WO 99/ 17335 *159159* PCT/ US98/ 20247 DUAL FACE SHOAER HEAD MAGNETRON,
PLASVA GENERATI NG APPARATUS CQOATI NG A SUBSTRATE Thi s
application clains the benef [ wmﬁm vi sional Application Serial No.
60/ 060, 652, WG 94@38ct ober i nvention rel at eBCT/YS98/20247

pl asrra-generati ng devi ces. Nbre spétfically, this invention relates to
shower head magnetron-type plasnma-generati ng devi ces contai ning dual shower
heads and capabP@AlOFAGE SHAWER HEADIAGNEDRONDPRASMAGENERIEHNGt y t han

pl asmas gener at ed ARPARASUSOAND METHOMORQPATINGA SYRSTRATE na- gener at i ng
devices and taking |ess space in a pl asma- generating device. 10 Magnetrons
have been known in the art for time and have been used, for

exanpl e, ‘i n etisARRLicatian F'F"&l?éh%%ﬂem ?fg{ ?fﬁov'aﬁﬁﬁ'ﬁipaﬁﬁ‘ﬂqreﬁmﬁﬁb‘éd cheni cal
vapor deguesaotasenfiled ORBEMI’ 99 PECVD devi ces are al so known in the art.

Exanpl es of PECVD devices can be found in U S. Patent Nos. 5,298, 587;

5, 32G, 875; 5,4&3nvedton elates3p HB4mag2neratny dexiries v Bloye Spdudifically, this.inventidPhower

head magn r S ctio ase re 15
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Magnetr o ar e g@gg?{?ﬁ dnﬁép%@%ﬂ-ﬁégé'ﬁhr&n‘ é’?” g§¥$aer\% t%@ﬂg géﬁéra%% ygused in
a di ode plasptkegenerating gpiesa- generating device, a plasma is initiated between
a cathode and an 20 anode at pressures in the nforr range by the

appl %at i on dfagaetipnsthays beelyiowRi the agtdar aleng Eme |aad hawe kaenbed, Tore pl asma i s

sust ai nefakpiel neetérmy gaeacermoemum B SesRNeHaNc& &féhﬁ&n§apo?ﬂb;§6sﬁugnf rom the
cat hode due to ion which are accelerated into the pl asma
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convent ifeurd in UJS.Gbfertt Mob.(B)208,5871 mezmeﬁeme 766; aaadrsamatm(:(cf:neeh\ﬁbly “Hae
magnetic_f tron 25 or that a component of the

e
nmagnet i & t1a| ﬁl gh‘i"'%eré’ﬁf"%mag?&fc’Bs taﬁa %Qalf'}%’&e?%ﬁ?ﬁ%i'ee redpion 9agRs Aol arity of
t he rsagnetnsimréd #ircughsandoutsftond fase ol tHehadgnietren indBmaririet tinplak o Shfowbhe emtted
secondar far |.o | 00op Il nc ed c nflnement of
the secdlaiyed Eribel B S A B AR B s < BB Thotan
di ode deawghe;nthelebcpllemmuc&apsnet\gs. is much higher, often by an or der of

magni tude or nore, than a conventional rf or dc diode
Magnetrons are a class of cold cathode discharge devices generally used in a diode

mode. In a plasma-generating device, a plasma is initiated between a cathode and an

20 anode at pressures in the mTorr range by the application of a high voltage, which can be
either dc or rf. The plasma is sustained by the ionization caused by secondary electrons
emitted from the cathode due to ion bombardment which are accelerated into the plasma
across the cathode sheath. What differentiates a magnetron cathode from a conventional
diode cathode is the presence of a magnetic field. The magnetic field in the magnetron is

25 oriented such that a component of the magnetic field is parallel to the cathode surface. The
local polarity of the magnetic field is oriented such that the ExB drift paths of the emitted
secondary electrons form a closed loop. Due to the increased confinement of the secondary
electrons in this ExB drift loop, compared to a dc or rf diode devics, the plasma density is
much higher, often by an order of magnitude or more, than a conventional rf or dc diode

30 plasma. The result of the high plasma density and its proximity to the cathode is a high
current, relatively low voltage discharge.

Hu et al. teach a method of forming a flexible corrosion and abrasion resistant
coating onto a substrate surface. In one embodiment of the method taughtin Hu et al., a
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30 plasma. The result of the high plasma density and its proximty to the
cathode is a high current, relatively |ow voltage discharge. Hu et al.
teach a nethod of formng a flexible corrosion and abrasion resistant
coating ontwowigssstrate surface. In one enbodi nent of thecwesdsaost aught in
Hu et al., a 1 *G00001* WO 99/17335 PCT/ US98/ 20247 PECVD net hod, preferably
using a shower head magnetron cathode, is used to initiate the
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into a reaction chanber fromat |least tw surfaces. The nagnets al so
provi de magnBie presdantindention abhewsof moeesuniprm (hickeeescandgtielityp@apngsftebabl y t he

ul 4§ Pl g FROARIoR, Al AARUb LANES drMAs ALk Yoshlidi) B HhGYEIbshgRY such that

|'i ke" magnetic po s’ of 'said magnets all face 1 n the same rection and
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magnetic poles of said magnets all face in the same direction and serve to provide magnetic
fields on each face of the electrode. In the preferred mode, the magnets are placed in a
position and distance from each other such that each magnet produces a magnetic field
between the opposite magnetic poles on the same magnet. Each magnetic field has a

