to be the narrow axls of the grain which
provides the benefits normally obtainable with small grain Size,
e.¢. low noise, etc., without the usual reduction in thermal
stability. The long axis of the grains, which is preferably
oriented radially, allows a higher grain volume to be achieved . —
which increases the thermal stability of the grains. With

conventional grains with a circular cross-section, there is a

trade-off between improving noise and decreasing thermai

e
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whi ch may be caused by the pressurization of the sheets. When the present
invention is applied to a nultilayer ceramc capacitor, therefore, it is
possi bl e to prevent undesirable exposure of internal electrodes as well as
i asufficiency in capacitance, thereby obtaining a mniature multilayer
ceram ¢ capaci tor having high - capacitance. Particul arly when the

mot her sheet i's cut al.ong inner edges & the frame to obtain th

respective osmapidfityhe Thé urweniiosf aghees STARStLHR baenéf@l’:g‘egr‘ér'r‘gbmaa‘feed by
the frame to be successively stacked with each other in the frane by
transfer, itpéth a@asnbheetan@ﬂhxghnamermabtSﬂﬁ?—llty

Although the preferred embodiment uses circumferential
te#turing'of the substrate surface for stress relief, any
tachnique which anisoﬁropically lowers the radiél stress can be
used such as nonmechanic;l methods employing heat.

A negative voltage bias is preferably used during growth of
'the underlayer to promoﬁé latticé expansion, gtrain anq lattice

defects in the .underlayer and magnetic layer crystal structures.

——

—_— X
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causing msregistration of the sheets during the stacking step. As a
result, it is further possible to prevent misregistration of the conductor
films which may be caused by such misregistration of the sheets. The
above and further features of the present invention are set forth with
particularity in the appended clains ¥nd w |l beconme clear from

consi der atBmiefobetbeipol drowidhheelaskads descri pti on of exenplary

enbodi ments of the present invention given with reference to the
acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. 1(A
to.1(E) are illustrative sectional views show ng a nmethod of manufacturing
a nultilayer cegnigik€ 1 illustrates a top view of a prior art disk drive

with a rotary actuator useful in practicing the present
 invéntion:
Pigure 2 illustrates the layer structure of a thin film

magnet;c disk embodying the invention;

Figure 3 illustrates the acicular grain shape of the

magnetic f£ilm of the invention in garly growth stage on' a smooth
'sﬁbstrgte: and

| Figure 4 illustrates the ac1cu1ar grain shape of the ‘
magﬁetic film of the invention on a textured surface .

%
1 %

DETATLED DESCRIPTION OF THE PREFERRED EMBODDMENTS

" An embodiment of the invention's thin film recording . -
structure with a magnetic layexr comprising acicular grains and
uniaxial stress anisotropy will be referred to as & STRAG £ilm.
With the exceptions noted below, the substrate, op;ional seed
layer, underlayer anc protective overcoat are sputtered according

to prior art methods known to those of skill in the art. The

"
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5 *¢ capaC|tor according to an enbodi nent of the present invention;

Figs. 2(A) to 2(F) are illustrative sectional views show ng a nethod of
manuf acturing a nmultilayer ceram c capacitor according to another
enbodi mrent of the present invention; Fig. 3 is a sectional view

showi ng m sregi stration

b
H

-

seed layer may bes incluged or critted according te prlior art
principles.

The alloy used for the maghetic layer must be specially
selected 1o achieve the acicular grains. The magnetic material
in the alloy is preferably cobalt. The alloy includes a glass
forming (amorphizing) material to encourage small, well
decoupled, acicular grains to grow. The magnetic alloy foxms
hexagonal~close-packed (nhep) crystals. A preferred magnetic
alloy is 2 guatermary alloy.of CoPtCr2, but numerous otﬁer al;oys
are éxpected to have similar behavior whenh used as described
herein. The ccmmonly used alloys in the prior art of magnetic
recording is such as cobzlt, platinum, chromium (CoPtCr) and
CoPtCrTa will not produce the acicular grains of the invention.
However, adding from 4-20 at.$ of boron to CoPtCr, for example,
results in an alloy which can produce the acicular grzins when
properly deposited. ther meterizls which can replace or be usgd
in conjunction with bozron to obtain the acicularity are believed
to include glass forming materxrizls such as phosphorus, carbon,
silicon, SiO; and 3,0y. It is well known that in typical disks
available today the chromium in the CoCzX a;loys segregates to . _
the grain boundaries. In contrsst, when deposited cn the common
undexlayer materials, it is to de expected that the glass

forming materials like boron will be substantially evenly -

e
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of internal electrodes 4 when using cross-directional stacking; Fig.
4 is s ectional view showing msregistration of internal electrodes 4 when

usi ng | ongitudinal stacking; and Fig. 5is anillustrative sectional
vi ew showing msregistration of internal electrodes 2. DESCRI PTION OF THE
PREFERRED EMBODI MENTS Figs. 1(AJ%to 1(E) illustrate an enbodi ment of

t he. presen¢i$¢§khﬂﬁa§nin the Re3EHS MYt D3Fi REVELGAFONEeREY lComlgiLsRlAEG at
Ag-Pd, Pt defect sites in thé lattice structure -- which may disrupt the
distribution at least locally. |

The nucleation and growth of the acicular grains ' can be
achieved with the described ailoyé in the growth of ultrathin
films.on super smooth substrates, i.e. without circumferential
texﬁurg. Bowever, gréin coalescence as the thickness of the film
is increased, leads to 'sphericzl grains in the case of alloys
with Mrt's in excess of 0.2 memu/¢m? grown on "superfiniéhed“,
i.e. extremely smooth substrates. The presence of the
circumferential topogzaphic feztures imparted on the substrate by
_polishing, on the other hand, function synergistically and
ungxpectedly to promote the acicular grain characteristics even
for films with Mrt's around 1.0 mému/uf'when deposited as
desczibed herein.

