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PLASMVA USI NG ELECTRON BEAMS AND MAGNETIC FIELD 5 FI ELD OF THE | NVI Ignpj@a
present invention relates to plasna generat or] . 2 particul ar

t

met hod and apparatus for generating a plasm |,’”p0$|t a Iayer of
material in the fabrication of sem conductor ewcg‘%’00 10 BACKGROUND OF THE
| NVENTI ON Low density plasnas have becone convenie &our ces of energetic
ions and activated atons which can be enployed in a variety of

sem conduct or device fabrication processes in ce treatnents,
depositions, and etching 15 processes. For ex@@@ﬁ@m@wﬂM@@EOSit material s
onto a sem conductor wafer using a sputter de 'Weess, a plasma is
produced in the vicinity of a sputter target natet'f%4" which is negatively
bi ased. lons created adjacent to the target inpact the surface of the
target to dislodge, i.e., "sputter"” material fromthe target. The sputtered
materials are then trans orted _and deposited on the surface of the

seni conduct or 20 waf er A MisTHORTQIGENERATE| IONIEEDLMEIALFIASNA USINGe| in
straight line paths fromtheglgE§RONEBEANS ANy RAGNENBe Bgpdeposi t ed, at
angl es which are oblique to the surtface of the substrate. As a consequence,
materi al s deposited in etched trenches and hol es of sem conductor devices
havi ng trenches or holes with a high depth to width aspect ratio, 25 can
bri dge over causing undesirable cavities in the deposition |layer. To
prevent sugh cavities, the sputtered material can be redirected into
substantially \ﬁaétd,%l HER NBbNeen the target and the substrate by
negatively charging the substrate to position 1

The present invention relates to plasma generators, and more particularly, to a

method and apparatus for generating a plasma to sputter deposit a layer of material in
the fabrication of semiconductor devices.

10
BACKGROUND OF THE INVENTION

Low density plasmas have become convenient sources of energetic ions and
activated atoms which can be employed in a variety of semiconductor device
fabrication processes including surface treatments, depositions, and etching

15 processes. For example, to deposit materials onto a semiconductor wafer using a
sputter deposition process, a plasma is produced in the vicinity of a sputter target
material which is negatively biased. lons created adjacent to the target impact the
surface of the target to dislodge, i.e., “sputter” material from the target. The sputtered
materials are then transported and deposited on the surface of the semiconductor

20 wafer.

Sputtered material has a tendency to travel in straight line paths from the target
to the substrate being deposited, at angles which are oblique to the surface of the
substrate. As a consequence, materials deposited in etched trenches and holes of
semiconductor devices having trenches or holes with a high depth to width aspect ratio,

25 can bridge over causing undesirable cavities in the deposition layer. To prevent such
cavities, the sputtered material can be redirected into substantially vertical paths
between the target and the substrate by negatively charging the substrate to position



3 0 JUL 2003 vertically oriented electric fields adjacent the substrate if

the sputtered nmaterial is sufficiently ionized by the plasna. H%\Sﬁv r,
material sputtered in a |low density plasma often has an ionizath iﬂgrma

of less than 1 % which is usually insufficient to avoid the formation of an
excessive nunber of cavities. Accordingly, it is desirable to increase the
5 density of the plasma to increase the ionization rate of the sputtered
material in order to decrease the formation of unwanted cavities in the
deposition layer. As used herein) the term"dense plasm" is intended to
refer to one that has a high electron and ion density. There are several
known techni ques for exciting a plasma with RF fields 10 incl udi ng

capaci tive coupling, inductive coupling and wave heating. In a standard

i nductively coupled plasnma (1 CP) generator, RF current passing through a
coi | surr oundivedicallysorightesirae dtritdfieidzssadidcentt the suigstratel itthe aputtsnéds materinhie pl asma.

These currents pheat.the _copduyctin Lasma by ohm c heatin sp that it is
sustai ned i SHEERYWPEEE BRI BT Hav R HaBel SR S iou B ietrha
exanpl e, cur r eften hhs on iinizaticrodégres oflIbsssthiamp It Yoarhidlyis asudily irgefieicat toravoidupd ed
to the coil through ap inpedance-natchi ng. nef wor such .t ha he coil . acts
he the first e St SRS Siierar el Agtaidiio] di ol Bhle st Rfedee it
second w fdi ngleosityeofthieapiagma teeincrehse the unidadsn aite dithe sputiecet ralterikidn sraetidh as
a physical vapgr depgsition chanmber he.chanber walls are often fornmed of
5 Pomducti ve- HBparse el bishof B Hinted S uBR R e hetined " AR ISR Rathit' vi oy
of the chanberthev@rmhsdense plasna tsantendekio sefeytotamephat bas tbindghsei¢atonanddid s or
el ectrodes within the chanber itself because the conducting chanber walls
woul d bl ock o“¢8¥Nst anti al | y attenuate the el ectromagnetic energy radiating
from the antenna. WHsera aresavietal khdven teohiiquaesdor dxsitisy p plastriarvwithRF fieldsir es ar e

o et LY 820%5 s SSTPRR A i SO S B A T BRI e
waf er, and i s intudthsly ediipied plasnpr @CRIcdenkratorcRF Icsrrert Ipasdintsthrauge afaodm
ggpf?ngg\i;i/g?,sgﬁtaﬁ@ir?éﬁs é:?#ﬁ%dra\%chg é@&%ﬁ@n%gg cg?en?sl %(%r?edplésnm;r'l%rétse of the
currents heat the conducting plasma by ohmic heating, so that it is sustained in steady
state. As shown in U.S. Pat. No. 4,362,632, for example, current through a coil is
15 supplied by an RF generator coupled to the coil through an impedance-matching
network, such that the coil acts as the first windings of a transformer. The plasma acts
as a single turn second winding of a transformer.
In a number of deposition chambers such as a physical vapor deposition
chamber, the chamber walls are often formed of a conductive metal such as stainless
20 steel. Because of the conductivity of the chamber walls, it is often necessary to place
the antenna coils or electrodes within the chamber itself because the conducting
chamber walls would block or substantially attenuate the electromagnetic energy
radiating from the antenna. As a result, the coil and its supporting structures are
directly exposed to the deposition flux and energetic plasma particles. This is a
25 potential source of contamination of the film deposited on the wafer, and is undesirable.
To protect the coils, shields made from nonconducting materials, such as

ceramics, can be placed in front of the coil. However, many deposition processes

o mon et



3 0 ,JUL 2003 :involve deposition of conductive materials such as alum num
on the electronic device being fabricated. Because the conductiveﬁd&nﬂﬂi@mm
will coat the ceramic shield, it will soon becone conducting, thus again
substantially attenuating penetration of el ectromagnetic radiation into the
pl asma. Consequently, it is preferred to place a 5 shield wall behind the
coil to protect the interior of the deposition chanber fromthe deposition
material. However, the problemof particulate natter remains for sputtering
chanmbers of this design. 3 30 JUL 2003 SUWMARY OF THE PREFERRED

EMBODI MENTS It is an object of the present invention to provide an inproved
nmet hod and apparatus for generating a plasma within a chanber and for
sputter-depositing a | ayer which obviate, for practical purposes, the
above-nmentioned limtations. 5 These and ot her objects and advant ages are
achi eved by, in accordance with one aspect of the invention, a

pl asma- generating apparatus which conprises at |east one el ectron source
whi ch injects igmre;mtqoeitieh emltdrﬁpstiv}emﬁa:g@f%r&m@@mmm?mﬁ oh aiky él@@tl‘rdnﬂfbel(ﬂ&érber
toinitiate and.sustain el atiyve [ ensit ma _at _.extreng ow
pressures. | nr}r‘f'&ﬁ ‘?’F’B‘f?t‘?‘% qreSﬁ‘i’sfi t%cg{i@ﬁ@' egpaterl “ék{)qag??ﬁlcfr?@&lsb‘?@sg fle
precur sor gas,scbfl beterhe asndusting, gz dgam substhPthligatémubling peddtfatiekanpl e, the
energetic elecﬂrqns are.algo.belggxed to 08llide ith target pmaterial atons
sputtered fronfeactioqiagReticaaiation intafng piasmasCanssgreniyeit isiefPEed 19 RI3ieA ng t he
target maieri adhield wak baiad thesdon o SraticHthe ditedor loftheldepbditidnéhagiblel frem@ms. As a
consequence, coils or oghE[ﬁftruct%res for induc ivs%% cogg%igg RF power to
sustain a pl asIRRORHRN FERIR|- Howsyelqthe psobism phpafisulate pialtepiegainsdRcspyftering