25 component parallel to the surface of the electrode. Electrodes of the preferred mode of the
invention have a higher number of closed loop ExB drift paths per number of magnets than
electrodes where each magnetron is composed of three magnets, where the center magnet
has the pole opposite to each outside magnet. By aligning ali magnets so that the same
poles face in the same direction, each magnet becomes a separate magnetron. Electrodes

30  of the preferred mode are capable of producing a more uniform plasma across the surface of
an electrode. In addition, in the preferred mode the electrodes produce plasmas of greater
effective volume than electrodes where the magnets are arranged with opposite poles facing
each other. According to the present invention, large numbers of magnets (that is, two or



el ectrodes where each magnetron is conposed of three nmagnets, where the
center magnet has the pole opposite to each outside nagnet. By aligning
all magnets so that the same poles face in the sanme direction, each nagnet
beconmes a s@raoabgsmagnetron. El ectrodes 30 of the preferrpdriRsRoare
capabl e of producing a nore uniform plasma across the surface of an

el ectrode. In addition, in the preferred node the el ectrodes produce
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PCT/ US98/ 20247 m) e) can '3 ned i.n various configurations so as to
create |arge 'BPBR ?o"i‘f@gm 586?55 Fve"ﬂ?rbﬁl?e|'rHU°Y%E’r@%5m%‘?’@'@}WdeGY'ﬁ? pl asnas.
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the el edike pdies oﬂsacpmegmets:a@mba@mgtaﬂeometrblmns peratie! ththadenmgtrietptana ohavi ng no

backi ng yod @Eﬁ?rf‘ﬂécltliogg R staﬁaf&@pe'r&agﬁe@asgﬂ erfloubPEEPLEFSHERGR NaV! N

a plurali or transporting erethroughin a's
manner . OSfthe Alanar glpchiedes eachypagnet prodpcingid Magnetis ildtheving a@nmeamnt paakedr and

for mean b HeSgdofetriiiaRe Jitey abaloween. A neans for supporting a multiple of

A specific embodiment of the shower head magnetron having no backing plate for the

magnets comprises a pair of face plates each having a plurality of holes for transporting a
gas therethrough in a shower manner. The facing plates are electrically insulated from each
other and form an interior space therebetween. A means for supporting a multiple of

25 magnets in said interior space where said magnets are electrically insulated from said face
plates and from each other is provided. A means for introducing a gas into the interior space
of said magnetron and out through said holes in said face plates in a controlled manner with
respect to said flow rate through each of said holes, commonly called a manifold system, is
also provided. A means for supporting said face plates and said magnets to form an interior

30  gas chamber formed by said face plates containing in said gas chamber said magnets, and
also for providing a means for introducing a gas from outside said chamber into said
chamber and out of said plurality of holes is used. In a preferred mode, the spray head
magnetron also is provided with heat exchange means for cooling or heating said
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25 magnets in said interior space where said magnets are electrically
I nsulated fromsaid face plates and fromeach other is provided. A neans
for introducing a gas into the interior space of said magnetron and out

t hr ough sa\'gggpmsgss in said face plates in a control | ed nparaisosidotds respect
to said flow’rate through each of said holes, commonly called a manifold

system is also provided. A neans for supporting said face plates and said

magnets to forman interjor f | at es
cont ai nPAYPERNs ) HMGEP rgﬁggrﬁ%%%dg,gﬁ%&%%rg ,aﬂéﬁ%oge(%%g#'grrng reg\r)lg)%i ng a
means fm@e shmb poduadimgpinahgsesnd digetiaut si de sai d chanber into said chanber

and out of said plurality of holes is used. In a preferred nbde, the spray
head nagnetFigr iakp expledas\iry G@me\ﬂmqﬁd'ﬁ@atdé&%%géeﬁmh%ﬁ cool i ng or

heat i ng ' b nB&/ US98/ 20247 magnetron. In a nore preferred
node, t’ﬁ‘%&*r?aé’ﬁé’r@e%?e aﬁﬁgbnéd so that each magnet has the same pol e facing

in the sane g} roghi@Rematicliewlofi che@bBUifeALE pristin pbaais ok HeqréssaNt of the
dual face shower head magnetron of the present invention. 5 Fig. 2 is a
schenat M¢eePP@w of one enbodi ment of a plasma apparatus of the present

I nvention. FLg.. 3 is a view of i f | l.n an
el ectrode of'l-'g'l‘ﬂa'sﬁ‘rvéeé"éﬂftan Wﬂ %’?P’Bﬁag'ﬁeggﬁ%gmﬁ’a%nne%&@??éﬁgg&sﬁtg. 4is a
vi ew of ingéitibh ehowihd gagmetic fiekdsnmagnet s useful in an el ectrode of the present
lo invention. Fig. 5 is an exploded view of another enbodi nent of the dual
face shower Figatlis ansyneftanotheosligniment of magnete nsefpliigan ele¢trqdgof thetpsesephe

enbodi nent .of the dual face shower head nagnetron 10 conprising face

pl at®s TEHRY 11 containi ng a plurality of holes 12, for transferring gas

from 15 i ”Sﬂ:iﬁ,reseitgf&?\ V\eABEFiEEﬁ \{(léW of Shothtf ePBbEMER:-of VRS BcelshowePhddal S

enbodi nent, t ) _ e magnetic poles facing the sane direction are
suppor t magnatronipétheripv@niigy- of the magnetron. |Insulating neans 14 are

