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rel ates cult to achieve the sanme speed in the two belts to a process
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An acknowledged problem in prior art sources is that their intense arc spots produce
large quantities of macroparticles that contaminate the plasma generated from the
target and, in turn, the deposited films. The probl'em of reducing the number of
macroparticles in the films is conventionally addressed by provision between the target
and the substrate of means for filtering macroparticles from the plasma beam.

Known commercial apparatus incorporates a 45 degree angle bend to filter
macroparticles from the beam. Apparatus described by the present inventors in
International patent application no. PCT/GBS86/00389 describes a double bend fiiter
duct for the same purpose. While this latter apparatus is particularly efficient, it is
desirable to provide alternative means for reducing macroparticles in the deposited
films.

It is known to prepare commercial graphite targets by gluing graphite powder with a
binding material, such as bitumen, and then hot pressing under high temperature and
~ pressure to graphitise and harden the target. A known graphite target is from PURE
TECH INC., which has a density of about 1.8 g/cm®. The use of this known graphite
target produces a cathodic arc which is typically spot-like and uses a high current



the sane speed in the horizontal direction Itioned in face-to-face
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clearance with the struction is inpractical as it needs an ex- Dbelts;
supplying a |iquid nononeric materi al tremely tall building since

gener al | ythas disebeen diserded taateuding kaowey gradHitel targetegtie suacy of tHa takget
pol ynerization is |long and hence the appa- the belts, producing |iquid
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| eaking of said material through | engt h of apparatus. Speakin romthe
view clearance between said feeding neans and the [Price 25p]
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21 oTbe REERenLinvenfion SeRKs 19.P1RYI9S 2 NaWHBRIL & Eathads and snosle and a new

22 are a ghiodé'taryetanat, sepamew oriin SohtbiAafier, dlitinabe6F atigastameliotzte isome
end view and a side view of an per. frane mai ntained in_ contact with
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del i ver i ngmitsPfewerahatrapatities compdredoontie pidi af. i s used as a heating
medi um end of the belts. Figures 24 and

25 are a plan view and an The invention al so conprises a pair of sub-

end view Mr&iﬁ&é ; Wa?ﬁé&%%%; invention there is provided a cathode arc source
comprising a graphite cathode target and means for generating a magnetic field
substantiaily normal to the target which has a point of zero field strength above the
target surface.

In an embodiment of the invention, a cathode arc source for generating paositive
carbon ions from a cathode target, said ions being emitted in a direction substantially
normal to a front surface of the cathode target, comprises a vacuum chamber and
means for generating a magnetic field in the vacuum chamber, wherein the magnetic
field has direction substantially normal to the front surface of the target and zero field
strength at a position above the target and Inside the vacuum chamber. The cathode



stantially horizontal upper and | ower belts Figures 26 and 27 are
abbreviated views of 10 positioned to |locate a portion of each in face a

conventional type apparatus; 75 to face spaced relati onshig
with a conti 3988 qures 28 and 29 are a side view and an GpavoL2

each edge of one of said belts and end view of a belt driving device;
adapted to define continuous edge seals wilg - The preferred enbodi nents of
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her ei n- Fi gure is a side elevation of an apparatus after with

the belt surfaces. A I|qU| d nono- 40 according to the invention;

meric conp t|0n| into the gpace 105 . Fi ure 2.is a .
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of anot her em the belts through the ween sa

of the invénagnetic field wherein: f eedi ng neans and the | ower belt, but
this Figures 6 and 7 are respectively a vertical |eakage will be
prevented if the reverse flow section and a cross section of still
another em. d t o &t &% f

f eedi ng neans; ) at &' Rofit BUABEY Géé.ﬁ?l e byﬁés'g\%{e%ths are eﬁ'glm‘ﬁ’g‘f’me
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referred to as dynam c bal ance herein. Figures 9, 10 and 11 are
respectively a ver- Forward flow is in proportion to the belt

@)  magnetic field strength in the direction substantially normal to the front
surface decreases with increasing distance from the target to a point or



tical section, a perspective view and a bottom speed, reverse flow being
determ ned by the vi ew of anot her enbodi nent;

vi scosity of uid conposition, the sectional 55 Fi gures E_go are
respectwe\“@’é’“g area of said clearance and the liquid p?é@gg 119%2
tical section and a cross section of another em bet ween the belts. The
| eak free clearance size bodi nent of- #eedi ng neans;

will be determ ned by the possible path length’ Figure 14 is a view
of various gaskets; regionrafizgrostield sttergthyend | n ot her words, the

Figure 15 is a viewof aroller wwth a flexible clearance size nust be
sel ected such that the 60 shaft;
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and 18 are secti ons distancefioen the tﬁgetffsldmlrectmnI@dWa?drqmﬂtheWmﬁsnrface of
pr event appar atg&ggcordi ng to the invention; | eakage with the
aid of reduced pres rget. Figure 19 is a side elevation of still
anot her the closed upper space of said feeding neans 65 apparatus

according to the invention; as nmentioned in exanples 1 to 3. Also in
this 130in this arrangement, positive ions emitted from a front surface of the ﬁﬁ@eﬂﬁ&ss first
3 case the nechanism_of so-called dynamic surfaces. A-B and E-F are

posi t i onelrewgh a magnetiedield whese; gifection is substantaally opposite to the idinectian of
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the prOduﬂt‘erﬂd}mtmtthat dirkttion P asto and|thirglyRthkbuging rﬁa@néf@ﬁﬁ!@’ﬁhéb@%éch&nf’
i ng nmeans, generate‘adgﬁnchl ng pressure to edges C-D G H of the duct

for maki ni§ Substantia SaApe as hat ofithe pq&ﬁluem@ss‘meelasarMconmmeaﬂy cahe
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The mat ergbstratef ed froma reservoir or pre- age with tenperature rise

and polynerization. paration tank 11 of the polymer material and 10 It
has been found, in other words, that the fed to the upper portion of the

f oadi M L i
through pREEmatvaly. the REid 8RR SikatB U InG eDEP|s Ay btttk Rirbgt 1owargs
to say, Imaesubslraieﬂmmhém aphintorlféguﬁnﬁﬂzémnbﬂualrfnao and distilyifebm the
pressure js determ ned by the pinching the inner surface of the feeding

means. Thigont sufape thefield dirgrtian s ihebr ievagser d:es towardsablectarggteni ng 15 at
t he upper part of the feeding 15 belt supporting neans are spring nounted
rol- means 9 is connected to a vacuum source. The 80 | ers and/or the

neans desiderdafterharpuiniért mgion of izpes fislastrenidth if@ ditsdtionssubstartiilyatoraial a0
It has further been fouEd that for obtaini n&( adequat e reduced pressure
(o}

| ess t hanthg;frpRt surface pEthetargekis alsoxeierted to asa pUb PRIt t he seal -
pheric pressure. I ng gaskets nust have a repelling force of 0.01 The
reduced pressure in the upper space 20 to 0.5 kg/cm when conpressed to a

t hi cknessin arprpféreedtcémmdmmnmﬁtue invention ghérecisgprovidéd a cathbde rcsauicet
at the pol rlzatlonSJTB olvedlnthell quid material and for
con- q\}pgnsmg a cooled grap tte ode target, a cooled anoda, @ R BOWRE SUPRLY: d

pressure behhefitd Predid fa?'generating positive ions in an arc between the cathode and the
anode and means for generating a magnetic field in a direction substantially normal
to the cathode target which field has zero field strength at a position proximal to the
target and located between the cathode target and the substrate. Optionally, between
the position of zero field strength and the substrate the field direction is towards the
substrate and between the position of zero field strength and the target the field
direction is towards the target.