The preferred orientation of the easy axis of the grains is
influencad by thé local substrate topography. While the thin-.
films are being deposited, the reduced stress in the radial
direction lowers the surface energy in this direction to
facilitate more rapid growth of the grzins in the radial -
dirxection. The result is the growth of small, magnetically
decoupled, isolated, acicular grains with superior recording

characteristics.

i
e

e
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Ni. or Ag is screen-printed onto a carrier film3 of polyethylene
terephthal ate, for exanple, for serving as a base, thereby formng
patterned internal electrodes 4. The internal electrodes 4 are dried at a
tenperature of 50 to 200[err]C, for exanple. Such internal electrodes 4
may alternatively be forned by a nethod of vapor deposition or

6 - 13

Radial stress can be relieved by appropriate circumferential
texturing of the substrate surfsce. which can be achieved using -
the method and apparatus of Jones, et al., as described in Uls.
patent 5,490,809, but other polishing/texturing techniques, for
example, using abrasive diamond slurrieé, may also be used. The
surface topography of shallow circumferential grooves (nominal Rg
roughness 15-25 A as measured by AFM) alone may be used, but may
aiso be combined with additional topography modifications in
other than the tangential direction. The R-max for a 400 micron
length will typically be less than 10 mm. Thelhorizontal
peak-to-peak will preferably be less than 150 nm. The upper
limit on roughness in a modern cisk drive will be limited by the
*eq'l*ed Zlying height'zor'the.;lider rather :han‘the stress
mechanisns. Existing polishing equipmeng imposes a practical
iimit on how smooth a disk can be and still have a regular
c‘rcumferent*al texture, but there is no known lower limit on the

circumferential texture roughness to achieve the desired stress

In the prreferred embodiment resultlng grains in the magnetic
layer will exhibit dimensions typically of approximately S nm X —

" 30 nm, so the leng axis of the crains is relatively shorter than
the horizontal distance from peak-to-peak in the texture, so that

several grains may fall between peaks.

e
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sputtering as described in U S. Patent No. 5,009, 744, for exanple.
Then, a ceramc green.sheet 5 is fornmed on the carrier film3, as shown in
Fig. 4(B). At this time, the internal electrodes 4 are enbedded in the
ceram c green sheet 5. The ceram c green sheet 5 is prepared by sheet-
form ng ‘dielectric ceramc slurry which contains 10 to 20 percent by
wei ght of thernoplastic resin such as buijyral resin, for exanple.
Then, the ceramic green sheet 5 which is held by the carrier film3is
arranged fo face ¥sépackirgrnigsieatdaldy tetowsdi Giyiy PTEPEFec THe Aasfciibeg
table 6 conprises a vertically novably held frame 7, which is upwardly
ur ged ~ and a Cr underlayer, the anisotrepy can be found by measuring the
lattice parameter in the- (100) plane both radially and
tangentially, then computing the ratio (radial - tangential)
divided by tangential. Values of this stress anisotropy can be
expected to be approximately 0.2% to 0.3%.
The easy axis of conventionai cylindrical magnetic grains is
along a diameter of the cylinder. For longitudinal recording the
‘easy axis is preferably in the plane of the film which implies
that the planar surfaces of the grains are substantially parallel
to the plane of the f£ilm. The acicular grains of the invention
can also preferentially be oriented with the easy axis in the
plane of the film and can be deposited with a non-random
alignment which tends to be parallel to the local texture lines

{which zre preferadbly circumferential). In the preferred

embodiment the narrow axis of the grains a tendency to be the

magnetic easy axis. A quaternary boron ailoy STRAG filﬁ on a
circumferential textured prepared.as described herein will show a
narrow distribution of the C-axis alignments of the grains
parallel to the texture lines. Where prior art 2lloys on - -
piréﬁmferential texture substrates would show an 80 degree (at

full width at half maximum) or larger Gaussian distribution under
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by d spring 8. This frame 7 has inner dimensions capable of |ocating
sheets 9 to be stacked therein. A punch 11 containing a heater 10 is
arranged above the ceram c green sheet 5 and the carrier film 3.
Then, t-he punch 11 is downwardly noved so that the ceram c green sheet 5
I s thernoconpressi on-bonded toward the uppernost one of the sheets 9,
whi ¢ch have al ready been stacked, as shpmn in Fig. 1(D). At this tine, the
frame 7 is downwardly noved agai nst eIé%ticity of the spring 8. The :
ceram c - gr egra sheptinfrideficehx+ sz adafad rt fo SEIIRS ) ASSTRAGTHINGE 8hgabe f OF
provi di ng each sheet 9, is cut along inner edges of the frane 7, so that
the sheet O9ptepifd®Wwith equal to or less than 70 degree distributions.
Acicularity may be present in STRAG films with random
physical orientation, since conditions sufficient to achieve
acicularity are not necesgarily sufficient to achieve Physical
orientation of the grains. The primary additional condition for
orienting the acicular grains is believed to be matching of the
"A" to "C" axis ratio of the magnetic alloy to lattice
parameters of the anisotropically stressed cry;tal struétuke on
which the magnetic alloy nucleates.' Thus, the physical
orientation of the acicular grains with respect to texture lines
or disks is related not only tc the stress anisotropy of the
alloy, but alsc to whether the ailoy's "A™ to "C" axis ratio of °
the corresponding surface of the magnetic grains match the
iattice parameters of the anisotropic nucleating surface, e.g.
the (200) surface of Cr(X). Better lattice matching of the
wagnetic alloy surface to the Cr surface provides better control
of the alloy grains. Magnetic alloys other than guaternary boron
with A-axis to C-axis ratios which closely match the anisotropic
Cr{200) surface can also be used to control the physical - -
orientation of the magnetic~a2lloy grains on circumferentially

textured disks. The "A™ to “C" axis.ratio is principally

controlled through composition, and as such provides the
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7 - out fromthe ceram c green sheet 5. The inner edges of the frame 7
may be knife-edged. According to this enbodinent, the inner edges of the
frame 7 thenselves serve as cutting edges, while cutting edges may be
provi ded i ndependently of the frame 7. Alternatively, the ceramc green
sheet 5 which is held by the carrier filh3 may be provided with cutting

lines for degbgénglflbles of using a range of alloy compositions in physical
. " oriented STRAG films. .

