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SELECTIVE PHYSICAL VAPOR DEPOSITION
CONDUCTOR FILL IN IC STRUCTURES

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates generally to methods and apparatus for fabrii:aﬁng electronic

devices on substrates, including integrated circuits. More particularly, the present invention relates
to methods for selectively or preferentially depositing conductive material in trenches, holes or vias
formed in a substrate surface using pliysical vapor deposition (PVD) with a high density plasma
(HDP).

Background of the Related Art
Sputtering or physical vapor deposition is a known techmque for depositing thin films onto

a substrate, Typxcally in a sputtering system, a glow d1scharge plasma is generated in an aimosphere
of inert gas by maintaining an inert gas atmosphere at a pressure from about 1 milliTorr to about 10

milliTorr and by applying an RF or DC potential across a two electrode system comprising a cathode -

and an anode. A plasma is created in the space between the electrodes in which the inert gas .

atmosphere becomes at least partially ionized. The plasma is bounded from each of the electrodes
by a plasma sheath or dark space. A high negative potential applied to the cathode (with respect to
thé plasma) then accelerates ions from the plasma onto the cathode (usually the target or desired
coating material) where cascade lattice collisions cause the ejection of neutral farget atoms. At gas
pressures below about 10 milliTorr, the ejected or spuﬁered atoms travel across the plasma,
essentially without interaction, and deposii on the anode which may comprise the substrate or wafer
to be coated. At higher gas pressures from about 10 milliTorr to about S0 milliTorr, the sputtered
neutral atoms can interact with the plasma while traversing therethrough. This results in a ﬁearly
isotropic directional distribution of the sputtered material at the surface of the wafer or substrate.

—_— 2

This Sheet Has B

i

REPLACED

T e—r



CONDUCTCR FILL IN IC STRUCTURES - BACKGROUND OF THE | NVENTI ON Fi el d of the
Favent i on The present invention relates generalyy to nmet hods and
apparatus for fabricating electronic devices on substrates, including
integrated circuits. Mre particularly, the present invention relates to
met hods for selectively or preferentially depositing conductive material

deposition (PVD) with a high density plasma (HDP). ekeeksmatnel eMosibiotius
Rel ated Art Sputtering or physical vapor deposition is a known
techni que for depositing thin filns onto a substrate. Typically in a

sputtering §¥steﬁ aﬁgqlhgw di scharge plasma is generated in an at nosphere of

inert gas b
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ratio features without forming voids in the feature. As deposition material is deposited in the
aperture and on the field of the substrate, the aperture is closed in a phenomenon known as
“crowning” where the deposited material closes the top of the aperture before it has been completely
filled. Material is deposited on the areas between the holes and trenches, commonly referred to as
the “field” of the wafer, and closes the openings of the small features, Generallj, it is desired to have
little or no metallié or conductive coatings on field areas of the wafer, at least in the same plane as
the toj; of the trenches or holes forming conductive paths or.contacts. The imild up of méterial on
the field adjacent a hole or trench leads to the problem of “shadowing” in which an overhanging
edge of such material can shield or deflect sputtered material from reaching the sidewalls and floor
of the hole or trench. Thus, it is difficult to selectively or preferentially fill the trenches, vias, or
holes without plating the field areas, too.: .- '

In filling holes or trenches by sputtering metals in an inert gas atmosphere at high pressures," .

I n
trenches, holes or vias fornmed in a substrate surface using physi cab‘;mr

weafer bring coated is typicaliy patternechanst frequently finciudesthigh 1

greater than about 10 milliTorr, the neutral atoms:are sputtered from:the target in a density -

distribution that is generaliy related to the cosine of the angle between a line normal to the target
surface and the trajectory of the sputtered atom. Scattering of these atoms in a high density plasma,
however, results in a distribution more nearly isotropic at i_:he surface of the wafer. A trajectory to
the substrate that will provide at leas‘t a component of neutral sputtered atoms at oblique angles to
the substrate surface will provide some coverage of the walls of trenches, holes or vias in the wafer.
High density plasma provides such trajectories. Orbital, rotational or back and forth reciprocal
motion of the wafer during deposition and controlled heating of the wafer surface may also be used
to provide conformal (uniform) film covefage over the wafer surface. However these latter

techniques are not particularly useful in selectively or preferentially coating holes, trenches, or vias.
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by a pl asma sheath or dark space. A high negative potential applied to the o

cat hode (with respect to the plasm) then accel erates,ions fromthe plasm
onto the cathode (usually the target or desired coating naterial) where
cascade lattice collisions cause the ejection of neutral target atons. At
gas pressures below about 10 mlliTorr, the ejected or sputtered atons
travel across the plasma, essentially mAthout I nteraction, and depo
t he anode which may conprise the substrate or wafer hgmggnggghgimughgﬂ er
gas pressures fromabout 10 mlliTorr to about 50 mlliTorr, the sputtered
neutral atonms can interact wth the plasma while traversing therethrough.
Thi s results in a nearly I sotropic directional distribution of the

y of the Inr g surface of the wafer or substrate.

The present invention provides a method and apparatus for selectively depositing conductive
coatings in holes, trenches or vias to the exclusion or diminution of deposition on field areas on a
substrate. The present invention utilizes a high denslty plasma source and the technique of bias
S  sputtering of film layers formed on a substrate to ehmmate crowning or cusping problems associated -
with deposition on the field of a patterned substrate to provide selective deposition of a conductive
materialin a Irencﬁ, hole or via formed on the subsﬁ'ate. The use of a high density plasma source
and separate bias pov_vér sources applied to the target and the substrate support member (and
capacitively coupled to the substrate) enable the target to be sputtered and the substrate to be etched,
10 either simultaneously or in alternating steps. One édvantagé of this method and apparatus is that the
deposition of the film on the field of the substr;ctte can be controlled to p.rev.ent the openings of small
features patterned on substrates from closing before the feature has been adequately filled with
deposition material. |
In one embodiment of the present invention, a uniform barrier layer is formed over the entire
15 surface of the substrate using, for example, conventional sputtering techniques. The barrier layer

~

is generally a metallic nitride or oxide and is a conductor or semiconductor compared to the preferred - - -

. deposition material used in vias, interconnects orlines. A conducting film is then deposited over
the barrier layer using HDP-PVD techniques. Bias sputtering of the substrate field (i.e. the
application of a négative electrical bias to attract inert gas ions from the plasma) is performed either

20 simultaneously, or in alternating steps, with HDP-PVD to etch away the deposition material
depositing on the field of the subsu'at;’.. Sputter etching of the field allows the bottoin and sidewalls
of the holes, trenches or vias to be coated without the problems of shadowing caused by crowning
or cusping of the film deposited on the field adjacent the feature opening. Deposition of material
continues until the feature is completely filled. The alternating steps of deposition and sputter

25 etching can be repeated as many times as desired to fill or partially fill the holes, trenches or vias,
while leaving little or no conductor deposition on the field areas. |
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The surface of the wafer being coated is typically patterned and frequently
incl udés hi gh aspect ratlg) apertures and vias. Apertukes or vias are forned
in a substrate to provide-a conductive path (trench) @r contact (hole)
between filmlayers. PVDis a preferred technique for coating substrates
with netals. However, as geonetries shrink it beconmes nore difficult to
fill high aspect ratlo features without formng voids in the feature“ﬁé‘?

deposition material is deposited in the aperture andmngmkglﬁmg
substrate, the aperture is closed in a phenonmenon known as "crowni ng" where

the deposited material closes the top of the aperture before it has been
conpletely filled. Material is deposited on the areas between the holes and
trenches, chiertechniquesofthequtedent invention are preferably performed with a high density plasma

(10 to 50 milliTorr) inert gas atmosphere to fill and etch to the desired specification in a single step.
In this instance, RF and DC bias levels, barrier layer material and gas pressure are adjusted to give
the desired resuit. |

cription o rawin _

So that the manner in which the above recited features, advantages and objects of the present
invention are attained and can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are illustrated -

10 - inthe appended drawings. _

It is to be noted, however, that the appended drawmgs illustrate only typical embodiments
of this invention and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

Figure 1 is a schematic diagram in section showing a glow discharge plasma between two -

15 electrodes in an inert gas atmosphere at low pressure; and - - .

Figures 2(a)-(f) are cross-sectional schematic diagrams-'showing how a hole ortrenchina .
substrate is ﬁlled with a conductor and field areas of the substrate are etched free of conductor by
the sequential apphcatlon of bias sputtering and ion etching; and

Figure 3 is a flow d1agra.m of a computer program for controlling the process and apparatus :

20 of the present invention.

D i e erred diment
High density plasma (HDP) physical vapor deposition (PVD) is a useful tool in coating
substrates or wafers of semiconductors used in fabricating micrqelecu'onic circuits. In HDP-PVD,
an inert gas atmosphere is maintained at a pressure of about 10 to about 50 milliTorr in a vacuum
25 chamber having a cathode (usually a target) and an anode (usually the wafer or substrate to be
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the "field" of the wafer, and closes the openings of the small features.
Generally, it is desired to have little or no metal Ii ¢ or conductive
coatings on field areas of the wafer, at least in t he same pl ane as the top
of the trenches or holes form ng conductive paths or contacts. The build up
of material on the field adjacent a hole or trench l.eads to the probl em of
"shadow ng" in which an overhangi ng edge of such material can sMeﬂéﬂ ;;
defl ect sputtered material fromreaching the sidewal gxpressdakl om0 Emosio

hole or trench. Thus, it is difficult to selectively or preferentially fill
the trenches, vias, or holes without plating the field areas, too.

