11 JAN 2006 OBLI QUE DEPCSI TI ON APPARATUS BACKGROUND COF THE INV%@WIQNNFE@%d
~of the Invention The present invention relates to depositing filns, and
nore particularly to an apparatus for preparing thin filns by an oblique
col l i mat or deposition. Description of the Prior Art Sputtering is a
commonly used nethod for thin film deposition. Sputtering is perfornmed by
providing ionized atons, such as Ar', in a vacuum which accel erate towards
and bonmbard a negatively-charged target material. The ionized atons knock
off other atonms and nDIquﬁgguﬁrﬁggdgyilbﬁrﬁﬁgAdﬂybgriaI. These ej ected
atons and nol ecul es subsequent’ly deposit on a pre-selected substrate also
di sposed in the vacuum chanber, thus formng a film on a surface of the
subst r at gacR&RoUNIoeChRE YoffentrR8e) ected atons and nol ecul es depends in
significant part on the incident angle of the bonbarding ions and the
scattering of ejected atons and nol ecules as they collide with other
particl egieTdCof MeCehPENidd | OWS a wel | -known cosine distribution.
Therefore, the atons and nol ecules directed towards the substrate surface
cone from var TBEsPaRYEs, ingwatanr yrelatonpar atepesh yiserafi lygor tansh rare

i nci dent pay{@ﬁ@rgﬂlg! | Yo REr PEBRl Cleh,ar f@rtegeﬁé’pﬁ{d’ aﬁ;giﬁurm& 5P 4n
result, 1t is difficult for sputtering to achieve a deep confor mal

cover age LW T FHlgR2BRplePosatien st eps or contacts on seni conduct or waf er
substrate. To overcone this drawback, a device known as a collimator is
used. A collimator, such as is diagrammatically represented in Fig.lAwth
r ef er encBeAGTHEY O™ 9F FRe FrdcgdRpkt ween a target 10 and a substrate 15.

Substrate 15 kpugeseindy | Yishondeddinoh@dMPeded method for thin film

deposition. Sputtering is performed by providing ionized atoms,

such as Ar', in a vacuum which accelerate towards and bombard a
negatively-charged targgt material. The ionized atoms knock off
other atoms and moleéules from the target material. These ejected
atoms and molecules subsequently deposit on a pre-selected
substrate also disposed in the vacuum chamber, thus forming a film
on a surface of the substrate.

The trajectory of the ejected atoms and molecules depends in
significant part on the incident angle of the bombarding ions and
the scattering of ejected atoms and molecules as they collide with
other particles. The trajectory follows a well-known cosine
distribution. Therefore, the atoms and molecules directed towards
the substrate surface come from various angles, and only a
comparatively small portion are incident substantially
perpendicular to the substrate surface. As a result, it is
difficult for sputtering to achieve a deep conformal coverage
within high aspect ratio steps or contacts on semiconductor wafer
substrate.

To overcome this drawback, a device known as a collimator is
used. A collimator, such as is diagrammatically represented in
Fig.1lA with reference numeral 12, is placed between a target 10

and a substrate 15. Substrate 15 is generally bonded or clamped




1 11 JAN 2006 on a substrate hol der 14. The chanber housing 16 i d %vﬁﬂméﬁ&ﬁ
with a punp assenbly (not shown). Collimtor 12 typically conprises a

di sk- shaped object having a plurality of holes or openings 20 provided

t here through. The collimtor functions effectively as a filter, allow ng
only the atons and nol ecul es 13 incident perpendicular to the substrate 15
to pass through and coat the substrate 15. This results in a nore

conf or mal deposition within deep contacts than when a collinmator is not

used. Fig, det ai t Illgggg 12 fron1 e, de Qsi.t stem
as shomn i FFabgi hglgé I?ﬁaﬁéﬁ be ‘Fescr % %Ft)vacu?sagspe
ratio H B RMm@r @SHemhly hénale piitvwef) tl¢el¢@tnatcrmtlfr tapd cBl1y scower idieamet er of

t he hol %4 ShL ?hﬁﬂz'f%el §b (pg agayh?/v % p(lnnlay SSIIeI BgatholelZ whi CrﬁhC%S'z%t s of

