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HIGHLY POLISHABLE, HIGHLY THERMALLY CONDUCTIVE,
" SILICON CARBIDE, METHOD OF PREPARATION,

AND APPLICATIONS THEREOQOF

The present inventiou is directed to highly polishable,
highly thermally conductive silicon carbide, production of such
silicon carbide by-chemical vapor deposition, and applications of
such silicon carbide, particularly hard disc drives and
read/write heads for head-disc assemblies.

There exists a need for improved substrates for component
parts of head-disc assemblies ‘(also known as "Winchester
drives"), particularly substrates for hard discs and read/write
heads. ‘

Currently, the most widely used substrate material for hard
discs and read/write heads is aluminum or aluminum alloys. To
produce a hard-disc from aluminum or an aluminum alloy, an
aluminum or aluminum alloy substrate is blanked, thermal
flattened, sized and chamfered and diamond-turned to a surface
roughness of about 250 & RMS. The blank is then chemically
pretreated to remove aluminum oxide prior to coating with an
undercoat layer. The undercoat layer is tYpically electroless
nzckel/phosphorous containing suffzc;ent phosphorous so as to be

non-magnetic. The nickel/phosphorous layer is pollshed and then

textured. To the undercoat is then applied,a magnetic coating,
typically a cobalt/phosphorous alloy. Finally, a protective
overcoat is applied, e.g., sputtered carbon. Additional layers
and alternative procedures may be usedl depending uoon the
manufacturer. '

There is a continuing de51re to achieve higher memory
capacity on discs, including higher storage (bit) density and
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read/ write heads for head-disc assenblies.. There exists a need for

isnproved substrates. for conponent parts of head-disc assenbliep I
as Wnchester drives"), particularly substrates for hard discs Bé{gsi%ifggg\&m
‘read/ wite heads. Currently, the nost widely used substraje nmateria

for hard discs and read/wite heads is aI m num or al um num al | oys. To
produce a hard-disc from al um numor an afum num all oy, an al um num or

al um num al |l oy substrate is blanked, thermal flattened, sized and chanfered
and di anond-turned to a surface roughness of about 250.[err] RMB. The bl ank
is then.chemcally pretreated to renove al um num oxide prior to
coating"with an undercoat |ayer. The undercoat layer is typically

el ectrol ess nickel/phosphorous containi ng sufficient phosphorous so as to

be non- rr%%%kl aen‘éiﬁt Icmhﬁn%%paaaoaﬁuhm&a am&plémﬁ& tﬁw&

.textured t he uqdfr %_ I S L] g lied a ma nlev{hcxﬁg ﬂgk %9L% a-

cobal t/ ph Ridptians, MLFD SeEpetE Fr e g orag
track density; hence, there is a desire for substltute materials.
Among aluminum’s and aluminum alloys’ limitations with respect to
their use as a substrate where high storage density is required
afe low elastic modulus, high coefficient of thermal expansion,
and low Knoop hardness. Furthermore, aluminum exhibits poor
chenmical resistance, oxidation resistance, thermal stability and
polishability. The poor polishahility (limited to about
100 A RMS) necessitates the nickel/phosphorous undercoat.

Several materials have been considered as alternatives to
aluminum, as for exanple, as discussed in U.S. Patent No.
4,808,463, the teachings of which are incorporated hereln by
reference.

Glasses have certain advantages relative to aluminum and
aluminum alloys, e.g., very low coefficient of thermal expansion,
but also have limitations as substrate for magnetic recording
components; in particular, being electrically non~conductive, and
having very low thermal conductlvity (watts per meter per °Ke1vin
(W/mK) ) . .

' Silicon carbide has a number of inherent properties which'
suggest its use as substrates for magnetic recording components,
in particular, high specific stiffness, strength, hardness,
thermal conductivity, low thermal expansion and chemical and
oxidation resistance and is electrically conductive.

Silicon carbide produced by sintering (e.g., Japanese patent
document 88-128885/19, 12 September 1986 Hitachi KK) and reaction
bonding (e.g., U.S. Patent No. 4,598,017, the teachings of which

. are incorporated herein by reference) have been tested for use in
magnetic recording media. To produce sintered silicon carbide,
powdered silicon carbide is admixed with sintering aids and
.compacted. using heat and pressure. The need for sintering aids
results in the sintered silicon carbide having voids (sintered
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overcoat is applied, e.g., sputtered carbon. Additional |ayerg$—and
akternative procedures may be used, depending upon the manufa TWﬁé&ﬂFTH SBtﬂﬂ
There is a continuing desire to achieve higher nenory capacity on BRP&RGED

i ncl udi ng hi gher storage (bit) density and
- 2- track den5|ty Al 'um num and al um num al | oy substrates have’

A . =3-
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~sillcon carbide generally has a density of no greater than about
90% of theoretical density), 1mpurities (residues of the

g sintering aids), and has relatively loosely bound crystals.
‘Accordingly, sintered silicon carbide must be coated if it is to
be used as a snbstrate for recording media. 1In reaction bonded

. silicon carbide, silicon £ills the voids; thus reaction bonded
silicon carbide is heterogeneous;'the silicon detracting from
desirable properties of silicon carbide.' The best polishability
of reaction-borided SiC is about 30-50 & RMS, sintered SiC is even
less polishable. .

It has been earlier proposed'by others to evaluate silicon
carbide which is deposited by chemical vapor deposition (CVD) as
a candidate material for substrates of magnetic recording
components. CVD-produced silicon carbide can closely approach
100% of theoretical density, has a tightly bound granular
structure, and good polishability.  Because CVD—produced sic is
highly polishable, it can be directly coated with a magnetic
coating media, unlike aluminum or aluminum alloys which require

- application of a nickel/phosphorous undercoat prior to
application of the magnetic coat.

silicon carbide is generally deposited by CVD'from a gaseous
nixture of methyltrichlorosilane (MTS), H,, and generally an
inert or non-reactive gas such as argon, helium or nitrogen,
argon being preferred. Free—standing Ssic is typically :
pyrolytically deposited‘on a mandrel, such as a graphite mandrel,
from which it is removable. The MTS is the preferred source of
both the Si and C and provides these in stoichiometric (1:1)
ratios. The H, scavenges cl, producing HCl. The inert or non-
reactive gas acts as a carrier gas for MTS (which is liquid at
ambient temperatures); can be varied to adjust velocity of gas
flow through the furnace as is necessary to sweep reaction
product, such as"HCl, from the deposited SiC; and acts as a
diluent, preventing gas-phase reactions which might introduce
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i nherent limtations with respect to achi-eving hi gher storage and_track

depsity, hence, there is a desire for substitute naterials. Amﬂmgoﬁk ngtaq
s -and alumnumalloys' linmtations with respect to their use s a %ﬂh
where high storage density is required are | ow el astic nodul ug,

coefficient of thermal expansion, and | ow Knoop- hardness. FurthernDre

al umi num exhi bits poor chemnical resistance, oxidation resistance, thermal
stability and polishability. The poor polishability (limted to about 100
[err] RM5) necessitates the nickel/phosphprous undercoat. Sever al

mat eri al.s have been consi dered as alternatives to alumnum as for exanple,
as discussed in U S. Patent No. 4,808,463, the t eachi ngs of which are-

i ncorporated herein by reference. ' d asses have certai n advant ages
relative t{nmbritDedn aieb adnerigegy al | oys, e.g., very |ow coefficient of

Fecor di ng bompcn B BEeRfR el 4 tndtstandinel 547 BRERELAY BY RRGELIbES 2n
havi ng verfutrmace heaving cordepasitiion chamberpendnst sangeel' Kbevehn (aak)) .
Silicon capbialfyticaf1P idids Aind" M ¥n RhePRahaee1Eke described, for
' example, in U.S. Patent Nos. 4,900,374; 4,997,678; and 5,071,596,
the teachings of these patents being incorporated herein by |
reference. :

The present invention is directed to CVD-deposited silicon
carbide particularly suitable for magnetic recording media, _
particularly components of a head-disc assembly (HDA). The CVD
produced in accordance with the invention has a combination of
excellent thermal conductivity and high polishability not
heretofore. achieved in free-standing silicon carbide.

The fabrication'of HDAS, including'hard discs and_read/write
“heads are described, for example, in R.W. Wood, "Magnetic
Recording Systems", Pro the (11), 1557-1569 (1986),
C. Warren, "Rigid-disk Drives. Capacity, Performance Mount as
Size shrinks", Electronic gesigg 28 April 1983, pp. 139-150;
Ivan Flores, "“Chapter 5: External storaée" in The Professional
Microcomputer Handbook (Van Nostrand Reinhold Co., New York, NY,
1986) pp;_111-151;ZU.S.'Patenr No. 4,647;494; and articles in IBM
Disc Storage Technology February 1980, including "Film Head |
Development" by D.A. Thompson et al. (pp.3-5) and "IBM 3370 Film
Head Design and Fabrication” by R.E. Jones, Jr. (pp.6-9), the
teachings of each of these being incorporated herein by
reference. -

High polishability is a very important attribute of a
substrate for magnetic recording components of HDAs or the like.
The areal density storage of a magnetic disc is determined by the
size of the individual magnetic domains which can be achieved.
The magnetic domain (or cell) size is directly related to the
head fly height, i.e., the distance or gap.by which the

' read/write head "flys" above the hard disc. The lower the fly
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suggest its use as substrates for naghetic recordi ng conponents, in

particul ar, high specific stiffness, strength, hardness, thehﬂﬁéSHEErHaséan
conductivity, low thermal expansion and chemical and oxidatip . gs

and is electrically conductive. Silicon carbide produce hv sinterjng.

(e.g., Japanese patent docunent 88-128885/19, 12 Septenber 1966 Hitachi
KK) and reaction bonding (e.g., U S. Patent No. 4,598,017, the teachings
of which are incorporated herein by rerérence) have been tested for use in
magnetic recording media. To produce sintered silicon carbide, powdered
silicon_carbide is adm xed with sintering aids and conpacted using heat
and pressure The need for sintering aids results in the sintered silicon
carblde havi ng voi ds (S|ntered .
height, the smaller the magnetic domains that can be achieved.
‘Therefore, lower f£ly height translates into higher areal density.
Fly height is controlled by a number of factors, surface
smoothness being one of them. A limiting factor of the gap
between the head and the disc (fly height) appears to be surface
roughness. Surface roughness produces turbulénce in the "“air® _
gap between the disc and head, causing the head to crash into the
disc if the gap is too narrow. Furthermore, lower fly heights
translate to higher track density on the hard disc, 1ncreasing
the overall memory storage capacity of the disc.

-Summary of the Invention

In accordance with the invention, free-standing silicon
_carbide is produced by chemical vapor deposition which has very
high polishability, i.e., about 5 A RMS or less as measured on a
Talystep mechanical contact profiler and even as polishable to
about 1 4 RMS or less. The CVD-deposited SiC has very high
thermal conductivity, i.e., at least about 300 W/mK, a property
advantageous in dissipating heat. The SiC is deposited at very
specific deposition conditions using methyltrichlorosilane (MTS);
IQ gas and usually an inert carrier gas, which conditions
include: a deposition chamber pressure of between about 180 and
about 220 torr, a deposition chamber temperature of between aboﬁt
.1340 and about 1380°C, a deposition rate of between about 1.0 and
about 2.0 pgm/min., and an Hz/MTS gas partial pressure flow ratio
of between about 4 and about 10. Fufthermore, H, supplied as a
part of the gas streamn, is purified so that it contains less than
about 1 part per milliqn (ppm) O, gas, and various means are
provided to exclude particulate contaminant material from the
deposition-chaﬁber. The CVD-deposited sic is machined to its
end-use configuration, e.g., a hard disc or a read/write head,
and highly polished on an appropriate surface or surfaces. To
make a hard-disc, the highly polished surfaces (hard-discs are
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-3- - silicon carbide generally has a density of no greater than about

P

90% of theoretical density), inpurities (residues of the sinfgrL .
and has rel atively | oosély bound crystals. Accordingly, sintéﬁgé%gfiiﬂé%squ
carbide nust be coated if it is to be used as a substrate fol_recording

media. In reaction bonded silicon carbide, silicon fills the voids; thus
reacti on bonded silicon carbide is heterogeneous, the silicon detracting
fromdesirable properties of silicon QaL%Lde. The best polishability of
reaction-bonded Si C is about 30-50 [err] "RM5;, sintered Sic is even |ess

pol i shabl e. It has been earlier proposed by others to evaluate silicon
carbi de"which i s deposited by chemical vapor deposition (CVD) as a
candidate material for substrates of magnetic recordi ng conponents.

CVD'prOdqugnéféif§"¥ﬁ@u§§é¥af“¥}éﬂé3§§éﬁ %&Eﬁoﬁﬁenetic recording media,

: e.g., a cobalt/phosphorous alloy magnetic media, and, generally,
further coated with a protective overcoating, e.g., sputtered
carbon. In a read/write head, read/write circuitry are '
fabricated on’'a highly polished surface of the silicon carbide,
e.g., by photolithography. Additional layers may be included'by
different manufacﬁurers. For example, there may be benefits to
initially coating the Sic substrate with Al,0; prior to applying
the magnetic recording medium layer. ' a

Brief Description of the Drawings . .

FIG. 1 is a diagrammatic cross—séctional view of a furnace
used to produce SiC in accordance with the method of the present
invention.