The fact that thé easy axis has a tendency to be the narrow
axis of the acicular grains is 51gnlficant. Much of ths
llterature of magnetic thin f;lns for reco*dlng states that small
grain size 18 preferable to allow increased. areal density, low
.poisg, etc However, more precisely, it is the dimension of the
éraip a;bng~the easy axas that is the mpst important factor in:
achiéviné-;he benefits normally aSsocia;ed with small g;ain size.
The'acitglar grains described herein have a typical dimension of
5 nm along the easy axis. For typical films in the industry -
today, the dimension along the easy 2xis would be expected to be

_ closer to 15 nm. Thus, the acicular grains. have an effective
recoxding grain size which is smaller than typical prior art
£films, . |

It has also been widely discussed that the uvltimate limit
for useful grain size and, therefore, areal density will be ™~
bounded by the point at which the grains are so small that.their
magnetic domains are not sufficiently the:mally stzble to allow
long'term storage of data. As this éo-called super-paramagnetic
pPcint is approached the time that the magnetic domains will hold

their states approaches zero. The thermal stability is

proportional to the grain volume (V), i.e. KV/KT. For a typical
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outline of each sheet 9 in advance of the step shown in Fig. 1([» SO that
the ceramic green sheet 5 is not cut in this step. In the step shown in
Fig. .1(D), the ceramc green sheet 5 is brought into pressure contact with
the wuppernost one of the stacked sheets 9 at a tenperature of 30 to

100[ err] C under a pressure of 50 to 250 kg/cn2, for exanple. Then,
the punch 11 is returned to its original position, as shown in Fig. 1(E
In response to this, the carrier film3 is also u$1 rdI nov go be

separ at ed THGRE BRE SHESACH-SR GFaS rakefrodt SFR% EFa r 2

sheet 5, while the sheet 9 thus taken_ out fron1the cerancC.
in a 13 nm thick film, V = 2083 nm®>.. Ffor a rough =ppr0y Stion

the acicular grains can be assured to be rectilinear, and
therefore, a8 5 nm * 30 nm * 13 rm grain gives V = 1950 nm’.

Thus the acicular grains may have an increased volume and
therefore increased thermal stability while the effective grain
size along the easy axis is reduced.

It should be noted that the acicular grains of the STRAG
£ilms are superior to prior art acicular grains of magﬁétic iron
alleoys in which the easy axis is the loAg axis of the grains.
When the long axis of an acicular grain is the easy axis, the
benefits described abovg foxr & ST fiim are not obtained. 1In
fatt, the prior art acicular grain f£ilms have high%r noise and -
lower thermal stability than cylindrical gzrains.

A practical way of modl-ylng the crystal structure, the

™

flatness and defect con.ent of the underlayer is to utilize
negati§e voltage bizs on the substrate during growth of béth the
underlayer and the magnetic layer, anc relativély high
temperature. The optimum temperature, as with most sputtering
paraneters, will vary from systen tO system, but will be expected
to be from 150 to 500 C. The negative voltage bias is preferably
used during the growth of the urderlayer for the CoPtCrB alloy.

The required negative biag voltace ranges from a minimum value

e
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green sheet 5 is stacked on the uppernost one of those already stacked in
the frame 7 by transfer. A | ayered product 12 obtained in the

af grenmenti oned manner 'is further cut to define chips for formng

mul til ayer ceramic capacitors respectively. Then each chip is fired and
provided with external electrodes, to ,g

8 _ _
needed to incoxporate a sufficient amount of the spuilering gas

e.g. argon, into the underlayer. A maximum value is limited by _
. resputtering effects, etc. and may range from about a 150v-to
500v, but is preferably about 300v. The acgual optimum voltage
will vary fxom one sput;gring machine to another. The bias
voltage is used to increase the avgrage energy level of the ions
axriving at the film surfaqe and, therefore, the amount of the
sputtering gas being incorporated into the underiayer{ Axrgon is
the most commonly used sputtering gas and the following will
assume that argon is being used, but any other sputtering gas may
also be used.. The amount of argon in the underlayer shduld be af
least 1 at.%$.. The axrgon incorporaﬁion increases the stress in
\ the lattice structure and therefo e aids in the development of
the acicular grains. The bias vcltage should be set empirically
to be at least high encugh to get 1 at.% argon in the underlaver.
The upper limit on the amount of argon in the underlayer ls
probably determined by stability. Applicants'have succeésfufiy'
used films with about 12 at.% argon.
The sputter deposition of a Cr underlayer under optimum
growth conditions of temperature and bias promotes in-plane
lattice expansion, strain and lattice defects in the underlayer

crystal structure. Although pure Cr is a common undexlayer

material, CrV, CrTi as well as numerous other materizls have been
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obtain desired nultilayer ceram c capacitors. The inventive method as
descri bed above and the nethod described in the aforenentioned literature,
being simlar to the inventive nmethod except that no frame 7 is enployed,
were carried out to make a conparison/evaluation test. In this test, :

I nternal el ectrodes were designed to htve pattern dinensions of 1.70 by

1.05 [nrmferr]] after firing in the step shown in Fig. 1 N = Table 1
shows val uesT@ROFR di SPPaPFORAT cAkised Herabpre I%@F%g%nﬁé%’o" I"&Yers of the

internal électrodes. Referring to Table 1 colums, of "direction.W show

val ues of cROARTIENETE i oRBRSM SF AN 67 SEoPPRE KRR Mpderlayer

mzterials should be expected to work in the invention as well.
Notelfhat although it is nbt conventional to list the sputtering
gas as part of the underlaYer or magnetic léyér, when the high
percentages of argon,'etc: are used, it might be moxe descriptive
‘to call the underlayer alloy CrAr, CrArv, etc.

| In general Standard éputtering'techniques aré used to
deposit each of the thin £ilm layers of a disk embodying the
invention. The blas and temperature conditioﬁs have been noted.
In addition, the oxygen or impurities in the undeflayer ;hoﬁld
be kept low, since increased oxygen-is known to affect magnetic
pﬁoperties and may alter crystalline growth characteristics in
‘the underlayer. As noted the argon content in the~underlayer.
should be kept relatively high..