a plurallty o] openlng veral “hores far
However , pdegigded| tlmeacta)rthridulgé- eViee y¢dil ngragbse funtthionsa efﬁputixeaﬂlyngisc anber ,

gets Poatfggftwh APE-aRY L B9 R erdine Thea ARGHIMLAL 09507 SR | O

mat eri al ectiv ni's anetric size the op enlngs hus
reduci ng Herx@edép@slam ofe r bite sepsttedes st rateasEvemtaghl yarchecaaowite of

mater i al’ blue Lo, PRgS TV ol ke APankAgs UBYcbeROMeNSEL] Sl actary,

Fortunately, there are techniques avai bIe suc descr |
Pat ent Néleeps5cquR&87 thenSalrih, cof lahaton dsr eabvesdche accunul at ed

materials andgl ean; ghg GOLA{ IR D130 dNFL L e, SPHLL QLI r&%ecagggg)ﬁél'a?lue 'n

a desired mannér and deposition rate. EXisting techniques involvin
col | i mat G¥s&PB eff ey dn FigrmakRngThhecoliliaintent 13 Icmn per @enmmﬂcarb&t o the

substrat gtgupbacer rflb ﬂ?osuﬁmﬂeeﬁh%qeﬁeléeﬁ%%ka@ﬁ@ 40 1TRKEF NG d el dent
flux oblique to the substrate surface i .e. an oblique sputtering
deposi ti of) . the diameter of the holes. Fig. 1C is a plan view of the

collimator 12, which consists of a plurality of holes or openings
20 {only several holes are shown}.

However, the collimator, like everything else within a

sputtering chamber, gets coated with the sputtering material. The
accumulation of sputtering material effectively diminishes the
diametric size of the openings, thus reducing the deposition rate
on the substrate. Eventually the amount of material able to pass
through the openings may become unsatisfactory. Fortunately, there
are techniques available, such as described in U.S. Patent No.
.5,409,587 to Sandhu, et al., to remove the accumulated materials
and clean the collimator sc that the sputtering can continue in a
desired manner and deposition rate,

Existing techniques involving a collimator are effective in
making the incident flux perpendicular to the substrate surface,
but no such technique is available to make the incident flux
oblique to the substrate surface ({i.e. an oblique sputtering
deposition) .

Actually, an obligque evaporation deposition technique was
reported as early as in 185% by Smith [D.O. Smith, J. Appl.Phys.
30, 264(1959)] and EKnorr et al. [T.G. Knorr and R. W. Hoffman,
Phys. Rewv. 113, 1039(1%59)] 1IN 1959. The formation mechanism,




Actual |y, an oblique evaporation deposition technique was repogit édj&s 2006
early as in 1959 by Smth [D.O Smth, J. Appl.Phys. 30, 264(1959)] and
Knorr et al. [T.G Knorr and R W Hoffman, Phys. Rev. 113, 1039(1959)] IN
1959. The formation nechanism 2 JAN 2006 m cro- structure, texture, and
ani sotropy of the filns evaporated at oblique incidence have been
investigated by Smth et al [D.O Smth et al., J. Appl. Phys. 31,
1355(1960)] . Hara et al. have studied the magnetic and optical ani sotropy

in obliqugleyotbrrsfutber edxthioh, angs cobal [ :
116, 441 f982)]r Thgy fouﬁd t he magnet | ccytalfr(ljl gg?;folﬁgllg?rﬁ%ﬁ%n@#’a?%aﬁs

ori gi nat €% fPAAER el vPgsRCENhaTE Y BEW oinvesisigaitkit by, Smhth tétatad n[D @obal t
filmostdnd tQriegi Rate firomgphe pRgget ggryg@ggl(ig\?,) ]anlﬂ%(}tar QY- 5 A kghv%sent

obl i que evaporati on dep05|t|on had found “Severa appllcatlons ‘suc
metal recUdAY tHife. MEBRS e evdporriticed depbwitriop | tn eadilénuely acti eve