provided for_electrically insylating the nets froma fra 15 and the
face pl ates g1 Wl%’ai“??s‘?.ﬂ%eﬁ"?%(? '”?ﬂ“k ?ﬁ@e &é?éh%? & i‘%ﬁrf‘?%ﬂ"??{?trf’gﬁg pl ates 11
and 11' c&amtishey fagcoiaep i ahe d1'tdontainirly spluralite qUistes i for gamsfaring ges frragnet s can .
be covered with for 0, exa e, ' N [ ch.as a plastic
resilf, W‘degﬂ%'ﬁ%“%f‘ ?fhﬁlo.ug%ef r%a%&eefg§ﬁb%%?rgl\)/‘%%ﬁ{t’ft(ﬂ;lree‘rsl\g@ﬂfk%g t he magnets
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gas
the face plates 11. The insulation of the magnets 13 from the face plates 11 and 11’ can be

accomplished through an adequate air gap or the magnets can be covered with for,

20 example, an insulating material such as a plastic resin, or ceramic material. A frame 15 is
provided for holding the magnets and face plates in an electrically insulated manner from the
face plates and magnets. The frame is provided with inlet holes 17 for introducing a gas
through the frame and into the interior of the magnetron. A gas conduit 18 is connected to
holes 17 for introducing reactant and inert gases to the interior of the magnetron. Fastening

25 means 19, such as bolts, are provided for assembling the magnetron in a gas tight manner
except for the holes 12 and inlet holes 17. The magnetron 10 forms a gas tight space inside
the electrode for distributing a gas from the conduit 18, holes 17 and out through holes 12in
the face plates. Electrical connectors 20 and 20’ are independently attached to each of the
face plates 11 and 11’ for directing power independently to each face plate. Alternatively,

30  one face can be powered and the other grounded.

Fig. 2 illustrates one embodiment of a plasma-generating apparatus of the present
invention in which a magnetron of the present invention can be effectively utilized. The

apparatus comprises a vacuum reactor vessel 30 into which gaseous reactants can be
4



through the frane and into the interior of the magnetron. A gas conduit 18
Is connected to holes 17 for introducing reactant and inert gases to the
interior of the magnetron. Fastening 25 neans 19, such as bolts, are

provi ded fowcamgessel i ng the magnetron in a gas tight mannepcr/esssapisr f or t he
holes 12 and inlet holes 17. The nmagnetron 10 forns a gas tight space
inside the electrode for distributing a gas fromthe conduit 18, holes 17

and out hiddeedrbnlsBErcds 31032, 38CadPamnRuUGh BRss AHPRDEI o conBBBS 897ap, 20 and
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enbodi ment of a plasma-generating apparatus of the present invention In
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t he readtbe treateddaire placert ketveen e slecRodesdhend dhard ¢ andddssusdas hpdeingd 41.
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source ower sqQurces, can to

42. As an alternative, separat e proyide
power oS e Bt harAl Del AL BeEAPP R RS S R A BB AP Ch can be
advart agre usdlyacg madgidédn bhthe inybntiche Qasemisoeactatsak disperdskd intothb ériteridr i vel y,
t he substrates can be, £l trical nnection) .0 | asma-
gener at i(?w'ed‘ée\fls?c:lg naﬁg}té{onggﬁ%t%ggeg%e?ag i"E)a n%\yoq%ﬁréama%aﬁgp %%I)Glénel ‘i‘ng unded,
such as readorf\eseel 3D cab bt ladvaitegeofishc eonmagied torovacofim phwp 44 Jarrevaauatingsas eous
react ant 42 RSBtRAY, HeGeddiSt voBleP b be SHu 3G oo BT OuTh
t he shov@? %eggé magé\@t r.c?}r'\s f?om gas esupp K{e ﬁu@'&ﬁgﬁﬁ%ﬁ@m re c%gtce\‘/‘g'ssel 30
can be aivhasageplecal opinisadoemasosrecieanalirerpionprogessicontralvacuat i ng t he
vessel 30. Optionally, the reactor vessel could be equipped with a
moni 2or i ng dé ipdcaied, thesmasnaiion 41 i eyal showas RPRbMagNRIEB P! thageesent |
spect r OaRAInYE® Madi¥iroRs 26 BRE 46 MUy ¥ singfdabs shdr RedddlectbBss WROMEt ron 41 is
a dual shower head magnetron of t r}e Br esent .

shower head facing magnetron 41. Preferably all magnetrons have the magnets therein

aligned so that the poles of the magnets in each magnetron face the same direction.

However, it is not necessary that all the magnetrons contain the magnets arranged in this

25 manner. If only one magnetron contains the preferred magnet arrangement, then preferably
the dual face magnetron 41 contains the preferred magnet arrangement. Because of the
elimination of backing plates in the magnetron of the invention, the magnetrons take up less

space inside the reactor vessel 30 making room for more parts to be treated.

In operation, the reactor vessel 30 is first evacuated by means of the vacuum pump
30 44 prior to introducing gaseous reactants (for example, organosilicone and oxygen) and inert
gases, if any, to the vessel at a predetermined flow rate through supply line 43. When the
flow rate of the gases becomes constant, the variable frequency power 42 is turned on to a
predetermined value to generate a plasma which causes the reactants to form a film on, or
modify the surface on the substrates 45 located in the space between the magnetrons.
5