In filling holes or trenches by sputtering netals in an inert gas

at nospe¢astesdat hi gh pressures, greater than about 10 milliTorr, the neutral

atons are sputtered fr.om the tar i p a densit trlbutlont I S
General |y r:-ﬂf% § 5 5 SoHRERatig Grmiingrshownea pegnesh LR elansfsﬁéefnam@ns&om%
tar get pragin| ]ﬁﬁﬁ‘ ﬁ@eﬁ

t hese atom; I n %‘Hﬁl gh ens%:?&i/{l rgslsg‘:k ovve\eerttﬁ?esﬁs In a di stirxﬂ% t|02r16"

nor e naﬁawexlmuﬂromﬂet:pm_zs hA substrate support peslestall 20 is disposed azihellqwd:rcendhé‘the -
Zhbihh Siiben by michs e R4 iopaed i ahe wmer o 04y Chber 51 o7 L0URSIsgEoRly
br ovi kel FoRFAE Wt 134 BBl 1, Renanhet REUNS ifont E“aéﬁ“&ﬁ@“ﬂa‘ it thrger

r eci prmayplalsddontain ah mw 1ﬂdesmed, iethe 530 MH2fequency radgecwhich aoulibbef
the wafer surface may al so be used to provide conformal (uniform-film
covera@@a@m@lﬁchﬂplﬁﬁi%ﬁfgﬂirlﬂace However these latter techniques are not

ItO ?;;'Cﬁglsarl ufa§§a¥e 16 is ;;Slgxlze éﬂ Q/u%lert edgsrtﬁfZ((:)rwehl;[:ﬁ Ianlaly%ecc%% e'driﬂ' r@%ligee%ated coils
10 or the like (not shown). The substrate 16 is connected to the ground side of power supply 12. The

L

high negative voltage power supply is shown as aDC power supply, but it will be understood that
it could be a pulsed DC supply, an AC supply or an RF power supply if desired. An inert gas, such
as argon (Ar), is charged into chamber 11 via gas inlet 26, preferably at a selected flow rate regulated
by a mass flow controller (not shown) of conventional design. In the present invention, an inert gas
15 pressure between about 10 mT and about 60 mT is preferred. - The high negative potential (-V)
) supplied by power supply 12 causes a plasma (glow discharge) to-form in the Argon gas 34 disposed.-
between the substrate 16 and the target- 14 at region 27. Positive ions 32 of gas from the plasma. -
region 27 bombard the target 14 causing sputtering of neutral atoms 36 from its surface, initially
leaving the surface of target 14 in the aforementioned cosine distribution, and generally toward the
20 substrate. |
While a target of any shape‘may be used in accordance with the present invention, the
preferred target for use in the present invention is a conical target 14, most preferably the type known
as an inverted Delta source. Magnets 16 (shown schematically as simple horseshoe magnets) are
mounted on a similarly cone shaped rotatable platform 17 which is attached via arms 18 to a rotating
25  plate 19. Rotating plate 19 is attached to a shaft 21 which sealingly penetrates chamber wall 13 and
is rotated at several hundred RPM by a drive motor 22 through gear box 23, 6r the like. The magnets
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16 are positioned to cause a particular erosion profile or pattern in the target 14 which is optimally
uniform across its surface.

When operating the chamber 11 at relatively—.high. gas pressures between about 10 mT and

about 60 mT, the usual assumption that sputtered target atoms:36 follow-a straight line trajectory . -

isno longer valid. For example, at pressures below about 1 mT a typical target 14 to substrate 16
spacing of 115 mm is less than the mean free path of a sputtered atom in the gas. However, at about
20 mT gas pressure the mean free path of a sputteretl target atom is about 4 mm. Thus, the typical
target distance from the substrate is several tens of mean free path lengths long depending on gas
pressure. Of course, at higher gas pressures the mean free path before collision in the gas is even
lower. Typically, the sputtered atoms 36 undergo a few hundred collisions before arriving at the
surface of the wafer 16. This multitude of collisions causes the sputtered aton:ts to lose kinetic
energy to the gas and, meanwhile, lose their original directionality (i.e., loss of the cosine
distribution). The target atom collisions lead to an essentially isotropic flux of particles in the
plasma. These conditions allow the use of a gas diffusion model to predict the distribution of
sputtered target atoms in the gas as the atoms approach the substrate..

The glow discharge plasma formed in region 27 between the cathode 14 and the anode 20~

is separated from the cathode (target) 14 by a cathode dark space or plasma sheath 28 and from the
anode 20 by an anode dark space or plasma sheath 30. The plasma region 27 contains partially
ionized posiﬁtre argon ions (+) 32, neutral argon atoms (A) 34 and sputtered cathode (térget) ions
(O) 36. The ionized positive argon ions 32 are attracted to the cathode and accelerated across the
cathode dark space 28 by the high ne‘gative potential provided by the power supply 12. When the
fast moving ions 32 hit the cathode (target) 14, lattice cascade reactions occur which eject neutral
cathode (target) atoms 36 in a generally cosiné distribution toward the anode 20 supporting the
substrate 16 to be coated.

At gas pressures less than about 10 milliTorr, the mean free path of target atoms is usually
greater than the distance from the target 14 to the sﬁbstrate 16 and the sputtered or ejected atoms 36
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coatings. in holes, trenches or vias to the exclusion or di mnution of
deposition on field areas -on a substrate. The present invention utilizes a
hi gh density plasnma source and the technique of bias sputtering of film

| ayers formed on a substrate to elimnate crowning or cusping problens
associated wth deposition on the field of a patterned substrate to provide
sel ective deposition of a conductive material in a trench, hol.e or ﬁaﬁgﬂ;
formed on the substrate. The use of a high density pLaRESS VILKG EMI$T0344US
separate bias power sources applied to the target and the substrate support
menber (and capacitively coupled to the substrate) enable the target to be
sputtered and the substrate to be etched, either sinultaneously or in

al t er nithpinge spaythe sudfaze af thersubsimteo]6 subistantisiyhinchcaomdangewith acosing distrbutione
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I n one € present-1nvention, a unitormbarrier yer 1s
f or medigse their difeciotialitye Therdforepthelspiitteeedsatbmi 36 becoiné fthernialized’X anpahdomized in
conventional sputtering techniques. The barrier |ayer is general

mét al | theirmetionandsimpingarn thesubsirate wsfage Siopy albdirections ehw@%%}llycléflﬁéaﬁéay{ 0
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t echni gliRfFTorFis3on@Ripldted inHe @chhigfes ok prdsent’inténiion] For algivenaiepof spitteifig Of
a negative electrical bias to attract inert gas ions fromthe plasm) is
per f or pentlitions, guchsasthe ttargetisubsiyate @eomatry type afiinentogas: tasget materialybarrisyiayes
etch a\xl\nfaa)‘er} eang%P S\i'o . og sgl?r%g,rainaépﬁmum pressure regime can be détermined to perform the
10 conductor hole or trench filling techniques to be described. The preferred substrate matgrial in the

semicc;nductor industry is silicon, usually in crystalline form. R ’

When depositing metals, particularly aluminum (Al) or copper (Cu), onto a crystalline silicon
substrate, it is generally necessary to first déposit a barrier layer over the substrate in-order to prevent
unwanted metallic “doping” or diffusion of the metal ions or atoms into the substrate lattice.

15 Physical vapor deposition techniques have been used for this purpose and typically metal x_litrid&s :
or oxides have been used for this barrier layer. A-commonly used barrier layer for aluminum is
titanium nitride (TiN); tantalum nitride (TaN) or any one of several other barrier layers could be used
if desired. | ' '

Figure 2(a) is a schematic sectional view of a substrate 40 having a hole or trench 42

20 previously etched in its surface and in which it is desired to selectively or preferentially fill with a
conductor (usually metal) to form a ‘contact point or a low resistance electrical current path in an
integrated circuit being fabricated on the substrate 40. According to the techniques of the present
invention, a conductive barrier layer 44 is preferably first deposited over the substrate 40, including
the surface of the hole 42. The uniformity of PVD film layers is improved by substrate temperature

25 control, physical motion of the substrate during the deposition process, use of higher gas pressures,
etc. Any and all such techniques may be employed in accordance with the present invention to -
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depbsiti.ng on the field of the substrate. Sputter etching of the field

all ows: "t he bottom and sidewalls of the holes, trenches or vias to be coated
wi t hout the problenms of shadowi ng caused by crowning.or cusping of the film
deposited on the field adjacent the feature opening. Deposition of nmaterial
the feature is conpletely filled. The alternating steps of

deposition and sputter etching can be repeated as many tines as de%ﬂ

or partially fill the holes, trenches or vias, abrks®MaBNG. RSkod:

conti nues until

fill

no conductor deposition on the field areas.

- 4 -

10

tS

achieve uniform conformal coating in the steps requiring such for the process of filling holes or
trenches with a conductive metal.

Once the barrier layer 44 of desired thickness has been deposited in the hole or trench42 and - -

on the field area 46 of the substrate 40, the technique of bias sputtering is begun to deposit a metal : : -

layer 50 over the field and hole surfaces of the barrier layer 44. - _ :

Figure 2(b) shows that a secondary power supply 48 is then attached to substrate 40 to apply
a negative bias to the entire barrier layer 44 and aﬁy metal of layer 50 deposited thereon. The
secondary power supply 48 may provide DC, pulsed DC, AC or RF power as desired. A ﬁégative
bias is applied via the conductive barrier layer 44 to the metal deposition layer 50 which, because
of its excellent conductivity, becomes an equipotentié,l surface at a negative voltage with respect to
the plasma. |

The negative bias applied to layer 50 attracts argon ions 32 from the plasma which are
accelerated across the anode dark space 30 and impinge on thé metal layer 50 essentially in a vertical
direction. This process causes etching and re-sputtering of the previously deposited metal layer 50

by action of the impacting argon ions 32. Neutral metal atoms are etched away from metal layer 50
lying over the field area 46.: These atoms are rapidly.ionized in the high density plasma. -However, .
in the hole or trench 42, the vertically impinging argon ions 32 cause “forward sputtering” of atoms

from the metal layer 50 (such as from point 52), which are primarily preferentially deposited on the
walls of the trench or hole 42 (such as at point 54). Accordingly, by etching away all of the metal
layer 50 from the field areas 46, the problem of shadowing the hole, which often results in the
formation of voids, is eliminated. This causes the hole or trench 42 to tend to become filled with the
re-sputtered or forward sputtered metal. _ '

Optimally, the ion etchmg (re-sputtering) process on the substrate field areas 46 stops once