t han 0b|s‘p‘ilhi@e§éwt t @6k ngnaematltorhlml S‘zt Siabgcause, pbl i gue é\ﬁmpof 11 on
deposition_is ormed under a trahi gh vacuum an subseduent |y

the diredd |1c5ﬁ%g%>r3 1 ﬁ@eé’vgﬁ‘é‘f*%tté’& ﬂa%ﬁm%sar@@ﬁtmpy clontirrein| édleueostd vt he

| ar ge ﬁE@&lﬁﬁﬂ@tégﬂﬂ}oml&h@tQﬁ&péwﬁﬁk%otEBEQEOf'§r§§¥§il§@@5tegﬁ@gugﬁpqy§e the
mean free path is large. Oblique sputtering deposition i1s generall

y
carried abhderfi18- 3 BRSELY vaEdgEPake| oePmy adiem tIRanSSPEpEE R} gme

deposi ti Qﬁ;saﬂﬁopﬁCQﬁf dbentt hepdi fest LeRsoaftibhe d%BHEi@I&E’ P tigd@s are
hard to contrgg éause of the smaller nean free path (i.e. nore
c"’aﬁP(s3L

scatteri igy <t CBELPMT s, SUGHI REURS PutCEPFRPUEFESIFtion is sel dom

reported. NbreO&Q;qﬁ@eéeapdkdﬂldedﬁ@o@ﬁtﬂ@ﬂlQQ feQls1iePr @RAT &M i el N ON
a whol e d‘lgik substrg:te to grodu e colums  of filmmaterial angled in the
ci rcunf erent f8f HHCEEIBA SrPFHE AP Freds HREBYSusPhig- B ryaeCEHdPer i ng

deposi ti deposition is performed under a high or ultrahigh wvacuum, and
subsequently the directions of the evaporated particles can be
controlled due to the large mean free path. In other words, there
is less scattering because the mean free path is large. Oblique
sputtering deposition is generally carried out under 10° Torr
vacuum, a lower vacuum than evaporation deposition, and
accordingly the directions of the sputtered particles are hard to
control because of the smaller mean free path (i.e. more
scattering). Because of this, oblique sputtering deposition is
seldom reported. More so, there is no ‘existing device for
preparing thin films on a whole disk substrate to produce columns
of film material angled in the circumferential direction or radial

direction by using oblique sputtering deposition.

SUMMARY OF THE INVENTION

The exemplary embodiments of the present invention overcome
the foregoing and other problems by providing a device for
preparing thin films by oblique sputtering deposition by inserting
an oblique collimator between the target and the substrate. The
exemplary embodiments of the present invention also provide a

device for preparing thin films by oblique deposition by inserting




SUMARY OF THE | NVENTI ON The exenpl ary enbodi ments of the present?iinyant 7358
overcone the foregoing and other problens by providing a device for
preparing thin filns by oblique sputtering deposition by inserting an
oblique collimtor between the target and the substrate. The exenplary
enbodi nents of the present invention also provide a device for preparing
thin filns by oblique deposition by inserting 1 1 JAN 2006 an obl i que

col limat or between the incident source and the substrate. The oblique

col || mat s gepehlhedATigL A, PABLG. R eBRLI NG LD LEE, Wi th an angl od

col um sfructureland 30 Sone
i nvent i ogubattraides a dbalc&bﬁuﬂuedepOSIImaﬁpms f deserionid aesdid acmabfiea

substr at . devi have, a f|In1 eri.al gree for per5|n film
o Cer| o Brelf e Vis MI0NECR Ll ho B S G R A 2eBd Te
devi ce canbhdireerts adhhsml@r abgl®aeen t he f| | m materi al source and the

substrate. a a ges t here ich ngl.ed
obli quel y re|2§IV§£% ghg% c?hﬁgcgué?acecgﬁ% %df%p &gh?g %iﬁﬁ?
mat er j al otkavel | agriaswardi t he &dhes:trraatae i nTB.et rdajvécé orqanv\mm as fildm

substantggkg lg@rgghgéetqbghe%#%§efggggaqgjgh fa erla&ass§§g§% e S, bl%ﬁked.