I nvention. Magnetrons 40 and 40' may be single face shower head el ectrodes
with the shower head facing magnetron 41. Preferably all magnetrons have
the magnets therein aligned so that the poles of the nmagnets in each -
magnet r on f@&g,,f,@g sane direction. However, it is not nesepwsdspoishat all
t he magnetrons contain the nmagnets arranged in this 25 manner. If only one
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SO,

by this arrangenent, a portion of ti field 53 is. 'l ed
becaus e%HPSt?’H@ ly WI?@gB‘BIC@gétPHC%ﬁ“’IYVH@ 'ggrféh%'l ?mg%?ﬁtﬁﬁlqg ﬂ}eﬁ:ﬁg‘eiq%%@h:'f r'ﬁgpte hee
ef fecti \41559953"'1{){'htv:.lfTI\EkeQif\jagnbﬁ!c]:c m‘dlmh i &:cagnas eecfacifigioehofantddireelicroblateeto the Thus,
magnets in electr S 0 e_preferre odi r . he ent i ti
arg @on@PB?ﬁee‘g%é%‘gﬁgfoﬂﬁt T %scﬁﬂ‘r?ga'ﬁée egercgrg{feegeﬂ%ﬁ%t 'B&k'é%o%@ég "oop :Eg\éegrz 1(‘) ?
pat h( s) .eleckoad, érigbhvjsiorteditisat the aentreddyoudd bgyclirvagl. t he nagnets so that |ike

magnetic poles are all facing in
When the magnets are aligned so that their like magnetic poles are facing in

substantially the same direction, the magnets can be positioned in close proximity of each
other without having any of the magnets forming magnetic fields with any of the other

25  magnets placed near it. Thus, even when magnets are placed in close proximity to each
other, each magnet still creates its own closed loop ExB drift path(s).

Because the magnets are placed in close proximity with each other so that each
magnet maintains its own closed loop ExB drift path(s), electrodes of the present invention
enjoy the benefit of havjng more closed loop ExB drift paths per electrode surface area. This

30 increased number of closed loop drift paths per electrode surface area resuits in a more
uniform plasma than plasmas produced using magnetic confined type electrodes of the prior
art. It has also been visually observed that plasmas generated using electrodes of the
present invention diffuse farther away (thus creating greater effective volume) from the
electrode surface in the space between the electrodes than plasmas generated using
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substantially the same direction, as shown in Fig. 3. By substantially the
sane direction, it is neant that |ike magnetic poles of all nagnets are
facing in the same direction relative to the 20 surface of the el ectrode.
Thus, al t hoyghokfigs €l ectrode depicted in Fig. 3 is a pl angcr@egsdzlode, it
I's envisioned that the el ectrode could be curved. Wen the nmagnets are
aligned so that their |ike magnetic poles are facing in substantially the
sane di [ on, e : L ' I roximty of each

ot her  wPPER ot brBP g AR et QBlr B Ko AR PR R Rudtif 2y of
t he ot hebser@edyiigmkalievesl thatedpantiqiy ofieach migrstic deid is rabrlind awgn rom ths e pl aced i n
el ose_PERYid a8 6768 IKO 8 0ic3RRA IR GhcrSlb birdkh S Ghildn Bl c! 0sed

| oop ExB drift Pat (s). Because the magnets are ac ose“proximty
wi t h eaf1rgpetiedieldsss. tihigalsedelieveddiip drespapiiens of nagneticdiald reswbind Aogiop ExB
drifs pahherb)asn@hgslb (Vggﬂ@%dghrtﬁ&‘?roﬁ{ 918 Atrodd\@RhdetRan ﬁamms?gb&aﬁ?&ﬁﬂfe' t of

havi ng nore cl osed | oop ExB drift paths per electrode surface area. This 30
i ncr eas BRIRRIAMEre Basitionsd wih pifspatingirelanilyaihHs the greatar sfiestivanolymer ace ar ea
results in a nore uni foraepl asng t han gl %srras Er oduced using magnetic
confined typk8P Elerireipsof Be Arerenpinygition gan be greatpd by canligurisigderaei sual | y
gbfs;arved?mbaﬁ opmagmnes, ayelaﬁh@ﬁlmhﬂ@idﬁgp&lbﬁﬁtih@??@bﬁﬁnﬂdﬂ?tl'ieFHaﬁféePt i nVﬁnt ion

i ffuse farther away (thus,creatin reater effective volune romt he
el ect r odLetttp ol ihele, oS SEER A nRBhEE ofLod FiniSe PR Rrlarer e
geneo at &de sbower reaul\@a@betiot3aectie@s bUBS rede@4nveslicncionaihirg tovb réweofpri or art.
Al t hougp. L.t _LSaN I Lk . tl this_behavipr is
observe ,ag%\?tki%g. g)t'e-'ﬁiq%a\c? | t% hﬁé %‘%@miﬁ(’?ﬁ?@f& gggwaﬁggéﬁlgﬁr%a% i gei s repelled
away f r produtes byshereasingie sumbeaices ntagnetsdén eéackeowrey he kildingpmbeesrown of he
el ectro f , i | | | | | i Is al so
bel i eve&ggﬁ%% ' ‘?%233% E%E??%%gﬁgfﬂ a@&gk@? in§thtc|) e rb(raiéémgtbllg%{q%gg%errﬁngn 5 of the
pl asma aePa&tupr oduced further fromthe el ectrode surface than woul d be
possible if the nmagnets were positioned with alternating polarity, thus
t he l§reat er BHPRER] WRIRAS %fﬁé’?"‘%&raﬁ%"'@f‘%&tf‘%H’éEh’Eﬂsthf‘n?%F%‘gweﬂtﬁveﬁﬁion can
be cr eabisvrioy FicRaf e4bhmdtet 60 reatendsivglesidsbd BB BRE Qrift path 6bavi ng | i ke
magneti c poles facing in substantially the same direction. For exanpl e,
Fi g. 4 showsAhathertipreferredjerebadimant db thednveatignesl depittedlia Figupd Baad cotbpises 0 f ace

shower d | ect.r sent, | nt on _containjng two
rows of m%%ﬁﬁgﬁ%%%ggmeﬁs@%ce& g? ﬁug&%% tﬁéS% ] %ﬁ{,‘ﬁgl?%:lg SE?%B. '"ﬂqe en | arger
el ect r ochagneteom dne exip holdsi 42 ih thy faceplatesara dedigreditaicrbate agfasmegifeltls i n each
I OWaq OF diQ%ib@W\' é}gteﬂp WﬁfeBY\ﬁweOJas e'mégf?c?ﬁ the 2de ﬁ%e@%tfsﬁgaé&gggﬁe%raﬁ)te?low
magnet rons next 't o éach other’in a plasma-generating apparatus.