_ the barrier layer 44 is reached. For example, if the barrier layer 44 is less conductive than the metal
layer 50 deposited thereon, and an RF secondary power supply 48 is used to apply the negative bias '

by capacitive coupling across the barrier layer 44, then once the metal layer 50 over the field areas
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The- t echni ques of the present invention are preferably performed with a
hi-gh density plasnma (10 tg 50 nmilliTorr) inert gas atvwosphere to fill and
etch to the desired specification in a single step.: Ih this instance, RF
and DC bias |evels, barrier layer material and gas pressure are adjusted to
give the desired result. Brief Description of the Draw ngs So t hat
the manner in which the above recited features, advantages and obj

the present invention are attained and can be undér Sixepess MAIONS. &Mbs1976344881 €
particul ar description of the invention, briefly sunmarized above, my be

had by reference to the enbodi nents thereof which are illustrated in the
appended draw ngs. It is to be noted, however, that the appended

dr awi n4fsis ietched:awayt by aotiont of theiaggun iond B3] theee s essehtidlly o monedias amthe fidldaexcept

ther efoonr v?rhant(e)&ertpgm%% ocf(t)lPeséxgtzezlr 1@«'5&)% (1Oef nlx Eh% h?)lceooe%'enilg 512 tor}em Iuggveetnxtplat% &‘may
in field areas 26). Thus, marked or distinct etching endpoints on the barrier layer 44 may be
obtained, while filing holes or trenches 42 simﬂtaqeously.. Of course; the difference in resistance -

5 between the barrier layer 44 and the metal layer 50 will cause.a reduction in the electric field - . . .

potential (and hence current) at the surface of the barrier layer 44 once the metal layer 50 is removed.
Thus, by sensing current flow in the secondary power supply, the endpoint of etching can be
controlled accurately at the point where the current reaches a steady state lower value after beginning
the ion etching portion of the cycle. '

10 Figures 2(c) and 2(d), as well as Figures 2(e) and 2(f), show how the hole or trench 42 can
be filled with a metal plug 62 by sequentially cycling between a sputter deposition step (Figures 2(a),
(c) and (e))and an jon etching step (Figures 2(b), (d) and (f)). The sequential layers 50, 58, 60
combine to selectively or preferentially form a metal plug 62 having no voids therein. It wﬂl be
recognized that the process of hole filling may include any number of cycles between the sputtering

15 and etching, with each step having the same of different durations or conditions. .

Furthermore, when using HDP PVD, the bias level placed on the substrate by the secondary‘- .
power source 48, vis-a-vis the RF and DC bias levels applied to the target 14, cgn-be-tmlored to -
achieve sputtering of metal onto the field 46 and trench 42 while simultaneously removing the metal
layer formed on the field 46 by bombardment with argon ions 32. Using an inductive coil or antenna

20 to maintain the plasma , the DC and RF bias levels on the target 14 can be tailored so that sputtering
of the target occurs at a faster rate than etching of the field areas 46 on the substrate.
 The process can be implemented using a computer program product 141 that runs on a
conventional computer system comprising a central processor unit (CPU) interconnected to a
memory system with peripheral control components, such as for example a 68400 microprocessor,
25 commercially available from Synenergy chrosystems, California. The computer program code can C
be written in any conventional computer readable programming language such as for example 68000 '

10
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admit to other equally effective enbodirents. Figure 1 is a
schematic diagramin section showi ng a gl ow di scharge,pl asma between two
el ectrodes in an inert gas atnosphere at | ow pressure; and Fi gures
2(a)-(f) are cross-sectional schematic diagranms show ng how a hole or
trench in a substrate is filled wwth a conductor and field areas of the

substrate are etched free of conductor by the sequenti al applicatigg
bi as sputtering and ion etching; and

P

conputer programfor controlling the process and apparatus of the present
I nventi on. Description of the Preferred Enbodi nent Hi gh density
pl asma (HDP) physical vapor deposition (PVD) is a useful tool in coating
subst rassemblyrlangiage sCp C+a¢ ok Paschl.ciSuitablerogram &éader is entéred) into ar singledilepor C
circuits., In_HDP-PVD, an inert grgtas at nosphere i s maintained at a pressure

of abdupltiple filesqpsing asepnyentional

ext; gditor. and stavedrermembodisd im @ corppiter,Bable
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language, the code is compiled, and the resultant compiler code is then linked with an object code.

of precompiled windows library routines. To execute the linked compiled object code, the system - - .

user invokes the object code, causing the computer system to load the code in memory, from which
the CPU reads and executes the code to perform the tasks identified in the program.

Figure 3 shows an illustrative block diagram of the hierarchical control structure of the
computer program 141. A user enters a process set and process chamber number into a process
selector subroutine 142. The process sets are predetermined sets of process parameters necessary
to carry out speéiﬁed processes in a specific process chambér, and are identified by predefined set
numbers. The process set the desired process chamber, and (ii) the desired set of process parameter

needed to operate the process chamber for performing a particular process. The process paramefers :

relate to process conditions such as, for example, process gas composition and flow rates,

temperature, pressure,:plasma conditibns such as RF bias power levels and magnetic field power. -

levels, cooling gas pressure,:and chamber wall temperature. -

. A process sequencer subroutine 143 comprises program code for accepting the identified- - o

proééss chamber and set of process par_ameteré from the process selector subroutine 142, and for
controlling operation of the various process chambers. Multiple users can enter pro'cess set numbers
and process chamber numbers, or a user can enter multiple process set numbers and process chamber
numbers, so the sequencer subroutine‘ 143 operates to schedule the selected processes in ihe desired
sequence. Preferably the sequencer subroutine 143 includes a program code to perform the steps of
(I) monitoring the operation of the process chambers to determine if the chambers are being used,
(if) determining what processes are being carried out in the chambers being used, and (iii) executing

the desired process based on availability of a process chamber and type of process to be carried out.

Conventional methods of monitoring the process chambers can be used, such as polling.. When
I 11
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scheduling which process is to be executed, the sequencer subroutine 143 can be designed to take

into consideration the present condition of the process chamber being used in comparison with the

desired process conditions. for a selected process, or the “age™ of each particular user entered request, - - .-

or any other relevant factor a system programmer ‘desnes-. to include for determining scheduling - -
priorities.

Once the sequencer subroutine 143 determines which process chamber and process set
combination is going to be executed next, the sequencer subroutine 143 causes execution of the

process set by passing the particular process set parameters to chamber manager subroutines 144a-c .

which control multiple processing tasks in different process chambers according to the process set

determined by the sequencer subroutine 143. For example, the chamber manager subroutine 144a
comprises program code for conlrollmg PVD process operatmns, within the described process
chamber 40. The chamber manager subroutine 144 also controls execution of various chamber
component subroutines or program code modules, which -control operation of the chamber
components necessary to carry out the selected process set.- Examples of chamber component

subroutines are substrate:positioning subroutine.145, process. gas control subroutine 146, pressure. . - -
control subroutine 147, heater control subroutine:148, and plasma control subroutine 149. These- .

different -subroﬁtinesﬁmction as deposition program code means for (a) generating a glow discharge -
in an inert gas atmosphere in the space between a target and a patterned substrate to be processed;
(b) depositing a conductive material layer on the substrate; (c) applying a negative bias, with respect
to the glow discharge plasma, to the substrate to be treated to attract ions from the plasma to the
substrate while continuing to deposit‘ the conductive material, whereby the attracted ions from the
plasma selectively etch aWay the conductive layer from the field areas of the substrate while causing
forward sputtering in the holes or tfenchcs to fill the holes or trenches with the conductive material.
Those having ordinary skill in the art would readily recognize that other chamber control subroutines
can be included depending on what processes are desired to be performed in the process chamber

11.
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Figure 1 is a schematic drawi ng showi ng a magnetron sputtering system
aecordi'ng to the present-: nvention. A vacuum chanber 11 of conventi onal

type is supplied with a gas inlet port 26 and an exhalst outlet port 28. A
substrate support pedestal 20 is disposed at the | ower end of the chanber

11 and a target 14 is received at the upper end of the chanber 11. Target

14 is electrically insulated fromthe wall 13 of chanber 11. Chanbe®A

13 is kept at ground potential while target may a|squﬁﬁﬂ%ﬁ&ﬂdﬁﬂgﬂﬁuwm“m:
generator, if desired, in the 5-30 MHz frequency range which could be
capacitively coupled to target 14. A substrate 16 is placed on

support pedestal 20 which may be cooled by refrigerated coils or the like

(not shown)n opefation,ihé clidintbet tnandgdr@tibroatifgi144a sélectivelyscheddestor calls the process

supply 12. The high negative voltage power supply is _shown as a DC power
supp! yconpenent:subgontingsdn aergedance withinthe particelgripracdss set bingsxecuted. IIWBWI’%

S
Cae iBatag, sffuling J44, sTRsRes, g, ArS5es Pmiofelsibiodils T o Uokhhe .
flow rgbfedcepsitbiftthetdd3esciBdifled WRIKhGSHBEEsS chafibdrNQt aridlptubess @ét i§ 86 ¥ Bkecuted -

design. 'In the present invention, an inert gas pressure between about 10 nil .
afid abwext. GPpically,sthe chdmberguanapiae sutirgutinectidaiincludes stepsi of me¢nitgring the vadenshy

Rl T IR
oo e B g $2T ooy By e cbir o Ui S

causi ering romitsS sur Initrally Peaving
t he susubpmrine respansjes tolthe nortiforingfand detnminingestepsnsi ne distribution, and

generally toward the : . ) . ,
Operation of particular chamber component subroutines will now be described. The substrate

10 -~ positioning code or subroutine 145 comprises program code for controlling chamber components
that are used to load the substrate 16 onto the chamber support 20, and optionally to lift the substrate |
toa deéired’height in the chamber 11 to control the spacing between the substrate and the target 14..
When a substrate 16 is loaded into the process chamber 11, the substrate support 20 is lowered to -
receive the substrate, and thereafter, the support is raised to the desired height m the chamber. The .

15 substrate poéitioning subroutine 145 controls movement of the support 20 in response to the process -, -
set parameters related to the support height that are transferred from the chamber manager subrouﬁne-. :
14ds, . . | .