When formed according to teachings herein, the recording
alloy develops an unique grain morphology which is best described
as an acicular grain structure. Figure 3 illustrates the grain
shape by showing a through-Toll view of a CoPtCrB film in the
initial stages of growth. 7The growth pattern begins as
substantially spherical shapes 31 which coalesce into larger
acicular, -elongated grains. Element 32 shows the approximate

shape of two coalesced spheres. As more and more spheres

i
!
J
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el ectrodes 4 as shown in Fig. 3, and those of "direction L" show val ues of
| ongi tudinal msregistration Y of the internal electrodes 4 as shown in

Fig.-4. Table 1 _

Conventional Method . |Inventive Mt hod Direction
Direction Direction Direction . - W L

w L 50 Layers x [[err]n]2°150 125 35

24 3C\rozalesce thB2g#ains formP3n@c crancHed8chains wich te00 tayers x
[[err]n] ° 380 282 53 27 3¢V 62. 4

28.0 xenmain only3aB wide as & 3€WgIe3sphere,100t mey sixAccomdreg to t-he

present invention, it is possible to
spheres long 33. For a typical film of the inventios the grain

dimensions range from approximateiy 2.5 to 7 nm in the narrow
2xis (wide) and 7 to 40 nm long which 1eads to typical acicular
rains. The resulting grains exhibit aspect ratios ranging from
1.2 to 6 when the boron content varies from 3 to 20 at.% when the
ther teachings deécribed herein are followed. A five or six to
one aspect ratic is cémmon. The mean aspect ratio can Jary from
2 to 6. Any easpect ratio_greater than one would still show some
improvement over cylindrical_grains at least in terms of thermal
tability.

The magnetic easy axis is aligned prefarentially along the
short axis in the case of the CcPtCrB alloy. This is not to say
that every or even most grains will have a detectable C-axis
aligned with the narrow axis, but so leong as a significant number
of grains have the C-axis aligned with the narrow axis, the
benefits of the Iinvention can be obtained. In this context
"significant" simply means that cne or more recording
characteristics such signal to noise ratios or soft error rates. _
of the film are improved. It is not necessary that coercivity ox

Mrt be improved.

- —

—

Replaced

/’—."’/




suppr ess nisregistratioh by about 80 percent as conpared wth the
conventional nethod in each case of 50 |layers and 100 |ayers, as

under stood from Tabl e 1. On the other hand, Table 2 shows cutting
defective rates and capacitance val ues of chips obtained by cutting
Iayered products, each of mhich was fg{ned by 100 | ayers of interna

el ect r odes. _

- When the stress is decreased in the radial direction, the
magnetic axis becomes preferentizlly oriented along the disk
tangential ‘direction, i.e. along the onFtrack direction for the

isk d;ive. An orientation ratio (OR) greater than one may
result. In the preferred émbodiment described herein, an OR o&
coercivity and/or Mrt of épproximately 1.2 can be achieved.
Without the anisotropic stress relisf, the gr;ins may initially
be acicular but will tend to become more regular as the film
grows 1o a useful thickness for magnetic recording. Thé grains
in the completed f£ilm will not be uniform in size or shape. The
benefits of the invention can be achieved with a distribution of

rain shapes and sizes, since each bit is recorded using a
significant number of grains in current technology.

In Figure 4 arrew 3¢ shows the direction of the
cizcumferential texture grooves. Applicants have foﬁnd that
there is a strong tendency for alignment of the long axis of the

cicular grains 35 orthogonal to the groove direction as is shg;h
in Figure 4. Unlike the early grains shown in Figuxe 3, the

rains in Figure 4 illustrate that on a circumferentizlly
textured substrate have a reasonably well constrained shape and_
size although variation still exists.

The tencency for alignment of the grains 35 with the groove

direction leads tc a dense array of these elongated grains in the

—
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Tabl'e 2 Conventi onal Met hod | nventi ve Met hod

Cutting Defective Rate 38. &z 0z ~ Capaci tance x
[[err] F] 0.91 1.08 3¢V 25.3
5:2 As understood from Table 2, .the conventional nethod exhibited a

cutting defective rate of 38.0 perceq# while the inventive method caused
absolutely no cutting defective s al so understood that higher
capacitanceagc&mibetaamsdtﬁntizanbhbepw@senhbknweﬂﬂkénrasuebhﬁaY@@’wpvhr t he
conventional nmethod, with smaller dispersion.
’ transition parareters and consequently lower recording noise at
'high density. One characteristic of the acicular grains in STRAG
fiims is thaﬁ domain wall expansion is reduced due to inhibition
of the expansion along thejlong axis on account of thg pinning
ffects of the texture linés. This reduces irreqularities of the
outer edges of the recorded bits and impréves servo performance
and zeiiability. These uniéue acicular grain characteristics
dramatically impfove the written track edge definition'éith I
zesulting improvements in side-track quality. These unique
structural characteristics of the STRAG films support :he
improvements in medi{a for longitudinal recording in higher areal
densities, superior on track exror zates, impioved serve
reliability, higher data rates, improved thermal stability, and

lower noise.. It also follows that the acicular grains become

superparamagnetic at a lower easy axis dimension than spherical

grains.