i njected by el@hibers ¢funis dpsigh.t i oned to inject the electrons substantially
tangentially to the walls of a chanber shield surrounding the high density
plasma into a confining magnetic field. The magnetic field is preferably
oriented generally parallel to a central axis of the sem conductor
fabrication chanber and substantially perpendicular to the surface of the
substrate. As the injected 20 el ectrons | ose energy, colliding wwth and
ionizing the target material atons, arid atons of the extrenely | ow
pressure precursor gas, the electrons spiral inward toward a central region
of the sem conductor fabrication chanber surrounding the central axis,
formng an electron cloud in the central region. An arrangenent of

el ectromagnets may be positioned adjacent the walls of the chanber shield
surroundi ng the high density 25 plasna to generate the confining magnetic
field. It is believed that the configuration of



confining magnetic fields al so keeps electrons fromcolliding with the
wal | s of the chamber shield surrounding the high density plasma. 4 30 JUL
2003 BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a perspective, @@t JdL 2003
cross-sectional view of a plasma-generating chanber in accordance with an
enbodi ment of the present invention. Fig. 2 is a partial cross-sectional

vi ew of the plasma-generating chanber of 5 Fig. 1 shown installed in a
vacuum chanber. Fig. 3 is a schematic diagramof the electrica

i nterconnections to the plasma generating chanbers of Figs. 1-2. Fig. 4 is
a schematic diagramof alternative electrical interconnections to the

pl asma- generating chanbers of Figs. 1-2. 10 Fig. 5 is a schematic
cross-sectional view of a plasma-generating chanber in accordance with the
enbodi ments of Figs. 1-4. Fig. 6 is a graph schematically depicting the
magni t ude of gUﬁm\abmﬁ%\phlEgEhRgbq:-ﬁ%megnTgf the magnetic field
configuration of Fig . ) Is a schematic, plan view from above of

el ectron trajectorf 'égn@blelch@f t'l@'aprpbemmeg@mtp@mw@ arhimpiayed methagcandr dance
with the enbo fye I OF
LR - fhsp feiding & pidoma wityiz cwhb%ggﬁuagﬁg@glre s e fleh ance
with an enbodWh‘éth‘ﬂPtetf?éPtﬁcé@éﬁ@fppﬁﬁeml&bﬁv%mﬁpm@églwaMStant ially
cylindricgal deposi er 102
(hown sehemat callses & S eLEruagss 4 &ighgbe ol Afuedof A AHPrER Iy
enbodi nent hagn&aspeshefdhe nertjod, qglgsmﬁ-gpneratlng apparatus which comprises at least

one electron source which injects energetic electrons into a semiconductor fabrication
chamber to initiate and sustain a relatively high density plasma at extremely low
pressures. In addition to ionizing atoms of the extremely low pressure precursor gas,
10 such as an argon gas at 100 microTorr, for example, the energetic electrons are also
believed to collide with target material atoms sputtered from a target positioned above

a substrate, thereby ionizing the target material atoms and losing energy as a result of

the collisions. As a consequence, coils or other structures for inductively coupling RF

power to sustain a plasma can be eliminated.

15 Preferably, the electrons are injected by electron guns positioned to inject the
electrons substantially tangentially to the walls of a chamber shield surrounding the
high density plasma into a confining magnetic field. The magnetic field is preferably
oriented generally parallel to a central axis of the semiconductor fabrication chamber
and substantially perpendicular to the surface of the substrate. As the injected

20 electrons lose energy, colliding with and ionizing the target material atoms, and atoms
of the extremely low pressure precursor gas, the electrons spiral inward toward a
central region of the semiconductor fabrication chamber surrounding the central axis,
forming an electron cloud in the central region. An arrangement of electromagnets may
be positioned adjacent the walls of the chamber shield surrounding the high density

25 plasma to generate the confining magnetic field. it is believed that the configuration of
confining magnetic fields also keeps electrons from colliding with the walls of the
chamber shield surrounding the high density plasma.




protects the interior walls 108 (Fig. 2) of the vacuum chanber 102 fromthe
mat eri al being deposited within the interior of the deposition t 100.
An ion flux strikes a negatively biased target 110 positioned a%l hjm.oﬁwﬂf
t he vacuum chanber 102. The target 110 is negatively biased by a DC power
source 3000. 10 The ions eject material fromthe target 110 onto a
substrate 112 which may be a wafer or other workpiece which is supported by
a pedestal 114 at the bottom of the deposition system 100. A rotating
magnetron magnet assenbly 116 provi ded above the target 110 produces
magnetic fields which sweep over the face of the target 110 to pronote

uni formerosion of the target. 15 In accordance wth one aspect of the
present invention, energetic electrons are injected into the interior of

t he deposition system 100 by one or nore electron guns 104 arranged
tangentially around the periphery of the deposition system 100, energi zing

a plasma 900 (Fi i.Lhi depgsition system 100. The at ons of

materi al ej ecﬁs&g*- P?rﬁctvméplltog\‘ éEﬁ"!Fl@RﬁY\@Nﬁﬁ turn ionized by the electron
cloud 900 such thagigt hR d getépeRtve? PafiaPassdicRbommleivictla plssniddneediag to the
substrate 112 to forma %§05|t|on I%ép ereon. The pedestal 114 may be

: er th . ]
negativel y bi §828Pgyn ARCORgENCs WithEnsmbRdimend of e PegseasinY&tigkt er nal Iy bi as

the substrate 112.fighpise gHidl @FoseiéBstiohBrvieWmYf e pRmalyenBiatifgl chdmbdiiopct t he
energetic_el e&t,rons subst ant i al Ig/ continuously or in a pul sed manner. For

exanpl e, ¥si ng'%il GROWBINSERIRE in 2 BAYRLChBEWE - each operating at an el ectron
i nj ection energy ofigadRu scRBmAEYdiBGENPET RS BIBEHIE) irterb6RTRtisHRNS tfe/plgémabout
100 mAcm 2, an el ectron density of about 5x10'2 cm 3 nay be generated in
the hi gh densi9gjeraings &3 fd99d? As explained in greater detail 6 3 0

JUL 2003 bel ow, a Figgnptd schbmeti€ldingrarssiditbMatidlédifcal MeerbdrhBoibR I the
el ectron cl oud, 900. The ,magﬂetl c freld strength needed to generate such a

hi gh density SlasEergsieratiog _%@erﬁﬁw'ﬁé Whout 50 Gauss or |ess. Because the
ioni zi ng1@l ectr OnSFig.][EisEi suhiefRtc erﬁ*s@ﬁébﬁbhé‘l vl@wbdffaqo%én@:%ér@ﬂatg@lrtaaﬁqeérhint he
operation pressure of the argon (Ar s may be reduced to ess than or
equal to aboutac%‘ifgﬁ“ce'l"ﬂﬁthfﬁg‘gm eP?s'I‘g?fgso?"‘SOO mcroTorr). It is believed

1;-3 ha?L oazhi 9“ h3de_nsi t Figed Rt gr(aaAh etHenchtiBAN depictiy @B neilgamlﬁd@csf e asaltiagkti@bout

X ' C , n I as, .at n extr ; ow operatlon pressure

of less than gFlgég'ﬁﬁgatg’g’gnﬁdB?ﬁnegﬁiﬂd c‘??fa !'at'ﬁﬁf??ggv%/mt ageously be used. Mre

target material atpigp7 ERysdhematdipfdidy frofebblabf dkeitdh tngjeelories botRecl oud 900
et nmateri al may be 10 d

while fewer ta ions r flected by the extrepely | ow
bt essur Yy goRLREOR R nAshaRBsiA I sropigace W g SPboHNents et pans 104
may have recessed wi ndows 105 (shown in phanton) positioned a distance D
fromthe end of the electron gun 104 exposed to the interior of deposition
system 100. As shown, for exanple, in Fig. 2, the portion of the el ectron
gun 104 exposed to the interior of deposition system 100 may 15 pass

t hrough the wall 140 of the chanber shield 106 through a slot 107. The
recessed wi ndows 105 of the electron guns 104 allow the interior of the
deposition system 100 to be maintained at a high vacuum The distance Dis
chosen to be | arge enough (although necessarily less that the I ength L of
the el ectron gun 104) so that wi ndow 105 is not plated over by the target
material to be deposited on substrate 112 passing 20 through the openi ng of
the el ectron gun 104 having height Hand width W(Figs. 1 and 2), with
aspect ratios chosen so that DIH is preferably greater than or equal to
about 5