These an er objects an ntage e devi'cé according to
present QﬁV@n@lcﬂinﬂCthOQGEbnémbbubQUSaEQ)adnﬁseeof Ther dierary s&i [Havienat he

art after hayng, r egd the figld o dlq[g et alilgd ¢ glr%%rlaqlt of, of S&gg Ip” ferred

enbodi nents which are |Ilustrate various amnng i gures
DESCRI PTEBR OFc IHmapRAW KES Arafts e ReGispbete thwierist amiinly ofire heanwdedod and

appar at ugp@fqud e PEESERE idveptd o, RBY- e obfalned ly.refierengs. fRqthe

film material traveling toward the substrate in a trajectory which
is not substantially parallel to the obligue angle of the passages
is blocked.

These and other objects and advantages of the device
according tc the present invention will become obvious to those of
ordinary skill in the art after having read the following detailed
description of the preferred embodiments which are illustrated in

various drawing figures.

BRIEF DESCRIPTICN OF THE DRAWINGS

A more complete understanding of the method and apparatus of
the present invention may be obtained by reference to the
foilowing Detailed Description when taken in conjunction with the
accompanying drawings wherein:

FIGS. 1A-C are schematic diagrams of a perpendicular
colliimator in use and in detail.

FIGS. Z2A-C are schematic diagrams of a first embodiment of
the device in accordance with the present invention in use and in
detail.

FIGS. 3A-B are a schematic diagram of a second embodiment of

the device in accordance with the present invention.




foll owm ng Detailed Description when taken in conjunction with tHe] JAN 2808
acconpanyi ng drawi ngs wherein: FIGS. 1A-C are schematic diagrans. of a

perpendicular collimator in use and in detail. FIGS. 2A-C are schematic
di agrams of a first enbodinment of the device in accordance with the
present invention in use and in detail. FIGS. 3A-B are a schematic di agram

of a second enbodi nent of the device in accordance with the present
invention. 4 11 JAN 2006 FIG 4 is a schematic diagram of the col um

structure of grofi LmignaaseheablAr-ahapell SHOSHLALE; AGNT EUaM Y Uskng an
oblique collimtor in accordance wth the present invention. FG''5%i s a
schemat | Fidhagram eireauidyrsdapatodipeinatel adidevdevbyeusinacooraaicmew t h

the presept i ;0N - B i i.agr.ans of an enhanced
col I mat oF ll?@%i@téﬁ%’%aﬁj%ﬁi@%ﬁt s YRR B B o O T
PREFERRED EXEWﬁEAR? EWB@DENERM%?ﬂF}ﬂHETaRRE$ENTthNVEhﬁmﬁhﬁE%ﬁmx@fth@e

I nvent 0'&ekr§c£‘e§r9ra!c1%%9déﬁcéj%$iﬁch| thet J]séak%r ;ljlltdinﬁen&r&qle.rSt ood that this

invention is not limted to the exel ! enbodi ments depi cted and
described her &R: PATE o Fecrchomatividiegshna frat ervodierdentl bimate

device iRs aeePidaNGs Wigd 1 hggpresent invention is illustrated in Fig. 2A
The difference between Fig.lA and Fig. 2Ais that in Fig. 2A an oblique

collimator 12', rather than a perpendicular collimator, is shown. Fig. 2C

is a 3-dpEpAsLer alEsdRavrieh O tThe eREFERE xkrprARMEVHIDEABRTS tér Y
supports 18 which span a plurality of rectangular sheets 17'. The
col | i mat GREFBNT CHWE‘HEIB’Snstruct ed of nmetal or other conductor materials,

insul ate nat eme@bse @he invention is described in detail, it should be
understood that this invention is not limited to the exemplary
embodiments depicted and described herein.

A cross-sectional view of a first embodiment of the device in
accordance with the present invention is illustrated in Fig. 2A.
The difference between Fig.lA and Fig. 2A is that in Fig. 2A an
oblique collimator 12', rather than a perpendicular collimator, is
shown. Fig. 2C is a 3~dimensional drawing of the collimator 12°,
which consists of supports 18' which span a plurality of
rectangular sheets 17'. The collimator 12’ can be constructed of
metal or other conductor materials, insulate materials, or
semiconductor materials. The number of the sheets 17' can be
varied to achieve the desired passage size.