The process gas control subroutine 146 has ﬁrdgram code for contfolling process gas

composition and flow rates. Generally, the process gases supply lines for each of the process gases,

20 include (I) safety shut-off valves (not shown) that can be used to automatically or n;anually shut off
the flow of process gas into the ch;mber, and (ii) mass flow controllers (also not shown) that |
measure the flow of a particular gas through the gas supply lines. When toxic gases are used in the
process, the several safety shut-off valves are positioned on each gas supply line in conventional -
configurations. The process gas control subroutine 146 controls the open/close portion of the safety

25 shut-off valves, and also ramps up/doﬁvn the mass flow controllers to obtain the desired gas flow .
rate. The process gas control subroutine 146 is invoked by the chamber manager subroutine 144a, |

13
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substrate. While a target of any shape may be used in accordance
wirt h the present |nvent|0{1 the preferred target for .use in the present
invention is a conical target 14, nost preferably the’ type known as an

i nverted Delta source.

1349

attached to a shaft 21 which sealingly penetrates chsiReymMmBNb. EMbsiBtosA4USS
rotated at several hundred RPM by a drive notor 22 through gear box 23,
the |like. The magnets
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as are all chamber component subroutines, and receives "from the chamber manager subroutine

process parameters related to the desired gas flow rates. Typically, the process gas control

subroutine 146 operates by opening the gas suppiy lines, and repeatedly (I) reading the necessary - .

Magnets 16 (shown schenatically as sinple horseshoe
magnets) are nounted on a simlarly cone shaped rotatable platform 17 which
Is attached via arns 18 to a rotating plate 19. Rotating plate 19 |

or

mass flow controllers, (ii) comparing the readings to the desired flow rates received from the .

chamber manager subroutine 144a, and (iii) adjusting the flow rates of the gas supply lines as.

necessary. Furthermore, the process gas control subroutine 146 includes steps for monitoring the
gas flow rates for unsafe rates, and activating the safety shut-off valves when an unsafe condition
is detected. '

The process gas control subroutine 146 comprises hole filling program code for operating
the chamber in a selective or preferential hole filling mode. Inthe preferentxal hole filling mode, the
sputtenng gas program code 156 can also be provxded to introduce sputtenng gas into the PVD
chamber 11 during performance of the PVD process step. As discussed above, the desired process
gas flow rates are transferred to the process gas control subroutine 146 as process parameters.

‘When the pressure control subroutine 147 is invoked, the desired or target pressure level is

received as a parameter from the chamber.ménagersubrouﬁne .144a. The pressure control subroutine : - -
147 operates to measure the pressure in the chamber-11 by reading one or more conventional
pressure nanometers connected to the chamber, compare the measure value(s) to the target pressure;” . .~ - . |
obtain PID (proportional, integral, and differential) values from a stored préwe table corresponding |

to the target pressure, and adjust the throttle valve according to the PID values obtained from the

pressure table. Alternatively, the pressure control subroutine 147 can be written to open or close the
throttle valve to a particular opening size to regulate the chamber 40 at the desired pressure.

The heater control subroutine 148 comprises program code for controlling the temperature
of the support 20 used to heat the substrate 16. The heater control subroutine 148 includes hole
filling program code 158 for operating in a hole filling stage in which the substrate is maintained at
a desired temperatures T within the range of temperatures o T. Typically, the subroutine 148 is

programmed to ramp up the temperature of the support from ambient chamber temperatures to a set R

14
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16 .are p05|t|oned to cause a particular erosion profile or pattern in the
t.arget-14 which is optimally uniformacross its surface. *+  \Wen
operating the chanmber 11 at relatively high gas pressiures between about 10
nml and about 60 nil, the usual assunption that sputtered target atons 36
foll ow a straight | ne trajectory is no |longer valid. For exanple, at
pressures bel ow about 1 ml a typical target 14 to substrate 16 spagi.

115 mmis less than the nean free path of a sputter%ﬁsemn.mothmsgm«t:s
However, at about 20 nml gas pressure the nmean free path of a sputtered
target atomis about 4 mm Thus, the typical target distance fromthe
substrate is several tens of nean free path | engths | ong depend| ng on gas
pr ess Usoint téhperatutes dn this stip, Yichieage soptral sabroating 18 isirankéd bxthg shambermsmager
collisionin the gas is even lower. Typically, the sputtered atons 36
under gibrouting 14 andesceiyes 3 FAMMEAtY lEMPCEABEDRATRICTat ¢ he

The heater control subroutine 148 measures temperature by measuring voltage output of a
thermocouple located in the support, compares the measured temperature to the setpoint temperature,

5 and increases or decreases current applied to the heater 20 to obtain:the desired ramp rate or setpoint .
temperature. The temperature is obtained fron_l the measured voltage by looking up the
corresponding temperature in a stored conversion table, or by calculating the temperature using a
fourth order polynomial. .When radiant lamps are used as the heater, the heater control subroutine
148 gradually controls a ramp up/down of current applied to the lamp that increases the life and

10 = reliability of the lamp. Addltlonally, a built-in fail-safe mode can be mcluded to detect process
safety compliance, and to shut down operatlon of the heater 80 if the process chamber 40 is not
properly set up. .

The plasma control subroutine 149 comprises program code for forming a capacitively

coupled and/or inductively coupled deposition plasma in the chamber during operation of the

15 chamber in a chemical vapor deposition mode. The subroutine 149 sets the RF bias voltage. power. . .
level applied between the target 14 and the support 20 in the chamber 11, and optionally sets the:- :
level of the magnetic field generated in the chambei',-to form the deposition plasma. Similarto the.-~ .
previously described chamber component subroutines, the plasma control subroutine 149 is invoked
by tﬁe chamber manager subroutine 144a. In operation, the plasma condition 149 includes sfeps for

20 reading both “forward” power applied to the plasma generator 116, and “reflected” power flowing
through the chamber 40. An excessiw;ely high reflected power reading indicates that the plasma has
not been ignite, and the plasma control subroutine 149 restarts or shuts down the process. The read
power levels are compared against target levels, and the current is adjusted to control the plasma for
applying a sinusoidal wave current to the generator to form a rotating magnetic field in the chamber

25 40. The sinusoidal wave needed to generate a desired magnetic field can be o‘etained from a stored -
table of sinusoidal values con'esponding' to magnetic field strengths, or calculated using a sinusoidal '
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sur.face.of the wafer 16. This nultitude of collisions causes the sputtered
atons to lose kinetic eneggy to the gas and, neanmhilﬁ, | ose their original
directionality (i.e., loss of the cosine distribution). The target atom
collisions lead to an essentially isotropic flux of particles in the

pl asma. These conditions allow the use of a gas diffusion nodel to predict

the distribution of sputtered target atons in the gas as the atons Nach
the substrate. The gl ow di scharge plasma forr@gnésgﬁﬁﬁg.}(pgmgs en
t he cat hode 14 and the anode 20 is separated fromthe cathode (target) 14 -

by a cat hode dark space or plasma sheath 28 and fromthe anode 20 by an
anode dark space or plasma sheath 30. The plasna region 27 contains

parti tibl@ni zed positive argon ions (+) 32, neutral argon atoms (A) 34
and sputtered cathode (target) ions (O 36. The ionized positive argon ions
32 are att rAcecond plastha contrélcubromtivie 148 ahay ba emiployed tosconteol @-sependaryipewer

wrace s Ssuledl BESbinte AG% Rt oPis THaRe Mis iy $hhe B Yedltn.
reacti &md%%ﬂﬁ_tetéhetﬂé Held &ﬁh@@&k’s&ﬁk@@ﬁ?&ﬂa@e@ﬁh@ﬁo&& surce may -

generally cosine distribution toward the-.anode 20 supporting the substrate |
1% t o becused sinmultaneously with\thepowepsmreail 2 sThis second plasmia wontraDsubrdutin€ddd mayhe -

o, oSt B e s ol e gl
the end point of the etching process.
The foregoing descriptions may make other, alte_mative arrangemeﬁts apparent to those of
. skill in the art. The aim of the appended claims is to cover all such éhanges éld modifications as
10 - fall within the true spirit and scope of the MVmﬁom
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1. A method for filling trenches orholesina substrate'also having a field area with a conductive -

material comprising the steps of:
(@)  generating a glow discharge in an ine;‘t gas atmosphere in the space between - -
a target and a patterned substrate to be processed;
(b)  depositinga conductive material layer on the substrate; |
() applying a negative bias, with respect to the glow discharge plasma, to the
substrate to be treated to attract ions from the plasma to the substrate while
contmumg to deposxt the conductlve matenal whereby the attracted ions from the
plasma selectlvely etch away the conductlve layer from the field areas of the
substrate while causing forward sputtering in the holes or trenches to fill the holes

or trenches with the conductive material.

2. The method of claim 1 wherein a barrier layer is deposited:on the.substrate prior-to-:- - ..,
depositing the conductive material.. .

3. The method of claim 1 whereiﬁ the metal layer is deposited onto a dielectric layer. _

4, The method of claim 3 wherein the selective etching of the conducti\}e field areas ends on
the dielectric layer. ‘

S. The method of claim 4 wherein the conductive layer comprises a metal.

6. The method of claim 5 wherein the bias is applied by an RF power supply operating at a .
frequency of from about 50 kilo hertz to 10 of mega hertz. '

17
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At hi gher gas pressures, between about 10 and about 50 m |l li Torr, the
sputtered target atons 36. undergo nultiple collisions,with the argon atons
34 in the plasma 27 and the dark spaces 28,30 and | osée their
directionality. Therefore, the sputtered atons 36 becone "thermalized" or
random zed in their notion and inpinge on the substrate surface from al
directions or essentially isotopically. The use of a high deﬁ&ﬂgg
pl asma (HDP) at pressures—between abhout 10 and abOUMiNa%ﬁosmus
contenplated in the techniq he present invention. For a given set of
sputtering conditions,. suchDiﬂl&ﬂjﬁlluﬂlmuﬂ bstrate geonetry, type of inert
gas, target material, barri and hi gh vol tage source, an
opti mum pressure regi ne can be determned to performthe conductor hole or
trench filling techniques to be described. The preferred substrate nateri al
iln t hd. senithemietbodof ¢lat létwl;ertistbﬁbbiia&isrﬂpphsdlw&WndWﬁW%bﬂémﬁﬂDc
ﬁren deﬁpsiti metal s, particularly alumnum (Al) or copper (Cu), onto a
yst BPVFRPPIYi con substrate, it is generall'y necessary to first deposit a
barrier layer over the substrate in order to prevent unwanted netallic
"doping" or diffusion of the nmetal ions er atons into the substrate
latti 8. PiTheimethod afclaimidwhsreindhe bias isrpplied tathe condustivg daxer byuse pfadual .
pur pose and &ﬁgicall nftal nitrides or oxides have been used for this
Bar r i &reqpeRryRE pow ¥% used barrier layer for aluminumis titanium
nitride (TiN), tantalumnitride (TaN) or any one of several other barrier
| ayers could be used if desired. Figure 2(a) is a schematic
gecti gpal Vitevinethod ofiblaim &8 evhéfriiakeé sEps of aniformlyt amh confopmally depositing a

2 conductive material lajrer and selectively etching away the conductive layer from the field areas of

3 the substrate are performed repetitively.