FIG. 2 is an enlarged diagrammatic cross-sectional view of
an injector nozzle extending to the deposition chamber of the
furnace of Figure 1. o :

FIG. 3 is a further enlarged diagrammatic.cross-sectionél
view of the injector nozzle of FIG. 2. ' '
: FIG. 4 is a diagrammatic illustration of apparatus used in
the hydrogen feed line to provide substantially oxygen-free
hydrogen to the furnace. '

Detailed Description of Certain Preferred Embodiments

The present invention provides free-standing, cubic (f)
phase Sic which is highly polishable, i.e., about 5 A RMS or
less, p:eferable'about 3 4 RMS or less, and most preferaply about
1 & RMS or less as measured on a Talystep mechanical contact
profiler. Herein, unless otherwise noted, polishability values
are as measured on a Talystep mechanical contact profiler. The
value of surface roughness (polishability) may vary significantly
depending upon the measurement technigque. For example, surfaces
measured to be 1 A RMS on a Talystep mechanical contact profiler
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"100% of theoretical density, has a tightly bound granul ar strpete+e—and

good polishability. Because CVD-produced sic is highly pollshibMéSHEEV%%ﬁsEm“_.

be directly coated with a magnetic coating media, unlike alum num RFFLACED

al um num al | oys ‘whi ch require application of a nickel/phosphotous—under coat
prior to application of the nmagnetic coat. - . Silicon carbide is
general ly deposited by CVD froma gaseous m xture of nethyltrichlorosilane
(MIS), H err], and generally an inert or-pon-reactive gas such as argon,

hel ium or nitrogen, argon being preferred. Free-standing SiICis typically
pyrolytically deposited on a mandrel, such as a graphite mandrel, from
which it is renovable. The MIS is the preferred source of both the Si and C
and provides these in stoichionetric (1: 1) ratios The H[err] scavenges O,

producing UehaaThBaklRh! 1BuellO8n 42046 Folle e b flﬂ?&e@&nWS

(which is | can b ar to adj ust “vel ocity
of gas floﬂthFQEéﬁ fﬁECPuPﬁQEBSESP?s n%d@@?hr 5F@§@9PBn°Sroduct

such as HOsurffae@ tbagHARSS hedsOréenents iaetzsmﬁsa euxdld.uﬁntnenm@t\:enm ng

gas-phase Lq3ction3a"R CRyB 98, ' BLEPIYCE photonics 2 (5) May 1991, pp. 14-
18; J.M. Bennett and S.H. Dancy, Appl. Opt. 20, 1984, pp. 1785~
1892. ?ree-standing sic is to be distinguished from SiC films
which are supported by and inseparable from a backing material in
that free-standing sic can be unsupported and polished.
Generally, the thinnest free-standing SiC which can be polished
is between 5/1000'and 10/1000 of an inch (0.127-0.244mm) . (It
may well be that some SiC thin films on extremely smooth
substrates can be highly polished to an extent approaching or
equaling that of the underlying substrate.)

As mentioned above, a high degree of polishability is
desired in a substrate for magnetic recording components in order
to achieve low fly heights between the read/ﬁrite head and the
hard disc in a head-disc assembly (HbA) and consequential high
~memory storage capacity. The high degree of pdlishability is
also desirable for optical apparatus, e.g., SiC mirrors. High
thermal conductivity is highly desirable for dissipating heat in
components of HDAs. '

Even though the polished surface may be subsequently coated
with several coats of material, including magnetic recording
media, an overcoat and optional other layers, any surface
irregularities in the polished surface tend to be imparted to the
subsequent layers, often in exaggerated form. A high polish also
‘permits superior surface cleaninghprior to subsequent coating,
resulting in better bonding of the subsequent coating. This
results in fewer rejected components. - '

A high thermal conductivity in magnetic recording components
is highly desirable from the standpoint of diSSipating'heat which
builds up during operation.

Thermal conductivity is strongly dependent on the grain size
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|npur|t|es into the SiC CVD production of free-standing S
by, provi ding a furnace having-a deposition chanber and a nanorﬁ%sémEHNHM$BH“‘

and pyrolytically depositing Sic on the mandrel are descri bed ow&ewﬁﬁﬁle
in US. Patent Nos. 4,900, 374; 4,997,678; and 5,071, 596, the .

t hese patents being incorporated herein by reference.
; ' -8~

[¢]

and purity of the material, i.e., the thermal conductivity
increases with increasing grain size and low impurity
concentration along the grain boundaries. The grain size and,
therefore, the thermal conductivity, is controlled by the
deposition temperature, pressure, and gas flow rates. For
example, under conditions of high temperature and low MTS flow
rate (thch results in low MTS partial pressure), the grain size
increases. As temperature is lowered -and the MTS flow increases,
the grain size decreases. SiC produced in accordance with the
invention has a thermal conductivity of about 300 W/mK or above.

" The polishability depends upon several factors. The SicC
must be VOid-freE, of high purity (no second phase material) and
stoichiometric (equal number of S8i and C atoms) in order to
obtain highly polished surfaces. The stoichiometry depends upon
the deposition temperature, pressure and H,/MTS ratio. Also, the
deposition rate must be relatively low in order to obtain a void-
free material. The depgsitioh rate is controlled by the
deposition temperature, pressure and gas flow rates. ‘Phe
deposition rate increases with increasing temperature, pressure
and MTS flow rate.

Herein, CVD-deposited, free-standing SiC having verf high
‘polishability and high thermal conductivity is deposited under
_very specific conditions. Certain parameters, such as individual
gas-flow rates ﬁill_vary_according to the size and design of the
particular CVD deposition furnace. It is found, however, that .
CVD-deposited, free-standing SiC having polishability of about 5
A RMS or less, preferably about 3 & RMS or less and most
- preferably about 1 XA RMS or less and thermal conductivity of at
least about 300 W/mK is deposited under a very specific set of
reaction conditions using the gas mixture of at least
methyltrichlorosilane (MTS) and H,; in particular: a furnace
pressure of between about 180 and about 220 torrxr, a deposition
temperature of between about 1340 and about 1380°C, preferably
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The present invention is directed to CVD-deposited silicon cgchi-de .
particularly suitable for magnetic recording nedia, particul grmHys SIOHED GIASREEN
of- a head-di sc assenbly (HDA). The CVD produced in accordance mntHFFHEfD
i nvention has a conbination of excellent thermal conducti vity-amd—tigh
pol i shability not heretofore achieved in free-standing silicon carbide.
The fabrication of HDAS, including hard discs and read/ wite heads are
descri bed, for exanple, in RW Wod, "¥kgnetic Recording Systems", Proc.
of the I|EEE, 74(11), 1557-1569 (1986); C. Warren, "Rigid-disk Drives:
Capacity, Performance Mount as Size Shrinks", Electronic Design, 28 Apri
1983, pp. 139-150; Ivan Florés; "Chapter 5: External Storage" in The

. Prof essional M croconputer Handbook (Van Nostrand Rei nhold Co., New York,

1, 39°%) BRepdbl Kitos o uqTRLERA Moy Q08 o B SRbebba il i
Thompson aﬂ-3§P° QpﬁeBOS}t an r#BR/I B etween ml%l%@%(}% 2e8tion" by
R E. Jonesun?ﬁin(ppaﬁd%n i partihlcperbsalirkhesowbeatfoi f Bevsaded
gfergl n byt ou eqcand about !I.gh p heasz}xl:zl'éy I-kzssupp?.i&i ggortsan{_tatérl bute
gas stream is purified so that it contains less than about 1 part
per million (ppm) O, gas, and various means are provided to
exclude particulate contaminant material from the deposition
chamber. The .gas mixture almost always includes an inert gas,
. preferably argon, as a carrier for MTS and in an amount to adjust
aerodynamic properties of the gas stream. However, it is
"conceivable that the process might be run using only MTS carried
by H,. Although these specific deposition parameters may fall
within broad ranges described in afore-mentioned U.S. patents, it
is demonstrated hereinafter;, -that the very specific set of
deposition parameters set forth above .achieve the combination of
very high polishability and very high thermal conductivity not
found in any actual deposition shown in the prior art..

With respect to "deposition chamber temperature," what is
meant herein is the temperature as determined in the deposition
chamber in'close.prokimitf to the mandrel on which the silicon’
carbide is being deposited, although the actual mandrel
temperature may be slightly different. Experience has shown that
temperatures at different locations relative to, but each closely
adjacent the mandrel seldom vary more than about s5°c, and it is
assumed that the actual depositlon temperature at the mandrel is
w1thin 10°C of the probed temperature.

Thermal conductivity is believed to be_relatively
consistent, regardless of method of measurement. Herein, thermal
conductivity is the thermal conductivity as measured by flash -
iamp'techniques. .

_ Unless otherwise stated, all properties of SiC are measured
herein at room temperature, i.e., 20-28°C (293-301°K).

Free-standing SiC is generally at 1eas£'5/1000 in thick
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substrate for magnetic recording components of HDAs or the [idee Fhe—areal
density storage of a magnetic disc is determ ned by the si ze}anSQHEéTHASBEEN
i ndi vi dual nagnetic donai ns which can be achieved. The nagnetlc Hﬁﬂﬁpﬁo(or

‘cell) size is directly related to the head fly height, i.e., ~ttedrstance
or gap by which the read/wite head "flys" above the hard disc. The | ower
the fly _ -5-

-10-

X}

(0.127mm) . For purposes of making hard discs and read/write
heads, SiC is generally deposited to a thickness of at least
about 2-3 mm. The 8icC substrate may be partially configured
eccording to the particular mandrel on which the sic is
deposited, but is generally further configured and/or finished by
machine tooling following deposition. The substrate is polished
on a surface or'surfaces according to the requirements of the
component part by conventional means, such as lapping using pitch
and'progressively finer diamond abrasive.

In producing a magnetic recording component, e.g., a hard
disc or a read/write head, after polishing a surface(s) to the
desired degree, e.g., about 5 & RMS or less, preferably about 3 A
RMS or less and most preferably about 1 A RMS or less, magnetic
. recording media is deposited directly on the polished surface(s)
by conventional means, such as electroless plating or a
sputtering process. Magnetic recording media may be selected
from a variety of magnetic materials or alloys such as GdCo,
COPtCr, and CrV-CoPtCr. Cobalt/phosphorous alloy is a currently
preferred magnetic recording media. Typically, the magnetic
recording media layer thickness is 500-1000 L. 7o protect the
magnetic recording media'layer, it is preferred that the magnetic
recording media layer be overcoated with a protective layer, such
as sputtered carbon, to a thickness of 200-500 A. The component

" may be further surface-lubricated to improve stictxon/friction
performance.

Properties of SiC produced in accordance with the invention

and advantages with respect to magnetic recording components are
-summarized in the table below:

PROPERTY . ADVANTAGE
High Polishability Low fly-heights
High storage density
High Specific Stiffness ~  Low fly-heights
Thin discs
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hei ght, the smaller the nagnetic dommins that can be achi eved. Therefor
l-ower fly height translates into higher areal density. Fly
“controll ed by a nunber of factors, surface snpothness being
limting factor of the gap betmeen the head and the disc (fl
appears to be surface roughness. .Surface ¥%Ughness produces (Ur ulence I n
the "air" gap between the di sc "and head, causing the head to crash into the
disc if~the gap is too narrow. FurthernDreJ |l ower fly heights translate to
hi gher track density on the hard disc, increasing the overall nenory
storage capacity of the disc. summary of the Invention I n accordance
with thé invention, free-standing silicon.carbide is produced by chemical
vapor deposition which has very high polishability, i.e., about 5 [err] RVS
or less as neasured on a Tal ystep nechanipeal wedghaéct profiler and even as
polishable to about 1. [err] RMS or |ess. The CVD-deposited Si C has very

hi gh t her mHigiorthetinal tGondudtivitly | easHeabodispeps¥onK, a property

advant ageous in dissipating heat. The Si Cowsddepostied at very

Chemical, Oxidation Reliability, low error rates
Reésistance

Hardness (Scratch Resistant) High.ﬁields
: Low contact damage

Durability

Thermal Stability - Low fly—heights
Electrical COnductivitf ' No static charge build-up
High Yield Strength : Low breakage o

‘ High in-process yield
Low Therﬁal‘E#pansibn Low distortion from temp. change
Dimensional Stablllty No “bowing" during cutting
(Low Stress) . (heads)
Good Machinability No “chippinQ“ sharp edges -

- Minimal edge roll-off.

To achieve very high thermaliconductivity, i.e., about
300 W/hK or above, along with very high polishability, it has
been found necessary to substantially exclude from the déposition
chamber both oxygen, which tends to cause deposition of carbon -
inclusions, and particulates, which may become inclusions in the
deposited CVD. The,main_sburce of oxygén is generally the
hydrogen gas, and means are provided to reduce to and maintain
the presence of oxygen in the hydrogen gas stream to less than
about 1 ppm. Likewise, means are provided for maintaining the
deposition chamber substantially free of particulates or other
possible inclusions. Applicants’ approach to éubsqantially
“eliminating oxygen and particulates is described below with
respect to Figures .1-4. It is to be understood that other means
may be employed to eliminate oxygen and particulates, depending
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speC|f|c deposition conditions using nethyltrlchlor05|lane (MIS), Herr].

gas and usually an inert carrier gas, which conditions includg—=

deposi tion chanber pressuresof between about 180 and about 22)TH6ﬁ%ﬁEéHASBEﬂ“

deposi ti on chanber tenperature of between about .1340 and abolt 138@?@Fﬁ?c

a deposition rate of between about 1.0 and about 2.0 pm mn., "amd—an
‘H-err]/MIS gas partial pressure flow ratio of between about 4 and about 10.
Furthernore, Herr] supplied as a part ofl?rhe gas stream is purified so
that it cOntaihs | ess than about -1 part per mllion (ppm Jerr] gas, and
vari.ous_neans are provided to exclude particul ate contam nant material from,
t he dep05|t|on chanber. The CVD-deposited SiCis machined to its end-use
configuration, e.g., a hard disc or a read/wite head, and highly polished

on an app%%%% e ?angagugruéaafaC@ﬁe E¥b&¥@§*éhiy”f&fﬂé%baéé“%ﬂaggh'y
pol i shed. s aces

: portions of the apparatus which are modified for reducing
particulates, as general CVD apparatus for depositing silicon
carbide are known, e.g., in patents referenced above.. *

Illustrated in Figure 1 is a diagrammatic cross~sectional
illustration of a 0.5-m CVD-SiC furnace 10 adapted by Applicants
for depositing their highly polishable, highly thermal conductive
SiC. The apparatus includes an outer wall or housinq comprising
a cylindrical sidewall 11, a top plate 12 and a bottom plate 14.
An inner wall or housing comprises a cylindrical sidewall (or
isolation tube) 16, a top cover 18 and a bottom cover 20; the
inner wall defines the inner space which is the deposition
chamber 22. Surrounding the isolation tube 16 is a side heater
24; below the bottom cover 20 is a bottom héater 26. Each of the

~heaters 24,26 are of the electrical resistive type, e.g., being
formed of graphite giow bars.