¢ A



and H.Wis preferably greater than or equal to about 2. Wile electron gun
104 is shown.in Fig. 2 disposed on the interior of vacuum chanber wall 108,
alternative enbodi nrents may have one or nore of the el ectron gunsg goayg 2003
ext endi ng outside of the 25 vacuum chanber wall 108. Alternative Sou S
for energetic electrons include "hot" filanments thermally emtting
energetic electrons, and "cold" filanments using electron 7 30 JUL 2003
field emssion, with "hot" em ssion being preferred using a tungsten or
tantalumfilament. As will be explained in greater detail below, in
accordance wth one aspect of the present invention, the chanber shield 106
is magnetically shielded by nagnetic fields 5 generated by various types of
magnet s such as el ectromagnet coils 1000 and 1010 so as to mnim ze
sputtering of material fromthe chanber shield 106. In addition, the

deposi tion of gy AEED BESERIBTION'OR THEEDRA GE shield 106 may al so be
reduced. As a consequence, contam nation of the substrate 112 by materi al
sputtered from t heReferingdrstdhFigs.di-3.06plesmagempmator iodcadrdameetwitrarshed by t he
chanber shi el : a g, .3 LilGri ation
of the el ectr%géo%ﬁ%@?%gﬁtﬁ |"%’gegggﬂHf%go%ngﬁ%s%gi%rﬁg? ﬁ%gvgﬂk‘g'%ﬁé’?%ﬁ 8 hi s
illustrated emspsdiniidiftwhichos seaeivadin a Macuuonchagibeei e stowy schematicallyrim, t he

" {110 | . e . .
3000 11 the EHiS e HeboltiiRlelen obbARE Tribtme st frite BMBIORHCT |
vari abl e DC powaiects therioterig0adist108 (iFig s2)tdi thesuaosum shambidr2l 02drpat the ehaperiad

tt t the iqnj [ t 112. |
2l ternative evBpGpSRREhi e I ke BobdorWESHAE 112 may bo bi ased
by a hi gh frequencinRR foxstrikes o megatively Hinsad tarpet Wolpositianas 1k ©p ohthet o

tt t the i j (YA WAl - uni, f t
112" “The. pedeSbafifd sifE tbe heTaloet 1 RS ely 2 O hVerBTE B8
an anpl i ider dihe ionstejént mpteral twm khesRfet 11hento apubstodte W2 which sayded wafet o an
RF pdener atof. 30 dfher (RAeRRC Wlon'id SuBLAGY bPIBBARKs 0k bt TR bR puBléR 1O

ut o I'Ng

a DC power source such as the ou ranstormer and rectity

circuit 4020, system 10uf rethtinghmagneatroneeagnetassemblyri 18@rovidedrabgee thedarget #40.
The ot her end r j i | d,
preferably thif S%Jdé{?ginﬁégﬁsctf%ﬁ %g%‘ %bcﬁgﬁgga/%esog&%gggeggﬂg erﬂéigsi stor.
Li kewi se, one usifegrmpgrosine ofthedargetragnet coil 1010 may be coupled to a DC

. my oup: 0 a
Eg‘é‘gf tsﬁgé fﬁpa ;JC 8 c%@:?iﬁﬁfet \gfg%%rg adhebt SR HEUEH iRBRtichCERdrbdticTectbh He!

injected into the interior of the deposition system 100 by one or more electron guns 104
arranged tangentially around the periphery of the deposition system 100, energizing a
plasma 900 (Fig. 5) within the deposition system 100. The atoms of material ejected
from the target 110 are in turn ionized by the electron cloud 900 such that the ionized
20 deposition material is attracted to the substrate 112 to form a deposition layer thereon.
The pedestal 114 may be negatively biased by an AC (or DC or RF) source so as to
externally bias the substrate 112.
The electron guns 104 may be synchronized to inject the energetic electrons
substantially continuously or in a pulsed manner. For example, using eight electron
25 guns 104, each operating at an electron injection energy of about 20 keV and an
electron current density of about 100 mAcm?, an electron density of about 5x10'? cm®
may be generated in the high density electron cloud 900. As explained in greater detail




of- which i's coupled to an AC power generator 5040. The other end of the

el ectromagnet. coil 1010 is coupled to ground, preferably througalf}fifistor
5060, which nay al so be a variable resistor. Alternatively, bot U 2003
el ectromagnet coils 1000 and 1010 nay be identical, or both may be coupl ed
to a cormon DC power generator, of course, 5 or one or nore DC power
sources may be used. One or nore of the el ectromagnet coils such as 1000
and 1010 may be superconducting, using w ndings of hightenperature or

| owt enper at ure superconducting materials, cryogenically cool ed as needed,
and able to be disconnected fromany power supply once energized. Fig. 5
schematically represents the operation of the el ectromgnet coils 1000 10
and 1010 to reduce the sputtering of material fromthe chanber shield 106,
and to reduce the generation of particulate matter by the chanber shield

106, d h d t amj nat i f th bst r at. 12. in Fig.

5 Crmanet i o1 g4 Tag e S0 KSR aPuinadng ot ey st onaRHE SOtareS 1000

alnd 5038,0 causm_agpdl:tib;eelerw:eggmfade@édﬁotgrfagrgtélsg@ﬁhtﬂmddﬁrﬁhy dl@&ﬁdric;{mﬁif szmltrgw

cl ou to spira elic t hs . 15. arou t he magnet i ie

L mes 1200 Caord e 5 et 8led BottsB e oriang <rarhns e aic ok el S er

ishi el d1i86. ;Fhmeém‘ctrtemgijmmztlf, trtehfp_emﬁfep gire'seﬁfleeif eﬁza;:@o?rs(ﬁbmdslhﬁamprééﬁ tf)ic eld
i nes al so creates an,electrig.fie al 0 ener rection o

ot ron ot & e Be B8R PERe B fatit & ool s o BoS SR B Wk Selie®l, o

densi ty el ect rihat = highdeB4ty edavtton aloge BOOBitaranadiedtron slehsityrof mbpa &xit 0' cintigin

chanber shield 106, F}ﬁrit her nor e 1100

6on D th ?0 nn?ag.eticfieg_)gli?}]es gre
believed to sqipegfg t( g?ﬁ'&ﬁ ﬁgﬁéﬁ"fejy R SBEFIRN RIESEYCSHFF MR ¢AEANE d ¢ he
central axis odbduhgx 1l “aRm nalyadbantadddlsly Oe@séd. Mpra tdrgétimateria gtadms hapbe a few
mmup to a cm Qr, e ependi ng on the strength_of the magnetic field
hes 1500, 1 AN BY e ianeBie B ioiFAsD VP Shter ig6e RATaT S5 BashS)
avoi di ng 1di r ecdeflebied g tieeattiengiyobwiphessaRar§er (as)gael d 106. This inhibits the
energi zed el ectrons, fraom 25_li nger| in_the i jate . vicinity of the
chanber shiel d 106" 55G°Y3M E'Pﬁ& ﬂ'é}sfgfeo‘%]rﬁ%?ﬂc?“'ﬁgﬁg)émaég'ai’?léﬁcei 1gn ter
mat eri al from t08(sbhvamingrhastong Ipdsifired adistahcecd frooh the ehdibithe @elticram gat €04 he
substrate 112. i f ic ftireld lines 0] n 9 JUL
2003 nmagnet i cal 3t(/) E‘és }Oetﬁéih{t]ﬁreo " 8%%%5@%%%‘7’%%@@%%%"1 flo#%faga&égﬂ g'ﬁt 2'§8%m
i oni zed deposi partion ofehe eleatrorvgninctDdvexposed tgitheaihieyioregpfaepesitidr systeth €0a mayg et
110. As ons tion of .tar mat erj al he chanher
shi el d 106 can s iaien il w0 B b8 By, 46 R A B0t B bt AR s
that coul d subsiedaest0yofithe eledigen ursmOs aow trehiatelierof sire depobsition system f1a0 ko
upon and cont a5 %%Fn?aiﬂ&eat%%&; \E&Lﬁml‘?‘l@e dig—t%Réecﬁlis RIS {ol e large enough