10.  The method of claim 1 wherein the steps are performed in an inert gas at a pressure of from
2 about 1 to about 10 milliTorr.

11.  The method of claim 10 wherein the steps.of depositing a conductiveematerial';layetf and .-
2 selectively etching away the conductive lajler from the field areas of the substrate are performed :
repetitively. '

12.  The method of claim 1 wherein the steps are performed in high density inert gas auﬁosphere
2 at a pressure of from about 1 to about 50 milliTorr. '

13." The method of claim 12 wherein the steps of depositing a conductive material layer and
selectively etching away the conductive layer in the field areas are performed simultaneously by
adjusting the bias, high voltage and gas pressures. '

—_—
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previousiy etched in its surface and in which it is desired to selectively
or”prefeeréentially fill with a conductor (usually netak) to forma contact
point or a |low resistance el ectrical current path in anh integrated circuit

bei ng fabricated W According to the techniques of the
present invention, a conductiv er layer 44 is preferably first
deposited over the !mt(n | udi ng the surface of the ‘hol e 4PATEFRe
uniformty of PVD f| ”nﬂ (ﬁroved by substra%@m{_ﬁ&qmsmﬁl ,
physi cal notion of the ‘subst Fat & ring the deposition process, use of

hi gher gas pressures, etc. Any and all such techni ques may be enpl oyed in

accordance with the present invention to
- 8- 14.  The method of claim 12 wherein the steps of depositing a conductive material layer and

2 selectively etching away the conductive layer in the field areas are performed by sequentially
3 adjusting the bias, high voltage and gas pressure. T

This Sheet Hag

LT

19

| THIS SHEET HAS Brmv
) ' - [_____ REPLACED

———



achreve uniform conformal coating in the steps requiring such for the
process of filling holes or trenches with a conductive netal. Once
the barrier layer 44 of desired thickness has been deposited in the hole or
trench 42 and on the field area 46 of the substrate 40, the techni que of
bias sputtering is begun to deposit a netal l|ayer 50 over the field and
hol e surfaces of the barrier |ayer 44. Figure 2(b) shows th

secondary power supply 48 is then attached to subst pRigsédfiak Ro2ENNsisr03aqus
negative bias to the entire barrier |layer 44 and any netal of |ayer 50

deposi ted thereon. The secondary power supply 48 may provide DC, pul sed DC,
AC or RF power as desired. A negative bias is applied via the conductive

barrier layer 44 to the netal Absbestbf the Disslesurs0 whi ch, because of its

excel | ent conductivity, becones an equi potenti al surface at a negative
voltage with respect to

The present invention provides a method and apparatus for selective PVD conductor il i in
KlsnumngummquMmgmnopuaﬂendpounddbmn@nmthnmn.Thcpmsqﬁrmmeonuuhms -
a high density plasma source and the technique of bias sputtering of film layers formed on a substrate .. | .
5 to eliminate crowning or cusping problems associatgd with deposition on the field of a patterned
substrate to provide selective deposition of a conductive material in a trench, hole or via formed on
the substrate. The use of a high density plasma source and separaie bias power sources_applied to
the target and the substrate support member (and capacitively coupled to the substrate) enable the
target to be sputtered and the substrate to be etched, either simultanequsly or in alternating steps.
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t he: pl asma. The negative bias applied to layer 50 attracts argon
i‘ons-32 fromthe plasma which are accel erated across the anode dark space
30 and inpinge on the nmetal |ayer 50 essentially in a-vertical direction.
Thi s process causes etching and re-sputtering of the previously deposited
nmetal |ayer 50 by action of the inpacting argon ions 32. Neutral netal
atons are etched away fromnetal |ayer 50 lying over the field area 46.
These atons _gre rap, ionized i-n the hlgh density plasnma. However, in the

hole or treh ﬁ:'lcally | npi ngi ng argon ions 32 caus "formard
sputtering” of aj fromtyhe netal |ayer 50 (such as fron1§§2nt 52), which
are primarily preferentiallfy deposited on the walls of the nch or hol e
42 (such as at innLE54). Accordingly, by etching away all ﬁi}the net al
| ayer 50 fromthe field ar¢as 46, the probl em of shadow ng the hole, which
often results infthe forymagi on of voids, is elimnated. This causes the
hole or trench 4 & te o becone filled with the re-sputiered or forward
sputtered ngptal | Dationlly _the iqQn etching. -sputtering) process
on the “layer 44 is reached.
For ex [ Yie bar (i 4 is l.ess qgnduct f§ye than the neta
| ayer ; or, aN E Y poweN supply 48 ispgsed to
apply t iN¢ Hi by c ife coupling lacrospNthe barrier yer .44,
t hen onag‘lhe mef] &l 50 he field afdas
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- 9‘- . 46 is etched away by action of the argon ions 32, there is
essentiral-ly no nore bias on the field, except Y

-

FIG. 2
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on whatever portion of the netal layer 50 remains (L.e., in the hole or
trench:42, or in uneveén patches in field areas 26). ,Thus, marked or

di stinct etching endpoints on the barrier |ayer 44 nay be obtained, while
filing holes or trenches 42 sinultaneously. O course, the difference in
resi stance between the barrier layer 44 and the netal |ayer 50 will cause
a reduction in the tric field potential (and hence current) at the
surface of the barrijeg'J ayer 44 once the netal |ayer 50 is renmoved. Thus,
by sensing current f§ in the secondary power supply, the endpoint of.
etching can be cont ed accurately at the point where the current
reaches a steady st ower value after beginning the ion etching portion
of the cycle. gures 2(c) and 2(d), as well as Figures 2(e) and
2(f), show how the h rench 42 can be filled with a netal plug 62 by

sequentially cycling a sputt§§§§eposition step (Figures 2(a), (c)

and (e))and an _ion tep (Fig 2(b), (d) and (f)). The sequentia

layers R | Q8. > sel ecti or preferentially forma netal
pl ug 62 ein. It be recogni zed that the process of
hole filll nunber #Jéycles between the sputtering and
et chi ng, ng the sane of different dur

condi ti ghs $re, when using HDP

on the

ndary power source
bi as | ev¢ arget 14, can be ta
of netal §a ‘ nd trench 42 while
metal |ajed §'@ feg—e el d 46 by bonbar dreift
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to mintain the plasma, the DC and RF bias |evel s on the target 14 can be
tailored so that sputtering of the target occurs at a faster-rate.than ____
etching of the field areas 46 on the substrate. QEPLQCMENPEUHQE?
i npl erent ed using a conputer program product 141 that runsrer-a
conventional conputer system conprisingia central procesgso Nt F(!'ﬁ@g

i nterconnected to a nenory systemw tt—pertpheral contrdl co?rp et sU
as for exanple a 68400 m croprocessor, conmercially avaijl abtre—+em
Synenergy M crosystens, California. The conputer program code can be
witten in any conventional conputer readable progranm
for exanple 68000

SELECTIVE PHYSICAL VAPOR DEPOSITION
CONDUCTOR FILL IN IC STRUCTURES

BACKGROUND OF THE INVENTION
ield of the Invention
The present im}ention relates generally to methods and apparatus for fabricating electronic
devices on substrates, including integrated circuits. More particularly, the present invention relates
to methods for selectively or preferentially depositing conductive material in trenches, holes or vias
_ formed in a substrate surface using physical vapor deposition (PVD) with a high density plasma
(HDP).

Background of the Related Art

Sputtering or physical vapor deposition is a known technique for depositing thin films onto
a substrate. Typicallyina sputterihg system, a glow discharge plasma is generated in an atmosphere
of inert gas by maintaining an inert gas atmosphere at a pressure from about 1 milliTorr t6 about 10
milliTo:r and by applying an RF or DC potential across a two electrode system comprising a cathode
and an anode. A plasma is created in the space between the electrodes in which the inert gas
atmosphere becomes at least partially ionized. The plasma is bounded from each of the electrodes
by a plasma sheath or dark space. A high negative potential applied to the cathode (with respect to
the plasma) then accelerates ions from the plasma onto the cathode (usually the target or desired
coating material) where cascade lattice collisions cause the ejection of neutral target atoms. At gas
pressures below about 10 n;illiTorr, the ejected or sputtered atoms travel across the plasma,
essentially without interaction, andyd’eﬁo&t on the anode which may comprise the substrate or wafer
to be coated. At higher gas prwsui'és from about 10 milliTorr to about 50 milliTorr, the sputtered
neutral atoms can interact with the plasma while traversing therethr_ough. This results in a nearly

isotropic directional distribution of the sputtered material at the surface of the wafer or substrate.



assénbly | anguage, C, C++, or Pascal. Suitable program code is entered |nto
a single fi le, or nultiple files, using a conventional dext.gditor. and

stored, or'enbodied in a conmput er usabl e medi um such as ag M’
the conputer. If. the entered code text is.in a high |Iqve EW%H?E‘L

code is conpiled, and the resultant conpiler code is then h 4
obj ect code of preconpiled w ndows Ilbzgky—+out|nes T ixezgtgggm%& ke
conpi | ed object code, the systemuser invokes the obje¢t eedey—causLng_tke
conputer systemto |load the code in nenory, from whichjthe CPU reads and
executes the code to performthe tasks identified in t ‘
Figure 3 shows an illustrative bl ock diagram of the hierarchical contro
structure of the conputer program 141. A user enters a process set and
process chanber nunber into a process sel ector subroutine 142. The process
sets are predeterm ned sets of process paraneters necessary to carry out
specified processes in a specific process chanber, and are identified by
predefi ned set nunbers. The process set the desired process chanber, and
(ii) the desired set of process par amet er