Interposed  between the inner housing and outer housing and
surrounding the inner housing and heaters 24,26 are batts of
insulating material 28 which are usually formed of fibrous
material, e.g., carbon fibers. As will be explained in greater
detail in respect to Figure 2, these batts 28 are a source of
particulate material, for example, during furnace disassembly;
and means are provided for eliminating the batts as a source of
particulate material to the deposition chamber. Injector means
30 provide for entry of.gas through the upper end of the furnace
an to the deposition chamber} in the illustrated furnace 10,
three injectors 30 are illustrated. As will be explained in’
greater detail with respect to Figure 2, the injectors are a
potential source of particulates, including relatively large
particulates, and. the injectors 30 in the illustrated furnaée
have been modified from previous injector design to eliminate the
injectors 30 as a source of particulate material in the
deposition chamber 22. An exhaust tube 32 communicates with the

-

Sheet Has Been Re laced

\\II\l\\ A



-6- - general |l y- t wo- si ded) are coated with magnetic recordlng nedla

e:g., a cobalt/phosphorous alloy magnetic nedia, and, general
‘coated with a protective overcoating, e.g., sputtered car bon. 'ﬂ“aSHEFrHéSBEH“
read/ wite head, read/wite circuitry are fabricated on a highly pJFineg

surface of the silicon carbide, e.g., by photolithography. Additional
| ayers may be included by different manufacturers. For' exanple, there may
be benefits to initially coating the SiC_guhstrate with Alferr](err] prior

to applylng t he magnetic recording nmedium | ayer. Brief Description of the
Dr awi ngs

lower end of the deposition chamber 22.

In the deposition chamber 22 interposed in the flow of gas,
is a baffle plate 34 which is supported just above the bottom
cover 22 in a horizontal orientation: Subported above the baffle
plate 34, also in a horizontal orientation, is the mandrel 36 on
which the bulk CVD SiC is deposited. Deposition chamber 22
temperature is monitored by thermoconductors 38 and optical
pyrometers 40. '

Although not illustrated in detail herein, the furnace is
disassembled through the bottom between each run. During
disassembly, there is a tenhency for particulates breaking off
‘from the carbon felt insulation 28 to contaminate the deposition
chamber 22. To prevent this, protective ceramic blankets or
covers are provided over the carbon felt batts 28. The cover
means illustrated in Figure 2 comprise cover sheets of nonporous
ceramic gasket material 42,'for'exémp1e graphite, such as that
sold under the tradename Graffdil, -and carbon sleeves 44 capping
orifices through the batts 28.

In previous furnace designs, the injectors 30 have been the
_source of particulate material which drops onto the mandrel 36
below and the SiC being deposited thereon. - As diagrammatically
illustrated in'Figure 3, each injector 30 is comprised of three
concentric tubes which define annular passageways 56 and 58 and a
central passageway 60. The central passageway 60 is the gas
passageway and is open at its lower end to communicate with the
deposition chamber 22. An annular cap 62 extends between the
outer and inner tubes 50,54, sealing the lower end of the annular
passageways 56,58 to eéch other. The lower end of the middle
tube 52 is spaced above the annular cap 62 to provide a gap 64
that communicates the annular passageways 56,58. A coolant,
usually water, is pumped downward through the inner annular
passageway 58 and returns through the outer annular passageway
56. This coolant prevents deposition from occurring in the gas

/-—/—"-
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FIG 1 is a diagrammtic cross-sectional view of a-furnace used.to prodice
SiC in accordance with the nmethod of the present invention. |This shEEP 1k BEEN
an enl arged di agrammati c cross-sectional view of an injector nozzﬂsemcsu

extending to the deposition chanber of the furnace of Figure-% EG.
3 is a further enlarged diagranmatic cross-sectional view of the I nj ector
nozzle of FIG 2. FIG 4 is a diagtgpjoatic illustration of apparatus

used in~ the hydrogen feed |line to provide substantially oxygen-free
hydrogen to the furnace. Detai |l ed Description of Certain Preferred
Enbodi ment s The present invention provides free-standing, cubic
([err]) " phase SiC which is highly polishable, i.e., about 5 A RVS or
| ess, preferable about 3 A RM5S or less, and nost preferably about 1 A RMS

SLI ngso??\eg&?‘?g{ﬁg?g&e&ﬁgl #%SI 1 }e‘?}:‘%glgec taci) ﬁgag&r EﬂmBH’I:‘Ig‘r:eJﬁ??st ep
mechani cal whbbhathepdepositionm rmxanhémeszbysm:efe@daqr ¢chghpassageway 60 belaw
(poli shabi | {4¥) aBBYsYRISn StRpLELAR Y
It is to be appreciated that the injéctor tube 30 must be
.movable relative to at least the top plate or cover 12 of the
outer housing or the top cover 18 of the inner housing because of
the different temperatures of each of the housings and the
resulting difference in expansion and contraction during furnécg
operation. - In previous furnace designs (not shown) the lower end
of the injector tube extended downward below the top cover 18 of
the inner housing and into the deposition chamber 22 to ensure
continual communication between the central passage of the
injector:and the deposition chamber. This was found to be
problematic in that the cééler injector tended to promote
condensation and £ilm build-up thereon, which deposition might .
flake off and fall onto the mandrel 36 therebelow and become
large particulate inclusions in the SiC being deposited thereon.
. To overcome this problem, the injector tubes 30 have been
adapted to extend downward to, but not into, the deposition
~ chamber 22, providing continuous communication with the-
deposition chamber, while being relatively slidable relative to
the top plate 12 of the outerhousing. Illustrated in Figure 2 i
applicants’ design for injector apparatus which provides for the
injector tube 30 extending to, but not into, the deposition
chamber 22. An inlet opening 70 in the top cover 18 of the inne:
housing is shaped to provide an annular ledge 72. Seated in the
opening 70 on the ledge 72 is a carbon washer 74 of appropriate
interior diameter that the injection tube 30 seats thereontop.
To facilitate seating of the injéctor tube 30 on the washer 72
during furnace assembly, a tubular carbon gulde 76 having a
tapered upper end 78 also is seated in the operiing 70 on the
washer 72. The injector tube 30 extends upwards through opening:
80, 82 in the insulation 28 and top plate 12.

This Sheet Has Been Reilaced
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depeﬁding upon the neasurenent techni que. For exanple, surfgees

meas
te,be 1 [err] RVS on a Tal ystep nechani cal contact profiler rﬁﬂSSHEErHKéEQ“‘

-7 woul d ‘neasure | ower on a Zygo heterodyne profiler and |ar

Fé’gltASEnD an

atonmic.force mcroscope. A nore detailed di scussion of surfate-Toughness

measurenments is found in J.M Bennett, V.

-15-

It is important that the openings in the ocuter housing,
‘including the opening 82, through which the injector tube 30
extends, be sealed. Accordingly, a flanged sleeve 84 is'provided
at the opening 82, fixed to the top plate 12. The injector tube
30 is vertically movable through the flanged sleeve 84 to
accommodate differential thermal expansion of the inner and outer
housings. A coupling 86 is provided around the injector tube 30
at a location above the top plate 12. Providing a seal between
the coupling 86 and the flanged sleeve 34 is a bellows 90 that
accommodates relative vertical movement between the tdp plate 12
and the injector tube 30. To provide for disassembly and
aszembly, the illustrated bellows provides for. attachment and

separation 88 at two points; O-rings 88 at these points
gas-tight seal during operation.

provide a

As discussed briefly above, another source of inclusions
which detract from uniform deposition of SiC is the presence of
oxygen. In examination of previous depositions, small carbon
inclusions could be found. Also, it was noted in SiC depositions
that bands of carbon inclusions tended to form when hydrogen

cylinders were changed, indicating that oxygen might be

the

culprit. To avoid changing hydrogen cylinders, sufficiently
large hydrogen dylinderé are now being employed'td supply an
entire deposition run. Nevertheless, commercially available
hydrogen sources tend to contain amounts of oxygen which, though
very mirnor, are significant with respect to producing carbon

inclusions in CcVD-SiC. Accordingly, to produce the SicC
present invention, it was found necessary to purify the

of the
hydrogen-

gas, particularly to substantially eliminate trace oxygen from

the hydrogen.

Illustrated in:Eigure 4 is.a schematic of a hydrogen gas
line 99 which applicants have modified to eliminate oxygen and
some other gaseous impurities. The hydrogen gas line confluences
with a flow of argon-carried MTS (not shown), and the combined

-
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Elings and K. Kjoller, Optics & Photonics 2. (5) Nhy 1991, ppr—_14—->t8i—g—i-

Bennett and S.H Dancy, Appl. Opt. 20, 1984, pp. 1785- 1892. | WrneoHeaTatRS PREN
Si-Cis to be distinguished fromsic filns which are supported| by HRFLACED

i nseparable froma backing material in that free-standing sic-eanrbe
unsupported and polished. Generally, the thinnest free-standing Si C which
can be polished is between 5/1000 and 10/1000 of an inch (0.127-0.244m) .
(I't may- well be that sone SiCthin filns on extrenely snooth substrates can
be highly polished to an extent approachkiveg or equaling that of the '
under|ying substrate.) As mentioned above, a high degree of
polishability is desired in a substrate for magnetic recordi ng conponents

in order to achieve low-fly heights between the read/wite head and the

O B i e R e
optical appechambeyr 22 dhraugh ihher dngectiargh30her Rhe gaadlénevingludesitha y
desirabl e f@'aﬂé@é& RAdUER NS, | DARERRRAR $roh ERBShydrogenE¥8arédoLEd fde
pol i shed surface be sg? equently coated wth sevgrgLeﬁgatfngf ode
nat eri al , |?1c?m@jrfégﬁﬁ fii"ﬂ‘ee&’m fyich as Resource 3y ' » Model
RCP-500, which converts oxygen to water. Downstream of the
catalytic purifier 102 is a molecular sieve dryer 104, such as
Resource Systems, Inc., Model MSD-1000, which traps the water.
The system reduces fhe oxygen content of the hydrogen gas stream
to below 1 ppm. This sysﬁem is also capable of removing carbon
dioxide, ammonia and other undesirable polar molecules. Although
this system represents Applicant55 current preferred method of
removint O, from the H, gas stream, other méans, such as a
gettering system, might be employed for this purpose.
The invention will now be described in greater detail by way
of specific. examples.
Conditions were optimized for a 0.5-m and a 1I.5-m producfion-
furnace of Morton Advanced Materials, Woburn MA, which conditions
. are given in the table below. It is to be appreciated that
chemical vapor deposition furnaces, as are those used in this
example, are custom ﬁanufactured, and that specific conditions of
flow rate may var& from furnace to furnace. To produce CVD-
deposited SiC in accordance to the invention, temperature,
pressure, H,/MTS ratio and deposition rate should be within the
ranges set forth below, regardless of specific furnace design.-

eet Has Been RTlaced
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medi a; an overcoat and optional other |ayers, any surface |rr§'ul *kk%ﬁgsag

i*n, the polished surface tend to be inparted to the subsequent i Hfé Ta$m ACED
of'ten in exaggerated form A high polish also permts super|04 surface

g

cl eaning prior to subsequent coating, resulting in better bonding of the
subsequent coating. This results in fewer rejected conponents. A
hi gh thermal conductivity in magnetic recording conponents is highly
desirabi e fromthe standpoint of dissipating heat which builds up during

“operation. Thermal conductivity is strongly dependent on the grain
si ze _ : _
Process Parameter 0.5-m e 1,5-m Furnace
Furnace Pressure 200 torr 200 torr
Deposition Temperature 1350 °C 1350 °C
Gas Flow Rates: : .
H, ' 28 slpm 140 slpm
Axr e T2 slpn 550 slpnm
MTS ' ~ '5.6 slpm 28 slpnm
Gas Partial Pressures: . :
H, o ) 53 torr 39 torr
Ar _ 136 torr 153 torr
MTS 10.6 torr . 7.8 torr
Deposition Rate: 1.5 pnm/min . 1.9 pm/min
H,/MIS Gas Flow Ratio: § 5 o
Example 2

Using the 0.5-m Furnace of Example 1, CVD-SiC is deposited
in accordance with the conditions described in U.S. Patent No.
4,990,374 lines 30-36, i.e.: deposition temperature 1300°C;
furnace pressﬁre 200 torr; gas partial-pressures Ar 68 torr, H,
102 torr and MTS 30 torr. The following table compares
properties of the SiC deposited using the conditions in Example 1
with the SiC deposited in accordance with Patent No. 4,990,374.
(Values specified room temperature measurements values (20-25°C).

Sheet Has Been RTlaced
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-8- . and purity of the material, i.e., the thermal conductivity increases
wiith increasing grain size and Iomllnpurlty concentration alcgg, iﬁ%sgfdln' l

boundari es. The grain size and, therefore, the thermal condug¢ti HAS BEEN
controlled by the deposition tenperature, pressure, and gas om1rafé§ For
exanpl e, under conditions of high tenperature and |low MIS flow rate (MMICH“
results in [ow MIS partial pressure), the grain size increases. As
tenperature is |lowered and the MIS flow.ncreases, the grain size

decreases. Si C produced in accordance\Mﬁ t he invention has a thernmal
conductivity of about 300 WnK or above. The polishability depends

upon several factors. The Sic nust-be void-free, of high purity (no second
phase material) and stoichionmetric (equal nunber of Si and C atons) in

order to olprpertiyghl y pOlIShe¢x&h§1&CgSCoﬂQ§§§ Bs Chi ong} 990 dEDErEndipon
t he deposi t MRl Ge Pr S rat §BE ;ng
deposi tion drr&%é:aﬁlust rgle r%leat Ive r@&@ ﬂ{{-\{% obt atl‘ech ol
Grain Size (um) 17 ' 8
Density (g/cm™) 3.21 - 3.21
Hardness (Knoop, 2500 | . 2500
g load)
Chemical Purity - 99,999% sic' Unknown
Flexural Strength, 430 490
4-point (MPa)
Elastic Modulus 466 : _Unknown
Coefficient of 2.2 x 10° - 2.2 x 10
'I‘hermal 1Expzm-
sion (K
"~ Thermal . _
- Conductivity >300 W/mK 100-145 W/nmK
~ Polishability <1 & Rus S ~10 & RMS

Of the above properties, polishability of the SiC deposited
in accordance with the invention is of great significance for
substrates for magnetic recording components and also optical
components requiring a very high degree of polishability. .
Improved thermal conductivity is also of important significance
for substrates for magnetic recbfdinj components.