Figure 2 illus:irztes the cross sectional layer structﬁre of
an embodiment of the invention in a thin £ilm magnetic disk. The
thin fiim layers will be sputter deposiﬁed onto- at least one and_ _
preferably both planar surfaces of the substrate li to form the

data recording area of the disk. The shading is used only to

differentiate the layers and not ro indicate color or specirfic

e
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Fi.gs. 2(A) to 2(F) illustrate another enbodi nent of the present invention.
Referring to Figs. 2(A) to 2(F), elenents corresponding to those shown in
Figs. 1(A) to 1(E) are denoted by simlar reference nunerals, to omt
redundant description. This enbodi nent gs.adapted to obtain a |ayered

product by alternately transferrlng 10
composition. The invention may be used with substrates made of

72YMg/NiP, glass, SiC/S81 or any other suitable material. The
subst;ate il in the p:éfer:ed embodiment is composed of a AlMg
zlloy base with an electroless NiP smoothing/hérdening surface
layer. The seed layer 12 is an optional layer that may be used
to improve magnetic pr&pe}ties such as coercivity. The séed layer
12 is most commonly when the.substrate surface is nonmetallic,
e.g. glass., The seed layer may be ary one of the materials which
ace known in the prior art to be useful as seed materials. For
example, a thin seed layer consisting of tantalum. (Ta) may be
uged with a suitable underlayer and a CoPtCrB magnetic layer.
The seed layer of Tz promotes .the [200] orientation in the
: | underlayer. In contrast, a NLAl seed layer on a glass substrate
can be expected to have a mixed PO of [211) and other
orientations such as [110].
The underlayer 13 is deposited onto the seed layer i
present or directly onto the substrate and is conventionally a™
nonmagnetic material such as chromium or a chromium alley, e.g.
CxTi. The PC of the underlayer is influenced by the PO of the
seed layer if present. When NiAl is the seed layez. the
underiayer has a PO of (211] possibly mixed with some [110]
orientztions. The [211] PO ultimately promotes the [1070] PO

ir the magnetic layer. The Ta seed layer will promote a PO
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ceram c green sheets and internal electrodes. Referring to Fig. 2(A),
a ceramc green sheet 5 which 1is held by a carrier film3a is arranged
between a stacking table 6 and a punch 11. No internal electrodes are .
embedded in this ceramc green sheet 5. Then, the ceram c green sheet
5 is thernoconpression- bonded t owar @*t he upper nost one of sheets 9 which
have alreadfYeeh &t Grkbasediscafttragvien. FiThe 2@BP) A ihaheampleriapest he

ceram c green sheet 5 is cut along inner edges of a frame 7. Then,
t he as-f or sl a&3isccexperted epgratlde Seem Ldwer dar omittdd Iand3apea§rshms\ﬁd| n
Fig: 2(C. Then, internal el ectrodes 4 which are held on anot her

underl;yer is deposited directly onto a NiP surface as indicated
l above. The (200) PO promotes the [1120] BO in the magnetic

layer. |

The thicknesses of the stazndard seed, underlayer #nd
magnetic layers are not believed to be critical for practicing
the invention and.can be determined accor&ing to prior art
principles. Therefore, the thickneés‘:anges given beloé are
merely included as illustrative guidance. Typical thickness
ranges—currently in use are: seed laye; between 2 and 50 nm,
underlayer betgeen 10 and 80 nm and magnetic layer between 5 and
30.,nm. Variations in the thickness of thé.underlayer result in
changes in the magnetic characteristics such as coercivity. A
typical value for the thickness of the underlayei is.about S0 nm.

The Q8 alloy comprises 4 to 12 at.%tplatinum, 10 to 23 at.%
chrémium and 2 to 20 at.% boron with the rest being Co. An -
example of a complete layver structure of a disk embodying the
invention would be: AlMg/Niz -~ Cr = CoPtCrB - overcoat.

The use, composition and thickness of the overcoat 16 are _
not critical in practicing the invention, but by way of an

example a typiceal thin film disk might use an overcoat of carbon
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carrier film3b are arranged between the stacking table 6 and the punch
11, as shown in Fig. 2(D). Then, the internal electrodes 4 are

t her noconpr essi on- bonded toward t he uppernost one of the already stacked
sheets. 9, as shown in Fig. 2(E). At this time, the internal electrodes 4
are enbedded in the uppernost sheet 9. Then, the internal electrodes
4 are separated from the carrier film3b, as shomn in Fig. 2(F).

Thus, the plurality of sheets 9 and #he plurality of internal electrodes 4
are successpﬂrdstﬂytenpahehgmﬁﬂhyﬂﬁedenlahd/be fiiarogen-by Tharnsfeeroand: s

pressurized in the franme 7,
typicelly 1less than ;5 nm thick. -

211 of the layers described above -from the seed layer to
che overcoat can be sputtered in & COntinugus process in either
an in-line sputtering system or 2 single disk system. There are
elso commercially available single disk systems with 6 or more
target capacity with the capability to fabricaﬁe disks with an
onset layer according to thes invention. tarting with a
substrate which can be AlMg/NiP, glass or any othér stitable
materizl, the layers are seque. all§ sputter deposited. “The
seed layer is deposited first for nommetallic substrates,
Zcllcwed by the underlayer, then the onset'layer, then the
ﬁébnetic layer. The cptionzl last step deposits a protective
overceat. Thé sputter deposition of ezch of the layers can be
accomplished using standard targets and techniques known to
those in the f£ield with the modificaticns described above. = -

While the conmpos tlons listed above have been given without
regaxd to contaminaticn percentages, it is known to those skilled
in the art that some contaminztion is normally if not always
present in thin films. Sputtering targets are typically - -
specified as 95.8% ox greater purity, but the resulting £ilms may
Lave much lower purity'due to centamination in the sputtering

chanber or other factors. For example, contamination by air in

O
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to obtain a | ayered product 12 simlarly to the enbodi nent shown in Figs.
1(A) to 1(E). Al t hough the present invention has been described in
relation to a nethod of manufacturing a nmultilayer ceramc capacitor, the

present invention can also be applled to general nultilayer electronic
' conponents such as 26

the chambers might result in mezsurzbie amounts ¢f oxygen and/or
* hydrcgen being incorpcrated iniec the £ilm. TFor scme carbon films
5 2t.% hydrogen contamination hzs been measured in z typical -
séuzterad layer. It is also known that some small amount of
oxygen is normally found in Cr targets and in the resulting Cr
. layer. Contamination levels were not specifically measured in
the disk samples described and, therefore, were assumed to be
wizhin normal ranges for sputte:ed thin film disks expected by

-

these skilled in the art.

The thin film disk made accerding to the invention can be
used for storing data in typiczl gisk drives using either
magnetoresistive (MR), giant magnetoresistive'tGMR) or inductive
hezds and can be used in contact recording or with ;lyable heads.
The read/wrife head is positioned over the rotzting disk in the
standaxd manner to elther recoxd o:.read magnetic information.