The desired magnetic field is convenientiy resultant from two separate magnetic fields,



When gaskets having a repelling force of Figure 1 shows an apparatus in
whi ch the | arger than 0.5 kg/cm are used, the thickness |ower belt has
a |l arger Ie%% t he upper 25 of product is small, about thercmtoDozn :
the ="belt. "Frgure shows an apparatus in which 90 transverse
direction and large in the vicinity Iengtg of the upper and | ower belts
are equal of the gaskets. Applying a Targe conpression and the

f eedi ng neans does_no i i f ; t rii
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for I arge 5pathhdthé suBStrafe. DFERAS of HOIWE RERIS brodiices aciNssiheghrdéQgiRwhich
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| eaking outside of the at a, b, d, c between the upper and |ower belts.
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conmpound b I ; [ Vi C t; LA] i
To5 " Wit EBHhed HyBELer srhBFuliR otind: inbepfion tfdre' S EtEuug iehs Jo
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enbodi nent s PERRION: PleZ@ith APHH %s Sengie s¥Gh 20 aEANPBMSNt is conyealept for
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H.A of the opening face against the belt and a sheet polyner product is

t aken out. 130 . . o . . .
As the current in the respective coils is varied so the null point, that is to say the paint

of zero field in a direction substantially normal to the front surface of the target, moves



4 1, 300, 400 Figures 6 to 8
show an exanple in which The value of constant Kis 160 to 300 and

wedge shapﬁ%%z&gwg means are not in direct changes in a | pé&ricaropege :
accordi ng contact with either belt. The two endl ess belts shape

of the feeding nmeans. 1 and 2 are arrgnged respectively above and
Figure 9 is simlar to Figure 6. Resilién beI ow and are driven to run

bot h edgclmer A, FRBR Bf raaner B a8 surthne of dhe Blfton (e upper

surface of the are sealed by resilient gaskets 10 which are feeding
nmeans 20 there is provided a passage In contact wwth the belt surfaces

and sl i dejtvas heere fouryd that wiilectheatespecfiveoit barrents aneovaried so ast feembeedhang
nmeans 20. the transverse direction_ of belts.
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constr UCt
that the days iy kgt SEAREE, Uik is to SeFTREHE in WPARECDIE G Bnlat It Br
defi ned byatsiiel ttotrwe fronhgurfade f thédafget,ostags withirs acteptableboandaries. and

| ower endl ess belts. This feeding means than the distance between two
gaskets for seal - as shown in Figure 6 is held by using a suit- ing

suspended VRGRIN, R TR eq generaEF il foid ot o RNl of BTy %@W
75 - of Ashsurf@mtninu e 'setohdeyoiB isinairiedobétaden28A ang 204 htHehatrehfth beh'ed
depth in the vicinity suspended fromthe bearing device 25 on the
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be ex- means provides for a suitable clearance with- plained
quantitat twsashmm gourges haviagnerossed it renersast fieldsoer atharwise providing a

upper  and etk et v«tn{healﬁlﬂf"bgtnqﬁgﬁ%g\ ﬁﬁgﬁgﬁs 'E.'Jgggate | ower endl ess

belts. gur pattern a condition
of Feedi ng nmeans 20 forms a space between the liquid material in
t he cl earance between 25 the upper surface thereof and theeﬁlp per b he

|
| over sur itdedupher pbsepead Hbatn@&n#rﬁmh ef-the resyjiant, magngtis e’ﬁeEF Y

nozzl e fo C 8

the |i qU| rra er?{%ISt{%%h%&}e?ﬁgpﬁ@%ﬁh&mgﬁéﬁ %ﬁ%&&% Pbt rat es aﬁ"m’f ower
surface oHeposition ratet Weethd Imelltpmnbappmacﬁbs s:lcmeotmtlte: tdrigety thie arcabecomes
feeding device 20. 10a . illustrates th quid material in the

t r ansver s BxeriBtansnand is decategclaser @ theht,afw. ia strepg hlde R'ﬁnﬁéﬁcﬁer?@ 3pd
1o PR netBiE & AigeRsa h 3¢ deifisiian O CAS tnadilfl ifint RveE3EL BGAIIRIA theé

line R RI ure nmade from

trates thtarget]the strehigth of the rdagﬂéﬂc field atithé karget surdécd incréasey a:sdlsﬁstainmg
feedi ng neans 20, er surface of the feeding neans. The size

mai ntai n iheeaeg é&ﬁaﬁﬂg‘“semﬁeéw baeomeproplemalici: Hheee @(E‘%’ﬁ%@ﬂ lﬂ/d?‘l"f eage !n
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T, T, S QEP??IUS{‘I‘ ?ﬁ@éf ztn%e ?#‘I Meg"ﬁg ﬁlmﬁ?ﬁe%ro@fgﬂ eria et d

transver sento tHe wail mﬁhumddmw:hdmbére Onte rthm occmrsam-snﬂeng of%he target ls
virtually impossible as it is covered with ta-C film, insulating the target from the arc
current,

The null point is therefore chosen so as to be at an intermediate position, producing
an arc having a diffuse arc flame and reduced arc spot intensity. For different arc
source set-ups , finding suitable operating parameters may take some trial and error
or calibration. Using a graphite target of 60mm diameter and a toroidal duct of 12cm
(6 inches) diameter, a magnetic field of about 50mT above the target and about 60mT



di recti on. is no transverse flow Since

lines parallel to The liquid nmaterial is supplied into the the line
P, P i||UStraﬁﬁﬁﬁ§§§ pressure |ines, space between the uppeicassoisns
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flow of the liquid materi al sec. Is expressed as fol

On the ot héormlagdther plasma peas afcpasitive onsiés a very low proporhon n of the total arc
verse flow, 'tt Is assuned that the line R S

clerr]h unen T of the end of the reverse flowis a constant 60

L = K |l i quid depth source, the distance Is betmeen

y Vv the |l eading end V of the transverse flow on
1, 300, 400 Alteration in the strength of the bottom magnetic figld, underithe fasget, ,gjogmps
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the end R er ro et wee

the upper 3ayehe ¢arget surfabectheh irmotd glektronBefidw direwtiy frortted cathode td iesdinode
endl ess belts 1 and 2 are di sposed gas-
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The plasma beam produced by this cathode arc source can subsequently be filtered
using conventional single or double bend ducts. Magnetic steering of the plasma
beam is achieved because the plasma beam follows the fieid lines of the magnetic
field as is well known in the art.

At the null point, the field strength substantially normal to the target is zero and there
is a strong lateral field. The normal field strength is measured in the centre of the
plasma beam. The lateral field strength is measured along the cylindrical wall of the
anode. In use, the walls of the chamber in which the cathode arc source is located
are typically coated with carbon flakes, which glow at the point associated with a
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Equation (3) has been proved experi ment - defl éction substantially
negl i gi bl strang lateral field, sp|vsual observation of the position of the zero normal fieldyriee

acts to ppoduc .def ' f g Figures 12 and 13 are views
simlar tg"e éHgP?' QC‘L‘ﬁﬁéhQQS{ §F rﬁ?@%éﬁ'@é@t‘ 3tw‘§ﬁ'gy%rﬁaft end 10 Figures 6
and 7. In order to seal the sides of of the idler rollers deternm nes the
deflection 75 the endl ess belts, the gaskets 10, 10 and 10a, and _
accor di nglry anhembadiment of the dnysndioturan arc smucercomprisesiad cathdade focateid s

of the endl ess .betwee he .hel ts. elts respectively in nti puati on

so as to FU%@H@&I&FP&@@Y (Wiﬁ'b\a Y%%ﬁ?’?@“@‘afgﬁ 2@"?’55%’;@53 oggh%ﬁp‘ﬁﬁpeé'dﬁe

speed as é“ﬁf'%ty &s t%ﬁbf‘rhde&ebm&rf;f?ﬁufs smddﬁﬁyﬂéxﬁ%a@sna "BééndPalvBgirdmthe

drum 31 1 ac elt surfaces an over renalns
hor i zont atatodiet Alengrthedniddr wall of the 8hamber.t Regfaphitertargetisiin elEetricsd! coatact

t he feedi ft d | | i | el. dt
bl t | ur 1 HABGFABEIEATL 18 Brevert Al botRE LI SAtbads drather ar heufarget)
sur - thg t de0Bhadéctichlly ﬁ%ﬁﬁtﬁfdﬁroud]sﬁgogggﬁ the chfod®, qf iﬁfﬁ@g?rred that

t hi ckness e transverse direc- ets are stac

adj acent distances frarpthe betep@dgesrofthedargetitd the dnedd arei subitantizliyethe same
between th elts. This thod is re- form . , ..
85 f el e Waye reund ggedtﬂfsﬁi "ggg'k&"aﬁ%‘i'ﬁoéh'ﬁnié aghiexed b provision,4f a

of endl es ; N

are tens: sudgehRaly Eeular farh 3¢ dohffaly BShofiaa sitin EEHTIACER shote” dh Sadition,
reﬁg_ect |t yeﬂa/edfgd mi_rei(d@st dfyt?e[targetiaremptioapld Iﬁﬂ:rmfded s(ama(tjtltm auﬁism:ml o edfz%nly
conbi nati ons of gaske a e sane, spee e |lower endl ess be i s

by the dogﬁme%gl%?nﬁéﬁm ﬁ:}@@mq%rpf Wert2598tt al Iy mi nt ai ned by | ower
frame con- 90 Figure 14. struction
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ot s of 1 BAWS, R AR ek spal suhsabiientY S0med gRwh an,alker Roron of thel ket and
w th one i he@Bts vi it i i

belts. 3595 é’ﬂ?’é’gfgpﬂ:"?ﬂom tas \ggiarn %)Tm 8' se kevtvsa :terocr?g 'eo? a"°‘?%‘°éaf‘? éﬂlo‘gn ihfié
mat eri al &, ftbdudly thesetanddes tyiCally hawki diamietetshsimilardtof therdarget diammter.