[ ————

eet Has Been Reilaced

"l



free material . The deposition rate is controlled by the-deposit
t-enperature, pressure and gas flow rates. The deposition rate |EQ@§§g§%gS§BEH“
wi't h increasing tenperature, pressure and MIS flow rate. Her ei_n

CVD- deposi ted, free-standing Si C having very .hi gh polishability and hlgh
thermal conductivity is deposited under very specific conditions. Certain
paraneters, such as individual gas-flowrates will vary according to the
si ze and design of the particular CVD depb%+tion furnace. It is found,
however, that CVD-deposited, free-standing Si C having polishability of
about 5 A RM5 or less, preferably about 3 [err] RMS or |ess and nost
‘preferably about 1 [err] RVMB or |ess and thernmal conductivity of at |east
about 300 WnK is deposited under a very specific set of reaction
conditions using the gas mxture of at |east met hyl trichl orosi |l ane (MIS)
.and Herr]; in particuldr: a furnace pr 1 of between about 180 and

about 220 ory . £ 5PAST AL OLLETRARINE la MLETRAPU o H0ai dushRle
under the following conditions:
Furnace Pressure 200 torr
Deposition Temperature 1350° C
Gas Flow Rates: |

H, - 28 slpm
Ar. ' 77 slpm
MTS 5.9 slpm
Gas Partial Pressures:
H, 50 torr,
Ar 139 torr
. MTS . 10.6 torr
Deposition Rate 1.5 pm/min
H,/MTS Gas Flow Ratio’ 4.7

.The CVD-SiC has a thermal conductivity of 304.9 W/mK at 28°C
(301°K) and is polished to <1i RMS.

e
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bet ween about 1340[err] C and about 1370[err]C, and nost
about 1350[err]C, deposition rate of between about 1.0 and abdRHIPSKEET HA
pmmn., and an Herr]/MS gas partial pressure flowratio of bet WwSERLARF Ut
4 and about 10. Furthernore, Herr] supplied as a part of the gas streamiIs

1 eferabt

S BEEN

purified so that it contains |ess than about 1 part per mllion (ppm

gerr]

contam=siant nmaterial fromthe deposi1j$ chanber. The gas mi xture al nost
al ways includes an inert gas, preferab
an anmount to.adjust ' ~

gas, and various neans are provided to exclude particulate

CLAIMS '

1. Free-standing chemical vapor depqgited silicon
carbide having a thermal conductivity of at least 300 W/mK
at room temperature.

2, Silicon'carbide according to claim l-having at
least one surface polished to 5 A RMS or less as measured
on a Talystep meclanical contact profiler.

3. 'Silicon carbide according to claim 2 wherein
said surface is polished to 3 A RMS or less.

4, Silicon carbide in accordance with claim 2
wherein said surface is polished to 1 A RMS or less.

5. A rigid magnetic memory disc comprising a
silicon carbide substrate having a polished surface and a
magnetic coating fhereon, wherein said silicon carbide and
polished surface are as defined in claim 2.

6. A read/write head comprising a silicon carbide

' substrate having a polished surface and read and write

circuitry fabricated thereon, wherein said silicon carbide
and said polished surface are as defined in claim 2.

7. A head-disc assembiy comprising a rigid
magnetic memory disc according to claim 5 and a read/write

- head according to ciaim.G.

8. A method of'producihg'freeastanding silicon
carbide having a coefficient of thermal conductivity of at
least 300 W/mK at room temperature, wherein a chemical
v;pbr deposition furnace (10) having a deposition chamber

JITEEL R

argon, as a carrier ﬂ"hjssﬂvafﬁiaandnke;ilaced




aerodynan1c propert+es—of—the gas stream Fbmever It is con

t-he process n1ght be run using only MIS carried by Herr].

speC|f|c dep05|t am@y fall within broad ranges d
af ore-nenti oned - i s denonstrated hereinafter,
speci fic, set. of d neters set forth above achleve t he

Al

conbi nati on of very hlgh pO|IShabI|Ity and very hi gh thermal

not found in any actual ‘depositionh sho in the prior art.

'vaU|e TN
iTH &EEN

escr H@@

thalt the very

conductivity
Wth

respect to "deposition chanber tenperatdré," what is neant herein is the
tenperature as determned in the deposition chanber in close proximty to

t he nandreg &H&CQ hiEasdl T e;Eﬂé¥é¥ﬁ h§§b??39133305|ted

eri ence has shown

act ual nmper ature m erent
that t errpe’t“SPUYéEthhH‘P?‘?%Peﬂﬂe R e Fopasi arer bt

al t hough t he
et di%bsel v

adj acent tbelaaﬂdp6£152560@hamﬁetrﬁﬂdéﬁlﬁﬁ&d&h&bhsS&hichC, and it is assumed

that the 26yhal,0enaslyl oASIDSA UGk HadlBd BAILEL Al SalLD] tud@Ler 1] C of

the probed con

rel ativel ytheoﬁslst:@mcarbg&? i & sk eqv@m@d' Gﬁwséuﬁﬁﬁanﬁaxd Her ei n,
thermal  cpafddeelyi ENaractéei s&@r il tHa GaGld \CohdiksonBasokpeisy 4 | ash'

deposition chamber temperature of 1340 to 1380°C, preferably
not more than 1370°C, a dep031tion chamber pressure of 180
to - 220 torr, a H,/MTS gas flow ratio of 4 to 10 and, a

deposxtxon rate of 1 to 2 pm/min.

9. A method according to claim 8 wherein said H,
gas containing less than 1 ppm O,gas and said furnace (10)

has means to maintain said deposition chamber (22)

substantially free of particulate material.

' 10. A method according to claim 9 wherein said
furnace (10) has fibrous insulation material (28) that
lines walls of said deposition chamber (22), and wherein

said means to maintain said deposition chamber

substantially free of particulaté material comprises a
protective ceramic cover (42) for said fibrous insulation .

material.

11. A method according to claxm 9 or claim 10
whereln said furnace (10) has an outer containment wall
(11, 12, 14) and an inner containment wall (16, 18, 20)
defining said deposition chamber and a cooled gas injector

(30) extending through said outer containment wall and

communicating with said deposition chamber said means to
maintain the deposition chamber (22) substantially free of

particulate material comprising means to maintain said

injector means at the boundary of said deposition chamber.

12. A method-of fabricating'a rigid memory disc

wherein a free-standing silicon carbide substrate is

* [ L M ;] *




| anp t echni ques. Unl ess otherw se stated, all properties—of—Sic—aie-

neasured herein at roomtenperature, i.e., 20-28[err]C (293-3ﬁaéeHE¢WSASBEﬂv-
Free-standing SiCis generally at |least 5/1000 in thick _ REFLACED

-10- (0.127mm) . For purposes of nmaki ng hard—discs and read/ wte—heats

SiCis general | y deposi ted to a thickness of %lsgheaﬁ-}asBeenReplaced

-

deposited by a chemical vapor deéosition process
according to any one of claims 8 to 11, said substrate is

" machined to a disc form, at least one surface of said disc
is polishéd and said polished surface is coated with a
layer of magnetic recording medium.

-

.- 22 -

13. A method of fabricating a read/write head
wherein a free-standing silicon carbide substrate is
deposited by chemical vapor deposition process according to

~any one of claims 8 to 11, said substrate is appropriately-
machined and one surface is highly polished, and read and

write circuitry are fabricated on said highly polished
surface,

14. ‘Apparatus comprising a chemical vapor
deposition furnace (10), a hydrogen gas source'(100), and
input line'(30) for introducing the hydrogen gas into said
deposition furnace, reactive gas or vapor source and, an
input line for introducing the reactive gas or vapor into
said deposition furnace, charactérised in that means are
provided in said hydrogen input line for removing oxygen
gas from the hydrogen gas.

15. Apparatus according to claim 14 wherein said
oxygen removing means comprises a catalytic purifier (102)
which converts O,to water.

16. Apparatus according to claim 15 wherein said
oxygenfremoving_means further comprises a mplecular'sieve
drier (104) downstream of said catalytic purifier (102) for
removing water from the hydrogen gas.

17. A furnace (iO)-for chemical vapor deposition
comprising an outer housing (11, 12, 14), and inner housing
(16, 18, 20) defining an inner chamber (22), meaﬁs (24, 26)
for heating said inner housing and said inner chamber to a

) O A0 U




about>2-3 nm The Sic substrate Way be—partially configured a i _
ane rgaqEET)/HAS BEEN
fuarther configured and/ or fi n; }m lao@l t 0ol i ng foll owi hig depeRsAEERdN,
1 oo
requi renents of the component ﬂ # nti onal means, such as | apping
using pitch and progressively finer di anond- abrasi ve. I n producing a
“polishing a surface(s) to the desired ®3gree, e.g., about 5 [err] RMS or
| ess, preferably about 3 A RM5 or less and nost preferably about 1 A RMS or
surf ace(s) hbghesntenpesmerrechian saich onten bousdngssipletli FgPer a
sputteri ngmpanses30) Magoeihd ing etraligly imldita opeyiing mebhnst ¢70frixn a vari ety
of magnet i terials 0 ' . :
Cobal t/phogﬁg’grgﬁgé‘g[?%&/sﬁg ayliﬁ?%?r%ﬁ_g%g%&s%%% n@??ggg@ﬁ?}’% medi a.
Typi cal | y, comBuRigatier vikhrepid) iangn ghapben angkadse having- 1000 [err]
magneti c 199y dLBintRibSe i AY Wi b VR NRHET Makibed BRA' 8&ELNSiAGYSM: Such
: 'through outlet opening means in said outer housing,

(30) with said gas passageway means in communication hith

said inner chamber but with said inlet tube means not extending

‘relative to said inlet opening means in said outer housihg

to accommodate differential thermal expansion of said inner

that is condensed or deposited'on said inlet tube means

 within said inner chamber from falling into said inner

the particular mandrel on whirghgt, SiCis deposited, but is
The substrate is polished on _ rfaces according
magneti«<c recordi ng conponent, e.g., a hard'disc or a read/wite head, after
-l ess; magnetic recording nedia is deposited directly on_the polished
To protect cbB2afBUpabsagewap hedrts NESE A 8 ,Eland igalsS ot eter hedng hat the
characterised by means to maintain said inlet tube means
into said inner chamber, said inlet means being movable
housing and said outer housing, thereby preventing material
chambexr.

18. A furnace accordihg to claim 17 wherein means
(74, 76) are pro#ided for sealing said inlet opening means
(70) around said inlet tube means (30).

19. A furnace (22) for chemical vdpor deposition
comprising an outer housing (11, 12, 14), an inner housing
(16, 18, 20) defining an inner chamber (22), inlet means
(30) and outlet means (32) eéxtending through said outer
housing and communicating with said inner chamber for
passage of gasses through said inner chamber, heating means
(24) for heating said inner chamber, ceramic fiber
insulation (28) insulating said inner housing and sa@d
heating means from said outer housing, and access means for
inserting objects into and subsequently removing objects
from said inner chamber, characterised by a protective
ceramic blanket (42) for covering said ceramic fiber
insulation so'as to minimize contamination of said inner
chamber by particulates of said ceramic fiber.

A




as sputtered carbon, to a thickness of 200-500 [err]. The corrponent may be .

fyrther surface- Iubrlcated to inprove stiction/friction per ge+-Aance:

Properties.of Si C produced in accordance with the invention TP&&QH%FJ\/@@%
with respect to magnetic recordi ng conponents are sunmarizkd i FEPHE R abl. e

bel ow. . PROPERTY ADVANTACE Hi gh PolishabtrTi 1y

Low fly-heights H gh storage density High
Speci fi-c Stiffness Low f.I y-_'heiﬂht S : _

Thin discs B - - -11-

£

" ABSTRACT

- HIGHLY POLISHABLE, HIGHLY THERMALLY CONDUCTIVE,
SILICON CARBIDE, METHOD OF FORMATION

AND APPLICATIONS THEREOF

Silicon carbide is produced by chemical vapor
depbsitioﬁ at temperatures from 1340-1380°C,:deposition
chamber pressurés of 180-200 torr, H,/methyltrichlorosilane °
ratio of 4-10 and deposition rate of 1-2 pm/min.
Furthermore; H, supplied as a part of the gas stream °
contains less than about 1 part per million (ppm) O,gas,
and various means are provided to éxclude particulate
material from the deposition chamber. The silicon carbide
is polishable to <5 A RMS as measured on a Talystep
mechanical profiler and has a thermal conductivity of at
least about 300 W/mk. The silicon carbide is particularly
suitable for applications wheie high polishability and
.thermal conductivity is. desired, such as hard disc drives
and read/write heads of head disc assemblies, and also

optical apparatus which require a very high polish. ( FIG. 1)
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about /1 ppm Likew se, neans are provided for maintaining t
chanbér substantially free of particulates or other possi
Appl i cants" approach to substantially elimnating oxygen
1s described belowwith respect to Figures 1-4. It is to

that other nmeans may be enployed to elimnm nate oxygen and @W E
dependi n -1- - -12- - :
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-HIGHLY POLISHABLE, HIGHLY THERMALLY CONDUCTIVE,
SILICON CARBIDE, METHOD OF PREPARATION,

'~ The present invention is directed to highly polishable,
highly thermally conductive silicon carbide, production of such
silicon carbide by chemical vapor deposition, and applications of

such. sil:l.qon carbide, particularly hard disc drives and
rea_d/wri.te heads for head-disc assemblies.