(although necessarily less that the length L of the electron gun 104) so that window 105

is not plated over by the target material to be deposited on substrate 112 passing

20 through the opening of the electron gun 104 having height H and width W (Figs. 1 and

2), with aspect ratios chosen so that D/H is preferably greater than or equal to about §

and H/W is preferably greater than or equal to about 2. While electron gun 104 is

shown in Fig. 2 disposed on the interior of vacuum chamber wall 108, alternative

embodiments may have one or more of the electron guns 104 extending outside of the

25 vacuum chamber wall 108. Alternative sources for energetic electrons include "hot”
filaments thermally emitting energetic electrons, and “cold” filaments using electron



field strengths generated by the el ectromagnet coils 1000 and 1010 in the
regi on adj acent the chanber shield 106 nay be in the range of 50-3@9}%??2@
Typi cal electron densities in the high density electron cloud 900 may be 93
the order of about 10'2 cm 3 to about 5X10'2 cm 3. The operation pressure
of the argon (Ar) gas may be 10 | ess than or equal to about 5X10 Torr (0.5
mlliTorr or 500 mcroTorr). Fig. 6 schematically illustrates a preferred
uni form arrangenent for the magnitude of the magnetic field strength BZ in
the axial direction, plotted against the distance x fromthe central
symmetry axis of the plasma chanber 100. For exanple, as shown in Fig. 6,

t he magni tude of the magnetic field strength a (Fig. 5) in the axial 15
direction at the position xe closer to the central symetry axis of the

pl asma chanmber 100 is substantially the sane as the magnitude of the
magnetic field strength b (Fig. 5) in the axial direction at the position
xb nore di st anfield emigsioRewitle ot amissiomieaing praferred oising ladupgstamar tatalntrer  100.
Consequently, ghechinfluence of the magnetic field |ines 1100 on the central
regi on of the hi gﬁ density electron cloud 900 nay be undi m nished in 20
such a preferred udisfvwll he gxplainge iregreatendetainzelovagmacenidancé withenemagpest bithe
field strength 4 i i N j |

gener at ed. Typ?%g?dt\ﬁ}]a\{eﬂg%rﬁ?ﬁoe?éqaﬂ‘egeﬁ%%ﬁ?p ngﬂg?gqerlﬁga&&é@ec@ijﬁa @quw cs{')ér?"'jesngt h
BZ i n t he Saxi agengrated by wariousttypes|of diagnets sech as ¢leciromageetomiis 1200 andntitOrse
axis of the pl s r f shogwn in
Fig. 6, or Ies?@gﬁEl ectgéugéngg 8%%8? g’totl}gtggCgﬁéb%ﬁfg%aﬁtlgﬁasqdﬁlﬁ)ghﬁg
external |y of depesitinanbiaraes material w6 thesehapet shleldyi 08 maytalsorkegaducedohs a

supports 1005 *%}é ! | L g r ghet
coi |l support lgdg%e y g'eéog't%t?ﬁ%@dﬁe%%hea aﬁtt?%g\q?i? ﬁg”FfBeq'a' %’6‘“? ﬁ?q;fgg@gassenbl y
152, and el ect¢hamhpnebieldcio os by perticulaieirsatten ghérbbathe abambertshield tifumay hanber
wal I 108.4The ,%g&_{,({_]onagnet soil 1000 connects, through an adapter ring
assenbly feedthrough (not shown), to a DC power source, as shown in Fig. 3.
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but, of coursegased Q%ﬁioﬂ%téﬂié?%{hegﬁﬁﬁttﬁ . lllon QPHI&QnQﬁe@&%gdiH%ﬂgae.s many
as ten or nore electromagnet coils cou al so be used, or a conpination of

el ect romagnet ¥WMNGN Figd 4pibepgresial Tidgranbe kispaddyehigh enuescyBF Ipowgnsource

advant age of o pias the substrate 112 so as to attract the ionized deposition material more uniformly
to the substrate 112. The pedestal 114 is coupled to an RF source such as the output
20 of an amplifier and matching network 3025, the input of which is coupled to an RF
generator 3045.
One end of the electromagnet coil 1000 may be coupled to a DC power source
such as the output of a transformer and rectifying circuit 4020, the input of which is
coupled to an AC power generator 4040. The other end of the electromagnet coil 1000
25 is coupled to ground, preferably through a resistor 4060, which may also be a variable
resistor. Likewise, one end of the electromagnet coil 1010 may be coupled to a DC

power source such as the output of a transformer and rectifying circuit 5020, the input



usi ng .nore el ectromagnet coils is that nore el ectromagnet coils enable nDre
preci se shapi.ng or "bottling" of the high density electron cl oucq P

can increase the 15 effective electron density of the high densi ec ro
cloud 900 and | ead to enhanced uniformty of deposition of naterlal from
the target 110 onto the substrate 112, especially onto the fine features
and structures of the substrate 112, particularly those with very high
aspect ratios) such as deep, narrow trenches, vias and contact holes. Fig.
7 shows a schematic, plan view from above of electron trajectories of the
20 deposition systens 100 in accordance with the enbodi nents of Figs. 1-5.
As shown in Fig. 7, magnetic field |ines 1100, generated by el ectromagnet
coils 1000 and 1010, as in the enbodinents of Figs. 1-5, cause the

energi zed electrons in the high density electron cloud 900 to cycle in

spiral paths 1200 around the netic field lines 1100. As shown in Fig. 7,
the el ectron §hWBichdncoypieddp PE\ weh IPRETatet S94{k TReathgEBIEOdP@ct rons 25
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1200 shown in Fig. 7 are 8p propriate for electrons since the magnetic field
lines 1109 ar &' EBHPHGOMRP @ngwumeaﬂéav&e sgd- Pneyerracre pf thegelectrompgpet

nmagneti ¢ conpeaméuchiast 1060 bhd ¢04ZmbPbE SupeicdmaBetingNusihd RFbING® ofhigh-on an
el ectron noving with velocity vj in the jth direction in a nmagnetic field
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direction (F,
plasma heating of the chamber shield 106. This inhibits the energized electrons from
25 lingering in the immediate vicinity of the chamber shield 106 and ionizing gas atoms
and molecules that could sputter material from the chamber shield 106, which could in

turn contaminate the substrate 112. Still further, the magnetic field lines 1100 can



12 3 0 JUuL 2003 F2m 0, F3m 0); and when the electron's velocity mthe

pl ane of the.figure is to the right i,i the positive 1 directi (v, =v,
v2=0, v3=0), the nagnetic conponent of the Lorentz force is up%gﬂdJUh QMB
positive 2 direction (F,mO0O, FZm=-e2,3ev,B3lc=evBlc, F3mO0), resulting In a
countercl ockwi se rotation of the electron rn the plane of the figure, as 5
shown in Fig. 7. For the counterclockwi se rotation of the electron in the
pl ane of the figure, as shown in Fig. 7, equating the magnitudes in the
above-gi ven equation for the magnetic conponent of the Lorentz force gives
the radius r of the electron's orbit z r= ~nv= ~(2nE)~ BB a BB where the
kinetic energy E of the electron is'/2mevz so that 2meE is (nev)Z, the
square of 10 the electron's (non-relativistic) nonentum As the kinetic
energy E of the electron decreases, for exanple, as the result of

collisions with argon and titaniumatons in the high density el ectron cloud
900, the radi (Ragnefeallysaield the chambes shield 1064a @ ligited extest frorn ionizegideppsitiay

i nward t owar d nfatefd whidh waRIdrRhalf efbbted fogttne eirgdtii 0 ALE o qGeMRcth800
wi thin the deposition sgstem 100,, as shown by the spiral path 1200 in Fig

7. Electrons &ceumslation pidargst matedalonithe charabdsphieldt 10642n Fevipdyregdbershy/ or

netal atonms Wrgdudny the forfatior BE5ticuldtys tRBOGYRId BbéquehliPBiRbask Rérf g ONS,
nore ionizations are bhelieved to occur. The chanber shield 106 protects the

vacuum chanbechfaPrsshigld 196 and falaranead pontamisaiedhe syksiiaiect 2. Mypigal magnetic

iIlustrated empétrRgths dehratduayiiré erbiréthagnt®boils 3 00BERD 961(inGNRYRhI Ve
mat eri al such as heavy-duty, bead-blasted solid h referably
i cheries

99. 995% pur &) 3HACEA e 1PEmag R indhe F"@?:°?E@B%§ax§sn23%&gﬂavi ng a

di ameter of 2%erofMehdifleslit thewigie SensityiRIRN 6 clodd HET mBy 88 b tieOstEerCdfiapBut
materials may be utjlized dep ndl;lghgupon the materi al bei n%ésputtered and
e

ot her factors.mTI"%“ArrE’tqQoPh?“&f%% ¢ PRElPEPRRTUEROUNE Ara98 1RB SRR B YRS Ul d
have a ceeffi tdntha®br &dIRN HPdboBKHANS ITRR (MBI KilNTE 8ESOYmIERSTRRGS that of the

mat eri al being sputtered to reduce 13 .