hol | t 19 and | i gd bet belts b . havj I
i anet er  Ghrardn Brasnet el etk eB0ye Bhr sl ine Taght frsadiysfec S gfattf fhe
i qui d X : : . .
i cat el PR AR CASS tHopater iffel ik AiftoRiatly He°samBrliStire Shoye the
ef f ect i vetdrget sufacedges between the belts is sealed off by resi- 40 the

manuf acture of a thinner sheet. |l i ent gaskets 10. As the endl ess
belts run, the 105 Fi gure 14d shows an enbodi nent adapted Iliquid

mterial Existdl fifbral ddifo @’é‘%@ﬁrﬁ%;na be mddifiedHRLbAAAY'S 116 idvdrtidiNEy

sheet, in the“belts and polynerized ter sprays an

gasket i satiditiondofl atsecandimagnetie field caii at lbabgtoilv ale darget @indihavingta rdverse
pol yneri - zation is

.. Tibb s . .
conpl et ed dngctgéfu F%ﬁ}nafq? g‘geeﬁtgg[mgdnagnetnc field coil already present. In existing sources

it is often found that the target need be located at a significant distance from the coils
of the magnetic steering field in order for arc striking and maintenance to be achieved.
The invention, using a reversing field around the target, decouples arc generation from
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the centre shafts are sup- noved by bearing nechanisns 40, Fig. 22, to
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The shafts 29a ogy wWhi g e the two main pulleys 4,
Gy S uRaete B fosual SBKE

6 to be driven liquid pressure in
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Cor o whi ch Thesgrst 8hdsesPfig ARSI elds 280 be generatedfomucalisineated respaciively,
structure t Ve 9. F mni : Y, [ |
hot wat er ?és%t}?e gsbe‘B V\heenqtaﬂﬂés' Sggaﬁ’ﬂgﬁl?"é?’ﬂ}éﬁgﬂﬁmr@? %éﬂe%ﬁj&
heati ng nedilteningl machopartiglesefrom iplasmaeproducedrioyiithe &t by estebahg thadpristha

to belt sur; endl ess belt 1 is heated by hot water from faces to
hol d the sdFoHana sinale of dop {abend duct. g@ﬂsiscmk%gbgm therresultant fiele includes
falls from (yﬂgﬁ.t taed h\ei S .
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cont ol | e} SeeoNS eSpeCh o Iniitions SuRABIRIEF LBe repeRtely or i rofbbingtion wit

pol yneri z- the are sbueceiaf thedfitst @spectief the invehtiohaelates td a-graphiteit ss of
the present invention includes 20 tween the |ower endless belt and the
| ower a mxture of one or nore nonoethylenic un- 85

Accordingly, a second aspect of the present invention provides a target comprising
graphite powder of average size greater than 2 microns pressed under elevated

temperature and pressure. lts typical density is in the range 1.7-2.0 g/cm®; this target
Is for use in a cathode arc source.

Preferably, the density of the target is in the range 1.8-1.95 g/cm®. The graphite
target of the invention is typically made using graphite having average particle size of
about 5-20 microns, by pressing the graphite powder at 400-620 MPa at least 150°C,
preferably at 230°C +/- 30°C. Preferably, the target is pressed at 450-600 MPa, most
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multi functional wunsaturated conpounds. reduction of the frictional
for ee bet Wi 98/H3988 These nononers may be applied as a m x- BIT01992
construction and the endl ess belt. ture of polyner in a state of
solution or sus- 25 Figures 24 and 25 Hhew details of the |ower pension
or as a partially polymnerized nono- 90 frame structure. A group of
bars 44 i preferably-at 500=6000MP@r ni xture. For nonoet hyl eni c un- angul ar
box is provided, the construction of saturated conmpounds, there are used
as, for which is alnost the sanme as the supporting exanpl e,

met hacryl UbsiSntip"; :

The bar s e araphie PRAVEr 1 Prefiic the, sutilinid absafiot B Sindifg firiarys that
mai nt ai n tive resultantctaggetsbad el poroushstructure thatitrapatgas within itsrporesi ot cells.
of essential anounts | ti

. 95 ., tal ﬁortron.
of these YURERUREY A enientpnalsathade ar Rpuraescor are sources areowing;th sha fist
bet ween e P eBPbf K \}é‘?’\trono'é Wbbéﬁ{ bY positive ioAis 'JHf&ﬁhb@"Wlth“féduced
end| ess be an antr riction saturated conpounds, are us
for exanplegission of dedtanmnahag saawomﬂirées.asmrbeprbpertg rsobelreved to be due to

gl ycol di net hacryl ates, diar t hapryl ate, di- 35 truction for supporting
of 'the uppeEsERSY ot SRl appia pgas GOyt 'ﬂ*rtéﬁrﬂﬂféﬁ@? grey@agerarrgoahgarc which

D A s 6 WAL, e oo 8 i

vant ageous;yftars thepoy.y For caalimg)applicattﬁdswhwhrch armﬂﬁlean'fbhnt of gas rrﬁ Itmmm can
construction for sup yl a and a cop ol%rrerr zation

porting the @!ﬂféﬁ%ﬁﬂﬁé@@%# tthUS o advantage as it regy W%EPW'Q{QS iAndpedfilm.
conononer copol y- 40 Feat ures and advant ages of the frane con-

nmeri zabl e therew th. 105 struction for the
out er suppei pagicoizarembodimertiof the unventidre the target és pm'sdedrntl abouti 550 MPa,
the belt surfaces are now descri bed as gfl I OVS. tion catal ysts, For

pol ymer i ziViR@ %&?’&%Q@SW of a"°uf‘ﬁe1§ "E)ar;h@tﬂﬁgeh&pgfe By air A akets
th f Ol
over bod 05 Wl sobfaratiodests, &88eEbMEsed usI SR i< BRaghie itiiaE and

operate tat mmmpﬁes‘sure bht:at mrhrtempeﬁ'muce gehermatys lansufterrtargati which in use
benzoi | per oxi de, ror b asket ) appeles t_&‘ effe% of the
gasket s orpmd%%%ﬁ aoeam B%Y‘BQ r'%ﬁa{iﬁ% 1aqsepaRtic & invention {iyys relates
t hi ckness

I sopr opyl per oxXl| %g%h'te targ%rodur:ﬁd by s?h ﬁé’?ﬁ*ﬁ%’a? fﬁ&?%@hﬁo Ckneg%@\;amnfilshape
car bonat e ofrtbettargétpeambedadjusteﬂ acem;dmgdbdrt into anydiltebedicathbden@rc source,