rate. Higher quality uniform coatings can be prepared by plasma reactions when such gases

are evenly distributed into the plasma-generating apparatus 30. One embodiment to

achieve this is shown in Figure 5.

In this embodiment, the construction of Figure 1 is refined so that each magnet, when
25 the magnetronis in a gas sealed closed position, is in electrical isolated contact with each of
the interior surfaces of each face plate to form individual chambers 70. Across the bottom
(or the top if desired) of the magnetron is placed a first gas manifold means 71 connected to
gas conduit 73. The manifold defines gas ports 74 which align with each of the chambers 70
through the plurality of holes 75 for exiting gas from the interior of the magnetron through the
30 holes 76 in the face plates 77.

The size of the manifold, exit ports from the manifold, size of chambers 70 and size
of ports through the face plates are designed such that over a range of desired gas pressure
from the inlet conduit 73 the gas will be distributed through the interior and out of exit ports in
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15 When bar magnets are utilized according to the teachings of the present
i nvention, as shown in Fig. 4, each magnet 60 creates a single closed | oop
ExB drift path 65. Another preferred enbodi ment of the invention is '

depicted iR,FdQys8 S and conprises the basic magnetron dect/@ysbaefi gure 1
wherein the gas 1nlet 18, holes 17, space inside the magnetron and exit
holes 12 in the face plates are deS|gned to create a gas nmanifold 20

i St DU SGPYRh il AR EN el 88 A SBnb A B8 <bASToRlALe et

subst anti a orm coatings can be
pr epar edesign phchsizas wikdensnd 99 thewize @@wm&gn apg @esere@ﬂw rafé sng ca:aneed into

the pl agyag @g@%ﬁga BY troRP 8iiflduS tha@rt. One embodi ment to achieve this is shown
in Figure g hi s” enbodi ment, the construction of Figure 1 is refined so

that each mag\r@n anath@rrbmb%'a.rﬁéae tm@ténﬁu@dmnwfﬁg.ﬂas éseaio@d it FRsSds
position, is in electrical i sol at ed _cant ac the interior

sur f Ace&ogified iiRclide Beat xghangemeansmis: RMR'P 8'53‘” tt‘h%ﬁ‘ﬁ@rb@ apgnIetipdRe t he

bot t om iétior bihe hiagnétfonde Fitto@ade ddblirighd/oRBeating Gibdiutn 8 esRed.aFér r st gas
mani f ol d neans 71 connecte nani fol d defines gas

Th
ot O e A Grachpr IR 6 Suestitten PR S aRATINEIS N9 1, REBIR CEREN bl Ur sl iy of
hol es 7Dlakfigs, &x6dling gnegisn, Sucnast dvel watérerande itfodtiteel. rmgnmbrmacttdnsough the 30

holes 76 in t fac ) . .S h ports from
e nan eYRa B8R B R AL RudHion 108 36 % by SpERBh bBathialit iy 2T .2
pl aties éntredaking ayheated mediumitbroughvibe tlabesaﬂgebxo$ubd@tgilngeajheyasg pieE!wsupe from

h | i dth h the i i d
bt of Sie 68 St o eh YOGGR sk REElL BIRRIERE 50T oudn Lhe L et i o
exits fromtihg, @mb&f.meﬁm thzﬁn\%hnmt.m%wr bR stMEehbRinsAL €. The

design and sizes w epend on the size of the magnetron and desired flow
rate an@revipusiydiscessef| Jhysethebasiaembpyimeniy Eigurg 1 parndpg modifigd tause | n sti | |

anot her ,eRRodiWFBRn thb faenebafel & RERGSH ey satfe dﬁleewnem&,maatﬁola@agvmam Fig. 5,
is 5 nodified to include heat exchange neans .. Sinple hollow tubes can

be dfr afgaemican pe utiized aag/orghe Beatexeha %W@?’P‘iﬁ?"tb@ '“W%ﬁﬁ%e cool i ng and/ or

heat 19, e % Bt g LBl SRR e R BB 5, U "
such as wwemionv\mhmtheam_gbeth polesdakedi the saome diretten, stealdtriobbs positioneday be
by 101 SEPb R AR ier o PP EUA otk borshl ok B3 KEbRE oM Bpiy £, Pk o
heat i ng melgeetisxfteld with the leppasile magreticipolesof the samegradnet If the siagneis@e heat i ng
&1 RNt podfisheBTRPHLLEAB oalll othIPtNE 2] bbile R diffd HEGhR"PnedS I HY e ¢ he
limitation as to how far apart the magnets may be positioned. However, as magnets are
positioned farther apan, their corresponding closed loop ExB drift paths are farther apart and
the resulting plasma produced will be less uniform than a plasma produced when the
magnets are positioned closer together. A distance between magnets adequate for a given

25  application can be determined without undue experimentation.