There exists a need for improved substrates for component
parts of head-~disc assemblies (also known as “Winchester

drives®), particularly substrates for hard discs and read/write
heads. _

Currently, the most widely used substrate material for hard
discs and read/write heads is aluminum or aluminum alloys.
produce a hard-disc from aluminum or an aluminum alloy, an
aluminum or aluminum alloy substrate is blanked, thermal
flattened, sized and chamfered and diamond-turned to a surface
roughness of about 250 & RMS. The blank is then chemically
pretreated to remove aluminum oxide prior to coating with an

. undercoat layer. . The undercoat layer is typically electroless
nickel/phosphorous containing sufficient phosphorous so as to be
non-magnetic. The nickel/pliosphorous layer is polished and then
textured. To the undercoat is then applied. a magnetic coating,
typically a cobalt/phosphorous alloy. Finally, a protective
overcoat is applied, e.g., sputtered carbon. A'dd:l.t!!.onal layers

and alternative procedures may be used, depending upon the
manufacturer.

To

There is a continuing desire to achieve l}igher _memory
capacity on discs, including higher storage (bit) density and



upon the apparatus used. The figures only illustrate those _porLii-ons—e
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apparatus which are nodified for reducing particulates, a Rg@uﬁcaMEENBHEET

apparatus for depositing silicon carbide are known, e.qg., li atent s
ref erenced above. Illustrated in Figure 1 is a diagr i
cross-sectional illustration of a 0.5-mTVD-Si C furnace 1
Applicants for depositing their highly polishable, highly'it ’
conductive Si C. The apparatus includes an outer wall or hdu5|nq conpri.sing
a cylindrical sidewall 11, a top plate 12 and a botton1p|ate 14. An inner
wal | or housing conprises a cylindrical sidewall (or isolation tube) 16, a
top cover 18 and a bottom cover 20; the inner wall defines the inner space

which is ttraclesienaityn ch&ﬁﬂéﬂ“’!?n"s@rlméﬁﬁﬂngll-% substxates have 16 is a

snh dehheat einﬁ’ébex’aelmﬁmahast wmw;:e& to achbeving hdajher storage hand
t he eateré:
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car bon fibghs 166 didsdef rio@asCHIdN Bt iPient of thermal expansion,
and low Knoop-hardness. Furthermore, aluminum exhibits poor
chemical resistance, oxidation resistance, thermal stability and
polishability. The poor polishability (limited to about
100 & RMS) necessitates the nickel/phosphorous undercoat.
Several materials have been considered as alternatives to
aluminum, as for example, as discussed in U.S. Patent No.

4,808,463, the teachings of which are incorporated here:ln by
reference.

Glasses have certain advantages relative to aluminum and
aluminum alloys, e.g., very low coefficient of thermal expansion,
but also have limitations as substrate for magnetic recording
components; in particular, being electrically non-conductive, and
having very low thermal conductivity (watts per meter per °Kelvin
(W/mK) ) «

Silicon carbide has a number of i.nherent properties which
suggest its use as substrates for magnetic recording components,
in particular, high specific stiffness, strength, hardness,
thermal conductivity, low thermal expansion and chemical and
oxidation resistance and is electrically conductive.

. 8flicon carbide produced by sintering (e.g., Japanese patent
document 88-128885/19, 12 September 1986 Hitachi KK) and reaction
bonding (e.g., U.S. Patent No. 4,598,017, the teachings of which

. are incorporated herein by reference) have been tested for use in
magnetic recording media. To produce sintered silicon carbide,

- powdered silicon carbide is admixed with sintering aids and
compacted using heat and pressure. The need for sintering aids

- results in the sintered silicon carbide having _w’rdids (sintered



detai'l -in respect to Figure 2, these batts 28 are a source of
mat eri al ,
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for elimnating the batts as a source of particulate material} fo the

deposi i on chanber. |njector

means 30 provide for entry of dak {/§ b&gn13%%e 1}
upper end of "the furnace an to the deposgti on chanber; in thg

; | lustrated §
furnace 10, three injectors 30 are illustrated. As wll| be gxptarmed T
greater detail with respect to Figure 2, the injectors are a lpotentiad

source of particul ates,

including relatively large particul ates, and the

injectors 30 in the illustrated.furnace have been nodified from previous
I njector design to elimnate the injectors 30 as a source of particul ate
mat eri al

with the
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90% of theoretical density), impurities (residues of the
sintering aids), and has relattvely_looseiy bound crystals.
Accordingly, sintered silicon carbide must be coated if it is to
be used as a substrate for recording media. In reaction bonded
silicon carbide, silicon £ills the voids; thus reaction bonded
silicon carbide is hetérogeneous, the silicon detracting from
desirable properties of silicon carbide. The best polishability
of reaction-borided SiC is about 30-50 & EMS; sintered SiC is even
less polishable.

It has been earlier piéposed by others to evaluate silicon
carbide which is deposited_by chemical vapor deposiﬁion (CVD) as
a candidate material for substrates of magnetic recording
compcﬁents. CVD~produced silicon carbide can closely approach
100% of theoretical density, has a tightly bound granular
structure, and good polishability. Because CVD-produced SiC is
highly polishable, it can be directly coated with a magnetic
coating media, unlike aluminum or aluminum alloys which require -

application of a nickel/phosphorous undercoat prior to
application of the magnetic coat.

Silicon carbide is generally deposited by CVD from a gaseous

mixture of methyltrichlorosilane (MTS), H,, and generally an
inert or mon~-reactive gas such as argon, heljum or nitrogen,
argon being preferred.’ rreepstanding sic is typically
pyrolytically deposited on a mandrel, such as a graphite mandrel,
from which it is removable. The MTS is the preferred source of
both the S{ and C and provides these in stoichiometric (1:1)
ratios. The H, scavenges Cl, producinq HCl. The inert or non-
reactive gas acts as a carrier gas for MTS (which is liquia at
ambient temperatures), can be varied to adjust velocity of gas
flow through the furnace as is necessary to sweep reaction
product, such as 'HCl, from the deposited SiC; and acts as a
diluent, preventing gas-phase reactions which might introduce
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| ower end of the deposition chanber 22.
22 interposed in the flow of gas, is a baffle platE;
supported just above the bottom cover 22 in a horizontal o R
Supported above the baffle plate 34, also in a horizontal
t he mandr el
22 tenperature is nonitored by thernoconductors 38 and optiical

Al t hough not illustrated in detad+ herein, the funinace is
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CVD production of free-standing SiC material by providing a
furnace having a deposition chamber and a mandrel therein and
pyrolytically depositing SiC on the mandrel are described, for
example, in U.S. Patent Nos. 4,900,374; 4,997,678; and 5,071,596,
the teachings of these patents being incorporated herein by
reference. '

The present invention is directed to CVD-deposited silicon
carbide particularly suitable for magnetic recording media,

- particularly components of a head-disc assembly (HDA). The CVD
produced in accordance with the invention has a combination of

excellent thermal conductivity and high polishability not

heretofore achieved in free-standing silicon carbide.

The fabrication of HDAs, including hard discs and read/write
heads are described, for example, in R.W. Wood, "Magnetic
Recording Systems", Proc, of the IEEE, 74(11), 1557-1569 (1986);
C. Warren, "Rigid-disk Drives: cCapacity, Performance Mount as
Size shrinks", Electronic Desian, 28 April 1983, pp. 139-150;
Ivan Flores, “Chapter 5: External Storage" in The Professional
Microcomputer Handbook (Van Nostrand Reinhold Co., New York, NY,
1986) pp. 111-151; U.S. Patent No. 4, 647,494; and articles in IBM
DRisc storage Technology February 1980, including "Film Head
Development* by D.A. Thompson et al. (pp.3-5) and "IBM 3370 Film
Head Design and Fabrication® by R.E. Jones, Jr. (pp.6-9), the
teachings of each of these being incorporated herein by
reference.

High polishability is a very important attribute of a
substrate for magnetic recording components of HDAs or the like.
The areal density storage of a magnetic disc is determined by the
size of the individual maghetic domains which can be achieved.
The magnetic domain (or cell) size is directly related to the’
head fly height, i.e., the distance or gap by which the
read/write head “flys#* above the hard disc. The lower the fly



chanmber 22. To prevent this, protective ceram c bl ankets or couers—ae—————
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carbon sl eeves 44 capping orifices through the batts 28. evl ous
furnace designs, the injectors 30 have~B&en the source of parf ibeiH-at-e
mat eri al which drops onto the mandrel 36 bel ow an4 the Si C bej_ng_deposited
thereon. As diagrammatically illustrated in Figure 3, each injector 30 is

conprised of three concentric tubes which define annul ar passageways 56 and

58 and a central passageway 60. The central passageway 60 is the gas

gﬁ;;;ggrewggﬁ%bﬁé, %n-sﬁa11§§ tRYSladiit il doREEHE! CR4E€ i bel %nﬂsoag' tion

50, 54, seal%@%uq'g\rk&g’a n %%%fﬁg‘srﬁ{ﬂt %]g&tgsgﬁg%w%g?grgéu ty.

ot her. The Flywheight ds coptwolled by iz rémber ofafactermy ssuxfacennul ar cap

At ra e R e e R At SN

0oL a0t SRllon B o, AMEPEHe HLSU (A1 WolAL et o W bk cece

roughness. Surface roughness produces turbulence in the “air"
gap between the disc and head, causing the head to crash into the
disc if the gap is too narrow. PFurthermore, lower fly heights
translate to higher track density on the hard disc, increasing
the overall memory storage capacity of the disc.
Summary of the Invention
In accordance with the invention, free-standing silicon

carbide is produced by chemical vapor deposition which has very
high polishability, i.e., about § A RMS or less as measured on a -
Talystep mechanical contact profiler and even as polishable to
about 1 & RMS or less. The CVD-deposited SiC has very high
thermal -conductivity, i.e., at least about 300 W/mK, a property
advantageous in dissipating heat. The SiC is deposited at very
specific deposition conditions using methyltrichlorosilane (MTS),
H, gas and usually an inert carrier gas, which conditions
include: a-deposition -chamber pressure of between about 180 and

" about 220 torr, a deposition chamber temperature of hetween about
.1340 and about 1380°C, a deposition rate of between about 1.0 and
about 2.0 gm/min., and an H,/MTS gas partial pressure flow ratio
of between about 4 and about 10. Fuithernore, H, supplied as a
part of the gas stream, is purified so that it contains less than
about 1 part per million (ppm) O, gas, and various means are
provided to exclude particulate contaminant material from the
deposition chamber. The CVD-deposited 8iC is machined to its
end-use configuration, e.g., a hard disc or a read/write head,
and highly polished on an-appropriéte surface or surfaces. To
make a hard-disc, the highly polished surfaces (hard-discs are



56. -Thi s cool ant prevent's deposition fromoccurring in the gas

-14 - fl ow passageway 60 in the heated region where it

with the deposition chanber 22 by keeping the passageway 60Ft§§%ﬁkﬁg&$§ﬂE€T

deposition tenperature. It is to be appreciated that tHhe}inje r e
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generally two-sided) are coated with magnetic recording media,
e.g., a cobalt/phosphorous alloy magnetic media, and, generally,
further coated with a protective overcoating, e.g., sputtered
carbon. In a read/write head, read/write circuitry are -
fabricated on a highly polished surface of the silicon carbide,
e.g., by photolithography. Additional layers may be included by
different manufacturers. i‘or example, there may be benefits to
initially coating the SicC substrate with 1\1,0, prior to applying
the magnetic recording medium layer.

Brief Description of the Drawinags

FIG. 1 is a diagrammatic cross-sectional view of a furnace
used to produce SiC in accordance with the method of the present
invention.

FIG. 2 is an enlarged diagrammatic cross-sectional view of
an injector nozzle extending to the deposition chamber of the
furnace of Figure 1.

FIG. 3 is a further enlarged diagrammatic cross-sectional
view of the injector nozzle of FIG. 2.
FIG. 4 is a diagrammatic illustration of apparatus used in
_ the hydrogen feed line to provide substantially oxygen-free
hydrogen to the furnace. '

The present invention provides £ree-standinq, cubic (B)
phase SiC which is highly polishable, i.e., about 5 & RMS or
less, preferable about 3 A RMS or less, and most preferably about
1 R RMS or less as measured on a Talystep mechanical contact
profiler. Herein, unless otherwise noted, polishability values
are as measured on a Talystep mechanical contact profiler. The
value of surface roughness (polishability) may vary significantly

" depending upon the measurement technique. For example, surfaces
measured to be 1 A RMS on a Talystep mechanical contact profiler
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22 to ensure continual comrunication between the central paSsage of the
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: which are supported by and inseparable from a backing material in
that free-standing siC can be unsupported and polished.
Generally, the thinnest free-standing SiC which can be polished
is between 571000 and 10/1000 of an inch (0.127-0.244mm). (It
may well be that some SiC thin films on extremely smooth
substrates can be highly polished to an extent approaching or-
equaling that of the underlying substrate.)

As mentioned above, a high degree of polishability is
desired in a substrate for magnetic recording components in order
to achieve low fly heights between the read/write head and the
hard disc in a head-disc assembly (HDA) and consequential high
memory storage capacity. The high degree of polishability is

' also desirable for optical apparatus, e.g., SiC mirrors. High
- thermal conductivity is highly desirable for dissipating heat in
components of HDAs.

Even though the polished surface may be subsequently coated
with several coats of material, including magnetic recording
media, an overcoat and optional other layers, any surface
irregularities in the polished surface tend to .be imparted to the
subsequent layers, often in exaggerated form. A high polish also
permits superior surface cleaning prior to subsequent coating,
resulting in better bonding of the subsequent coating. This
results in fewer rejected components.