ﬁ;{ S_Ct g\ée ﬁé&!ﬂ:& ngwﬁm ghy, arqpeg té{gﬁtés,gracular mpcr:]rggls lsegt%r? fsrhgr%g?%gjrpgﬁeeterr' %P é&%lm -
Pol yrer i Zatlb@l‘?ln?aﬁr@lféﬁ%‘oﬁ/ Mnsed 115 Fi gures 26 and 27

dermonstrat e di agram regucr ng system such as peroxides and am nes
matically a case in which the gaskets havi ng rray al so be used in

ot or 1R SRS @%&ernsqt of fF8Tertfha to be des bl naraalter. 1oe catilidelarges,

f the bel; | I 5
1(:) he sﬁppgr ng roI I ers g% %\ﬁgéﬁrﬁétwaﬁ Cé?%’hﬁe rﬁ?lbl)ﬁtégdrﬁt%rb OqQF Wlérbn@
agents, f I(325rmestm)ycamma§ a,der@ity of 1.8+0Gg/amfe belts 1[err], 2[er r] i s

| arger in the vicinity pi gnents, nold rel easing agents, etc. of the
gaskets 10[err] than at the centre of the The foregoing description

relates tq @ﬁ? of tt;@ g%\éhrte target of the invention, it is obl_served that the 8a4Ho%' %qutg

mat eri al meri z ures 8 an

show con- producnnﬂomnhe surface of maetargeﬂrsandreadrffudetm&rdwﬂn using pqnaart targets.
equi prent for_the rotat c;_' of two with the advancge of the bel t surface to
obtain 14tis also Wﬁvﬁdﬂ at e \ﬁ?‘mPQ%ﬁp%ﬁ en the graphite targst of the inventian hasam

Povar - ROl HEP thaR (iRt Yiing prick’oif 1AL o 5 yBlcalty AriindCP L sfiA, i

the same diametérprmete tSpecifically ardund 3mnmnldramaeﬂ sk is dark )adv@nizagvldfelﬁe
speed. Two upper and |ower endl ess belts 1, thernosetting ?_l/
conti nuougn\&emmmtna;eusmg the graphite target produces a cathode spot that emits fewer
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surfaces. 130 7
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stai nl ess sifRbdENErget of thé thmnX“swmsmt@d uAlforrilyt he feeding means |ess
belts of thickness 1nmm and dt h to the level of the belt 2 was 5
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havi ng of a 3nm nean thickness. The who hi ckness
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40m was E &ai ntai ned such that the pol ymeri z- heat ed by
hot wat er of 80[err]C by spraying the 20 ing zone had a thickness of

about 3mmin the outside of the belt and the area of the rear regi on
of roller dgtisipseferren that tBe gapbiteipawdenisr prassed at-agressare2ofieas68edvia,
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di amet er 10§mMgo PiZ80°W, rA6te/ BretdfabhRo0i-de60e0! ai ni ng di butyl - 85 The
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of the batﬁhggghdﬁ]ngmgr part heated in air had a conpreSS|on strength of
0. 07kg/ cm atnosphere at 120[err]C. The belts 1 and 2 were when
conpressed to 3mm at 80[err]C. If the belts 90 driven at a speed of 1
metre per mnute, re 1 an re driy eed,of 1Im a 30 was
obt ai ned a fl at Br?cY' R8s H“t‘ﬁ%ﬂ'&é’é\"@hf“efﬁ' F@a%o 61?;2‘8(5‘["1‘1"‘1ransparent sheet
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5000 and of a pressingthe powseridntosthe mould at a pressure of about 550 MPa and a
‘;’0' 3mm temperature of about 230°C to form g%arget, and Exanpl e

releasing the target from the mould.

A typical mould is one that produces a cylindrical shaped target, typically having a
diameter in the range of 40~100mm, though other target shapes such as square,
triangular are appropriate according to their proposed use.

in another embodiment of the invention, there is provided a method of making a
graphite target further comprising pre-heating the graphite powder in an oven at a
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from the plasena deahadaying m@if[aantﬂ];(teduced levels bﬁlmacmpdamclesndt s fmﬂmer an
s heat cAAVANGEGR of st fendon; tabge target 1Sef wissn uSed:insembiatien wibithe
a | arge oghgode arc 50 J’&ésof thBahPeNish ﬂﬁﬁ’ér%ﬁuéﬁ 'i'i‘?é"i'\'@mﬁ%ﬂ' of ﬂhﬁ@a%cle‘shﬁ

liquid material |eaked from be- transparent sheet very uni

t hi cknessthe emitted plasmat s. The sheet thickness was then

1, 300, 400 8 reduced and at
the sane tine the | eaked liquid Resi li ence of Gaskets

materi al Y iRGLBR] i’ Mol destbet® Bie Riflo

sone gas-\Wll snoot h operation coul nkoatﬂ %n%%@é&ﬁé?ﬁﬂ{bléﬁiﬂg rg?gédﬂ\?g?bebgs

fol |l ows: construed as limiting the scope of the invention, and illustrated by drawings in which:-

Fig.s 1 and 2 show, respectively, front and side cut-away views of a cathode
arc source of the invention;

Fig. 3 shows a side view of a cathode arc source of the invention as part of
deposition apparatus and connected to a deposition chamber;

Fig. 4 is a graph of magnetic field strength in a direction substantially normal
to the target in a cathode arc source of Fig. 1, the field strength measured at
the centre of the beam of ions emitted from the target;



Qut er wal | Conpr essi on Conpr essi on

di anet er t hi ckness up to 3 mMm up to 2
nm (mm (mm DBP

(kg/ caferr])wo98/03988 (kg/cnierr]) 10 - PCE/GB97/01992

44 percent 0.39 -> 0.34 0.89 -> 0.78

by wei ght 10 0.613 - : ., 0.14
0.15 0.34 0. 33 0.4

0.02 0. OBig. 5 ls agraph of magnetlc fleldsstrength in a diregtian substantnally lateral to

0.18
bol ymer was ¢ andieciATaRt o fatiodesaisesouge ot g 1,18 Held,shranath measuted at the

steel endl ess behﬂﬁh&%&)mg &éﬁ@tdi'ﬁ@fe wi t hout conpl etion of poly- 10

t hi ckness 1mm mm and respec- nerization at about 80[err]C. and
then rapidly tively of lengths 15.5 netres and 16 5 nmetres

pol ymeri zed. yvere tensi o hori zont al ul

runni ng speed of Fidhd End Qi?gp‘b%!‘i"!mg rat %Pfé}/%ﬂ @'téefﬁm ﬁ%gﬂi P(Pe?$u§% of

that was |ower egrésg"ilgOgFg Hi’@r (50" ltﬁ'lt@'%dt%rgﬁt 55 t he opposite surfaces
a

will run at the teri ed to 150cc per minute 15

speed in the sane direction. The polyneriz- and the distance between belt
surfaces in- i ng zones were about 6 netres, 4 netres, in creased to
3.5mm for the fiFig7is @ g@pheshqwing targetedensity aaam%preﬁﬁum Wésﬂﬂgrﬂfgﬁbﬂe
flexible sets o ) narrowed successively by idler rollers
of a dianeter 90émw§gléﬁ{tlana %}ggt' steps of 0.8mMm (4 sets of rollers) and the
same 60 sets at intervals of 200mm The distance be- for the |ast

group (9 sets of rollers). The 20 tvveen belt surfaces was adjusted and hat

water bubbl es wElGe § dss Photgrapheifean egenerated using & spaumarsially available
80[err]C. was sp sheet form polyner having a thickness over a
out si de of the béﬁﬁ‘@ﬁcﬁ&é%s The latter half of range of 20.2mm t he

second zone of 2 netres in |ength was (4) The running speed of the

endl ess belts 65 heated on the outside with infrared | anps to

changed to 12cm Fige8 igishnphetograph péanmrc gegesatedaising anwgraphite target accordmg to
anount of materlg.l {,\gggu&q 180 cc per minute A viscous |iquid of

about 5 poise de & Wi th the distance between belt surfaces being

in exanple 1 was delivered to the feeding sanme. There was obtained a flat

and snoot h means by a punp. For_seali nﬁgboth si de edges transparent,

sheet of 20.2nm Fig.IRiig @1@‘3@09" aph of a tarC e danasited ysing 3 gpmmercialy available

Beampi o5 snraptirechfer i Tk SRR AR 50 per ° This enbod ment

is an exanpl e having cent by weight were used noving at the sane

approxi mately the construction of the above speed as the endl ess belts.
descri bed embodi Frightl1 istR pbatagsaph 9fia tarLe film dep medpusmg a graphite darget of the

bet ween belt sur and the length of the 75 35 was
adj usted such th&\%ﬁﬂ%"?ﬂﬂq@f&?&%’é‘]’@a&w&x pol yneri zi ng zone was about 60
netres. a thickness adapted to obtain a product of The liquid

conposition described in 2mm t hi ckness. The endl ess belts were run at
exanpl e 1 wAeferdngiefigs o2:and3. @ gathade arc source (10) is shown generally in figs 1 and

2 and connected to a deposition chamber (36) in fig 3.