The surface of the wafer being coated is typically patterned and &equently includes high

~,___

o

aspect ratio apertures and vias. Apertures or vias are formed in a substrate to prov1de a conductive
path (trench) or contact (hole) between film layers. PVD is a preferred technique for coating
substrates with metals. However, as geometries shrink it becomes more difficult to fill high aspect
ratio features without forming voids in the feature. As deposition material is deposited in the
aperture and on the field of the substrate, the aperture is closed in a phenomenon known as
“crowning” where the deposited material closes the top of the aperture before it has been completely
_ filled. Material is deposited on the areas between the holes and trenches, commonly referred to as
the “field” of the wafer, and closes the openings of the small features. Generally, it is desired to have
little or no 'metallit.: or conductive coatings on field areas 'of the wafer, at least in the same plane as
the tdp of the trenches or holes forming conductive paths or contacts. The build up of material on
the field adjacent a hole or trench leads to the problem of “shadowing” in which an overhanging
edge of such material can shield or deflect sputtered material from reachiné the sidewalls and floor
of the hole or trench. Thus, it is difficult to selectively or preferentially fill the trenches, vias, or
holes without plating the field areas, too.
 Infilling holes or trenches by sputtering metals in an inert gas atmosphere at high pressures,
greater than about 10 milliTorr, the neutral atoms are sputtered from the target in a density
distribution that is generally related to the cosine of the angle between a line normal to the target
surface and the trajectory of the sputtered atom. Scattering of these atoms in a high density plasma,
however, results in a distribution more nearly isotropic at the surface of the wafer. A traj ectory to
the substrate that will provide at least a component of neutral sputtered atoms at oblique angles to
the substrate surface will provxde some coverage of the walls of trenches, holes or vias in the wafer.
High density plasma provides such trajectories. Orbital, rotational or back and forth reciprocal
motion of the wafer during deposition and controlled heating of the wafer surface may also be used
to provide conformal (uniform) film coverage over the wafer surface. However these latter

techniques are not particularly useful in selectively or preferentially coating holes, trenches, or vias.



needed to operate the process chanber for performng a particular process,
The process paraneters relate to process conditions suc ﬁgp.j@_:: NP RREET
process gas conposition and flow rates, tenperature, pr ssuLg*.dtasunam_
condi t-i ons such as RF bias power |evels and nmagnetic figld powprtle§ﬂ1;
cooling gas pressure, and chanber wal |l _enperature. AZGT&G@% 8
sequencer subroutine 143 conprises programcode for accqpting the
identified process chanber and set of process paraneterg fromthe process
sel ector subroutine 142, and for controlling operation LLous-
process chanbers. Multiple users can enter process set nunbers and process
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sputtering of film layers formed on a substrate to eliminate crowning or cusping problems associated

with deposition on the field of 2 patterned substrate to provide selective deposition of a conductive
material in a trench, hole or via formed on the substrate. The use of a high density plasma source
and separate bias power sources applied to the target and the substrate support member (and
capacitively coupled to the substrate) enable the target to be sputtered and the substrate to be etched,
_either simultaneously or in altemnating steps. One advantage of this method and apparatus is that the
deposition of the film on the field of the substréte can be controlled to prevent the openings of small
features patterned on substrates from closing before the feature has been adequately filled with
deposition material.

In one embodiment of the present invention, a uniform barrier layer is formed over the entire
surface of the substrate using, fox; example, conventional sputtering techniques. The barrier layer
is generally a metallic nitride or oxide and is a conductor or semiconductor compared to the preferred

. deposition material used in vias, interconnects or lines. A conducting film is then deposited over
the barrier layer using HDP-PVD techniques. Bias sputtering of the substrate field (i.e. the
application of a negative electrical bias to attract inert gas ions from the plasma) is performed either
simultaneously, or in alternating steps, with HDP-PVD to etch away the deposition material
depositing on the field of the substrate. Sputter etching of the field allows the bottom and sidewalls
of the holes, trenches or vias to be coated without.the problems of shadowing caused by crowning
or cusping of the film deposited on the field adjacent the feature opening. Deposition of material
continues until the feature is completely filled. The alternating steps of deposition and sputter
etching can be repeated as many times as desired to fill or partiglly fill the holes, trenches or vias,

while leaving little or no conductor deposition on the field areas.
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The techniques of the present invention are preferably performed with a high density plasma
(10 to 50 milliTorr) inert gas atmosphere to fill and etch to the desired specification in a single step.
In this instance, RF and DC bias levels, barrier layer material and gas pressure are adjusted to give

the desired result.

ief Description of the Drawin

So that the manner in which the above recited features, advantages and objects of the present
invention are attained and can be understood in detail, a more particular description of the invention,
briefly summarized above, may be had by reference to the embodiments thereof which are ilfustrated

.in the appended drawings.

Itisto be b.oted, however, that the appended drawings illustra"ge only typical embodiments
of this invention and are therefore not to be considered limiting of its scope, for the invention may
admit to other equally effective embodiments.

Figure 1 is a schematic diagram in section showing a glow discharge plasma between two
electrodes in an inert gas atmosphere at low pressure; and

Figures 2(a)-(f) are cross-sectional schematic diagrams showing how a hole or trench in a
substrate is ﬁlled with a conductor and field areas of the substrate are etched free of conductor by

. the sequential apphcanon of bias sputtering and ion etching; and N
Figure 3 is a flow diagram of a computer program for controlling the process and apparatus

of the present invention.

cription of the ed odiment :
High density plasma (HDP) physical vapor deposition (PVD) is a useful tool in coating
substrates or wafers of semiconductors used in fabricating microelectronic circuits. In HDP-PVD,
an inert gas atmosphere is maintained at a pressure of about 10 to about 50 milliTorr in 2 vacuum

chamber having a cathode (usually a target) and an anode (usually the wafer or substrate to be
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insulated from the wall 13 of chamber 11. Chamber wall 13 is kept at ground potential while target

may also contain an RF generator, if desired, in the 5-30 MHz frequency range which could be

_ capacitively coupled to target 14.

.-

A substrate 16 is placed on support pedestal 20 which may be cooled by refrigerated coils
or the like (not shown). The substrate. 16 is connected to the ground side of power supply 12. The
high negative voltage power supply is shown as a DC power supply, but it will be understood that
it could be a pulsed DC supply, an AC supply or an RF power supply if desired. An inert gas, such
as argon (Ar), is charged into cﬁaﬁaber 11 viagas inlét 26, preferably at a selected flow rate regulated
by a mass flow controller (not shown) of conventional design. In the present invention, an inert gas
pressure between about 10 mT and about 60 mT is preferred. The high negative potential (-V)
suppliéd by power supply 12 causes a plasma (glow discharge) to form in the Argon gas 34 disposed
between the substrate 16 and the target 14 at region 27. Positive ions 32 of gas from the plasma
region 27 bombard th§ target 14 causing sputtering of neutral atoms 36 from its surface, initially
leaving the surface of target 14 in the aforementioned cosine distribution, and generally toward the
substrate.

While a target of any shape may be used in accordance with the present invention, the
preferred target for use in the present invention is a conical target 14, most preferably the type known
as an inverted Delta source. Magnetsl 16 (shown schematically as simple horseshoe magnets) are
mounted on a similarly cone shaped rotatable platform 17 which is attached via arms 18 to a rotating
plate 19. Rotating plate 19 is attached to a shaft 21 which sealingly penetrates chamber wall 13 and
is rotated at several hundred RPM by a drive motor 22 through gear box 23, or the like. The magnets
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16 are positioned to cause a particular erosion profile or pattern in the target 14 which is optimally
uniform across its surface.

When operating the chamber 11 at relatively high gas pressures between about 10 mT and
about 60 mT, the usual assumption that sputtered target atoms 36 follow a straight line trajectory
is no longer valid. For example, at pressures belo“; about 1 mT a typical ta}get 14 to substrate 16
spacing of 115 mm is less than the mean free path of a sputtered atom in the gas. However, at about
20 mT gas pressure the mean free path of a sputtered target atom is about 4 mm. Thus, the typical

_target distance from the substrate is several tens of mean free path lengths long depending on gas
pressure. Of course, at higher gas pressures the mean free path before collision in the gas is even
lower. Typically, the sputtered atoms 36 undergo a few hundred collisions before arriving at the
surface of the wafer 16. This multitude of collisions causes the sputtered atoﬁs to lose kinetic
energy to the gas and, meanwhile, lose their original directionality (i.e., loss of the cosine
distribution). The target atom collisions lead'to an essentially isotropic flux of particles in the
plasma. These conditions allow the Iuse of a gas diffusion model to predict the distribution of
sputtered target atoms in the gas as the atoms approach the substrate.

The glow discharge plasma formed in region 27 between the cathode 14 and the anode 20
is separated from the cathode (target) 14 by a cathode dark space or plasma sheath 28 and from the
anode 20 by an anode dark space or plasma sheath 30. The plasma region 27 contains partially
ionized posiﬁw're argon ions (+) 32, neutral -argon atoms (A) 34 and sputtered cathode (térget) ions
(0) 36. The ionized positive argon ions 32 are attracted to the cathode and accelerated across the
cathode dark space 28 by the high negative potenﬁél provided by the power supply 12. When the
fast moving ions 32 hit the cathode (target) 14, lattice cascade reactions occur which eject neutral
cathode (target) atoms 36 in a generally cosine distribution toward the anode 20 supporting the
substrate 16 to be coated.

At gas pressures less than about 10 milliTorr, the mean free .path of target atoms is usually

greater than the distance from the target 14 to the substrate 16 and the sputtered or ejected atoms 36
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lose their directionality. Therefore, the sputtered atoms 36 become “thermalized” or randomized in

their motion and impinge on the substrate surface from all directions or essentially isotopicaily.