A high thermal conductivity in magnetic recording components
is highly desirable from the standpoint of dissipating heat which
builds up during operation.

Thermal conductivity is strongly dependent on the grain size




chamber 22. An inlet opening 70 in the top cover 18 of thejl
shaped to provide an annul ar | edge 72. Seated in the openi - ’

| edge 72 is a carbon washer 74 of appropriate interior diarn 911 Fﬁ

i njection tube 30 seats thereontop. -To facilitate seating of| t g Jector
tube 30 on the washer 72 during furnace gssenbly, a tubul ar garbon.geee—T7
havi ng a tapered upper end 78 also is seated in the opening 70 on t he —

washer 72. The injector tube 30 extends upwards through openitig 80, 82 in
the insulation 28 -and top plate 12.

and purity of the material, i.e., the thermal conductivity
increases with increasing grain size and low impurity
concentration along the grain boundaries. The grain size and,
therefore, the thermal conductivity, is controlled by the '

. deposition temperature, pressure, and gas flow rates. For
example, under conditions of high temperature and low MTS flow
rate (which results in low MTS partial pressure), the grain size
increases. As temperature is lowered and the MTS flow increases,
the grain size decreases. SiC produced in accordance with the
invention has a thermal conductivity of about 300 W/mK or above.

The polishability depends upon several factors. The SicC
must be void-fre'e, of high purity (no second phase material) and
stoichiometric (equal number of Si and C atoms) in order to
obtain highly polished surfaces. The stoichiometry depends upon
the deposition temperature, pressure and H,/MTS r_:atio. Also, the |
deposition rate must be relatively low in order to obtain a void-
free material. The deposition rate is controlled by the
deposition temperature, pressure and gas flow rates. “The
deposition rate increases with increasing temperature, pressure
and MTS flow rate. ' :

nerein, cvD-deposited, free-stamding sic having very high
polishability and high thermal conductivity is deposited under
very specific conditions. Certain parameters, such as individual
gas-flow rates will vary according to the size and design of the -
particular CVD deposition furnace. It is found, however, that
CVD-deposited, free-standing SiC having polishability of about 5
X RMS or less, preferably about 3 4 RMS or less and most
preferably about 1 & RMS or less and thetmal conductivity of at
least about 300 W/mK is deposited under a very specific set of
reaction conditions using the gas mixture of at least
methyltrichlorosilane (MTS) and H,; in particular: a furnace
pressure of between about 180 and about 220 torr, a deposition
temperature of between about 1340 and about 1380°C, preferably



It is.i nportant that the openings in the outer housing, i nc~ruu| )
openi ng 82, through which the injector tube 30 extends, be ¥ g %MSHEET

Accordingly, a flanged.sleeve 84 is provided at the openi ng qlm
the top plate 12. The injector tube 30 is vertically novabl: ;lﬁ
flanged sl eeve 84 to accommodate differential thermal expang |on of the
i nner ‘and out er housings. A coupling 86%9+s provided around tte&™Tnhj ect or

tube 30 at a | ocation above the top plate 12. Providing a sead-betweerT 1 he
coupling 86 and the flanged sleeve 34 is a bellows 90 that acconmodates
relative vertical novenent between the top plate 12 and the injector tube
30. To provide for disassenbly and. assenbly, the illustrated bell ows

provi des f opetirders About asdosepandiasutSa3z0eCyandimdst prefergbl@Sabdut
these point $3g56yi g%éi%‘ioh' gh esgﬁ'bé@%deﬁgmﬁaﬁﬁa% ¢'and u@szdbSCUSSEd
briefly above Bant source of inclusi et ract {__gm UPI faorm
deposi tion KR/mi% ; and,an, oG gas partial pressure flow ratio of between
about 4 and about 10. rurthemore, H, supplied as a part of the
gas stream is purified so that it contains less than about 1 part
per million (ppm) O, gas, and various means are provided to
exclude particulate contaminant material from the deposition
chamber. The gas mixture almost always includes an inert gas,

. preferably argon, as a carrier for MTS and in an amount to adjust
aerodynamic properties of the gas stream. However, it is _
conceivable that the process might be run using only' MTS carried
by H,. Although these specific deposition parameters may fall
within broad ranges described in afore-mentioned U.S. patents, it

" is demonstrated hereinafter, that the very specific set of
deposition parameters set forth above .achieve the combination of
very high polishability and very high thermal conductivity not
found in any actual deposition shown in the prior art.

. With respect to "deposition chamber temperature,” what is
meant herein is the temperature as determined in the deposition
chamber in close proximity to the mandrel on which the silicon
carbide is being deposited, although the actual mandrel
temperature may be slightly different. Experience has shown that
temperatures at different locations relative to, but each closely
adjaeent the mandrel seldom vary more than about S‘C, and it is
assumed that the actual deposition temperature at the mandrel is
within 10°C of the probed temperature.

Thermal conductivity is believed to be relatively
consistent, regardless of method of measurement. Herein, thermal
conductivity is the thermal conductivity as measured by flash
iamp techniques. -

 Unless otherwise stated, all properties of SiC are measured
herein at room temperature, i.e., 20-28°C (293-301°K).

Free-standing SiC is generally at least 5/1000 in thick



oxygen. | n exam nation of previous depositions, small carbon_jnclusions

could be found. Also, it was noted in SiC depositions that h CEMENTISHEET
i nclusions tended to form when hydrogen cylinders were chanae ——T-Treh Tng |
t hat oxygen m ght be the culprit. To avoid changi ng hydrogern yliiq}qzqg,‘lggg
sufficiently | arge hydrogen cylinders are now bei ng enpl oyed: 8o "stpply an
entire deposition run. Neverthel ess, cormci al | y avai |l abl e hydeoges———m"

sources tend to contain anounts of oxygen which, though very_!m' nor, are
significant with respect to producing carbon inclusions in CYDXsi C
Accordingly, to produce the SiC of the present invention, it was found
necessary to purify the hydrogen gas, particularly to substantiall
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conf |l uences X%ﬁiﬁ f I%&T‘ﬁtgr %ﬁggﬁfﬁg& %%’?5% o@]&yiﬁggtfﬁ%g%%nbi ned
according to e particular mandrel on wh e 8icCc is
deposited, but is generally further configured and/or finished by
machine tooling following deposition. The substrate is polished
on a surface or surfaces according to the requirements of the
component part by conventional means, such as lapping using pitch
and progressively finer diamond abrasive.

In producing a magnetic recording éomponent, e.g., a hard

disc or a read/write head, after polishing a surface(s) to the
degired degree, e.g., about 5 4 RMS or less, preferably about 3 A
RMS or less and most preferably about 1 A RMS or less, magnetic
recording media is deposited directly on the polished surface(s)
by conventional means, such as electroless plating or a
sputtering process. Magnetic recording media may be selected
fron a variety of magnetic materials or alloys such as GdCo,
CoPtCr, and CrV-CoPtCr. Cobalt/phosphorous alloy is a currently
preferred magnetic recording media. Typically, the magnetic
recording media layer thickness is 500-1000 X. To protect the
magnetic recording media layer, it is p_referfed that the magnetic
recording media layer be overcoated with a protective layer, such
as sputtered carbon, to a thickness of 200-500 A. The component

may be further surface-lubricated to improve stiction/friction
performance. '

Properties of SiC produced in accordance with the invention

and advantages with respect to magnetic recording components are
summarized in the table below: )

PROPERTY ADVANTAGE
High Polishability Low fly-heights

: _ High storage density
High Specific Stiffness . Low fly-heights

Thin discs




-16-. flow of argon, hydrogen and MIS is introduced into t

he deposition

chanber 22 t hrough the injectors 30. The gas |ine includes
source 100. Downstream fromthe hydrogen source 100 is a cai

102, such as Resource Systens, Inc., Mddl- RCP-500, which conv

102 is a nol & uﬁtbsgggzgﬁﬂ

which traps—the

to water. Downstream of the catalytic purifier
dryer 104, such as Resource Systens, Inc., Mdel MsSD- 1000,

plNCEMERTSHEET

gas stream

wat er. The system reduces the oxygen content of the hydroger

Low weight

High Thermal Conductivity Heat dispersion
Low distortion

Chemical, Oxidation
Resistance

Hardness (Scratch Resistant) High yielas

Low contact damage
Durability

Thermal Stability Low fly-heights
Electrical COnductiv;ty

High Yield Strength Low breakage
. - High in-process yield

Low Thermal Expansion

Dimensional Stability No “"bowing" dur
(Low Stress) (heads) )

Good Machinability
- Minimal edge roll-off.

To achieve very high thermal conductivity, i.e.

Reliability, low error rates

No static charge build-up

Low distortion from temp. change

ing cutting

No “chipping“ sharp edges

. about *

300 W/mK or above, along with very high polishability, it has
been found necessary to substantially exclude from the deposition
chamber both oxygen, which tends to cause deposition of carbon
inclusions, and particulates, vhich may become inclusions in the
deposited CVD. The main source of oxygen is generally the
hydrogen gas, and means afe provided to reduce to and maintain
the presence of oxygen in the hydrogen gas stream to less than

about 1 ppmn.

Likewise, means are provided for maintaining the

deposition chamber substantially free of particulates or other
possible inclusions. Applicants' approach to substantially
elinminating oxygen and particulates is described below with
respect to Figqures 1-4. It is to be understood that other means
may be employed to eliminate oxygen and particulates, depending




to bel.ow 1 ppm This systemis also capable of renoving carbon dioxide,

ammoni a and ot her undesirabl e polar nol ecul es. Al though this
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represents Applicants' current preferred nmethod of renovint OF%FL$8¢M§Nr§ﬂEt
H err]® gas stream other neans, such as a gettering system 1ijgh

enpl oyed for this purpose. The invention will now be descrlia EEB‘EQT
greater detail by way of specific exanpid3-

Exanpl e Conditions were optimzed for a 0.5-mand a 1.5-n1productibn

furnace of Morton Advanced Materials, Wburn MA, which condi tens—are grven
in the table below. It is to be appreciated that chem cal vapor deposition
furnaces, as are those used in this exanple, are custom nmanufactured, and
thagI speci fuponC ¢hdi aAppatatiis flsed.r atRe "Edguifes/ omqrrummé &hbsenace. To
produce CVI A n e&ﬁg& ature
pressure, grq.'(rig?%rréf tlc%ﬂgaﬁgzgpom?‘lg%n'l%g&%s @.\éﬁdﬁ V\i rlthe ranges
set forth RarsAculak s?m%%s*mera}eml BPPAFHNS: T9Es §a9=it ng s

licon
carbide are known, e.g., in patents referenced above. *

Illustrated in Figure 1 is a diagrammatic cross-sectional
illustration of a 0.5~-m.CVD-SiC furnace 10 adapted by Applicants
for depositing their highly polishable, highly thermal conductive
SiC. The apparatus includes an outer wall or housing comprising
a cylindrical sidewall 11, a top plate 12 and a bottom plate 14.
An inner wall or housing comprises a cylindrical sidewall (or
isolation tube) 16, a top cover 18 and a bottom cover 20; the
inner wall defines the inner space which is the deposition
chamber 22. Surrounding the isolation tube 16 is a side heater
24; below the bottom cover 20 is a bottom héater 26. Each of the
heaters 24,26 are of the electrical resistive type, e.g., being
formed of graphite glow bars.

Interposéd'between the inner housing and outer housing and
surrounding the inner housing and heaters 24,26 are batts of
insulating material 28 which are usually formed of fibrous
material, e.g., carbon fibers. As will_be,explained in greater
detail in respect to Figure 2, these batts 28 are a source of
particulate material, for example, during furnace disassembly;
and means are provided for eliminating the batts as a source og
particulate material to the deposition chamber. Injector means
30 provide for entry of gas through the upper end of the furnace
an to the deposition chamber; in the illustrated furnace 10,
three injectors 30 are fllustrated. As will be explained in’
greater detail with respect to Figure 2, the injectors are a
potential source of particulates, including relatively large
particulates, and the injectors 30 in the illustrated furnace
have been modified from previous injector design to eliminate the
injectors 30 as a source of particulate material in the
deposition chamber 22.  An exhaust tube 32 communicates with the



PI'-OCGSS Par anet er 0. 5-m Fur nace

1. 5- m Fur nacep—Farmace .
Pressure 200 torr , 200 torr Deposition| RERAGEMENESHEET
1350 f[err]C 1350 [err]C
* 18 FEB 1997
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lower end of the deposition chamber 22.