The source (10) comprises a cathode {12) shrouded by a non-insulating shroud (13)
and an anode (14) that is formed by the inside wall of the vacuum chamber (11). A
target (16) is in electrical contact with the cathode (12). An insulating shroud (17)
surrounds the target to prevent arcing between sides of the target (16) and the anode
(14). The cathode (12) and the anode (14) are connected to an arc power supply (not
shown).



10 cmper mnute. The liquid material was which were run at 1.25 netres
per mnute. supplied 150 cc per mnute so that the liquid The

di stance between the belts was 6 mrmfor 80 40 nateri al “DU¥ETRﬁﬁﬁmﬁw

t hi ckness YO 23988 t he forner 20m of pol ynerization zone Bere
was obtained a snmooth and trans- 2.1mmat the last part and |linearly
change- parent sheet of 2[err]0 2mmt H ekness. able at the mddle
part. There was qbt ai ned (2) Then, the running speed of the endless

a flat an@osiipgaf the sathadesis:achievad via supply of ceeling; iaavajeqiniet (9} and
o ot or' SyetpEagtiet (22f EQofifgGFthe anode is ligewise chigved by sunply f Efofi, waftr®

bel ts wasyia watdrtiRiet {24)0and wuter betlees) b aVites thdtasosis e BAode PRissas thivrigh
t hi ckness of |iquid conposition for the same. There was obtained a

pol ymer ha3-layetes eealing: jackeh(@d) with flaw of qoolirg meater imthe directian indigated by
bubbl es dIS ersed n,the interior maxinmm belt speed for obtaining a high
These bubﬁf ‘oduced because the quality sheet was 1m per mnute.
90 1, 300, 400

9 Exanpl e 6 for causi ng the groups
of the i dAcrotatableestrikeo (28) is mougmt)edmtma&gimmwmum\nh@mdus adapted

e Tenyt T FOIEtS Towadls' et ephfii 138 Tore? 416 to achiels initgh f the Cathodle S ™

and 16. 5m nade of snooth and flat the length of the reverse flow on the

|l ower 5 stainless steel were set up by using upper and surface of the

f eedi ng ndaview M@Q)dtjcmmg)alawagmock ﬁmhg\tmrgaampmlﬁm)ei;snoﬂntdabommm&de
di anet er ?g\ e neﬁpll the thigkness uniformt 1000mm with
tensi on of QLSPUFFea vigiRiesinspection of e, aic dUHRS QP&raUS whi t e acrylic
resin the upper and | ower belts horizontally. The sheet having a

t hi ckness of 20. 1nm and a pol ymeri zing area had a | ength of 6m The
good appe&&tmﬂéhaﬂ&rgﬂ&t(&ﬁhﬁﬁre j@ a first waghetior¢ailo(820 showinninsfid d carndl nloy showit

80
vater SPrE 66 2 ShALmontsd abeye e fergé (it agpund the )cv}meﬁ?fl"ﬁa@&f the
Sheet MEKiHariaRA6% Hhoond RAGFRUEES (38PSIH 3h | S het ShoRAORTTg 2).

havi ng belts each of a width ©of 1200 mm and pair of upper and
| oner set opendtion of he cathadepary mourge n(j 0y omaghetigtfields arengeaerated by the

Ponst r uct SasRetivg Eaia20 841 Andiaslaf HBBes, MBI LR Wik e YBTAR°
in Fig. 1QhaﬁbérQQSE%héh ftR&t, etsut '20-4che abBle the thRjat] m mmmererisoé poiAt of

t he polyner|2|nP si des were tubes each having a wall thick- zone
was heat e@er® figichsigengthiisng dirgetior substantially foomehin mﬂjt@rgebﬂﬁér nknhe point of

wer e made 2800, At SPNEHT il B e b8 vt e fufioahd 4 36n
upper and digtdRée abaveithe taFy et by. Iaritionnsf e é‘h%ﬁt&'lﬁhhé&b@f)éctwe covls (32,
endl ess belts were driven to run a velocity of being |ocated al on

| ower endMsvnlbyawtmsdlstancelwmemmsmrfaneeoﬂtangargasf(wmnd&bm lnomt In

Figore 6 B3 1§ pBHTES or 8. s baY ae) exant o whll (6781 BofiR"alks

(42) leading to deposition chamber (36) which is mounted on support structure (38).
If increased steering field is needed then field coils (34) can be supplemented by
permanent magnets on the outside of the bend (not shown).

in use of this cathode arc source, the currents in the respective first and second coils
(32, 34) are varied such that the null point, i.e. the point at which the magnetic field
in a direction substantially normal to the target has zero strength, is between 0.5cm
and abodt 6cm away from the target (16).



400mm The solid seal on both sides or edges feeding device and the | ower
endl ess belt was 25 of the |ower surface was adjusted so that a a
constant of 3mm On the upper endl ess belt di st ance betvveei;ht, LYY -
surface andWRBOHYe of the feedi ng neans, there was a depres-

belt surface was 1.5mm The gasket tubes sion serving as a passage for
feeding the each having a wall thickmed8 -of 0.6mm and material to the
transverse direction,, as an external dianeter of 8nm of pal yvinyl

h
in Fig. 10.Dwing apatation off w@m&tapégsarerﬁweeébe magpetie deld, geaeratad tyothe coil
Dot oL it naedttbd Ehdle he et (9] waf KBBF LaBiafl ahic Brdviding & iinetic, field with

a cl ear ancey@ingth abdut 50nbiandsthiesurrent ire the coliuictated belowdhé darbety(32) was
tance of 1.5nm The |iquid corgosition des- means at a di stance of
750nm bet wei@hiedhbetwesny fAdand Ak the resultangplields it theoretral and the lateral

Const ant 1 IRRCHSS YRrR, PRendte” 115 ffuilkfla shOUG. o6 A ShES" oind A'HESedh

endl ess belyhst 3¢ élirrerdindie ol Below the tdriefisdficreaseddroth SEOHYELEY irfitemitnts
a constant city of Imlmnute. The idler rollers support- 100 fl ow punp

at a rate of 258@Nd upriat20A.0se ke posificsoat which e nesmas magnetic fieldihas)zero
f eedi . i nching f f.th diusted. Th

Mength of stenalheBeRdRRIon AT O S6m taysdhg fadint sitace REHESYF Bopi afioya the

the front thiqgisthraRbe’ Fy. 5°5héWs the%u&eraf%eae&ﬁﬁgﬁgﬁ%tm 'd?rthgfﬁélbffn a

pol yneri zi ng~zone was con- feeding neans was contro ut 50mm
trol | ed so dirleation tateraitte thatangetand rmpeasdnadsatthe anadsg wall (14kof thecsourge dde

f the |eadi d | i,qui d i.ned . h f
Che. Teedi ngeRiad Nl hoshaw gt Berdehnidtn o TRE tRiersi R vakles HRnye8R, A 10T,
2 cm in | ihdrfthedadsiehsint thel 6611 BBRW i target e sl SHd dha Ul paht is abd@m.lsgm

di stance between the | eading end of was made constant at about 60mm As
re- 45 thabowvecthectargel\sufacacand phaut2firoli wheontheheurreot in the o doelownthe

20" 2mm ¢ i SRAELE 208 e thes ot PO 1s 2B HiGerR s e e, S50 < Hetenayto

means, i.efigkhg and §) Whildhbse fgsi MGsPaR tHe FERIIBUSNHdasuPémeRE of field 8frdhbth
of the revefse flow was nmade about 4 liquid maiterial to 3.3 kg/ mnute on

t he | ower usingthe ¢ail aurresis specifiachfartthenadl helaw theatargel: dnwill baiappraciated by

1 3%, el o e g 3

appear ance piiit iflthe rigth dield isside e vacafh thambet il BBb¢é ithé tdrbet, can also

tai ned. By increasing the pinching force by wthout direct contact

t her ebet we &e. adepteddiring use of the, gathasle;aruseurée. t he idler rollers to pinch
sult, smooth and flat transparent sheet of the endl ess belts so that
the internal liquid 30.3mmthickness was obtained. 55 pressure was

equi val ent E,@"_J,Qeqm depth, the | ength of the reverse flow on the | ower
surface anple 8 of the feeding neans was increased to about

Figures 17 and 18 are cross sections of an 120 25 cm As a

o e e e oSl R ore ARG, A Spapie gt YE bipcRd ALK pRbng
exanpl e, endated ab250 Yegfeed CHoPADBNL EHOtrSY THRSpOWHEH WRE removed from the oveh
and 2 of snooth stainleSs steel each of a (ri) Aviscous liquid

q
m | ky whi t @ntli pressed,-free iof bindesrs sueh asnbitumenwirdan, istiarmouldrat a temperature of
copol ynmer Qq oph2 i e .0 Lt he.horizontal .direction at
speed of 1f§°ﬁP%§byén?’%) Rggﬁﬁéﬁ%%t%hﬂ’%mﬁ"#r@(ﬂ?ﬁ%é%‘“gd%'%'ﬂﬁarffa
m nute. Fopehiba cfbuuttdomisiaesce acrylate in aratio of 6 to 4 with a
very small = were used flexible rollers 33 and 34 each con- 65 anount of

titani um oxide. The pinching force sisting of arigid drumand a flexible
shaft The resultant graphite target had a density of about 1.9 g/cm® and was cylindrical,

having a diameter of 60mm.