The use of a high density plasma (HDP) at pressures between about 10 and about 50
milliTorr is contemplated in the techniques of the present invention. For a given set of sputtering
conditions, such as the target/substrate geometry, type of inert gas, target material, barrier layer
'material and high voltage source, an optimum pressure regime can be determined to perform the
conductor hole or trench filling techniques to be described. The preferred substrate material in the
semicc;nductor industry is silicon, usually in crystalline form. .

When depositing metals, particularly aluminum (AI) or copper (Cu), onto a crystalline silicon
substrate, it is generally necessary to first deposit a barrier layer over the substrate in-order to prevent
unwanted metallic “doping” or diffusion of the metal jons or atoms into the substrate lattice.
Physical vapor deposition techniques have been used for this purpose and typically metal nitrides
or oxides have been used for this barrier layei'. A commonly used barrier layer for.aluminum is
titanium nitride (TiN), tantalum nitride (TaN) or any one of several other barrier layers could be used
if desired. '

Figure 2(a) is a schematic sectional view of a substrate 40 having a hole or trench 42
previously etched in its surface and in which it is desired to selectively or preferentially fill with a
conductor (usually metal) to form a contact point or a low resistance electrical current path in an
integrated circuit being fabricated on the substrate 40. According to the techniques of the present
invention, a conductive barrier layer 44 is preferably first deposited over the substrate 40, including )
the surface of the hole 42. The uniformity of PVD film layers is improved by substrate temperamré |
control, physical motion of the substrate during the deposition process, use of higher gas pressures,

etc. Any and all such techniques may be employed in accordance with the present invention to
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subrouti ne 144a,

by the chanber manager
achieve uniform conformal coating in the steps requiring such for the process of filling holes or

trenches with a conductive metal.
Once the barrier layer 44 of desired thickness has been deposited in the hole or trench 42 and

- on the field area 46 of the substrate 40, the technique of bias sputtering is begun to deposit a metal

layer 50 over the field and hole surfaces of the barrier layer 44.

Figure 2(b) shows that a secondary power supply 48 is then attached to substrate 40 to apply
a negative bias to the entire barrier layer 44 and any metal of layer 50 deposited thereon. The
secondary power supply 48 may provide DC, pulsed DC, AC or RF power as desired. A negative

~bias is applied via the conductive barrier layer 44 to the metal deposition layer 50 which, because
of its excellent conductivity, becomes an equipotentiél surface at a negative voltage with respect to
the plasma. '

The negative bias applied to layer 50 attracts argon ions 32 from the plasma which are
accelerated across the anode dark space 30 and impinge on thé metal layer 50 essentially in a vertical
direction. This process causes etching and re-sputtering of the previously deposited metal layer 50
by action of the impacting argon ions 32. Neutral metal atoms are etched away from metal layer 50
lying over the field area 46. These atoms are rapidly ionized in the high density plasma. However,
in the hole or trench 42, the vertically impinging argon ions 32 cause “forward sputtering” of atoms
from the metal layer 50 (such as from point 52), which are primarily preferentially deposited on the
walls of the trench or hole 42 (such as at point 54). -Accor'dingly, by etching away all of the metal
layer 50 from the field areas 46, the problem of shadowing the hole, which often results in the
formation of voids, is eliminated. This causes the hole or trench 42 to tend to become filled with the
re-sputtered or forward sputtered metal. '

Optimally, the ion etching (re-sputtering) process on the substrate field areas 46 stops once

 the barrier layer 44 is reached. For example, if the barrier layer 44 is less conductive than the metal

layer 50 deposited thereon, and an RF secondary power supply 48 is useéd to apply the negative bias-

by capacitive coupling across the barrier layer 44, then once the metal layer 50 over the field areas
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46 is etched away by action of the argon ions 32, there is essentially no more bias on the field, except
on whatever portion of the metal layer 50 remains (i.e., in the hole or trench 42, or in uneven patches
in field areas 26). Thus, marked or distinct etching endpoints on the barrier layer 44 may be
obtained, while filing holes or trenches 42 simulténeously. Of course, the difference in resistarice
between the barrier layer 44 and the metal layer 50 will cause a reduction in the electric field
potential (and hence cuirent) at the surface of the barrier layer 44 once the metal layer 50 is removed.
Thus, by seﬁsing current flow in the secondary power supply, the endpoint of etching can be
controlled accurately at the point where the current reaches a steady state lower value after beginning

 the ion etching portion of the cycle.

Figures 2(c) and 2(d), as well as Figures 2(e) and 2(f), show how the hole or trench 42 can
be filled with a metal plug 62 by sequentially cycling between a sputter deposition step (Figures 2(z),
(c) and (e))and an ion etching step (Figures 2(b), (d) and (£f)). The sequential layers 50, 58, 60
combine to selectively or preferentially form a metal plug 62 having no voids therein. It will be
recognized that the process of hole filling may include any number of cycles between the sputtering
and etching, with each step having the same of different durations or conditions.

Furthermore, when using HDP PVD, the bias level placed on the substrate by the secondary
power source 48, vis-a-vis the RF and DC bias levels applied to the target 14, can be tailored to
achieve sputtering of metal onto the field 46 and trench 42 while simultaneously removing the metal
layer formed on the field 46 by bombardment with argon ions 32. Using an inductive coil or antenna
to maintain the plasma , the DC and RF bias levels on the target 14 can be tailored so that sputtering
of the target occurs at a faster rate than etching of the field areas 46 on the substrate.

The process can be implemented using a computer program product 141 that runs on a
conventional computer system comprising a central processor unit (CPU) interconnected to a
memory system with peripheral control components, such as for example a 68400 microprocessor,
commercially available from Synenergy Microsystems, California. The computer program code can

be written in any conventional computer readable programming language such as for example 68000
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Figure 3 shows an illustrative block diagram of the hierarchical control structure of the
computer program 141. A user enters a process set and process chamber number into a process
-selector subroutine 142. The process sets are predetermined sets of process parameters necessary
to carry out specified processes in a specific process chamb.er, and are identified by predefined set
numbers. The process set the desired process chamber, and (ii) the desired set of process parameter
needed to operate the process chamber for performing a particular process. The process parémefers :
relate to process conditions such as, for example, process gas composition and flow rates,
temperature, pressure, plasma conditions such as RF bias power levels and magnetic field pc.Jwer
levels, cooling gas pressure, and chamber wall temperature. _

A process sequencer subroutine 143 comprises program code for accepting the idenﬁﬁed
process chamber and set of process parameters from the process selector subroutine 142, and for
controlling operation of the various process chambers. Multiple users can enter process set numbers
and process chamber numbers, or a user can enter multiple process set numbers and process chamber
numbers, so the sequencer subroutine 143 operates to schedule the selected processes in the desired
sequence. Preferably the sequencer subroutine 143 includes a program code to perform the steps of
(D) monitoring the operation of the process chambers to determine if the cﬂambers are being used,
(ii) determining what processes are being carried out in the chambers being used, and (iii) executing
the desired process based on availability of a process chamber and type of process to be cairied out.

Conventional methods of monitoring the process chambers can be used, such as polling. When
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scheduling which process is to be executed, the sequencer subroutine 143 can be designed to take

into consideration the present condition of the process chamber being used in comparison with the

desired process conditio.ns for a selected process, or the “age” of each particular user entered request,

or any other relevant factor a system programmer desires to include for determining scheduling
‘ priorities. _

Once the sequencer subroutine 143 determines which process chamber and process set
combination is going to be executed next, the sequencer subroutine 143 causes execution of the
process set by passing the particular process set parameters to chamber manager subroutines 144a-c

- which control multiple processing tasks in different process chambers according to the process set
determined by the sequencer subroutine 143..For example, the chamber manager subroutine 144a
comprises program code for controlling PVD process operations, within the described process
chamber 40. The chamber manager subroutine 144 also controls execution of various chamber
component subroutines or program code modules, which -control operation of the chamber
components necessary to carry out the selected process set. Examples of chamber component
subroutines are substrate positioning subroutine 145, process gas control subroutine 146, pressure
control subroutine 147, heater control subroutine.148, and plasma control subroutine 149. These
different subroutines function as deposition program code means for (a) generating a glow discharge
in an inert gas atmosphere in the space between a target and a patterned substrate to be processed;
(b) depositing a conductive material layer on the substrate; (c) applying a negative bias, with respeét
to the glow discharge plasma, to the substrate to be treated to attract ions from the plasma to the
substrate while continuing to deposit the conductive material, whereby the attracted ions from the
plasma seleétively etch away the conductive layer from the field ‘areas of the substrate while causing
forward sputtering in the holes or ﬁ'enches to fill the holes or trenches with the conductive material.
Those having ordinary skill in the art would readily recognize that other chamber control subroutines .
can be included depending on what processes are desired to be performed in the process chamber
11.
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chamber components, determining which components needs to be operated based on the process

parameters for the process set to be executed, and causing execution of a chamber component
subroutine responsive to the monitoring and determining steps. .
Operation of particular chamber component subroutines will now bie described. The substrate
_ positioning code or subroutine 145 comprises program code for controlling chamber components
that are used to load the substrate 16 onto the chamber support 20, and optionally to lift the substrate
to a desired height in the'chamber 11 to control the spacing between the substrate and the target 14..
When a substrate 16 is loaded into the process chamber 11, the substrate support 20 is lowered to
receive the substrate, and thereafter, the support is raised to the desired height in the chamber. The
substrate positioning subroutine 145 controls movement of the support 20 in response to the process
set parameters related to the support height that are transferred from the chamber manager subroutine
144a.