In the deposition chamber 22 interposed in the flow of gas,
is a baffle plate 34 which is supported just above the bottom
cover 22 in a horizontal orientation: Supported above the baffle
plate 34, also in a horizontal orientation, is the mandrel 36 on
which the bulk CVD S8iC is deposited. Deposition chamber 22
_temperature is monitpred by thermoconductors 38 and optical
pyrometers 40. |

S Although not illustrated in detail herein, the furnace is
disassembled through the bottom between each run. During
disassembly, there is a tendency for particulates breaking off
from the carbon felt insulation 28 to contaminate the deposition
chamber 22. To prevent this, protective ceramic blankets or
covers are provided over the carbon felt batts 28. The cover
means illustrated in Figure 2 comprise cover sheets of nonporous
ceramic gasket material 42, for example graphite, such as that
sold under the'tradenana-craffdil, and carbon sleeves 44 capping
orifices through the batts 28. B

In previous furnace designs, the injectors 30 have been the
source of particulate material which drops onto the mandrel 36
below and the SiC being deposited thereon. As diagrammatically
illustrated in Figure 3, each injector 30 is comprised of three
concentric tubes which define annular passageways 56 and $8 and a
central passageway 60. The central passageway 60 is the gas
passagewday and is open at its lower end to communicate with the
deposition chamber 22. An annular cap 62 extends between the
outer and inner tubes 50,54, sealing the lower end of the annular
passageways 56,58 to each other. The lower end of the middle
tube 52 is spaced above the annular cap 62 to provide a gap 64
that coomunicates the annular passageways 56,58. A coolant,
usually water, is pumped downward through the inner annular
péssageway'sa and returns through the outer annular passageway
§6. This coolant prevents deposition from occurring in the gas



Gas Fl.ow Rat es: H err] 28 sl pm FAG--—STPI

Ar 72 sl pm 550 sl pm NW;hPPLAC‘MENTSHEET
5.6 sl pm 28 slpm Gas Partial Pressures: 4[err]

53 torr 39 torr Ar 136 {tjort§ FEB 1997
153 torr MT'S 10. 6_{fr1r 7. torr

Deposi tion Rate: 1.5 pmimn 1.9 pnmmn {HrerriMTSTGS
Fl ow Rati o: 5 5 Exanpl-e—2-

Usi ng the 0.5-m Furnace of Exanple 1, CVD-SiC is deposited in accordance

with the conditions described in U. S Pat ent No.

flow passageway 60 in the heated region where it communicates
with the deposition chamber 22 by keeping the passageway 60 below
the deposition temperature. _

It is to be appreciated that the injector tube 30 must be
.movable relative to at least the top plate or cover 12 of the
outer housing or the top cover 18 of the inner housing because of
the different temperatures of each of the housings and the '
resulting difference in expansion and contraction during furnace
operation. In previous furnace designs (not shown) the lower end
of the injector tube extended downward below the top cover 18 of
the inner housing and into the deposition chamber 22 to ensure
continual communication between the central passage of the
1nje_ctor"and the deposition chamber. This was found to be
problematic in that the codler injector tended to promote
condensation and £ilm build-up thereon, which deposition might
flake off and fall onto the mandrel 36 therebelow and become
large particulate inclusions in the 8iC being deposited thereon.

To overcome this problem, the injector tubes 30 have been
adapted to extend doumward to, but not into, the deposition
chamber 22, providing continuous communication with the-
deposition chamber, while being relatively slidable relative to
the top plate 12 of the outerhousing. Illustrated in Figure 2 it
appli.canté' design for injector apparatus which provides for _the
injector tube 30 extending to, but not into, the deposition
chamber 22. An inlet opening 70 in the top cover 18 of the inne:
housing is shaped to provide an annular ledge 72. Seated in the
opening 70 on the ledge 72 is a carbon washer 74 of appropriate
interior diameter that the injection tube 30 seats thereontop.
To facilitate seating of the injector tube 30 on the washer 72
during furnace assembly, a tubular carbon guide 76 having a
tapered upper end 78 also is seated in the opering 70 on the

washer 72. The injector tube 30 extends upwards through opening:
80, 82 in the insulation 28 and top plate 12.
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using the conditions in Exanple 1 with the Sic deposited in g
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It is important that the openings in the outer housing,
including the opening 82, through which the injector tube 30
extends, be sealed. Accordingly, a flanged sleeve 84 is provided
at the opening 82, fixed to the top plate 12. The injector tube
30 is vertically movable through the flanged sleeve 84 to
accommodate differential thermal expansion of the inner and outer
housings. A coupling 86 is provided around the injector tube 30
at a location above the top plate 12. Providing a seal between
the coupling 86 and tlie flanged sleeve 34 is a bellows 90 that
accommodates relative vertical movement between the top plate 12
and the injector tube 30. To provide for disassembly and
assembly, the illustrated bellows provides for attachment and
separation 88 at two points; O-rings 88 at these points provide a
gas-tight seal during operation.

As discussed briéfly above, another source of inclusions
which detract from uniform deposition of Sic is the presence of
oxygen. In examination of previous depositions, small carbon
inclusions could be found. Also, it was noted in SiC depositions
that bands of carbon inclusions tended to form when hydrogen
cylinders were changed, indieatihg that oxygen might be the
culprit. To avoid changing hydrogen cylinders, sufficiently
large hydrogen cylinders are now being employed to supply an
entire deposition run. Nevertheless, commercially available
hydrogen sources tend to contain amounts of oxygen which, though
very minor, are significant with respect to producing carbon
inclusions in CVD-SiC. Accordingly, to produce the SiC of the
present invention, it was found necessary to purify the hydrogen
gas, particularly to substantially eliminate trace oxygen from
the hydrogen.

Illustrated in Figure 4 is. a schematic of a hydrogen gas
line 99 which applicants have modified to eliminate oxygen and
some other gaseous impurities. The hydrogen gas line confluences
with a flow of argon-carried MTS (not shown), and the combined



Exampl.e 1 Condi tions

4.990. 374 Cond.

crystal

Structure

cC
polycrystalline FCC, polycryst. Gain Size (pm 17 [FRE’{’LP‘CEMENTSHEET
8 Density (g/cnferr]) 3.21 3.21 .Hardnep (
2500 - 2500 g load) Chemical Purity 3%/01&93
Unknown Fl exural Strength, 430 490 p0| nt (MPa)
El astic Modul us 466 Unknown Coef f CI ent oT
2.2 x 10[err] 2.2 x 106 Theé6ral Expan- Si oR—tHferr1y
Ther mal

flow of argon, hydrogen and MTS is introduced into the deposition
chamber 22 through the injectors 30. The gas line includes the
hydrogen source 100. Dounstream from the hydrogen source 100 is
a catalytic purifier 102, such as Resource Systems, Inc., Model
RCP-~500, which converts oxygen to water. Dounstream of the

' catalytic purifier 102 is a molecular sieve dryer 104, such as
Resource Systems, Inc., Model MSD-1000, which traps the water.
The system reduces the oxygen content of the hydrogen gas strean
to below 1 ppm. This system is also capable of removing carbon
dioxide, ammonia and other undesirable polar molecules. Although
this system represents Applicants’ current preferred method of
removint O, from the H, gas stream, othér means, such as a°
gettering system, might be employed for this purpose.

The invention will now be described in greater detail by way
of specific examples.

Example 1 ]

Conditions were optimized for a 0.5-m and a 1.5-m production
furnace of Morton Advanced Materials, Woburn MA, which conditions
are gi.ven in the table below. It is to be appreciated that
chemical vapor deposition furnaces, as are those used in this
example, are custom manufactured, and that specific conditions of
flow rate may vary from furnace to furnace. To produce CVD-
deposited 8iC in accordance to the invention, temperature,
pressure, H,/MTS ratio and deposition rate should be within the
ranges set forth below, regardless of specific furnace design..
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polishability of the SiC deposited in accordance with the in
great *significance for substrates for nmagnetic recording cony

al so optical conponents requiring a very high degree of poligh
| nproved thernal
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substrates for magnetic recordi ng conponents.

conductivity is also el7+nportant significancE Tor

Process Parameter 0.5-nm_Furnace

1.5-m Furnace
Furnace Pressure 200 torr - 200 torr
Deposition Temperature 1350 °C 1350 °C
Gas Flow Rates: )

H, 28 slpm 140 slpm

Ax . 72 slpnm 580 slpm

MTS 5.6 slpn 28 slpnm
Gas Partial Pressures: .

Hy - 83  torr 39 torr

ar 136 torr 153  torr

MTS . 10.6 torr 7.8 torr
Deposition Rate: 1.5 pm/min _ 1.9 pm/min
H,/MTS Gas Flow Ratio: & ' 5 .

Example 2 : . :

Using the 0.5-m Furnace of Example 1, CVD-SiC is deposited
in accordance with the conditions described in U.S. Patent No.

4,990,374 lines 30-36, i.e.:

deposition temperature 1300°C;

furnace pressure 200 torr; gas partial-pressures Ar 68 torr, H,

102 torr and MTS 30 torr. The following table compares

properties of the SiC deposited using the conditions in Example 1
with the sicC deposited in accordance with Patent No. 4,990,374.

(Values specified room temperature measurements values

(20-25°C) .
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Exanpl e In a7
CVvD- SI C was deposited in a 0 5mm furnace under the foll ow ng quﬁr
Furnace Pressure 200 torr Deposition
1350[err] C Gas Fl ow Rat es: Herrl48
28 sl pm Ar 77 sl pm
5.9 slpm Gas Partial Presggyes:
50 torr Ar 139 torr
MI'S 10.6 torr Deposition Rate
1.5 pmimn -

Property " Example 1 conditions 4,990,374 cond.

Crystal Structure FCC, polycrystalline FCC, polycryst.

Grain Size (um) 17

8
Density (g/cm™) 3.21 3.21
Hardness (Knoop, 2500 2500
g load)
. Chemical Purity 99.999% sic ' Unknown
Flexural Strength, 430 490
4-point (MPa)
Elastic Modulus 466 Unknown
Coefficient of 2.2 x 10°¢ 2.2 x 107
Thermal ‘Expan-
sion (K)
Thermal . ]
conductivity >300 W/mK 100-145 W/mK
Polishability ‘<2 & RrMs

 ~10 & RMS

Of the above properties, polishability of the SiC deposited
in accordance with the invention is of great significance for
substrates for magnetic recording components and also optical

" components requiring a very high degree of polishability.
Improved thermal conductivity is also of important significance
for substrates for magnetic reéoz‘dinq components. -



Hert]/MS Gas Flow Ratio 4.7 The CVD- Si C has a t hgswad
conductivity of 304.9 WnK at 28[err] (301[err]K) and is pcRERum§§MﬁHTSHEET'
<l[err] RMS. CLAI V5: -20- 1. Free-Isfandin
cheni cal vapor deposited silicon carbide having a thernal cohddd§ i F%a ﬂgﬂ
at least at 300 Wnk at room tenperature. 2. Silicon carpitde according
to claim1 having at -19-
Example 3

-In a 70 hr. run, CVD-SiC was deposited in a 0.5mm furnace

under the following conditions:

Furnace Pressure 200 torr
Deposition Temperature 1350° C

Gas Flow Rates:

H, 28 slpn

Ax 77 slpm

MTS 5.9 slipm
Gas Partial Pressures: .

H, | 50 torr
Ar _ 139 torr
. MTS . 10.6 torr
Deposition Rate 1.5 um/min

H,/MTS Gas Flow Ratio 4.7

The CVD-SiC has a thermal conductivity of 304.9 W/mK at 28°C

(301°K) and is polished to <1i RMS.
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wherein sai dsurface is polished to 3 A RM5 or |ess. 4, T con
carbide in accordance with claim 2 wherein said surfla eqigs FEQ 1997ed
1 A RMS or egysmma5hsB@qugkd1nagnetlc menory di sc conprliging a silicon
car bi de substr1 i shed sy face and a nagneti ' .

wherein said si and pollshed surface are as
2.

6. A read/wite heac nprising a silicon carbide s
pol i shed surface and read and Mﬁlte

SHE
REPLACED

CLAIMS

1. Free-standing chemical vapor deposited silicon

carbide having a thermal conductivity of at least 300 W/mK
at room temperature.

2. Silicon carbide according to claim 1 having at
-least one surface polished to S A RMS or less as measured
on a Talystep meclianical contact profiler.

3. Silicon carbide according to claim 2 wherein
said surface is polished to 3 A RMS or less.

4. Silicon carbide in accordance with claim 2
wherein said surface is polished to 1 A RMS or less.

5. A rigid magnetic memory disc comprising a
silicon carbide substrate having a polished surface and a
magnetic coating thereon, wherein said silicon carbide and
polished surface are as defined in claim 2.

6. A read/write head comprising a silicon carbide
substrate having a polished surface and read and write
circuitry fabricated thereon, wherein said silicon carbide
and said polished surface are as defined in claim 2.

7. A head-disc assembly comprising a rigid

magnetic memory disc according to claim 5 and a rea@{write
head according to claim 6. '

8. A method of producing free-standing silicon
carbide having a coefficient of thermal conductivity of at
least 300 W/mK at room temperature, wherein a chemical
vapor deposition furnace (10) having a deposition chamber

R O O T




circujtry f abricated thereon,—wherein said silicon carbide
polished surface are as defined in claim2. 7. A head-d

¢y di sc according to claim
aim 6. 8. A nmethod of
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conprising a ri @hdS

read/wite head H

free-standing sif having a coefficient of ther
at

of at least 300 W roomtenperature, wherein a chem cdl vapor

deposition furnace (10) having a depb?ﬂtron chanber (22) an
therein are provided, nethyltrichlorosilane (M'S) and H2 gas are

into said 2090954 td GhndeRAMP9E) HHMRSI R bieREadhi ch pyrollyti cdl

deposit Slkhggglggggﬁléiosilane (MTS) and H,gas are introduced into.
said deposition chamber under conditions which
pyrolytically deposit silicon carbide on said mandrel and
the silicon carbide is subsequently removed from said
mandrel, characterised in that said conditions comprise a
deposition chamber temperature of 1340 to 1380°C, preferably
not more than 1370°C, a deposition chamber pressure of 180
to 220 torr, a H,/MTS gas flow ratio of 4 to 10 and, a
deposition rate of 1 to 2 um/min.

9. A method according to claim 8 wherein said H,
gas containing less than 1 ppm O,gas and said furnace (10)
has means to maintain said deposition chamber (22)
substantially free of particulate material.

_ 10. A method according to claim 9 wherein said
furnace (10) has fibrous insulation material (28) that
lines walls of said deposition chamber (22), and wherein
said means to maintain said deposition chamber
substantially free of particulate material comprises a

protective ceramic cover (42) for said fibrous insulation
material. '

11. A method according to claim 9 or claim 10
wherein said furnace (10) has an outer containment wall
(11, 12, 14) and an inner containment wall (16, 18, 20)
defining said deposition chamber and a cooled gas injector
(30) extending through said outer containment wall and
communicating with said deposition chamber said means to
maintain the deposition chamber (22) substantially free of
particulate material comprising means to maintain said
injector means at the boundary of said deposition chamber.