Wider bar magnets will produce a larger gap in the center of the corresponding
closed loop ExB drift path. Larger gaps in the closed loop ExB drift paths also result in the
production of a less uniform plasma. Thus, it is generally more desirable to utilize relatively
narrow bar magnets. However, if the magnets utilized in electrodes of the present invention

30 are too narrow, then the closed loop ExB drift path aiso will be too narrow, making the
plasma increasingly difficult to initiate. A magnet width adequate for a given application can

be determined without undue experimentation.



previ ously discussed. Thus, the basic enbodi nent of Figure 1 can be

nodi fied to use magnets wherein the poles are all arranged in the sane
direction, the manifold gas inlet 15 systemcan be utilized and/or the
heat exchange smazss can be incorporated. The nagnets util ipzeEgusosrize
preferred enbodi nent of the magnetron of the present invention, when the
magnetic poles face in the same direction, should not be positioned so’

close to eachMayragsnser mprte@ermrﬁmr&n c@neeﬁa@?\%giesud%tmzéﬁ witife ™BgNEL froOm
ic fi |dWI pol e of the sane

producin .
magnet . g? ?‘E'Wé ?}gg#eptaéerﬁ S. 25029;905§i7t P 8%8575( 5&33475§@“9 & 4@5(? A2 & preducst hey nay
behave ﬁmpmved ngbevormyrces and' l‘mefhedé &f forniey plhsread, and nBinbad 61GBmAkg t © how f gr

.. Ho t
ot her SR e PRl B3R Ve U B T alss” EREPARPIR 20aitdfs are 1 art her
apar t5 arsinbodingent esthbtpresgnphwmm pmmgmefdtnn@eedummmmhgr 8 4theist a pl asma
Dt weon ias Hiachefons, BAREITorB'df sB33lek 18T b ARG nes U Mae Blebhida nod
Wi t hout Q@NWHNG:MOET iMmpee maonass cavl d@gnéjalavmmgvmmomﬁel rhagmeticipuies, daibar ger gap

in the éHn%Ef ;fg sitbhé&d Qﬁgrtlﬁﬁﬂéq totic E@égpsanfrﬂggrl%@'ﬂgah acm§at h. Larger gaps

|nthecose soresu oJ(‘:tlon of a |l ess
uni f or msybstantally mmei Ci'feF%O"gé?fé'r’a¢9F5¢tl¢rmleot@§h medghet pmﬂuulng lairaagnetd at i vel y

narr W Bly WiBGRE biposie WeGREtic ddle driifie FRAB Fagn téAdh%ﬁ‘agabﬁfb %‘n&@&%gars of the

present invention 30 are too narrow, then-'t e clo ift path
al so wi 19empenem parpdieltpipe Wﬁgsqmedhamﬁawtﬁaamsuﬁ@leyt %Ifqhﬂlhdmt to

initiat Egené‘ra@émﬁst \Nl(ﬂééhsﬁdﬁ(ﬂﬁbaél&:trfo@é sévdtkY ¢he BJHE}H\ g%ﬁ%&@#gg@% 20247

determ out p pent at i on.
Vngmet 1 dirhes Hopeigs it BoUR 2 S baH ot Tbne. SRRSRHSEREms TIPS 0a o {h ¢ he
t eachi ngkroogh &t i1&ast Prt ediitrotiloas definddh Bifure 15w3&@m8§§rea§arﬁ3§ra}?§?cte@nd

ds of formn

5,494, 712 t.0 ﬁluce C,\/qﬁﬂ ?
o1 ashing SooHRr ALY REfn e PiHHTA golag staninted GRctB aces el fage Shavmraces of
vari ous heat stagastes. Yed anetkerguidingmobites plasentimdhivnns a afetioaet prodmpgt
I nventi I 5ﬂ Vi C r|S|n ?ﬁ st hr ee
nmagnet r(;.aﬁsab%ﬁﬁoer 8&%@@1ﬂ%§@f&%§+ g‘% g% 8 "ﬁaesé‘ ] ﬁ@a@ﬂ p'?%{ﬁ%e'g'ﬁ‘ﬁ head
el ect r odbemicehiagpniepysitiomoian argaresiieqnestaomeagis magﬁastnaheautuag zdngar@pposi t e
magneti ¢, g#é'n s, Sithihisi QE 08} bia d;}i n | es of
sai d magr’% seg;are al | ng ?sn L% %’rﬂ Olzllf{%&r{ H‘(O% I| r% 'ﬁg%oﬁneq'grhch
magriét i dhepyeaense ob axIesHagIgen eppisyingiamywar deng mewitlnn me rangslomww not he
g

OppOSi t Q/KERAMGS blﬁsé}%%f 3 subfiratél ¥Rd BREHBcting wwggi% digdroSichndavi N9 2
conponent parall to the el ectrode surface, net s~ havi ng sufficient
strengt fngngmer gases in a direction which is essentially perpendlcular to the substrate surface and

through a magnetic field of at least 100 gauss, which is contained essentially in a zone

adjacent to the plasma zone and into the plasma reaction zone, wherein the magnetic field

25  of at least 100 gauss is produced by a dual face shower head magnetron, as defined

hereinbefore, preferably containing two or more magnets, each magnet having two opposite

magnetic poles, said magnets positioned such that like magnetic poles of said magnets are

all facing in substantially the same direction, each magnetic pole of each magnet producing

a magnetic field with the opposite magnetic pole on the same magnet, each magnetic field

30  having a component parallel to the electrode surface.