Fig. 6 schematically illustrates a preferred uniform arrangement for the
magnitude of the magnetic field strength B, in the axial direction, plotted against the
distance x from the central symmetry axis of the plasma chamber 100. For example, as
shown in Fig. 6, the magnitude of the magnetic field strength a (Fig. 5) in the axial

15 direction at the position x, closer to the central symmetry axis of the plasma chamber
100 is substantially the same as the magnitude of the magnetic field strength b (Fig. 5)
in the axial direction at the position x, more distant from the central symmetry axis of
the plasma chamber 100. Consequently, the influence of the magnetic field lines 1100
on the central region of the high density electron cloud 900 may be undiminished in

20 such a preferred uniform arrangement for the magnitude of the magnetic field strength
B, in the axial direction, and a uniform plasma may be generated. Typical values for the
magnitude of the magnetic field strength B, in the axial direction, at all distances x from
the central symmetry axis of the plasma chamber 100, are on the order of 50 Gauss, as
shown in Fig. 6, or less.

25 Electromagnet coils 1000 and 1010 are positioned externally of the chamber
shield 106, supported by electromagnet coil supports 1005 and 1015, respectively, as
shown in Fig. 2. Electromagnet coil support 1005 may be attached to adapter ring

10




30 JUL 2003 flaking of sputtered material fromthe shield or other chanber
internal structure onto the wafer. In addition, the material to be coated
shoul d have good adhesion to the sputtered material. Thus for %xﬁnmj“g 20“3
the deposited material is titanium the preferred netal of the™*shields,
brackets and other structures likely to be coated is bead-blasted 5
titanium Any surfaces which are likely to sputter would preferably be nade
of the same type of material as the target such as high purity titanium
for exanple. O course, if the material to be deposited is a material other
than titanium the preferred netal is the deposited material, stainless
steel or copper. Adherence can al so be inproved by coating the structures
wi th nol ybdenum prior to sputtering the target. However, it is 10 preferred
that the coil (or any other surface likely to sputter) not be coated with
nmol ybdenum or essemblyrtid andikelectomagnet bal suppyrb d@&tSumay benattanhed s veduemt he

kpi i f f th il. The. hield 106 i ; |1
bowl -shaped ( FoaErmEs 4 18T e e dinagan Bu PO Bedis, Fickpf §F et © ¥
vertical |y ori esgegblyfeeithiotgh (dishok@nioar DG Ippebdsclitde, dSshawrt ihebig. [3aThea
|1 lar-sh f. Il 14 i h | 114
oht ch subpor t s SERESTRREL roil 8D AR gendets, W doh A s, i B R aiibucho
il |2ust ra}1 el ednmnit 'shmml 11)'4t°/h Ind:@awerédn@elﬁsh?ntib@ingeﬁlteInﬁtWél@n@weltc}sreao]?uff&hé ate
112 to the pedesta an er ap, bet ween the floor wall o e
chanber - ohi o1 dsEpEmrane FaleEE 5 0% P e ShiESRaID & ALY SPURP BN <
supported by amagdapsecthe highgleasisesigdtion idid\800 tdroengagech cam legepterenhancddar
Lo the syst om U G PHIRSREROT fimaiBtal e e 30hRhie P4 BUalect 125, Repace.
shield 130, |ike t Hehecdmebddénerslof Bigsl 119 6howssony toredeatrotriagnetaloild HE0Ccataiptos 0
i I ield 13 | h . fl 170 25
whi on s o Thst eReto w0 e ol AR o< RN s onh HecRoBe ERaPRtEpE sdd, 388 s cnr
152. The dar kspmog as teredrandr8 @lectromegrieh eoils ltauld ails oHel wesled, drGcomisnagivowhded

t hrough the adapter rin senbly 152, 14 30 JUL 2003 The, target 110 is
gener ol 1y di ok CCREpRE R AR BN el mpensts fopd B udah e T A B Paadd ) |
152. However, usieg trergelectidiagnet cilgdd thatahyre kicagedagnmd chilsamablermorelpeedisd be
i nsul ated from a ror nbl. 5 ichg,d r ounded.
Accordi ngly, s%%%]pi?? ?Y%Béﬁ'g r%ftr} aﬁgﬁﬁgﬁsﬁ%lekf%%"m?%%%b@ﬁ iwﬁ' %hcgntﬂ”nctﬂeears i‘%% of
t he tar getS 110effectige electon dersity nkthé highatensityrelpctres elobt Y00 d@d telad ¢hentsanaéd 0
seated in a cofl; ndj d j i f pter ring
nccendl y 162 HTRAADE diboeanBihatid g he b0 ohledfe Blodidfs FEEPY
vari ety of i nsespecialig ontattee firg featumesl andi stryctores afithesubstrate 412, parttcalage those 0
fromthe adapt ] ; 15 t t ; uately
negatively bias etg F’é%ﬁ]éé’}fﬁg&l&%‘“%sdg%%&f %ﬁé iﬁﬁg&%@gﬁshguﬁgg E@%%@g{agggeglo
provi ded with O ri rfggskstiowsg sphematic plahxEw oo pbovedd efectrar trajgctorieghef the
assenbl y 56 om EQEosition systems 100 in accordance with the embodiments of Figs. 1-5. As shown in

Fig. 7, magnetic field lines 1100, generated by electromagnet coils 1000 and 1010, as

in the embodiments of Figs. 1-5, cause the energized electrons in the high density

electron cloud 900 to cycle in spiral paths 1200 around the magnetic field lines 1100.

As shown in Fig. 7, the electron guns 104 are arranged to inject the energetic electrons

25 substantially tangentially into the interior of chamber shield 106. Also as shown in
Fig. 7, an electron at radial (vector) distance r from the center of high density electron

cloud 900 has a (vector) velocity v directed tangentially along the spiral path 1200. The

11



vacuum chanber' 102 to the target 110. To pronote uniform erosion of the
target 110) a nagnetron 116 (Fig. 2) may be provi ded above the target 110.
However) in some applications the magnetron nmight be omtted byangnﬁngmg
the energetic electron injection ionization of the high density“l ectron
cl oud 900. A DC power setting for biasing the target 110 of 3 kWis
preferred but a range of 2-5 kWand a pedestal bias voltage of -30 volts DC
is believed to be satisfactory for nany applications. The substrate 112 to
target 110 spacing is preferably about 140 mm but can 20 range from about 8
cmto 20 cm (3" to 8"). For this substrate 112 to target 110 spacing, a
chanber shield dianeter of about 36 cm (14 inches) is preferred. A variety
of gases may be utilized in the plasnma chanber 100, including Ar, HZ or
reacti ve gases such as NF3, CF4 and nany others. Various gas pressures are
suitable includin ressures of about 0.1 mliiTorr or |less. For ionized
PVD, a pressur@r’ P'g?gh %PHHHWBF’ RiguaprerapPaIpaate faxalgetrons since the magRstic figldr r

or 500 nicroTaikes 1160 aulcbmmg&)&efme@mna@wtr@mggfe iBIRg. trerrél maBhdicidnpoAént 3
0O JU 2003 It WI I urse, be understood that nodifications of the

present i nvent 8If, Lcl“?f"? f%%'arth%w%d'é%%ef & ONVAN SleRONITRYNIgan Yepcitydr the