Figure 1 is a top view iliustrating 2 prior art disk drive
with & rotary actuator useful in practicing the present -
invention. The system comprises cne ¢r more magnetic recording
disks 111 mounted orn spindle 112 which is rctated by an in~hub
electriczl motor (not shewn). An actuator assembly 115 supports.

a slicder 120 which contzins one or moré reacd/write heads. The

s

ssenbly may be composed ¢f 2 plurality of actuatcrs and sliders

arranged in a vertical stack with the actuators supporting the
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multilayer ceramc el ectronic conponents including a multilayer ceramc
Substrate, a multilayer varistor, a nultilayer piezoelectric elenent and
the like, a multilayer filmelectronic conponent such as a multilayer

fil'mcapacitor being nade of an organizg film and the |ike. The
carrier filme oyeﬂ a_base_in each_gf t he ntioned_enbaodi nents
may, be repl ZeEd H FS?F“C Wit Quﬁﬁ?oﬁg 3¢ ﬁFegg o hfe8n *REsChaks

descri bed and |IIustr%ted in detall |s to be cIearI under st ood t hat
the sanme i % by 3y 5P HPPURT r2%1¥h ué‘r‘rﬁa g4 éVBhPyC%’hcf‘q‘s nof VPaCge -

taken b limtation, e sc e of the present Jjnvention bein
| |n1tedyonlgbtﬁxqﬂ%QItzpﬁﬁ) }Jg éﬁaeactuaé%r assembly 115 relatiyegto

the disks by causing the assemb} ly to pivet around shaft 117.

The heads are typically contained in air béaring sliders adapted
for flying above the surface of the disks when :oéating at
sufficient speed. In operation, when the sliders are flying
above the disks the VCM moves the sliders in an arcuéte patp
across the disks allowiﬁg_the heads to be positioned to-read and
write magﬁetic ihformation from circular tracks zbrmed in the
data area 114 which is éoﬁted.with the thin films which will be
described in more detall below. Electrical signals to and f£rom
the heads and the VO are carried by a flex cable 118 to the
drive electxonics 119. Whén not operating and during periods
when the rotation of the disks is either starting or stopping,
the sliders may be positioned in physical contact with the
surface of the disks in a landing zone or contact start/stpp -
(CSS) area 113 which is not used for data storage even ﬁhough the
machetic coating extends over this area. t is also known to
remove the sliders from the- disks during nonoperating periods . .
usaing an unload ramp. Although the disk drive has been described

with air bearing slmders the disk of the present invention may
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claipp..... -~ 12 CLAIMS: 1. A nethod of
'nanufacturlng a nultilayer electronic conponent the nmet hod conpri sing:
"preparing a nother sheet with a patterned el ectrode | ayer ther.eon
ona carrier; placing the carrier bet ween a punch and a frane
.havi ng inner dinensions suffabl e for stacking a plurality of
sheets; a¥lly be usedl epesdit StEREERdVIR s6ARBV g tiedd avatacsechron of

the nother sheet between the frame and the punch, novi ng the punch
‘to the fegumcsueBebbaing shRfirs.

While.the prefgrred enmbodiments of the present invention
have been illustrated in detail, alternative embodiments of the

invention are realizable without deviating from the scope and

spirit of the invention.
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SEGtIOﬂ is cut fron1the mot her sheet by edges of the frame, is .

Stacked within the frame, and is conpression bonded with
previ ously cut sheets within the frane, the carrier
fromthe stacked sheets. 2. A nethod accordi nglmﬂ ﬁmﬂ”mluglar ein the
not her sheet conprises a ceramc gLgen sheet* Q. t Anneth accordi ng
to.claim2gikusgher conprising preparing- a patterned el ectrode |ayer on
anot her carrier and repeatedly noving the other carrier to place a

- section,of the carrier between the frame and the punch so that
sections of the electrode |ayer are stacked between consecuti ve sheets

fromthe toer. sh A nmethod according to any preceding
claim fH?fE %ﬁ%frglng heati ng the punch so that the sheets are
bonded by thernnconpre33|on 5. An apparatus for nanufacturing a '
mul tilayer electronic conmponent, the apparatus conprising: a
frame(7) having, i nner- di mensions suitable for stacki ng a plurality of

sheets(9); a- st R KGHG CaBPempget in ISGHPOERG MpHARAhe Y iR (F Fiagne tsai d
naterial disposed on a planar surface of a substrate.disk,
comprising:

a thin film magnetic 1ayef with a- crystal structure_ﬁaving
anisotropic inplane stress with,a'radial;s§ress being lééé than a
tangential stress: - |

the thin f£ilm magnetic layer including a glass forming
material alloyed with a magnetic mateéial;:and

: the thin film magnetic layer being coﬁposed of acicular

grains having aspect ratio greater than one.

2. The thin film magnetic recording medium of claim 1
wherein the magnetic material is cobalt, the magnetic ‘aye“
comprises hcp unit cells with 2 C-axis and a C=axis distribution
in a tangential direction on the disk is less than or equal to 70

degrees when measured using GIXS. . -

3. The thin £ilm magnetic recording medium of claim 1

wherein the glass forming material is boron or an oxide of boron.
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plurality of sheets(9); a punch(11) novable tomards the frane
means for noving a carrier(3) having a nother sheet ﬂm“wm! ‘l‘!ﬂ“
patterned electrode |ayer(4) thereon between and t he
frame(7),the apparatus being arranged such that When, |n use, the punch
is repeatedly noved , towards the fPAme(7) with internmittent novement of

t he: carrier{3), sgetiipns Af wtR§9§€En§Igégggﬁ&P%@QEEmCHL L rI]"gc}ndedthe

i nner edges of the frane(7) an are r 885 oH- W th

each ot her hgirsgenchbegsiack an ch in the

frame(7), and the carrler§%l;dﬂa‘ng Eg%f%1 %$&%?§w§5§ ggm%ﬂfghﬁﬁts

appar atus according to claimb5, mhereln t he punch(11) conprises a

heater (10) for heatlng t he punch so that t he stacked sheets(9) are

bonded by ther %ﬁSSIOH paratus according to claim5 or 6,
fra

wher ei n sai d & DTS & ;M F}Equ‘% Fesordias: Fegaucpt i @™y lnpvabl e.

wherein the magnetic layer further comprises cobalt and boron.