Fig. 2B is an end view of the collimator 12'. The collimator
can be described by its aspect ratio D/L, and obligquing angle ¢,
where D is the distance between two neighboring sheets 17', 1L is
the width of a sheet 17" (i.e. the depth of the collimator}, and ¢
the angle between the sheet 17' and the support 18'. As shown in
Fig. 2A, the angled collimator 12' is placed between the substrate
15" and target 10'. Only particles 13' with an obligue incident
direction nearly parallel to the sheet 17' can pass through the
collimatoxr 12' and finally deposit on the substrate 15'.

Particles traveling in othexr directions are filtered by the

5




sem conductor materials. The nunber of the sheets 17' can be vérﬁaﬁfxmcgg[}g
achi eve the desired passage size. Fig. 2B is an end view of the collimator
12'. The collimator can be described by its aspect ratio DL, and
obliquing angle 4, where D is the distance between two nei ghboring sheets
17, Lis the width of a sheet 17' (i.e. the depth of the collimtor), and
4 the angle between the sheet 17' and the support 18 . As shown in Fig.
2A, the angled collimator 12' is placed between the substrate 15 and

target 1Qo1190Lyopanbicl espl3’ quit b obli que.{ncj t Lrection nearly
par al | el too t he ?sheet 17" can pgfg&s%%aoug%h?hglirﬁ;o ???rathggelf& a?'\%gjfeldﬁal ly
deposit owluhe stbsttate 1%his fagld clsedipgavethary drmylet bebfdihecdians are
filtered. by the 5 S1 J 2006 | l.imator 12' . The deposited thin filmwll
have an (}ﬁgl ebaecaél(’)sfeur%fA HRucter e CELBHGISE TIPS bi ggB S hAI LGSy P8 ¢ he
sheet 1Ftrbetauserafulitse iselaf mbadowhbgoefdBctor HhieS pabge el &0ldMhe

structur%&rlgsult in_a cro aniscgreop roperties of the  film It

of ft.he
i s often désirable thafifré 82%’&5{ Yat lbatbetrﬁﬁ"li%ﬁ t {FoGg Ut MR H ™
col | i mat ahrpogkosur ehd hatlltimetoesubt engudeposit ethe fddsmiwihy Bayesiadani form

t hi ckness..apd j f.or. blique struciure. A secopd e di rent, of the oblique
col I'i mat (?r:L ﬁﬂsw:ﬂﬁ i v?a e‘dmggonml:itcg.l ¢ IA?SSI'HaéldzBHF?ﬂ’{ g’%qilgu?ra%%wcﬁtuﬁef
ci rcul ar - shapéd ssgppdr ¢mbdkBheandod pharathlitgueotol I Apezai dsshapedtsheet s

17". Shegts 17" an nduct qr., insul ator or sem conduct or
mat eri al thn E%Léi'sg’%f I‘CEE%.?(-@ gﬁ%t%{ea&%%olllsi Raror O?sasﬁé%‘i:%]ﬁri Sgggf' nePHG" a
di sk- shdgéd agdbst magalihe shebrspdZtidasbaped| etedtrs tHE .ci r shenfrer et al
directionRgpnFirQ. n{id%eisoggﬂfﬁ%tc " ' Increasing width toward its
out er enda\?hi ch corresponds vvit%%'tﬁgggg e%nﬁgné er-of the Icnglg?flrraa %or .
Thi s desiT§aseRsbrenntrdgrefiecabbienttoratisospécididy designed for a disk-

shaped substrate. The sheets 17" are angled in the circumferential
direction.

Fig. 3B is a sheet 17" having an increasing width toward its
outer end which corresponds with the outer diameter of the
collimator. This design ensures that the aspect ratio of the
collimator is the same everywhere, and results in a desirable
uniformity of thickness and uniform oblique effect. When this
collimator 1s placed between a substrate and a target in a
sputtering system similar to Fig.2A, the resultant thin £ilm on a
disk substrate will have an angled column structure, as shown in
Fig. 4. The columns angle in a circumferential direction with
respect to the substrate surface of the disk substrate. This
angled structure of the thin film is beneficial to hard-drive disk
media since the angling of the anisotropy axis along the column
causes an enhancement in effective magnetic head field, resuiting
in a desirable read/write performance of the media.