skilled in thehajirectichana nﬁéyn@ﬂc ﬁél@@}] Rithe @Al direafidretheSditedonat Y eramdlefoRting
ectronic design. O her enbodi nents are

matters of routine hani c and e
al so possgbl e,2 g P”‘iﬁ?e"é’f’ff‘%atﬂéﬁt%jﬂk'sﬁéfﬁﬁﬁm ng upon the particular 5
application. As such, the scope of the |nvent|on ShO%ﬂ d not be limted by

the particul ar enbodi ments hereip deszgrgg%i qjt sHi p be defined only by
t he appended cl ai ns and equi val erfts t vk

where the absolute value of the electric charge e of an electron 1s
1.6021892+0.0000046x10™*® Coulombs, the speed of light ¢ is
2.99792458£0.000000012x%10'° cm/sec, €, is the completely antisymmetric tensor
(€425=15€991=€39,=-€,,3=-€,3,=-€4,4, all Other components vanishing identically), the rest
10 mass of an electron m, is 0.511 MeV/c?, the magnitude of the electron’s velocity is v,
the radius of the electron’s orbit is r, and the unit vector in the ith direction is x/r, the
last equality following by equating the magnetic component of the Lorentz force on the
electron to the centripetal force on the electron. For example, in Fig. 7, with the 1
direction horizontal, the 2 direction vertical and the 3 direction normal to, and coming
15 out of, the plane of the figure, since the magnetic field lines 1100 are coming out of the
plane of the figure in the positive 3 direction (B,=0, B,=0, B,=B), when the electron’s
velocity in the plane of the figure is upward in the positive 2 direction (v,=0, v,=v, v,=0),
the magnetic component of the Lorentz force is to the left in the negative 1 direction
(F,m=-€429€V,Bs/c=-evBl/c, F,,=0, F;,=0); when the electron’s velocity in the plane of the
20 figure is to the left in the negative 1 direction (v,=-v, v,=0, v,=0), the magnetic
component of the Lorentz force is downward in the negative 2 direction (F,,,=0,
F.m=-€,15€V,Ba/c=-evB/c, F;,=0); when the electron’s velocity in the plane of the figure
is downward in the negative 2 direction (v,=0, v,=-v, v,=0), the magnetic component of

the Lorentz force is to the right in the positive 1 direction (F,,=-€,,:€V,B,/c=evB/c,

12



~ 0 JUG p03 m1l. An apparatus for ionizing a deposition material to be
deposited.on a substrate within a sem conductor fabrication syste t he
apparatus conprising: a sem conductor fabrication chanber having thbeZﬂﬂa
a magnetron adjacent said target, a substrate holder, a central axis
connecting said substrate holder to said target and a central region which
includes said central axis; at |east one electron source positioned to
inject energetic electrons into said sem conductor fabrication chanber to
forma cloud of electrons in said chanber central region; and an
arrangenment of magnets independent of said nmagnetron and positioned to
generate a configuration of magnetic fields in said chanber central region
including said central axis to cause said electrons of said electron cloud
to cycle within said chanber central region and about said central axis of
sai d sem condug,},€0, Fi, D) aratviten thd alebtesn's Veiecitgppheatans o theclgarams 1o thahighei n

sai d arrangenment of r et.s jncjudes_an electromagpet. 3. The apparatus of
claimi, V\here'l“'ﬁ‘r’es%?sgﬁgﬂe%rtefg?{] Qb’dr@é i‘fiﬁ(%))u&\?é“%ﬂﬁ’%g‘f EUPRBR" ﬁr.‘epﬁc.’r e%ﬁ

appar atus for fo@esiigumgard irdpeekitiveD diredtien (R =0,0 ,becdapm@icted/oF ,g=gubstrat e
within a sem conductor fabrication system, the apparatus coppri.sing: a
semi conduct or rfa‘ﬂ{f’?%'aﬁ %’Hn%ﬁ‘g%&seﬁg%ﬁ%wéh? S‘gé‘é%m&ft % plare S{T{gﬁlﬂgurﬁa’f’%ri al
a magnetr6n adgneemnmt Figafd target, a substrate holder, a central axis
connecting said supstrate holder to id target, a.central region which
el udes said cent Fa PR ePuNgisipevist sliisn & rekieealid eutiEhe & flled
central regi onshoah ith E@ST, exuetisg e tmagnitgdes ip ol dboosrgiet eqhdiion tdr ted magedticc
electrons into _said sem,caonductor fabricatipn chanber to,fo a cloud of

el ectrons in s°é’i”1ﬁ’°8%'§rﬁﬂr}e 3l &rcer%'é?sotﬁ,e raa‘ﬁéf raﬂ%}er?qsﬁbc’é‘r?e?{{"mof nmagnet s

i ndependent of said magnetron and positioned to generate a configuration of
magnetic fields in said chanmber cer;tggt_”;‘egi%zjnrhe)ﬁudi ng said central axis

to cause said electrons of said electreBn‘clo td cycle within said chanber
central region and about said central axis of said sem conductor

oot on ek S0 6 AELBLA S R PR TEE bt o

materi al 1@nd sthe dlecood’s (onatiatvistd) moegneim. AsfthekidstiorriergyrE stthe electron _

o oo etor AN AE LRI U e sobh S oRF L, SBEDR g A ©

sai d central ahigisderisity aledtrornibudP00, dhg @divefr obthe dlestnn’'s ortdtuiscaraséais E€at i on

chanber. spiraling inward toward a central region of the high density electron cloud 900 within
the deposition system 100, as shown by the spiral path 1200 in Fig 7. Electrons are

15 believed to create ions by colliding with gas and/or metal atoms with sufficient energy.
By magnetically trapping electrons, more ionizations are believed to occur.

The chamber shield 106 protects the vacuum chamber walls 108 from the
material being deposited. |n the illustrated embodiment, the chamber shield 106 is
made of a conductive material such as heavy-duty, bead-blasted solid high-purity

20 (preferably 99.995% pure) titanium formed into a generally cylindrical shape having a
diameter of 25-36 cm (10-14 inches). However, other highly conductive materials may
be utilized depending upon the material being sputtered and other factors.

The material of the structure which will be coated should have a coefficient of

thermal expansion which closely matches that of the material being sputtered to reduce
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The apparatus -of claim4 wherein said at | east one electron gun injects
sai d energeti.c electrons into said sem conductor fabrication chanber
substantially tangentially to said chanber shield. 6. The appaBd} WLoR003
claim4, wherein said target includes titaniumand said chanber shield

i ncl udes titanium 7. The apparatus of claim4, wherein said target

i ncl udes al um num and said chanber shield includes alumnum 8. The
apparatus of claim4 including: a source for applying a bias to said
substrate to attract said ionized sputtered material. 9. An apparatus for
ionizing a sputtered deposition material to be deposited on a substrate
within a sem conductor fabrication system the apparatus conprising: a
sem conductor fabrication chamnber havi ng a target of a deposition material,
a magnetron agﬂ acen sai d tar% ?1ub?I rcfl hoIQ?1 a surroundi ng chamber
shield and a é'ﬁf‘?& SRytteEed/aA é'ﬁ'tff%t §SNEIQ ArYR]T N8RS IteEh SYCitTe AR ter

and a central wagH Phadition me&ﬁatdnaawBéwuied]gwdﬂmanmrgo@blaahéls@n@ thacl udi ng
ty of electron guns arranged substantially

said central axis; 3§’% 32 %

tangential |y SPYitRTRd glatenal HAWS & expmaied! the CRPOYEE mpteiabis t%%i]"d“éh%@ferf%rﬁecbuns
passi ng t hr oughetsiadf thecHaeTBS oradke®! dhdldthdrRir8&tlire8 MIREIGRS be cHtF fsbRRg- undstéa sai d
semi conduct or fabrication chamber to forma cloud of el ectrons in said

chanber cent r dfaniusg; Afy: susfgesinhigh Areisehndp BP\ter H’&ﬁﬁ’é-‘t’%fefa\%’éife'ﬁé%Pf he sa@ed

magnet r on pOS't*de%?%t&t%l&g@l%ﬁ?@t@u&%&fﬁ@%é’f‘iwﬂﬁnﬁlfm R ER8ible. Df BbilSe lifthgai d
chanber centra ql on including said central axis to cause said el ectrons

of said el ect mAed tube depesited & aynaterial ahgrdhamitapium. themrefarred agtalis e sai d