Using this graphite target in a filtered cathode arc source we observed that the



10 1, 300, 400

10 depicted in Fig. 15. The drum was nade of Mounti ng shaft 29a;
stai nl ess gtee bi ng. Di nensions of these mat eri al 27
part’s wer eW£94'?9? WS: di anet er Pcrmnwoﬂf@mﬂ
60 | engt h

80mMm Drum Di aneter D = 88nm Lengt'h1%00n’m_5 Centre shaft dl1 =

d2 Tonm AATeE R Tl saMOde Soutn e 3hiaee of die ares WAS angroxiately §mm in
were 200 oS i3 ofants u
ot 1 cot i oRemeter;c Wehheds ii'drick ot rastitgRaRRbrsDboijRicridily KGRt eAotand e
porti ﬁns flieg” ar@&ybi(:zll;esﬁ?rg at g cathibdeneVery ﬁav(BSre‘d)ﬂieShwenelr;mser\;%d usingrtive
in other portions. T nmeri zin S orting neans ee Fig. wer e
respec- 1 ewz@ﬁ%"‘ﬂrval“éﬂg& %@rﬁPW ‘FEIPW'#EE\JFW.O“ Rek mes&%smwg? a <§1@‘ hhiye
0.01 mm u?&s["._operati ng con- part of 4m was heated to 80[err]C. by
being ditrons in which the inner liquid pressure be- sprayed wi th hot

water from spray heads 35 tween the belts was about 5 cmwater colum. 70

and 36 and the second part was heated to The polynerizati on zone was about
6m i n Theonwentars diavecthug foung that aaperus, grarhite targedy pragsed) unden lessn

the outor SEEpnscenBueFRIhrLdn thel Y7t SNA fee WA Atk et SHo, to' Bn

bet ween bapprosdimbte; agpically sizecet t0mw.t THid diffiiecarcsresalts in wse &l enudiower

t hrough the feedi ng neans by rreansg!_;)#i a and heating beds (see Fig. 23%,.
The franecurrent dengihandiyogdyces significantly-fewas; maceapartigies| in theremities beam
used in tgf"p!farsﬂ% zone was 4m t hi ckness of 1nmm and outer diameter 1mm
| ength. 2 was used for gaskets. The axial distance at Li quid
conposition having a viscosity of 10 the shaft end of the roller was
92mm for the poi se at 20[err]C. consisted of the sane materials first
hal f 1.5nEXamp@ 25nm for the latter half as described in exanple 1., the
m xture was 80 2.5m The rate of material feed was adjusted supplied
at a predetermned rate and con- so that the sheet thickness would be

2mm for  Graphite powderdravimg as paftive sizg of Abobe 0smitvons diametdrewas rprésséd,
A snmoot h transparent sheet through the material feeding device 20 b¥ t he

of nean p8ggmeiree afiRiRdanmateraldnp.graphite targalsiaia femperature of absup 230°G
whi ch the_pLéci s ' PO LKV iq@pl OkiMle bj S d
wni on seant & Urilidts BSOS, abof B (20, ZHH, M1GT 420, 4 S8 NIRRT, The
(i](c) 1nmm ﬁndemsi}iem_ aaf’wafstestfedt\miacﬂmw)délﬁatl)!e amsog_&% Paging%dpuuetﬁ?d5gi/lter
mm the resilient force o ich was ongi tudi nal direction and 5%, or
less in tAdctand SRQ?"@HF'aﬁY@ﬁ d@éﬁBBEQ éré&%QUGﬁﬂﬁ%@%ﬁ?s The resplis, g6@sBawn in fig
di rection means that the gaskets have relatively
| ar ge ) resilient force).
The di stance between the 90 Exanpl e 9
opposed surfaces of the belts was adjusted so, Fl at, st ai nl ess_ st eel
endl ess b%Pf‘E‘ei targets were made,bypressing graphite prwder pfasizacapproxinately 10
Fig. 19 of; . d ' o f
the mat er My oS IAXEAmt e Et 296l thrBN 200°CrERT & coriBReR brBuredl et
so that t B, $8@250,810; 420sarwi520 MRd. The density of these targets was measured and

the results are illustrated in fig 7.

Fig 6 lllustrates that targets obtained using a compress pressure of about 250 MPa
or above produced the highest deposition rates. The density of graphite targets
produced in this pressure range, as shown in fig 7, is around 1.7-1.9 g/cm®. Thus,
a graphite target made according to the invention produces advantageous results in
terms of lower macroparticle count while not sacrificing deposition rate.



of 0.1mMmn and the frame constructi on des- was 2mm

95 cribed was used as upper and | ower outer sup- In this way a sheet
pol ymer_ of < porting nmeans for surfaces:-of the bel B9%0 :
meri zati on gﬁggggﬁ%%sabout 5000 having a pre- di mensi ons vvefr,gngs 1992
fol | ows: ci sion of sheet tgkckness of [err]5% both in
transverse and | ongitudi nal directions was Bar for the upper belt

t ai ned. 100 ° mat eri al

SUS 27 Example 3 The sheet thickness, in particular in the

wi dt h 10nm | ongi tudi nal direction, was increased
by about hei ght 60mMm ten per cent as

conpared wi twsmgdhesnatbwararc source of theeinyemtion, we investifatedh the characteristics of
out er supporti

| | d wi
gasket s hav@fbg?%ﬂ’rafgaﬁﬁ?Q LF%W ?%:qqﬁ'gﬁfc'?éy @vailable target andgusipg,a target of the

For increasgfysitisy. thickness the resilient mat eri al SUS
27 - force necessary was about 0.05kg/cm when wi dt h
10nm conpressed to 2mm hei ght 60mMm

In the sane sheets of

4 I h 1
were al so obkthg RS generateg’ wera np%otgé?aphed viq the vgyg tpoirgagnq the [Qﬁ!ﬁ% shown

bel t;
SUS 27 in figs 8 and P Ifgur e'SSths?t gl’%l ess s% ffl‘?’"n& ess"ﬁerpﬂ'%bh% target.

wi dt h Numerd&Tred flies are vusmle as brgist stredisth the photodraphl THevecledeRias are
and 1200mm in width were

finished to IH@FQPV%QF macropartlcles fqrmﬂﬁ i the arc. 730mm

face snoot hness and tensioned in parallel by 120
two mai n upper and |ower pulleys 4, 6 of a 55 Slidi ng nenbers;

di anet er of |AGig08the Hne i3 wirhially frde bhredfildssand has a muchmiose iumiform appearance

sheet of phenol resi was 12 tons, .that is to say, 5 kllograms per
t hi ckness then whemthe arc is generated from e ppmmerc:al target. 11

1, 300, 400 11 Liquid conposition
described in exanple 1 to the belts naintaining the belts parallel to

was fed bet iems blheabel werd ylepbsitée esing botte tisd comimerdially beallait ganﬁgaeand the
direction ther eof means 20. Seal i ng gasket

pl as-  mount target anv@éEjBP@ﬂpeE 9 |19L§QPW§éllnﬁigt°9faPh magnlfed 590 dimeg of the ﬂm

ol yviny! cilrgihélg UEE RehriFbrabily BUARIb Taftiei o AIABAPLPBIIAdARS SRR,

defined by tihdicatmer rrmmdod:amelesbm ttheatfiim. The number of macroparticles seen is
significantly less than when a ta-C film is produced using a commercially available
target and in a commercially available cathode arc source. Fig 11 shows a
photograph magnified 500 times of a ta-C film produced using a target according to
the present invention in a cathode arc source according to the present invention. The
film is free of macroparticles.