6. An

6. The thin Zilm magnetlc recording medium of claim 5
wherein the thin f£ilm magnetic layer further comprises 4 to 12
at.$ platinum, 10 tc 23 at.$ chromium and 2 to 20 at.$ boron with

‘the rest beling cobal:.

Y The thin £ilm magnetic recording medium of claim 1
wherein the glass forming material comprises phosphorus, carbon,

or silicen.

6. The thin film mngnetlc recording medium of claim 1
wherein g significant number of the acicular grains are formed -~
from a plurality of hcp crystals arranged with a C-axis of the

hcp crystals being orthogonal to a " long axis of the grain.
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13 8. An apparatus according to any of claims 5 t6 7, whe in said

apparatus according to any of clains 5 to 8 wherel

frame(7) conprises cutting edges fornmed at its mnerlll“ma !ﬂfﬂw‘m“l heet

conprises a ceram c green sheet and a

ectr odex |

provi ded on another carrier, t he p05|t|on|ng means bei ng arranged
repeatedly to novel+ he7he thihef: Danzigaett © fdoreeifAg Seediwn ochef £oh et ween

t he punch

and the franme, and the apparatus being arranged so that

sections: of twieemiectthedsubayeitaris ﬁi&%@&%&%@% textGesesuth ve sheets
t

from t he: nother sheet so that the patterns on

e sections are aligned.
substantially parallel texture lines.

10. The thin film magnetic recording medium of claim 9
wherein the substantially parallel texture lines aze less than
150 nm apart in the horizoatal plane from peak-to-peak and have

a roughness Rg less than 30A.

11. The thin film magnetic recording medium of claim 9

wherein the glass forming materisl is boron or an oxide of boron.

12. The thin £ilm magnetic recording medium of claim 11

wherein the aciculiar grains are formed from a plurality of hep

crystals arranged with a C-axis of the hep crystals being: -
crthogonal to @ long axis of the grain and a mean aspect ratio

of the acicular grairns is greater than two.

o
:

2

7

gf

L“’ﬁ

by}

3

M

,)

G.:

g iz

: 2s]

Z
e

L]

- e et

cet Has Been Replaced

Hii\l\\ G



14 pressurizing said stacked sheets (9)

preparing a patterned conductor film(4) in a stlmm‘" M"B,muj)gﬂrted on a
second base (3b); and transferrlgg sai d conduGt ot onto the
upper nost one of said sheets (9). sai d stacking said sheets (9) by

transfer and t¥ansfliver |thgnsﬁnblmcmmtu£ﬁ.@r rktbraid) nkeiog opldwrnately
repeat ed.

wherein 2 51gn1f1can numder of the acicular grains huve a long
axis qnd a narrow ax;s which are beth subgtantially narallel to
the planar surface of the substrate, and an easy axis of

magnetization is along the narrow axis.

14. The thin film magnetic recozding medium of claim 13
" wherein the acicular grains have 2 typical dimension of 5 nm or

less along the easy axis.

15. The thin £ilm magnetic recorﬂing medium of claim 13
wherein the easy axis is p:z e;e*entlally al;gned along a
circumferernce of the disk resulting in an orientation ratio

greater than one.
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6. -A method of manufacturing a nultilayer electronic—cofpenent_in_
accordance with claimb5, wherein said nother sheet (5) is a ceramc green

sheet . 7. A nethod of manufacturing a n’;”mmaﬁm
conponent in accordance with claim5 or 6, wher "m#ﬂn Iﬂi is afilm

.6f resin. 33

’ i6. The thin film macne:ic recqrding medium of claim 1
whe*eln a8 significant npumber of the acicular grains have a long

. axis and a narrow axis which are both substantially barailei to

the planaz surface of the substrate; the ;ignificant number of
acicular grains comprise a plurality of hcp crystals arranged
with a C-axis of the hcp crystels being orthogonal to the long
axis of the graln; an easy axis of magnetization of a grain is
along the narrow axes whicﬁ are pfeferentiaily aligned along a
circumference of the disk :esﬁlting in an orientation rétio

greater than one and a2 mean aspect ratio of the acicular grains

is greater than two.

% 17. The thin'filn\nmgnetic recording medium of claim 16
wherein the substrate is circumferentially textured with
substantially ﬁarallel texture lines which are less thar 150 am
apart in the horizontzl plane from peak—~to-peak and have a

roughness Rg less than 30A.
18. 7The thin film magnetic recording medium of claim 13

wherein the C-axis distribution in 2 tangential direction is less

than or egual to 70 degrees when measured using GIXS.

19. A disk drive comprising:

This Sheet HasB
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8. - An apparatus for nanufacturihg ‘a multilayer electronic conponent
conprising a layer- product (12) of a plurality of —sheets—(9);—=said

apparatus conpri si ng: a vertically novable frame (7) having inner

di nfensions suitable for stacking a plurality of she lnl

stacking table (6) for supporting said vertic ”mjmw"”m (7)
and said plurality of sheets (9); sa a movable carri‘er (3} for *a not her

shget (5) posi ki speskldyove the vertically novable frame (7); and
. : a motor for rotating the spindle; and
3 thin £ilm ﬁagnetic disk mounted on the spindle, the disk
pomérising a substrate having a planar suerCe, a thin £ilm
magnetic layer with a crygtal gtructure having anisotroﬁic
inplane stress with 2 radial stress being less than a tangential
stress, the thin f£ilm magnetic layer including a glass forming
material alloyed with a magnetic mateiial, and the thin f£ilm
magnetic la&er being compésed of &cicular grains having-an
average aspect ratio greater than one; and

a head for reading magnetic data from the disk while

rotating.

20. The disk drive of claim 19 wherein the glass forming

material is beron or an oxide of boren.

21. The disk drive of claim 19 wherein the glass forming

terial is an oxide of silicon.