The magnetron and plasma generating devices of the invention can be utilized in
many plasma deposition processes to treat and/or coat the surface of various substrates

such as brass fixtures, plastics such as polycarbonate glazing, flat panel displays, with



generate at | east 100 gauss on the el ectrode surface. The pl asnma-generating
device is further depicted in Figure 2 as described herei nhabove. Gaseous
reactants are injected through at |east the electrode as defined in Figure
1, wherein Wh8ofRaFtants are directed 15 substantial ly thipegaikeddeessmagneti c
fields established on both faces of the dual face shower head nagnetron.
Yet anot her enbodi nent of the present invention is a nethod of providing

an abr as§iQb, LEPbRbARSrg T%agaq ceag@ s !du6h §§th§§%u§v§t S YRSdt a@&)oteﬂgpl oyi ng

pl asma enhanced chenical vapor géposition of or ganosi |'i cone nononer gas
in a pl dsfetred trareiobeiorene and oxygen gas, conprising the steps of: a)

pl asma pol yneri zing the organosilicone nononer in 20 the presence of excess
oxygen em@ahpisng a power density within the range of 106 to 108 J/Kg in
the presence of the substrate; and b) conducting the oxygen and

or ganosi | i coMpommm@io,gbﬁlgsvasrcaaiediouteaccbbrding\tmmehedcsmgssfam.Sl Bhiexit

per pendi cul ar to substrate surface and throu)gh a magnetic field of at

| east’ 10¥p- 64@9586\ﬁme@hthﬁ'sthﬁ8?&%"%&’%5;@’@?& P § bp e%"%ﬁé‘”t &lj acent to the
pl asma Weﬁ&doﬂ thé PrebER ifVeATIitant BAE nia GietdAS Ravind &I §H6@JeﬂﬁgéleEhrSh field

25 of at t 100 i duc h d t
2o det | ARFTORRPEF ABENE: e pRE hRMEFperlori a7 if g G SEGY A AGRER =, cach
nmagnet Hass.r@jcrh)MEdehplestrbds wamgme&uomathssgmems CeasRgaghent padng i oned such
that ik t bst |
th((ja1 saI GE'H?'?'%’E% i k)%o PuggcshUQEc 2%’ ?3gﬁ%F§s @13 s a%%%‘nsegmﬁﬁtol Ec.s°lﬁ‘afs"‘°3 gne%/l c
fiel® wibylarahgingfpoai m@nmgqmmgﬂbmlwnrmwndneemlumtamed&mameti C
field %%u&ﬁé'eg% Sn&GATRAALRLeE Lidie IAghdiBn &l AEk Uit AiSn. ERG,

e u ized in

magnetron an asnma generating e I nvention can
many pl afthe rumma in |tmowm@s'nm8t(6%%ﬁ crardna and gench e7am)fthicle of

various g%&h%@%@a@h %)brﬁa%afghagwa%hcenbaﬁw %Zozggésvcar bonat &

gl azing, flat panel displays, silicon and
ot her i f&A8&m/Y ép%s%aphdwpww a %U"BPP %@d P%b@'egwegﬂibe MagheeWEe et al .

pat efit s opiiR FRtiMidweRaIh@istieal @nahe Emaa@hﬁ%né%ag&.labh magﬁét v@s%ééblz was
carried out accordi ngPlto th t eachi n%lza of Pat en 433, 786

except tHSh thehibeqapl Plof)?ia gt irepvayfroma badkpe E?Q%Fme%" 1
magnet r amchqf 1520 empp trickesott irom gieget.i Tie famioftt)w@ma@gamhmssorhw iong/saidhy one

h f |a I havi ng .di i f
Tnohos (F88smfkaan i (RReBuleR o e TRldRTs BB AN BEER Nt vt od
of 4 seghamber,in paliel22dmbes (5588i omy aparit.N"Evescentes meign@toni washeedua] f@se2 cn) by 36
' nchﬁ)s (e?ectrgée %vn?noutEaab leﬁ& Sl'él?é”tUtM?rﬁg ﬁ;\ggélth‘:e% etleecq'odes the PECVD device

generated uniform plasma conditions over an area approximately 30 inches (76.2 cm) by

144 inches (365.76 cm) using power sources to provide a power density of approximately

8.64 x 107 J/Kg. Brass parts were coated with a SiOxCyH; coating as follows.

Approximately 500 pre-cleaned substrates, consisting primarily of polished brass
25 door hardware, brass test coupons, and glass slides were attached to fifty 8-inch (20.32 cm)
diameter by 32-inch (81.28 cm) long racks and suspended between the center double-sided
electrode and the two single-sided electrodes. Electrode spacing was 22 inches (55.88 cm)
center to center. Racks were rotated at approximately 1 RPM to provide uniform coating
thickness for parts on all sides of each rack.

30 The coating chamber was evacuated to a pressure of 1 x 10-4 Torr before

introducing process gasses. Gas flows were 150 sccm Oo and 100 sccm Ar. Gasses were

introduced continuously for three minutes to allow uniform diffusion throughout the chamber,
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lo by arranging 33 bar magnets formng 11 col unmms where each col um
contained 3 magnets abutting each other to formessentially a single
magnet on a franme made of alum num Each of the magnets in the col unm was
24 inches (@@®9%473s) |long, and .5 inch (1.27 cm thick. Thervwsdkssanas . 75
inch (1.9 cm. The magnets in each colum were placed 2.44 inches (6.19
cm apart. Each magnet had a surface field of 1 kilogauss. The magnet S were