The invention enables production of thin films, such as diamond-like films, containing
fewer macroparticles, and has wide industrial application, for example hard disc drive
and semiconductor manufacture and in coating optical elements.



zone was 60mlong. In the first 40mof the one, feeding, end, in which
openi ng sai d feed- J l [l rmll Ilu dler rollers were placed at
intervals of ing nean “ I' II "]u:u t with belts at the 1992

3001Mm and YO58 sprayl ng vith hdt fwater maj or part of b ,Gsna-r’ aces in
transverse drec- at about 80[err]C. fromoutside the belts.
In the tion thereof and forms clearancest®ith the 10 latter
20m idler rollers placed at intervals of belts; SuSEHEERGE BEENI]d
nononeri c nateri al 2m and t he spade bet pegmdpso endlless
belts inmme formed by said feedi ng means and was
heat ed up ut 120[err]C by infra-red the belts, producing liquid

pressure between 75 heaters in the heating zone. The endless belts the
belts by the liquid in said space, naintain- were driven at
a speed ofl. 1m gefcathadg arc §g|grcq seMarisingca graphitetarget lmndomeapsifor genarating

or assur e; & meanetie b B alafltiordbstRbH RRAl 1 the tahGt Wik nbE Zaro ol

The upper sfapges belt was clearance between said feeding means and the
driven by the " nedium of material between |ower belt being prevented by
the flow resis- 80 the belts which synchronized the driving

d cl id al ... . f
Cho° endl e2s peth $Bubke BBPRIS 1o CTiY o doriEthfing Pasitiva, iang. from @, obRRitE”
surfaces target saxd lori@beln@gemmediﬁpardifééﬁoh@%b%mlaill?%rﬂﬁl'fb'aoﬁléﬁd”@.lrface of

t hrough at Feast one zone In which said neter.
mat eri al ithe targpt asoprising @ vacuurzhambemand means for generating\asihagneti€ field

9o 2PPCT 1he Snathar whacein, i bl ety R itadon abematial.hires! e
belts.  front surface of thé'th?gé’teéﬁd RS fiRlde Siteh§PNat 5%&%}6’({1 hlﬁS the targetand

process as claimed in claim1l wherein ference of
rotation disidedhe woamhbier. one of said pair of belts is dr| ven

pul | eys generated a nutual braking action. 3. A process as clainmed in
any of clains 1 When the torque for driving was over 500

or 2 wherg,n thxspaftd BBcORANG O d)l&ifﬁ ﬁdr@%bmpr%g [means for generdtﬁfgmeﬁrst
sheet of good appearance was not ob- dg?_\for ce of 0.01 to 0.5 kg/cm
an

bet ween t imagnetic field proximal tg thegtarget aving a first field direction an means for

Zel :[A\Sp(?f) Ctggﬁe&ﬂﬂd é %SR?r{ngﬁb&g? %g@#ﬁgﬁ from the target angd having a field direction

Exanpl e 1lgubstantially opposite to that 6f theMigtei n the di stance between the belts
IS wo stainless steel endless belts, 1nm held |arger

than the distance for obtaining a 95 th| ck, 800mm w de and

ul e noft zontaIFAPEHS Sk phdfke g GBPeRattia BoRiRE Ting R@ﬁo?ywh&fst fagget

zone. comprising meaHEfNgelcrameg a ﬁﬁ@nbh@ fi%@@ﬁie'ﬂéin?ort i ons
Apparatus for carrying out the process of the dI’IVI ng

belt were conpressed by idler claim 1 corrprl sing a pal r of substantiall y

bl (5 posi t i ondd 1 o pbjyontetiftabB'of the B, el P subBBRARF Roréf o the

hal f of the |ocate fomQsurfaue i towarlsithe ot supfacace spaced
driving portion, an infra-red heater was in- rel atlonshlp with a

conti nuous gasket at each stal l ed to defi ne a heating zone

30 “ture mi mil of 93aNEle Heid bitpfity I i ARG ‘RlfetdR vt Jpgreasing

with the side edges distance from the target to<a %bwt' msz ﬂemnsﬁeﬁgm sisstantialy
was formed. the other of said belts when t latter are in 5 .

Soft pol yet hyl ene shermalito3he franti sudfanes andrf ace to face rel ationship thus
to forma cham. both sides of which were covered by soft
poly- ber; means for applying pressure to opposed et hyl ene
filmof 0.4mm t cknes rﬁﬁﬁpl ipandd '
op- (13]5 w ched bet weecr’lf ‘tzﬁgsgelta\(/\%ﬁéﬁq‘ﬁ Yvﬂﬁﬁﬁirrﬁa%g%gzg p%ésggnggilétj
portions in lateral targefi field disectiorvis away from the front sitface ofthertarget.
contiguous by successive utili- ship and at a first predetermned ____ _
face-to-face 110 zation of pressure, heating and cooling in
di stance spacing in an upstream|iquid zone This Shea HasBeeteRpRcad t h

t he operations described. The of said chanber and at T,“mmn smﬁm“ pre-




belts were run by drivin end- determ ned di stance spacing
in a down stream ﬂl I,m HH s directly. e, )

sol i di-fyi ng wayes/mabsssai d th , MSdls qui d THIS SHEET HAS BERCE/GB97/01992
and sol i d| fy| ng zones extendi ng bet ween an REPLACED VWHAT WE
CLAIM | S: inlet- e||gd_ana an outl et end of said
chanber 1. A process for continuously manufacturing
defined by $he oppeathbdeoarc wsuuroé fori geferating positive ions from & ggb%ﬂ?rfaFget
sheet by continuously polyneriz- neans for heati ng or cooling s elts
and comprising mﬁgna fw generatipgonsnagnetic figldavhereintpr i sing  said
chanber; drive neans for noving one of 55 noving a pair of

substantially horizontal said belts at a predeterm' ned speed; and a 120
upper and | ower Rgltsat Whidt s%fr&cBQﬁ'thbqafgé Fﬁ[i;s&éﬁﬁar\! éﬁ‘ﬁg

said liquid @? in face-to- facetrf(la ati o&ilf}l p eac er tB%e
mononeri c material | ofrantsudaca iseway fmm;jhd front surface and towarnis therwbstrate.
direction without relative displace- opening defined by said upper and

| ower belts ment, | ocating sealing gaskets between and in

at the inlet endoyf Saisgretienher %ﬁbﬁggfgﬁ said direction @ecéﬁ%éﬂﬁhcﬁﬁé’%mg

wth sald both belts at “the being in etermne cl earance ation
125 sdB@armtgﬁ'em tize: darfgetstopp pointngf 2erdl field strength subétahttally

bel ts. pp, rtln nmeans WhICh are in contact

Appar atus as cl ai med ?W"&‘T"aﬁ"n%e;mntrﬁ ace; and with said belts and
novabl e perpendicul arly whi ch neans for driving the other of said belts

11 1, 300, 400

11 Li qui d (8prpdisomi smdcpmnt obzerc ﬁeld@mﬂgih,lmthqnbhadim distance from the
mai ntai ning the belts arallﬁid fed between the belts by the
feeding each other i ?FefF HE@@%'%?W%MM&W%@SO the t@egets 20.
Seal i ng gasket tubes made of plas- nounting a wedge shaped |iquid feeding
ticized polyvinyl chloride were provided at neans in a corresponding

wedge- shap&d opeh-solirce Mbrdlngetoedgyspmbedimg biairns corhipeising heathoided cehtrélly
zone was gOmlong. In the first

defined b d | bel t ,
aom o -t ne oed Yl A Yac B e Shespinn frneh suractiof e vaguam eharmber

rollers weligapl g .at intervals of ing neans is not in contact with belts

at the 70 300nm and heated by spraying with hot water nmmjor part of
belt surfaces in transverse direc- at about 80[err]C. from outside the
belts. In

on thereof .and, forns clearances with the 10 latter 20m

ider roll g pIA8atres acerrding 1a apy precediag claisp i iwhich atithei roinbabzere Seld
i al
L, SR i it 5. T A

i nfra-red substaptially jateraldadhedarged s dt peast tOmTbet ween heaters in
the heating zone. The endless belts the belts by the I|qU|d in said space,
mai nt ai n- were driven at a speed of 1mper mnute, but 1ing a spacing

bet ween t hg_ bel %Ss&){rc‘éaé&drﬂﬂ\g' H%e%%mr?gﬁgheggﬁ dg%gﬁétre:?% ﬁ?imsd%'éfleéﬁ%loﬁ 15~

directly by the pressure;

pul | ey. Th3Smpper endl ess belt was clearance between said feedlng means
and the driven by the nmediumof material between |ower belt being
prevented by the flow resis- 80 the belts which synchroni zed the

driving spged asagrce'actdrding BRI oPQ%ﬁﬁ lﬁﬁﬁdéjpﬁﬁ%(;%ﬁ'tza@g? norm%i gﬁﬁ‘neﬂc

two endl ess belts. The torque~for driv- |ne
surfaces 2fieldi isJocatedpgtwean 2 armssloasaboharthdfwxidcemfahie tatgetough at | east
one zone in which said