~12. A method of fabricating a rigid memory disc
wherein a free-standing silicon carbide substrate is

*AANRR AT Ty N

E?hAé%ﬁkN

(agdoced



- 21:- on said mandrel and the silicon carbide is s bSEqUENT |
renoved from said mandrel, characterised in that said cond REBKAC

a deposition chamﬂegtmggeqk igef 1340 to 1380[err]C, pr ferablf_(EEoigg

re'
t han-1370[err] C, anber pressure of 180 to 22d th __J
H[err]/NWS gas fl o 10 and, a deposition rat¢ jof 1 to 2 '

pm m n. to c'lc?gd'mS wherein said H3 §as contal ni ng
| ess than 1 ppm 02 gas and said furna (10) : —

1

deposited by a chemical vapor deéosiﬁion-process ! R”“LAMED
according to any one of claims 8 to 11, said substrats is
machined to a disc form, at least one surface of said disc

is polished and said polished surface is coated with a
layer of magnetic recording medium.

13. A method of fabricating a read/write head
wherein a free-standing silicon carbide substrate is
deposited by chemical vapor deposition process according to
any one of claims 8 to 11, said substrate is appropriately
machined and one surface is highly polished, and read and

write circuitry are fabricated on said highly polished
surface.

14. ‘Apparatus comprising a chemical vapor
deposition furnace (10), a hydrogen gas source (100), and
input line (30) for introducing the hydrogen gas into said
deposition furnace, reactive gas or vapor source and; an
input line for introducing the reactive gas or vapor into
said deposition furnace, characterised in that means are

provided in said hydrogen input line for removing oxygen
gas from the hydrogen gas. .

15.. Apparatus according to claim 14 wherein said

oxygen removing means comprises a catalytic purifier (102)
which converts 0,to water.

16. Apparatus according to claim 15 wherein said
oxygen-removing means further, comprises a molecular sieve
drier (104) downstream of said catalytic purifier (102) for
removing water from the hydrogen gas.

17. A furnace (10) -for chemical vapor deposition
comprising an outer housing (11, 12, 14), and inner housing
(16, 18, 20) defining an inner chamber (22), means (24, 26)
for heating said inner housing and said inner chamber to a

| 5
* C L M H *
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particul ate materi al . 10. A nmethod according to claim?9 e

furnace (10) hﬁﬁsﬁéemagggeang t| on material (28) that |ineg W aﬂsjmsl%
deposition cha erein sai d nmeans to naintain |sgi i'tY'on
chanber subst a:H jﬂ' particul ate material conprises| @ _protectiyve
cerami c cover i brous insulation material . 1. A nethod

according to cIa|n19 or cIa|n110 wher @3n=sai d furnace (10) haS s OIEESTHAS BEEN
cont ai nnent wal | (11 12, 14). and an |nner cont ai nnent wal | (16, 1@epXED
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said outer housing and having gas passageway means (60) in

communication with said inner chamber and also having

coolant passageway means (56, 58), and gas outlet means

(32) communicating with said inner chamber and extending

through outlet opening means in said outer housing,

characterised by means to maintain said inlet tube means

(30) with said gas passageway means in communication with

said inner chamber but with said inlet tube means not extending

into said inner chamber, said inlet means being movable .

relative to said inlet opening means in said outer housing

to accommodate differential thermal expansion of said inner

housing and said outer housing, thereby preventing material

that is condensed or deposited on said inlet tube means

within said inner chamber from falling into said inner
chamber.

18. A furnace according to claim 17 wherein mneans
(74, 76) are provided for sealing said inlet operiing means
(70) around said inlét tube means (30).

19. A furnace (22) for chemical vapor deposition
comprising an outer housing (11, 12, 14), an inner housing
(16, 18, 20) defining an inner chamber (22), inlet means
(30) and outlet méans (32) éxtending through said outer
housing and communicating with said inner chamber for
passage of gasses through said inner chamber, heating means
(24) for heating said inner chamber, ceramic fiber
insulation (28) insulating said inner housing and said
heating means from said outer housing, and access means for
inserting objects into and subsequently removing objects
from said inner chamber, characterised by a protective
ceramic blanket (42) for covering said ceramic fiber
insulation so as to minimize contamination of said inner
chamber by particulates of said ceramic fiber.

-
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substantially free of particul-ate material conprising nmean
said injector neans at the boundary of said deposition cha
nmet hod of fabricating a rigid nmenory disc wherein a free-s
carbirde substrate-is deposited by a chem cal vapor depositid

~according to any one of clains 8 to 11, said substrate is
disc form at |east one surface of )
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ABSTRACT

HIGHLY POLISHABLE, HIGHLY THERMALLY CONDUCTIVE,
SILICOﬁ CARBIDE, METHOD OF FORMATION

AND APPLICATIONS THEREOF

Silicon carbide is produced by chemical vapor
deposition at temperatures from 1340-1380°C, deposition
chamber pressures of 180-200 torr, thethyltrichlorosilane'
ratio of 4-10 and depdsition rate of 1-2 pm/min.
Furthermore, H, supplied as a part of the gas stream ~
contains less than about 1 part per million (ppm) O,gas,
and various means are provided to eéxclude particulate
material from the deposition chamber. The silicon carbide
is polishable to <5 A RMS as measured on a Talystep
mechanical profiler and has a thermal conductivity of at
least about 300 W/mk. The silicon carbide is particularly
suitable for applications where high polishability and
thermal conductivity is desired, such as hard disc drives
and read/write heads of head disc assemblies, and also

' optical apparatus which require a very high polish. ( FIG. 1)



cbatgd with a layer of magnetic recordi ng nedi um 13. A EhﬁﬁgA MENTéHEET
fabricating.a read/ wite head wherein a free-standing silic¢ '

substrate is deposited by chem cal vapor deposition process{accegd -
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any one of clainms 8 to 11, said substrate is appropriately
sai d highly polished surface. 14. Apparatus conprising a ghem cal vapor

Fel

surface is highly polished, and read and yyhte circuitry ard
deposition furnace (10), a hydrogen gas source (100) and inplUt T1ne (30)
for introducing the hydrogen gas into said deposition furnace, reactive gas

or vapor source and, an input line for introducing the reactive gas or
vapor int said deposition furnace, characterised in that neans are provided

in said hydrogen input line for ren®@g ng3gxyg®pgas fromthe hydrogen gas.
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15. .Apparatus according to claim14 wherein said oxygen rennyiig means

conprises a catalytic purifier (102) which converts O[err]
Appar at us according to claim15 wherein said oxygen-renoving
conpriises a nol ecul ar sleve drier (104) downstream of said. g

REPRAGEMENT $BEET

7 aia; Eﬁﬁa?:geg? :

purifier (102) for renoving water fromthe hydrogen gas. ]
(10) for chem cal vapor deposition codf?ising an outer housi{ng(1l 12,
14), and inner housing (16, 18, 20) defi ] 86hner chanbdr (22), neans:
(24, 26) for heating said inner housing aid inner chanber to a higher
tenperature than sai dFOtJ r {ousi ng, inl ube neans (30) extending
t hrough inl et '&, 2] 88
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openi ng ,neans (70) in said outer housing and having
REPL'ACENMENT SHEET -23- gas passapB@EBY
in comuni cation with said inner chanber and al so havi ng- cogllant
means (56, 58), and gas outlet means (32) conmunicating wt
charmber and extending through outlet opening neans in said
characterised by means to maintain saidggnl et tube neans (3l L b 5
passageway nea AIMSSommuni cation with said inner chamher bul=d al 0

i nl et tube neahs noFreﬁtéhénﬁgngnF@ﬁﬂ%QP¥rﬁﬁ@oﬁhéﬁﬁéﬁlt§5(f%*ﬁ%ﬁnneans

bei ng : carbide having a thermal conductively of at least at
300 W/mk at room temperature.

2. Silicon carbide according to claim 1 having at
least one surface polished to 5 A RMS or less measured
on a Talystep mechanical contact profiler.

3. Silicon carbide according «o claim 2 wherein said
surface is polished to 3 A RMS or less.

4. Silicon carbide in accordance with claim 2
wherein said surface is polished to 1 A RMS or less.

5. A rigid magnetic memory disc comprising a silicon
carbide substrate having a polished surface and a
magnetic coating thereon, wherein said silicon carbide

and polished surface are as defined in claim 2.

6. A read/write head comprising a silicon carbide
substrate having a polished surface and read and write
circuitry fabricated thereon, wherein said silicon
‘carbide and said polished surface are as defined in

claim 2.

7. A head-disc assembly comprising a rigid magnetic
memory disc according to claim 5 and a read/write head

according to claim 6.

8. A method of producing free-standing silicon
carbide having a coefficient of thermal conductivity
of at least 300 W/mk at room temperature, wherein a
chemical vapor deposition furnace (10) having a
deposition chamber (22) and a mandrel (36) therein are
provided, methyltrichlorosilane (MTS) and H, gas are
introduced into said deposition chamber under
conditions which pyrolytically deposit silicon carbide

_

A



novabl e relative to said inlet opening neans in said outer |
accommodate differential thermal expansion of said inner hoy
outer housing, thereby preventing material that is condensed

on said’inlet tube nmeans within said inner chanber from fal l}i

I nner chanber. 18. A furnace according to claim 1/ wherein

REPFLASEMENT SHEET

are provided for sealing said inlet opeghng nmeans (70) aroun

d sai d |nIet

Pbus

t ube nmeans (30). 19. Afurnace (22) for che al vapor g sitipn
BBietbnaFAgbLas.

conprising an @it eSisLsi wandrel 1and 4 thgy

185 20)

defining an i %\%sé@@éﬂ@ly(ﬁ@ﬁoveMEi‘orﬁE@a:tEd () deeid, Q:Hdmstctrmahaaed{ 32)

chanber Tor pablRgit o CE i CERPALPARoP HRCIRLr LS AtbaATone

(24) for heat | temparatunaert 1340 to 1380°C, preferably not mo
1370°C, a deposition chamber pressure of 180
torr, a H;/MTS gas flow ratio of 4 to 10
deposition rate of 1 to 2 pm/min.

re than
to 220
and, a

9. A method according to claim 8 wherein said H, gas

containing less than 1 ppm O, gas and said furna

ce (10)

has means to maintain said deposition chamber (22)

substantially free of particulate material.

10. A method according to claim 9 wherein said

furnace (10) has fibrous insulation material (2
lines walls of said deposition chamber (22

8) that
), and

wherein said means to maintain said deposition chamber

substantially free of particulate material comprises

a protective ceramic cover (42) for said fibrous

insulation material.

11. A method according to claim 9 or claim 10 wherein

said furnace (10) has an outer containment wall (11,

12, 14) and an inner containment wall (16, 18, 20)

defining said deposition chamber and a cooled gas

injector (30) extending through said outer containment

wall and communicating with said deposition chamber

said means to maintain the deposition chamber (22)

substantially free of particulate material comprising

means to maintain said injector means at the boundary

of said deposition chamber.

12. A method of fabricating a rigid memory disc

wherein a free-standing silicon carbide substrate is

deposited by a chemical vapor deposition process

according to any one of claims 8 to 11, said substrate

is machined to a disc form, at least one surface of

T
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chanber,, ceram c fiber insulation (28) insulating said inner ho ‘

sai d heating neans from said outer housing, and access neans f
obj ects into, and subsequently renoving objects fromsaid inner
characterised by a protective ceram c bl anket (42) for coverin
cerami c fiber insulation so as to m ni-n22e -cont am nation of sajd inner

chamber by pardi £yl atige Ofs SpblliSREAMand I4¥fd polished surface is
coated with a layer of magnetic recording medium.

13. A method of fabricating a read/write head wherein
a free-standing silicon carbide substrate is deposited
by chemical vapor deposition process according to any
one of claims 8 to 11, said substrate is appropriately
machined and one surface is highly polished, and read
and write circuitry are fabricated on said highly

polished surface. ¢

14. BApparatus comprising a chemical vapor deposition
furnace (10), a hydrogen gas source (100) and input
line (30) for introducing the hydrogen gas into said
'deposition furnace, reactive gas or vapor source and,
an input line for introducing the reactive gas or
vapor int said deposition furnace, characterised in
that means are provided in said hydrogen input line
for removing oxygen gas from the hydrogen gas.

15. Apparatus according to claim 14 wherein said
oxygen removing means comprises a catalytic purifier
(102) which converts O, to water.

16. BApparatus according to claim 15 wherein said
oxygen-removing means further comprises a molecular
sleve drier (104) downstream of said catalytic
purifier (102) for removing water from the hydrogen

gas.

17. A furnace (10) for chemical vapor deposition
comprising an outer housing (11, 12, 14), and inner
housing (16, 18, 20) defining an inner chamber (22),
means (24, 26) for heating said inner housing and said
inner chamber to a higher temperature than said outer
housing, inlet tube means (30) extending through inlet
opening means (70) in said outer housing and having

* [ L M S *



REPLACEMENT SHEET

=9 MAY 1398

- 23 - .

gas passageway means (60) in communication with said
inner chamber and also having coolant passageway means
(56, 58), and gas outlet means (32) communicating with
said inner chamber and extending through outlet
opening means in said outer housing, characterised by
means to maintain said inlet tube means (30) with said
gas passageway means in communication with said inner
chamber but with said inlet tube means not extending
into said inner chamber, said inlet means being
movable relative to said inlet: opening means in said
outer housing to accommodate differential thermal
expansion of said inner housing and said outer
housing, thereby preventing material that is condensed
or deposited on said inlet tube means within said
inner chamber from falling into said inner chamber.

18. A furnace according to claim 17 wherein means
(74, 76) are provided for sealing said inlet opening
means (70) around said inlet tube means (30).

19. A furnace (22) for chemical vapor deposition
comprising an outer housing (11, 12, 14), an inner
housing (16, 18, 20) defining an inner chamber (22),
inlet means (30) and outlet means (32) extending
through said outer housing and communicating with said
inner chamber for passage of gasses through said inner
chamber, heating means (24) for heating said inner
chamber, ceramic fiber insulation (28) insulating said
inner housing and said heating means from said outer
housing, and access means for inserting objects into
and subsequently removing objects from said inner
chamber, characterised by a protective ceramic blanket
(42) for covering said ceramic fiber insulation so as
to minimize contamination of said inner chamber by

particulates of said ceramic fiber.
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