Furthermore, columns angling in the radial direction of the
disk substrate can also be obtained by using another angled
collimator as seen in Fig. 5. This collimator is constructed of a

plurality of sheets 177 angled in the radial direction rather than

the circumferential direction.




collimator. is the sanme everywhere, and results in a desirable %nhfﬁégggﬁs
of thickness and uniformoblique effect. Wien this <collimtor i's'p
between a substrate and a target in a sputtering systemsimlar to Fig.2A,
the resultant thin filmon a disk substrate will have an angl ed col um
structure, as shown in Fig. 4. The colums angle in a circunferenti al
direction with respect to the substrate surface of the di sk substrate.
This angled structure of the thin filmis beneficial to hard-drive disk

medi a since the Egléﬂ&eogn&gg"r&@ sot éﬁgys anitSs %on éﬁg,,cgggr@ fc;g{uges an
enhancenment in effective magneltl cthéa iech?, résulting ina desitabl e
read/ wi va pbef srppmde d8't hadnkell a. rdapetchéveaiy €, Theolamgis abgh | meppeatt he
radi al di.rectio i subs n_al.so-pe_abtai ned b in

anot her éc%gl%%l ghc%tlr%?rgt %‘?iéags%esggnglﬁﬁéﬁi%ﬁ g.ndTg?s Tot Itblerrﬁl Blrlsl%&]sflm%

const r uctebgudf0 ato plbgnal PEY f rslewétisnd 74diamsghedt imedarye wadhaks diaresti on

rather than .he gifc e i i o] 6 A 06 t ahove
enbodi nment s,t t hgp S néce't{g 1;&%aﬂrﬁel%ert§%tﬁhbgchﬁ xsél(fjet\(%n[\%rﬁ{e) Sstullﬁ%&l § 18¥ and
18", respsevivy . adivstangt engdnsy respeviglet oft fbesubstlairg stlriftade laf
sheet 17codlin 1an C80 B8 AdIdSEMoLY O AROUL Gyd 0o ADOUA: A0y T;RY OYLIT NG
adj ust ment means, such as screws “at the point or juncture between the
sheet s afliest atiet iid!l Byrryroidtei nghatj ustassst hdansasnd hé 74ngheedf nphe

[ esul tNgebBl faliiyMoeC Bh UMy CAD PR AGkr $RROBILIGLY Jlsheds, OBg: Alawgledli nary

skill in the art "w ppreciate that sheets 171 need not
necessar iR} B phamar otbepr opndéguiet idesir efppassamels butelugehety ©4n be

many ot hehpGoaf i Guratienss Bﬁ?lgﬁ%a%h@q@eﬂ} urgl £ %OF £ot ubtd ag,sdirugtur es
angl ed obl i guel y relative to the substrate surface. For collimators in the

above enB8dir#eht s according to this

For collimators in the above embodiments according to this
invention, the particles are “free” in the direction parallel to
the sheet 17' or 17" as they pass through the collimator. To
further confine +the particles in order to achieve a more
collimated incident particle flux, additional sheets are can be
provided. ' Referring to Fig. 6A, additional sheets 19!t
perpendicular to sheet 17' can be provided to a rectangular
‘collimator. Similarly additional sheets 19" can be provided to
span sheets 17" in a circular collimator as seen in Fig. 6B.

For all above embodiments, the obligue collimator is used in
sputtering deposition. This oblique collimator can also be used in
other thin film deposition technology resulting in oblique
deposition by placing this oblique collimator betweén the
substrate and incident flux of the film material. An example of
another type of film deposition technology that the collimator of
this invention can be used in is evaporative deposition, whereby
the collimator would be placed between an evaporation medium and
the substrate and the evaporation medium evaporated to disperse
particles thereof incident towards the substrate.