sem conduct or d%ﬁ@éde@lfiﬁétgfblcélémé‘s’f, steBbricBpptNAdiferémis! daf R BB HprdRl Hyr om
said target, wherel n said energetic electrons |ose energy 1o0nizing sa| d

sputtered nat &PRENG thAGtryetiees with molyhgenpmasion tp spyfefingithatarest BPwWaRInibisi c

fields wyghin p?éfbﬁe&ﬁﬁ't Wg&ﬁnyf&@?b&ﬁédeqmeﬁwgmfer KREBE c8atkd wihect rons
away from said chanb shield so'that said el éctrons 1osing energy spiral

i nwar d towar d "@%yweeéﬁ'tqraathew%er@‘s sagedthe a1niybapnyra gpp AorspmEgtetthe workpiece
sen conduct or ,ff@lgfté,@atﬁdg.pthg%nber 10. A nmethod of depositing material on a
substrate, the nethod nmprising. providing a nmagnetic field froma

magnet ron adj acent The @%argféqr shigisl)1Q6cis iopoerain kawlshapedlics ) and inelyees al i gned
with said sub anrtag bﬂm@n?‘é?lzghgﬁed béHn@ﬁl@'oﬂQntE@Waﬂ%b Criel BShbePshiéiAtBesSal d

chanber to form oud o} l'ectrons I n
15 further has a generally annular-shaped ﬂoor wall 142 which surrounds the pedestal 114

which supports the substrate 112 which has a 20 cm (8") diameter in the illustrated
embodiment. A clamp ring 154 may be used to clamp the substrate 112 to the pedestal
114 and cover the gap between the floor wall of the chamber shield 106 and the
pedestal 114.

20 The deposition system 100 is supported by an adapter ring assembly 152 which
engages an upper annular flange 150 of the vacuum chamber wall 108. The outer
shield 106 is grounded to the system ground through the adapter ring assembly 152.
The darkspace shield 130, like the chamber shield 108, is grounded through the
adapter ring assembly 152. The darkspace shield 130 also has an upper flange 170

25 which is fastened to the horizontal flange 162 of the adapter ring assembly 152. The
darkspace shield 130, like the chamber shield 1086, is grounded through the adapter
ring assembly 152.
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central region of said chanber wherein said central region includes a
central axis .connecting said substrate to said target ; and prOégfiHﬁ a
configuration of magnetic fields in said central region includi 2003
central axis using a nagnet independent of said magnetron to cycle said

el ectrons of said cloud of electrons in said chanber central region and
about said central axis, to ionize said sputtered material fromsaid
target. 11. The method of claim 10 including varying a biasing of said
substrate. 12. The nethod of claim 10, wherein said magnet providing said
configuration of magnetic fields is an el ectro-magnet. 13. The net hod of
claim 10, wherein said providing of said configuration of nagnetic fields
further keeps said electrons away froma chanber shield surrounding said
chanmber central region so that said electrons | ose energy ionizing materi al
sputtered from saithetafd@et 10 %@@nél%!lﬁdi@k-@ﬁéi’e@%dﬁ@hlé@%tgﬁd@)‘?@ﬂ dy i adfhtetal d
central axis of said central region. 14. method of depositing material on
a substrate, HMEASHEMBH1MoweEewHe tarast 1 t ingesativalyhiased and éegetpreoshold
magnet ron adj g€ fRliated fdrl e Rabih fiflg WhddbhRt £h SHES I Rbénded. AchBRRE! ;
sputtering material fromsaid tar e?; injecting energetic electrons into a
central regi offaied A E!"'é'f?éﬁﬁ%’?”eb%?%@ffﬁ"—‘%lndhﬁl’ﬂ‘?%fs'é? Og’lhééf!f%w 18U 3 caramitiged
subst ant isal | yingaag@nﬁmgtaéésuén@wmmcrc@aam%esrea@_taliﬁrb(éomaédanemg kh&iiel 94 pai d

el ectron guns passing through said chanber shield, to forma cloud of

el ectrons in Y&UpPEEFte af theagpeiar UkrsembYaiSd. Eeminsulptor Bgg assemit ides a
central axis gGRRAGEY BOMad 6f a variely drbsul ﬁ? im%%dr%!éhﬁélﬁd%ﬁ%cérgmftﬁ'siaaéért%t ?

and providing a configuration of nmagnetic S In said central reglon

i ncl udi ng sai targeirilPdomutie adaptendngagsemblyors2:seithatithe tasaat dd0 Maydier onagnet s

encircling sal o=y Dl 18, SO - Sorfd ai d

el ectrons of E%@aéﬂue o_'?eg{B%gtgg'gﬁgq%rﬁggg?%h%hanber%rﬁggl{‘égf regI (a)"r.:\;3 about

and towal0d sabw@videdwith|O-tirg sealing surferes g8 hoprovitle @ vaicuym ightreskermbly drovathgi ng

a biasing of §ad fnstiigedtB2 tolthe target Mt hod of claim 14, wherein said
provi ding a configuration o? magnetic fields further keeps said el ectrons

away from said chalfoRiemots eniterms eresinmalithrytacast d1Q ramegnetio ! 4fior Sghanbes o
that said el eﬁfowalea_abe@m%ns{gg% 16?%@5@, W%F]re'r aglpn@abauﬁé ﬁ@ﬁ%@@ggﬁ g@gw# be

target, and spiral inward within said centra gl on towa a entr al
axi s of said o®itteddryduereasing tisreinetaetio aleetremibiectionignizationand ther kigh derfsiy

i oni zi ngyz deggg{ggd QBudBs@rial to be deposited on a substrate within a
sem conduct or fabrication system conprising: a sem conductor fabrication
chanber havi ng a tAPgepows' saipe firtbiasingrthe targed|1,10 af 3 kW is preferred but a range of

2-5 kW and a pedestal bias voltage of -30 volts DC is believed to be satisfactory for
many applications.

The substrate 112 to target 110 spacing is preferably about 140 mm but can

20 range from about 8 cm to 20 cm (3" to 8"). For this substrate 112 to target 110 spacing,
a chamber shield diameter of about 36 cm (14 inches) is preferred.

A variety of gases may be utilized in the plasma chamber 100, including Ar, H, or
reactive gases such as NF,, CF, and many others. Various gas pressures are suitable
including pressures of about 0.1 milliTorr or less. For ionized PVD, a pressure less

25 than or equal to about 5%10™ Torr (0.5 milliTorr or 500 microTorr) is suitable for

ionization of sputtered material.
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magnetron adj.acent said target; a substrate holder, a central axis
connecting said substrate holder to said target, a central reglo dﬂj gm@?
said central axis, and a chanber shield surrounding said central Jh
plurality of electron guns arranged substantially tangentially around sai d
chanmber shield with portions of said electron guns passing through said
chanber shield and positioned to inject energetic electrons into said

sem conductor fabrication chanber to forma cloud of electrons in said
chanber central region; and a pair of axially spaced el ectronmagnets
encircling said shield and positioned to generate a configuration of
magnetic fields positioned in said chanber central region including said
central axis to cause said electrons of said electron cloud to cycle within
said central region of said sem conductor fabrication chanber and about
said central axis, and to ionize deposition material fromsaid target. 19.