10. A source according to any preceding claim further comprising means for

generating a radial electric field to focus positive ions generated from the source into
a beam.
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nmet er. U“JM MMNHL“ H!al\s subj ected to
solidification and A-sheet—of—§00 uni form

del i yering QQBM TelIS REEET HASRE e | ot her 85 t hi cknessphIEBYREWIIVNEN
a ower

t he upper end REPLAREDhe| 1 bel ts were separately
identically driven. A 2. A process as cl rred inclaiml wherein 25

slight difference of rotation of the two one of said pair of belts is
driven. puI I %Wl Cess as
cl ai med i any o I al msﬁl&‘i’g ﬂaﬁrﬁég@%c@d@tmﬁm éom?n 500

or 2 wherein the sealing gaskets have a repel - kg/ m a sheet of good
appear ance was not ob- force of 0.01 to

tai ned. 0] s;'s'neratmgg (a) a first magnetic fleld bévm atﬁrshéelecmmtmna%.(b)

pol ymeri zati on.

orocess as cl ai med i a. %condopacqngtlﬁsﬁeld mvingasecond field dlreEQ%%Pgoﬂe t3 thét

to 3 wherein the di %‘f@ﬁéﬁrﬁebbeﬁ‘td b@nbﬁtb?a hfagnetic ﬁela\tﬁaﬁk%ghﬁéﬁt ﬁ‘bﬁ'eihe
endl ess belts, 1mm held Iarger than the distance for obtaining a

thi ck, 800nm wi de afistamrirsecond fields; @ndor edet er ni ned t hi ckness of a
product in the pull ed horizontally by a main pulley of first half of
the pol yneri zation zone. 1000mm di anet er and the opposi ng portions

5. Appar at us fgg cargmumg tRetart e thé Pesgitarttified®. of the driving belt were
conpressed by idler clarm 1 conprising a pair of substantially

rollers of 90mm di arret er which were placed hori zontal upper and | ower

the | boale o fometand dcaminath ¢BnE {5eamBustloiRying ool Gurisnl i SBpendfor
an infra- Qéﬁei‘iﬂiﬁbefhé’\ﬂ?st' or set6hadthaghtie fildd se asrw OHﬁJJ&éJQégtﬁlarﬁt figldclo
stalled t0 define a heating zone at a tenpera- edge of one of said belts

and adapt eptimizelara sikin@. t ure nmaxi num of 220[err]C. In the latter half of
continuous edge seals with the side edges of this driving portion a
cooling zone was formed. the other of said belts when the latter are in
105 Seft PA imethod aaeo&m%to oﬁlaxﬁmn drh!2356tﬁ§ﬁsmgf @éiﬁ%ttﬁe firtanagnetic field
relationship thus to forma c bot h si des of were covered by
soft pol yto stegr plasmadramtheethrpg assacwpasticlpfittesd ethylene film
of 0.4mmthi ckness was sand- belt portions; neans for supporting said op-
45 w ched between these two belts. A | am nated posed belt portions in
lateral pagal | & methsd Bétording to ahgef ClsimsTaie! 3 WHdrgirmihe first and sessnd fields
utili- ship and at a first predetermned face-to-face 110 zation of
pressur e, arsgubstgntially secRXi®h i n  di st ance spacing in an upstreamliquid
zone accordance wth the operations described. The of said chanber
and at anot her second pre- belts were run by driving only one of the

end- det g n@d rdéthiodn GBcomiNeg B Claih dG/WiRireirthe Girst eawl Betbad digidst ane
solidifying zone of said chanmber, said |iquid

and sol i dsubstagtlaldmsg—ax%mﬁmgasmanemﬁt% fromshe arc.  \WAT VE CLAIM I S: -
inlet end and an outlet end of said chanber 1. A process for
conti nuously manufacturing defined by the opposed portions of said belts;

a pol yner itg, shgctargst foe sk a.cdtiiode laygsburce cdmpﬂsmbcg“rabnm powaur of avérag;

said .belts and ing a liquid nononeric material, risi sai d
chamber ; mmqaé%rn@ano? TisIeNR PEARSes under ¢lgyated t@npmra e presaurel |y
horizontal said belts at a predet erm ned speed; and a 120 upper and

| ower belts, which are positioned wedge shaped feeding head for said

liquid 17,1 nA trget actordling & Tlaian 18| présserbinNthe! Sitistahtial dB¥ENGY 6fbinding
material |ocated at a wedge shaped the sanme direction wthout relative

di spl ace- mﬂ?ﬁ@ﬁﬁ stiichyasitaear bitumany upper and | ower belts ment ,

| ocating sealing gaskets between and in at the inlet end of said chamber

said head 60 intimte contact with said both belts at the being in

pr edet er myged onlm?ana&;dreiﬁgtooah efcié'ﬁ\s1s-1ﬁlhéeznrfgia%ﬂshﬁww zog/cm
supporting said belts with "said belts. belt supporting neans which
are in contact 6. Apparatus as clained in claim 6, in

19.  Atarget according to Claim 18 having a density of 1.8 - 1.95 g/cm’.
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with said belts and novabl e perpendi cul arl “II‘IW“‘I““IHHIM“IM driving the

other of said belts 12

1, 300, 400 conprises |iquid
nonomeri ¢ newer9sadedsed (UL BhErT dad Baﬁﬂe form of frame str RCTGRITI01992
15 the inlet end of | the ngyallcepchanber by said cluding rigid bars
slidably contacting sai feedi g head- 21 -

belts under spring pressure. 7. Apparatus as claimed in claim6 or

claim 10. 28.pr oketaegetoaccmdingwtmlawyot&aimsgw-as obtalmablau by pressingf graphite

I t, t I d d h d
ol t 5 conpracviler ot Gerlieleysize Porf dnistand AL releinRerline of (R Iesb AR 46
drawi ng. ;%sture 6&?!@‘5?{ Q{)ﬁ‘hﬂf-’aa rigid roller supported by a 11.

Appar atus f cont 1 nuous mng a fl exi ble shaft.
sheet substantially as herelnbefore descri bed. 8. Apparatus as
claimed in any of cl ai ns 10 6.to 8 in which the neans for app|ying pres-

JENSON & S@i.” A mgthod pismaking 3 sgféshﬂﬁu target, fon diSsRo it @ (cathode “arc  source,
Agents for @&Rﬁ p?@géxgg gAgBhftQ owder, in the alisence of binding materjal such as tar

8, Ful wood Al atuy aar & ArhEase any i

London, WCl¥ titdmen, at & préissulﬁefoﬁnﬁot-BQOtMPh atdaactetnmamrerm 130e- 330°C to form
Chartered Patent Agent s. Printed for Her Majesty's Stationery

O fice by theolghtarget. Press, Leam ngton Spa, 1972. Publ i shed by
the Patent O fice, 25 Sout harrpton Bui | di ngs, London, WC2A 1AY, from
whi ch copi es may be obtai ned.

22. A method according to Claim 21 comprising pressing the graphite powder ata
pressure of 520-600 MPa.

23. A method according to Claim 22 comprising pressing the graphite powder at a
pressure of about 550 MPa.

24. A method according to any of Claims 21-23 comprising pre-heating the
graphite powder in an oven at 100 - 400°C.
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