15 obt ai g1ef whichsobb daes bt dmtwéﬁdweﬁisvas plfeh% %%?écii@dééﬂ 'f\gi 5 %?segnc h magnet

was placed such that e _nort each ghet face

backi ng i flMew %%?%65%‘?10@152&,5%“ T&?&Q (‘et@gﬁaﬂ’y@ﬁ'%%‘?b‘ﬂa%@ff@ducednanslhlwt The
face of ObtowngsatjusldB2y st ContitidhSremambd stati@R? 2m1ﬁum505né}'mﬁ%”um
sheet (header plate). The el ectrodes were placed in the PECVD nber in
par al | el g#38es arphymsvef Bas SButoff) T&pahémbe’l’h&s(t}wmt@écuwetﬂxofo daqsrr @ dual face
20 e'pﬁc\}rﬁg’gsefé%t“gg%tﬁg'?sa@%@"% tg‘Ehe atiu’% |hI zing these three el ectrodes,

rmpla e6hditi ons over an area
appr oxi nat el 76 sin ower
sggr ces to ?‘roe\%f)sc}hﬁgcg@(ﬁ)t\a\lggég‘go L@Q’mw‘? cga%? l(:)x f Frse ev@'ugtz?%qgrfﬁ?k ng ?(p Br ass
parts wellft@Z'eQ)atTédC%NH'i‘aaStS? tQ@UVPﬂOF@QGt |Evgemt ﬂrmiormmsof a@@gw-ﬂm;em%r 500

pre-cle r r| mar i | hed brass 25 door

har dvr v 3B Bl alGRE AlehitsRend SoprolimBibRisol abdeema. oot i 1y
8-inch (mtlwwmbsemean@becorbglerew transparérd bn 28 glasy slldelalupromk\ﬁiﬂﬁm suspended
bet n ' two_singl e-sided

el e\(,:\ﬁaocﬁ Jﬁ‘é‘e o eggplq 8?#%6\%&35@5%&% \'A/%%S/nsrﬁ‘:? @g&@gm@ ap%egﬂqngg?qo center.
Racks V\m@oﬁifédataéapa'ﬁs approximately 1 RPMto provide uni form coating

t hi ckness for parts on all sides of each rack. 30 The coati ng chanmber was
evacuated to a pressure of 1 x 10-4 Torr before introducing process
gasses. Gas flows were 150 sccm 02 and 100 sccm Ar. Gasses were introduced
continuously for three minutes to allow uniformdiffusion throughout the
chanmber, 10 WD 99/ 17335 PCT/ US98/ 20247 after which 5000 watts of 40 KHz
power was applied to the el ectrodes. After 6 mnutes, the Ar flow was
switched off, 525 sccm TMDSO (tetranethyl di siloxane) was introduced, and
the 02 flow was adjusted to 225 sccm Conditions renained static for 240
m nutes, after which gasses and power was shut off. The chanber was then
evacuated to 1 x 10-4 Torr to 5 renove residual gasses before venting to
the atnosphere. Test strips distributed throughout the coating chanber were
eval uated for thickness wutilizing a Tencor Al pha Step 100 profil oneter.
Excellent uniformty of a SI OxCyHz pol yner
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was observed, with the average thickness bei ng approxi mately 34000
angstrons. The coating was observed to be conpletely transparent on all
gl ass slide coupons, with no io noticeable haze. Coated polished brass’
parts werewydohsdkly identical in appearance to uncoatedhdi@®s@ats. 11
WD 99/ 17335 PCT/ US98/ 20247 WHAT IS CLAIMED I'S: 1. A dual face shower head
magnetron, conprising: a) a pair of face plates defining a plurality of
hol es f a gas therethrough, said face pl ates being

el ectrlgf @%{tﬁl_g%épﬂg fromeach other and formng an 5 interior space
therebetween; b) a neans for supporting said face plates in a position
essential |y parhfyafaceshowerdsadmagretion. $amRisiNGe i nteri or space, said

supporti.ng Teans Q%dwgofﬁc@cpnanéw.h.nglarpmnqt&@hofee%ﬂtraﬁﬂdd&.ﬁg@pg‘aspl ates; c) at

| east one ma HI?% in tge i N $ ace, sai | east one 10
magnet E‘&feﬁﬁ E"t" qIPlajes being Cé’éf’a ¥ 1954 %‘8 op gagh pina A formingad d neans
f or supipedriot §ighce Hedebehvaaem; pl at es; d) neans for introducing gas into the

et o SPace A kbl B B Bl e B e £, 2

subst antachl dtlyerttdnterm dmeintelibr sppcersaid supmortingmoaand ibeing eleetnballyonéulqleﬂxﬁasm t o at

| east ope fates face plates; wherein the interior space is essentially
gas ti gFﬁ 8& for the pl urallty of holes and said neans for introducing
gas. 2. A nagned)r i leastaednagpet sup@bréadin e interarepaces adid abieasteast one nagnet

gﬁg@@' Sﬁégm{ﬂ&%h%le‘étri@?iﬁ/ggéugatéboﬁdrﬂ EQ&‘%@ Waﬂé@ a![nhlé?nd ’E\Stfdrgué’é’da daffing in

€ sane rection posSi |oned e such that
each na@nepbﬁﬁEates its own cl osed Ioop ExB drift path. 12

d) means for introducing gas into the interior space and out through the
plurality of holes in said face plates in a manner such that the flow rate of the gas through
each hole is substantially the same;

15 e) means for providing electrical power to at least one of said face plates;
wherein the interior space is essentially gas tight except for the plurality of holes and said

means for introducing gas.

2. A magnetron according to Claim 1, wherein said at least one magnet comprises
multiple magnets positioned with like magnetic poles facing in substantially the same
20 direction and positioned at a distance such that each magnet creates its own closed loop
ExB drift path.
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