The apparatus of c$a|g1} wherei n said configuration of nagnetlc fields has
magnetic |ines of il O ERYres be dingersiacg that mpdifications of the,pregent ipveptign. iidlss of

the seni conduGkfbud adpeceaivilde fHparedelo thosdkiel nﬂ@\@?an%o:aeben?b%ppmafaws of
claim 18 wherein sai ﬁpbstrate hol der holds a substrate and s

confi gur at i on 35" fHEHhEIEES being Pattergof FPé’{:Iﬂ“eﬂeth’]“??éE”Q)F'GF%Q’E%d?ﬁ'Q'bIQ“%%’
general 'y per peqsbdinéms afelalso Sossivhe %éﬁfsﬁebﬁc Sé'ii&ﬁsrdﬂp%nﬁiﬁb @p&yth%ada%cular

substrate_hol der., 21. The ap Eeratus of claim1l wherein said configuration

of magnet Pc f iapplicatinasAheHFRethe scPpe eithe inveptjonshapid agt %"@E%PH'WP;P%&PEFI el

to said centr amibeiriert helfh &AM Sh&lId baBefiredldrfybyctha B BéndedZlairhE @nd
apparatus of claim1l wherein said substrate hol der hol'ds a substrate and

sai d confi gur &aubAlests thefgRkti c fiel ds has magnetic |ines of force oriented
general ly perpendicular to a surface of the substrate held by said
substrate holder. 23. The nethod of claim 13 wherein said injecting
conprises using at |east one electron gun to inject said energetic

el ectrons into said. chanber substantially tangentially to said chanber
shield. 24. The nethod of claim 10 wherein said configuration of magnetic
fields has nagnetic lines of force oriented generally parallel to said
central axis of the chanmber. 25. The nethod of claim 10 wherein said
configuration of magnetic fields has magnetic |ines of force oriented
general ly perpendicular to a surface of the substrate. 26. An apparatus for
ionizing a deposition material to be deposited on a substrate within a
sem conductor fabrication system conprising: a sem conductor fabrication
chanber having a target of deposition material, a

16



magnet ron adj acent said target; a substrate hol der adapted to h uﬂ a
substrate, a eentral axis connecting said substrate holder to sgi cﬂﬂrd§ﬂ3
a central region including said central axis, and a chanber shield
surroundi ng said central region; a plurality of electron guns arranged
substantially tangentially around said chanber shield with portions of said
el ectron guns passing through sai d chanber shield, said electron guns
havi ng neans for injecting energetic electrons substantially tangentially
into said sem conductor fabrication chanber to forma cloud of electrons in

sai d chamber centrahn BGH&A0s for ionizingH depbsifdioAatédal 36k FBILRIJ &n 4 LisatBRANS
including a pair of axially spaced el ectromagnets encircling said shield,

for gener MthAG semMicoRFverfabricgHorusysieay therarparefus| @8 PHYR9't i oned in sai d

chanber central regi8émicovduddr RBrisatiof chaMier Rbvifkh far§d?, £AHGRBAI6]a8drR 648 ONS
ctron cl ou cle within said ¢

of said ele 0 cy t ai d ntral region of salid

Qe conduEroR § SRlreelR Grzbe e O S rER Neder BePl SRS

i oni ze depesid regoniidicrin@lddsrsar @atral akisgy get) wherein said configuration of
magnetic fields has etig lines of force oriented nerally .parallel to
sad central axis off RHLotfeetsaouCepofiaiee 1o REl et dbtuans e ar
per pendi cea¢raiconductor Ebritatioe chémbérdo fonb stalaudef bletttbrisyn said chasties terdtabregiohder
and wherepp,said energetic electrons |ose energy ionizing said sputtered

material and said configuration of magnetic fields within said
seni conduct or f abr i ¥narrangemhalmicagrete piieperiddntedf gait magoetsaneandfpositionsslitel

chanber s Gbiréte 2ohfigthratt) off niEbRECTRIAS it R EHbnBREERalBYIDA Includgsdia'cMe)
said centiral axis of  sald cenfral region of said sem conductor fabrication
chanber. 2AS logayse aad Alectronsogf ggid efqctron glgud toguele wifhin said chambercegfral sggiona | Ay

. A@ AN . A8nd dbout Adld cORraf\Dhs 3B¢aId {MhikSAdGA(SiCabrication chamber.
}xsnhc”Y] ca] ca]c"al] c"a] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]calca]ca]ca
]ca] caU] ca] calU] caU ca]lc:a]ca]c:a]c:alc:a n

2. The apparatus of claim 1, wherein said arrangement of magnets includes an

electromagnet.
3. The apparatus of claim 1, wherein said electron source includes an electron gun.

4. An apparatus for ionizing a deposition material to be deposited on a substrate
within a semiconductor fabrication system, the apparatus comprising:

a semiconductor fabrication chamber having a target of sputterable material, a
magnetron adjacent said target, a substrate holder, a central axis connecting said substrate
holder to said target, a central region which includes said central axis and a chamber shield
which encircles said central region;

at least one electron gun positioned to inject energetic electrons into said
semiconductor fabrication chamber to form a cloud of electrons in said chamber central region;
and

an arrangement of magnets independent of said magnetron and positioned to
generate a configuration of magnetic fields in said chamber central region including said central
axis to cause said electrons of said electron cloud to cycle within said chamber central region
and about said central axis of said semiconductor fabrication chamber and to ionize material
sputtered from said target, wherein said energetic electrons lose energy ionizing said sputtered
material and said configuration of magnetic fields within said semiconductor fabrication chamber
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a plurality of electron guns arranged substantially tangentially around said
chamber shield with portions of said electron guns passing through said chamber shield to inject
energetic electrons into said semiconductor fabrication chamber to form a cloud of electrons in
said chamber central region; and

an arrangement of magnets independent of said magnetron positioned to
generate a configuration of magnetic fields in said chamber central region including said central
axis to cause said electrons of said electron cloud to cycle within said chamber central region of
said semiconductor fabrication chamber and to ionize sputtered material from said target,

wherein said energetic electrons lose energy ionizing said sputtered material and said
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11.  The method of claim 10 including varying a biasing of said substrate.

12. The method of claim 10, wherein said magnet providing said configuration of

magnetic fields is an electro-magnet.

13. The method of claim 10, wherein said providing of said configuration of magnetic
fields further keeps said electrons away from a chamber shield surrounding said chamber
central region so that said electrons lose energy ionizing material sputtered from said target,
and said electrons spiral inward toward said central axis of said central region.

14. A method of depositing material on a substrate, the method comprising:

providing a magnetic field from a magnetron adjacent a target aligned with said
substrate in a chamber;

sputtering material from said target;

injecting energetic electrons into a central region of said chamber using a
plurality of electron guns arranged substantially tangentially around a chamber shield with
portions of said electron guns passing through said chamber shield, to form a cloud of electrons
in said central region wherein said central region includes a central axis connecting said
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surrounding said central region;

a plurality of electron guns arranged substantially tangentially around said
chamber shield with portions of said electron guns passing through said chamber shield and
positioned to inject energetic electrons into said semiconductor fabrication chamber to form a
cloud of electrons in said chamber central region; and

a pair of axially spaced electromagnets encircling said shield and positioned to
generate a configuration of magnetic fields positioned in said chamber central region including
said central axis to cause said electrons of said electron cloud to cycle within said central region
of said semiconductor fabrication chamber and about said central axis, and to ionize depaosition
material from said target.

19. The apparatus of claim 18 wherein said configuration of magnetic fields has
magnetic lines of force oriented generally parallel to said central axis of the semiconductor
fabrication chamber.
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22. The apparatus of claim 1 wherein said substrate holder holds a substrate and said
configuration of magnetic fields has magnetic lines of force oriented generally perpendicular to a
surface of the substrate held by said substrate holder.

23. The method of claim 13 wherein said injecting comprises using at least one electron
gun to inject said energetic electrons into said. chamber substantially tangentially to said
chamber shield.

24. The method of claim 10 wherein said configuration of magnetic fields has
magnetic lines of force oriented generally parallel to said central axis of the chamber.

25. The method of claim 10 wherein said configuration of magnetic fields has
magnetic lines of force oriented generally perpendicular to a surface of the substrate.

28. An apparatus for ionizing a deposition material to be deposited on a substrate
within a semiconductor fabrication system, comprising:

a semiconductor fabrication chamber having a target of deposition material, a
magnetron adjacent said target; a substrate holder adapted to hold a substrate, a central axis
connecting said substrate holder to said target, a central region including said central axis, and
a chamber shield surrounding said central region;

a plurality of electron guns arranged substantially tangentially around said
chamber shield with portions of said electron guns passing through said chamber shield, said
electron guns having means for injecting energetic electrons substantially tangentially into said
semiconductor fabrication chamber to form a cloud of electrons in said chamber central region;
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said central region of said semiconductor fabrication chamber and about said central axis, and
to ionize deposition material from said target, wherein said configuration of magnetic fields has
magnetic lines of force oriented generally parallel to said central axis of the semiconductor
fabrication chamber and generally perpendicular to a surface of the substrate held by said
substrate holder and wherein said energetic electrons lose energy ionizing said sputtered
material and said configuration of magnetic fields within said semiconductor fabrication chamber
keeps said electrons away from said chamber shield so that said electrons losing energy spiral
inward toward said central axis of said central region of said semiconductor fabrication
chamber.