22. The dGisk drive of claim 19 wherein the magnetic layer. _
further comprises cobalt, platinum, chromium and boron with the

rest being cobalt.
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a ﬁuﬁch (11) positioned above said carrier (3) and arranged such ‘that
when, in use, the punch is repeatedly |lowered with |n Havenent

of the carrier (3), sections of the nother sheet (5)
i nner edges of the frame (7) and are stacked and conpres§|om th
each_other within the frame (7). 935 An apparat us accordlng to claim 8
wherein the purich (Ibp dosprésie oheatstr (dGhexeiangee crysaslto heat the
stacked sheets (9) thereby thernDconpreSS|on- bondi ng them

° structure is hcp and has a [1070) or & [1120] preferred

. orientation.

24. The disk cdrive of claim 19 wherein the acicular grains
are formed from a plurality of hep crystals arranged with a
C-axis of the hcp crystals being'orthogona; to a long axis of the

grzin.

25. The disk drive of claim 19 yheaain the substrate 1;‘
circumferentially textured with substéﬁtially'parallel textuie
lines. | |

26. The disk diive of claim 19 wherein the substantially
paralliel texture lines are less than 150 nm apart in the
herizontal plane from peak-to=-peak and have & roughness Rg less

than 30A. . L

27. The disk drive of claim 24 wherein the glass forﬁing

material is boron or an oxide of boron.

28, The disk drive of claim 26 wherein the acicular grains

re formed from a plurality of hcp crystals arranged with a C-

I
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10. An apparatus according to claim8 or 9, wherein
16 said vertically novable frame (7) is spring um
according to any of clainms 8 to 10, $@ereih sai ¥ !
(7y conprises cutting edges formed at”its inner edges.

) axis of the hcp crystals being orthogonal to a long axis of the

- grain.

i 29. The disk drive of claim 28 wherein a significant number
of the acicular grains. have a long axis and a narrow axis which
are both substantially pa:aliel tq the planar surface of the
substrate,lapd an easy axis of magnetization is along ihe narrow

&xXis.

30. The disk drive of claim 29 wherein the acicular grains

have a typical dimension of 5 nm or less along the easy axils.

a4 31, The disk drive of claim 29 wherein the easy axis is
preferentially aligned along & circumference of the disk

resulting in an orientation ratio greater than one.

32. The disk drxive cf claim 19 wherein a significan; -
nurber of the acicular grains have a long axis and a narrow axis
which are both substantially parallel to the planar surface of
the subsirate; the acicular grains comprise a plura;ity of hep - -
crystals arranged with a C-axis of the hcp crystals being

orthegenzal to the long axis of the grain: an edsy axis of

magnetization of a grain is along the narrow axes which are
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12 An apparatus for manufacturing a nultilayer ~elrectrom-e—conponent
«cconprising a plurality of sheets (9), said apparatus conprising:

st'acki ng neans for stacking a plurality of sheetj”ugg "E, i ng nmeans
posi tioned above said stacking neans; and m Izagy tioned
‘above said cutting nmeans and arranged f3or pressing & nbtHer ss (5)

onto sai d cutidfgemrang. 1ther edyeL Whilbng9s qnufamsgeggce ) cfLoMm @i d not her
sheet (5) and conpressi on-bonding it to a plurality of previously stacked

sheets (9) resulting irn an orientation ratio greater than one.
33. The disk drive of claim 32 wherein the substrate is
circumferentially textured with substantially parzllel texture
lines which are less than 150 nm apart in the horizontal plane

from peak-to~peak and have a roughness Rg less than 30A.

34. The disk drive of claim 19 wherein the thin film
magnetic layer further comprises 4 to 12 at.% platinum, 10 ﬁo 23

at,% chromium and 2 to 20 at.% boron with the rest being cobalt.

35. The disk drive of claim 19 wherein the anisotropic

inplane stress is greater ‘than 0.2%.

36. A method of manufacturing a thin f£ilm disk comprising

the steps of:
sputtefing an underlzayer including chromium onto a
circumfereatially textured surfzce of a substrate whila applying
& negative voltage bias on the surface of ‘the sunstrate; - -
sputtering = magnetic layer onto the underlayer, the
ferromagnetic layer including cobalt and a glass forming

materizl, the magnetic layer comprising hexagonal closed packed

e e e
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mmnthln the stacklng means (7) 13. An apparatus_according to any of
«<lainms 8 to 12, wherein said stacked sheets (9) conprise a pIurallty of

pdtterned el ect r odes (4) and ceram c green sheets by the
frame (7) such that the patterned electrodes (4) @af H’fﬂ"ﬂnﬂi’”]ﬂfl gned.
‘47 * ¢ L H s

38
crystallographic unit cells with 8 C-axis preferred orienteztion

w9

5 in a surface plane of the disk, the unit cells forming acicular
grains with the C-axis orthogonal to a long axis of the acicular

grains.

37. The method of c¢laim 36 wherein the glass forming
material is boron or an ‘oxide ¢f boron.
38. The method of claim 36 wherein the glass formihg

material is an oxide of silicon.

35. The method 6f claim 36 wherein 2 significant number of
, thefgcicular grains have a long axis and a narrow axis which are

both substantially parallel to the planar.surface of the
substrate; the acicular grains, comprise a plurality of hcp
crystals arranged with a cfaxis ©of the hcep crystals being
orthogonal to the long axis of the grain; an easy axis of
magnetization of a grain is along the narxrow axes which are
preferentially aligned along a circumference of the disk

resulting in an-'orientation ratio greater than one. - -

40. The method of claim 36 wherein the negative voltage is

from 150v o 500v.
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14. *A met hod of nanufacturlng a nmultilayer electronjic onponent conpri si
a'pturality of sheets (9), said nethod conpr|5|ng u"l Iﬂﬁﬁgﬁﬂg not her
sheet (5) onto a cutting neans, cutting out a she | nDther
sheet (5), and conpression- bondlng said cut out sheet (d) to a plurallty

of previously stacked sheets (9) held within a frame (7).

b

38
41. The disk drive of claim 19 wherein the glass forming
material includes boron and a mean aspect ratio of the acicular

grains is greatezr than two.
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