Although the present invention has been described in terms of

the presently preferred embodiments, it is to be understood that




invention, the particles are "free" in the direction parall el tq TEﬂﬁ Zﬂﬁ?t
171 or 17" as they pass through the collimator. To- further confine %
particles in order to achieve a nore collimted incident particle flux,
additional sheets are can be provided. Referring to Fig. 6A, additional
sheets 19, perpendicular to sheet 171 can be provided to a rectangul ar
collimator. Simlarly additional sheets 19" can be provided to span sheets
17" in a circular collimtor as seen in Fig. 6B. For all above enbodi nents,

t he obli col.limator is_used in utitering deposition, This obljque

col | i mat %El%gandlaslcsﬁrgs e uddd 1 W h%g tlﬁ]l%ﬁr?’?ﬂﬁoge?)%silﬂnbﬁl’f%chmld’g?

resul ti nglitrrablémpueandleposi fitibyspladiingd hiiGumabl hepneC oddgaraher thet ween
the substrate gnd.incident, flux _of the filmaterial. An exanp|e of

anot her tscil/lﬁggofsqﬁlﬂll%adelﬁlos%}t}? oA rtec t(ﬁrogﬁeélrajréltg t e CSPPY%FEJgBH?SMtehi s

i nvent i oRccandbeylysed it iss evapomaleidve td@posithe on appbedeby cidiascolde mat or

woul d be ; e e n_evaporation di um an t he ,substrate and .t he
evapor at ilgl rlgégrgg?%r%{ \ég\?sa&?%gf ‘-élagt%ﬁ;i %’gteefggl%%r fﬁ“& r%%cntfﬁéfagb‘f’n‘? i

t owar ds thehsubshe draee Abitiougnd heops esenthei Drestiiem.has been described in
terms of the presently preferred enbodi nents, it is to be understood that
11 JAN 2006 such disclosure is not to be interpreted as limting. Various
alterations and nodifications will no doubt becone apparent to those
skilled in the art after reading the above disclosure. Accordingly, it is
i ntended that the appended clains be interpreted as covering all
alterations and nodifications as fall wthin the true spirit and scope of
the invention. 8 11 JAN 2006 5




10 What is clainmed is: 1. A device for depositing a filmonto aJFjrﬂgge{@E

a substrate having a circular profile, conprising: a film matert ug

for dispersing filmmaterial incident in the general direction of the

substrate surface; at |east one collimator between the filmmaterial

source a %éﬁ&éUQﬁLﬁ% .. the at least one collimator having circularly
ets

spaced she StabIt s fﬁb'passages through said collimtor, the passages

being circular and angled in a radial direction relative to the circular
profile of the substrate, wherein the passages are angled 15 obliquely

relative Yo t He G fr dpRetidting® fHR e erudfaqs i & i al
t ling t i 0. ' . i IS substanti al |
Leurl ol Ut oot pnibduifatS RN & |y ol (Y SEIGEN N dibla diGlg S pSt AL T ALY

parallel to the oblique angle passages IS
device in accordanfalw matelranh tounmker om dispbikeingf file hatghiadf the

passages to the depth of the passages is substantiall ni f orm t hroughout
the collimator. 3."“I‘Hec]ie('ulg‘/i’cré % a%?b?’iﬁ?nrfg&ﬁ?%% & #‘,e WS ER the
angl e of the passagagsrfidd); respect to the substrate surface of the sheet

of the collimator can be varied_ fromabout O to about 90 C. 4. The device
in accordance wi Bf &rast enghepdilamakerf bpfween the film material

source and the substrate, the at least one
10 collimator having circularly spaced sheets
establishing passages through said collimator, the
passages being circular and angled in a radial
direction relative to the circular profile of the
substrate, wherein the passages are angled
15 obliquely relative to the substrate surface such
that incident film material traveling toward the
substrate in a trajectory which is not
substantially parallel to the oblique angle of the
passages is blocked.
20
2, The device in accordance with claim 1, wherein a ratio
of the height of the passages to the depth of the
passages is substantially uniform throughout the
collimator.
25
3. The device in accordance with claim 1, wherein the
angle of the passages with respect to the substrate
surface of the sheet of the collimator can be varied
from about 0 to about 90 °cC,.
30
4. The device in accordance with c¢laim 1 wherein the film

material source is a target constructed of the film




material source is a target constructed of the film-9 11 JAN 2(%0? /!\
material and particles are ejected fromthe target material JAN 2005
sputtering technique. 5. The device in accordance with claim1l vvherel n the
film 5 material source is an evaporation nmedi umconstructed of the film

material and particles are di spersed fromthe evaporation pediumin an
evaporation t Prteaand RATE SIe @RS eIRarad drom dhe targeér ein

the 10 colli rﬁpgggnc@_ngip ael%gﬁecla”{é/ ddQalips. on earth or biasing. 7.
The device in accordancé with claim I, wherein the collimtor conprises a

material selected fromthe group 15 consi Stl ng of a conductor material, an

I nsul at org a .sen conduct or terial. .8. .The .device d.
accordance Wi t'lﬁ{ c?Aalevm WHersi s cﬁa G iTngtsF o :”iesglg'?"ma
support structhtserioiIprdaiige aldn %#atpbﬁtﬁﬁﬁ@i’éﬁl@hwﬁﬁﬁuaﬁ:& &di al 'y
with respect tQ the center of the collimtor, the plurality of second

sheets bei ng Hs £l mataniad raé}datnacﬁﬁwet%@%@a%qs(%i fapm e
circul arly spagegahastsh andhide 5 azjbqgt% g?.rx_}gt,%l;at ion form ng
passages there between. 9. A% deV| ce epositing a onto a surface

of a substrate having a circul ar proflle conprising: a filmmateri al
source fog di slq‘eésderl%_fil.m mat eri

| . . .
ce in accor&%nce with c¢laim 1, wherein the

10 collimator can be electrically floating, on earth or
biasing.
7. The device in accordance with claim 1, wherein the

collimator comprises a material selected from the group
15 consisting of a conductor material, an insulator

material, or a semiconductor material.

8. The device in accordance with claim 1 wherein the
collimator comprises:

20 -a support structure comprising a plurality of second
sheets placed radially with respect to the center
of the collimator, the plurality of second sheets
being held in relative relation by the combination

of the circularly spaced sheets and the second

25 sheets, the combination forming passages there
between.
9. A device for depositing a film onto a surface of a

substrate having a circular profile, comprising:
30 a film material source for dispersing film material
incident in the general direction of the substrate

surface;
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incident in the general direction of the substrate surface; -10 11 JAN
2006 5 10 at |east one collimator between the filmmaterial sbukJdéhadtld he
substrate, the at | east one <collimator having radially spaced sheets
establ i shing passages through said collimtor, the sheets are angled

obliquely relative 5_0 the substrate surface such that_incident film
material  travel PhgledRar anenhecdbpsptat cbetvach  Specfdty makesials not

substantial |y parald&irde ddie 9@ | Qi +A0A © Gfe W12 19016RE SrleS DI ocked.  10.

The device in accordance with claim9, further conprising at |east one
substantially circuicddigirdmr heiing i Iy wptalcedes@@@tta o the radially

spaced sheets, the Al t| aI I CI rcul S bei i nter o d W th
the radially spaceda 31'-h S"t g a&\ssgags rs@r}é{]\%é’é‘ﬁ' 3eV| ce
in accordance wth sHeaits JaG:e vshfgmdn dUIE iiely @aHlatiRR hamant i al ly

circular sheet is an |l ed 20 obliquely relative to the substrate surface.
strate surface such that incident film material

traveling toward the substrate in a trajectory
which is not substantially parallel tc the oblique
angle of the sheets is blocked.
10
10. The device in accordance with claim 9, further
comprising at least one substantially circular sheet
being ciréular with respect to the radially spaced
_ sheets, the substantially circular sheet being
15 interposed with the radially spaced sheets forming

passages therebetween.
11. The device in accordance with claim 10, wherein the at

least one substantially circular sheet is angled

20 obliquely relative to the substrate surface.

-11-