The process gas control subroutine 146 has ﬁrégram code for controlling process gas
composition and flow rates. Generally, the process gases supply lines for each of the process gases,
include () safety shut-off valves (not shown) that can be used to automatically or manually shut off
the flow of process gas into the chamber, and (ii) mass flow controllers (also not shown) that
measure the flow of a particular gas through the gas supply lines. When toxic gases are used in the
process, the several safety shut-off vélves are positioned on each gas supply line in conventional
conﬁguratibns. The process gas control subroutine 146 controls the open/close portion of the safety
shut-off valves, and also ramps up/down the mass flow controllers to obtain the desired gas flow

rate. The process gas control subroutine 146 is invoked by the chamber manager subroutine 144a,



| evel of the magnetic field generated in the chanber, to formthe
deposition plasma. Simlar to the previously described.chanber conponent
subroutines, the plasma control subroutine 149 is inV(kRgbﬁ»C%ﬁFNTcgﬂ
manager subroutine 144a. In operation, the plasma condit '

steps for reading both "forward" power agplled to the plazga generato 16,
and "refl ected" power flow ng through the chanmber 40. jAr 3cEERVI9R8 hi gh
reflected power reading indicates thaf the plasma has{n heen jgnite nd
the plasma control subroutine 149 restarts or shuts dpwn the process. The
read power |evels are conpared against target | evel s | landathe current i
adjusted to control the plasma for applying a sinusoidal wave current to
the generator to forma rotating nagnetic field in the chanber 40. The

si nusoi dal wave needed to generate a desired nmagnetic field can be obtained
froma stored table of sinusoidal values corresponding to nmagnetic field
strengths, or cal cul ated using a sinusoi dal

as are all chamber component subroutines, and receives from the chamber manager subroutine
process parameters related to the desired gas flow rates. Typically, the process gas control
subroutine 146 operates by opening the gas supply lines, and repeatedly (I) reading the necessary
mass flow controllers, (ii) comparing the readings to the desired flow rates received from the
chamber manager subroutine 144a, and (iii) adjusting the flow rates of the gas supply lines as
necessary. Furthermore, the process gas control subroutine 146 includes steps for monitoring the
gas flow rates for unsafe rates, and activating the safety shut-off valves when an unsafe condition
. is detected.

The process gas control subroutine 146 comprises hole filling program code for operating
the chal.nber in a selective or preferential hole filling mode. In the preferential hole filling mode, the
sputtering gas program code 156 can also be provided to introduce si:utterihg gas into the PVD
chamber 11 during performance of the PVD process step. As discussed above, the desired process
gas flow rates are transferred to the process gas control subroutine 146 as process parameters.

When the pressure control subroutine 147 is invoked, the desired or target pressure level is
nxzhmdasapmanm&mﬁnnuhedmnbmudnmgasdxmnmw14&&Tﬂwpuwmnemnmmlamnmﬁne
147 operates to measure the pressure in the chamber 11 by reading one or more conventional
pressure nanométexs connected to the chamber, compare the measure value(s) to the target pre;ssure,
obtain PID (proportional, integral, and differential) values from a stored pressure table comresponding
to the target pressure, and adjust the throttle valve according to the PID values obtained from the
pressure table. Altematively, the pressure control subroutine 147 can be written to open or close the
throttle valve to a particular opening size to regulate the chamber 40 at the desired pressure.

The heater control subroutine 148 comprises program code for controlling the temperature
of the support 20 used to heat thé substrate 16. The heater control subroutine 148 includes hole
filling program code 158 for operating in a hole filling stage in which the substrate is maintained at
a desired temperatures T within the range of temperatures a T. 'fypically, the subroutine 148 is
programmed to ramp up the temperature of the support from ambient chamber temperatures to 3 set
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40 to..forma bias thereon. This power source can be use
pl asma sufficient to etch the field of the substrate. A
power source may be used si rrultaneouslylwi_th t he power

second plasma control subroutine 149 wmay—®wnitor the el
potential or resistance at the surface of the barrier |
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point temperature. In this step, the heater control subroutine 148 is invoked by the chamber manager
subroutine 144a and receives a ramp rate tem’péramre parameter. |

The heater control subroutine 148 measures temperature by measuring voltage output of a
thermocouple located in the support, compares the measured temperature to the setpoint temperature,
and increases or decreases current applied to the heater 20 to obtain the desired ramp rate or setpoint
temperature. The temperature is obtained from the measured voltage by looking up the
corresponding temperature in a stored conversion table, or by calculating the temperature using a
fourth order polynomial. When radiant lamps are used as the heater, the heater control subroutine
148 gradually controls a ramp up/down of current applied to the lamp that increases the life and
. reliability of the lamp. Additionally, a built-in fail-safe mode can be included to detect process
safety compliance, and to shut down operation of the heater 80 if the pro.cess chamber 40 is not
properly set up.

The plasma control subroutine 149 comprises program code for forming a capacitively
coupled and/or inductively coupled deposition plasma in the chamber during operation of the
chamber in a chemical vapor deposition mode. The subroutine 149 sets the RF bias voltage power
level applied between the target 14 and the support 20 in the chamber 11, and optionally sets the
level of the magnetic field generated in the chamber, to form the deposition plasma. Similar to the
previously described chamber component subroutines, the plasma control subroutine 149 is invoked
by the chamber manager subroutine 144a. In operation, the plasma condition 149 includes steps for
reading both “forward” power applied to the plasma generator 116, and “reflected” power flowing
through the chamber 40. An excessively high reflected power reading indicates that the plasma has
not been ignite, and the plasma control subroutine 149 restarts or shuts down the process. The read
power levels are compared against target levels, and the current is adjusted to control the plasma for
applying a sinusoidal wave current to the generator to form a rotating magnetic field in the chamber
40. The sinusoidal wave needed to generate a desired magnetic field can be obtained from a stored

table of sinusoidal values corresponding to magnetic field strengths, or calculated using a sinusoidal
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A second plasma control subroutine 149 may be employed to control a s:.econdary power
source 48 coupled to the substrate 40 to form a bias thereon. This power source can be used to
generate a plasma sufficient to etch the field of the substrate. Alternatively, the power source may
be used simultaneously with the power source 12. This second plasma control subroutine 149 may
monitor the electric field potential or resistance at the surface of the barrier layer 44 and determine
the end point of the etching process.

The foregoing descriptions may make other, alternative arra.ngemeﬁts apparent to those of
skill in the art. The aim of the appended claims is to cover all such changes and modifications as
fall within the true spirit and scope of the invention.



1. A nmethod for filling holes or trenches on a patterned substrate

(a) generating a glow discharge inpamimert, |
| n a space between a target and the patternacﬁ%"&@ W*&ﬂ@smwn
field areas between the holes or trenches; (b) positing-a_ -

conpri si pg:
at nosphere i

conductive material |ayer on the subst_r%g, the | ayer ¢orfpr2 Si ﬁﬁﬂa@%&
conductive material fromthe target; ———{¢) appl yi g a negativ

with respect to the gl ow discharge plasna, to the substirate to attract
to the substrate; and (d) sel ectively etchinglthe conductive

material |ayer at |east partially away fromthe field aréas between the

S,
ns

hol es or trenches of the substrate while causing forward sputtering in the

—_—

hol es or trenches to fill the holes or trenches with the conductive

mat eri al .

The method of claim 1 wherein a bjmuﬁﬂmmmmmal

deposited on the substrate prior to depositing the

3. The nmethod of claim1l wherein the netal |ayer is (:ciepbsi'feds orfito a

di el ectrigla
1.

er.

A method for filling trenches or holes in a substrate also having a field area with a conductive

material comprising the steps of:

2.

(a)  generating a glow discharge in an inert gas atmosphere in the space between
a target and a patterned substrate to be processed;

(b)  depositing a conductive material layer on the substrate;

(c)  applying a negative bias, with respect to the glow discharge plasma, to the
substrate to be treated to attract ions from the plasma to the substrate while
continuing to deposit the conductive material, whereby the attracted ions from the
plasma selectively etch away the éonducﬁve léyer from the feld areas of the
substrate while causing forward sputtering in the holes or trenches to fill the holes
or trenches with the conductive material. |

The method of claim 1 wherein a barrier layer is deposited on the substrate prior to

depositing the conductive material.

3. The method of claim 1 whereiﬁ the metal layer is deposited qnto a dielectric layer.

4, The method of claim 3 wherein the selective etching of the conductive field areas ends on
the dielectric layer.

5. The method of claim 4 wherein the conductive layer comprises 2 metal.

6. The method of claim 5 wherein the bias is applied by an RF power supply operating at a

frequency of from about 50 kilo hertz to 10 of mega hertz.
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4. The nethod of claim3 further conprising sensing an etching endpoi nt
and adj usting the selective etching based on sensing the etching endp0|nt
5. ..The method of claim4 wherein the conductive | ayercomgrT metjal
6. ‘The nethod of claim5 wherein the bias is applidd

supply operating at a frequency of from a}bout 50 kil ofjer 710 .o'lUUUL 1 J
aLf;mheL o
h
r

nmegahert z. 7. The nmet hod of cl ai ein the Qi gs 23 aqgg t
conductive material |ayer by a pul sed DC power supply. The" met
of claim1l wherein the bias is applied to the conductijve ‘
use of a dual frequency RF power supply. ;
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7. The method of claim 4 wherein the bias is applied to the conductive layerby a pulsed DC
power supply. '

8. The method of claim 4 wherein the bias is applied to the conductive layer by use of a dual
frequency RF power supply.

9. The method of claim 8 wherein the steps of uniformly anid conformally depositing a
_ conductive material layer and selectively etching away the conductive layer from the field areas of
the substrate are performed repetitively.

10.  The method of claim 1 wherein the steps are performed in an inert gas at a pressure of from
about 1 to about 10 milliTorr.

11.  The method of claim 10 wherein the steps of depositing a conductive material layer and
selectively etching away the conductive layer ﬁ'om the field areas of the substrate are performed
repetitively.

12.  The method of claim 1 wherein the steps are performed in high density inert gas atmosphere
at a pressure of from about 1 to about 50 milliTorr.

13.  The method of claim 12 wherein the steps of depositing a conductive material layer and
selectively etching away the conductive layer in the field areas are performed simultaneously by
adjusting the bias, high voltage and gas pressures.
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9.° The nethod of claim8 wherein depositing the conductive materi al
| ayer and sel ectively etching the conductive |ayer away fromthe field

areas.of the substrate are perfornmed simultaneously. REPLACEMENT SHEET
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14.  The method of claim 12 wherein the steps of depositing a conductive material layer and
selectively etching away the conductive layer in the field areas are performed by sequentially

adjusting the bias, high voltage and gas pressure.
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10. The method of claim1 wherein the steps are perfornmed in an inert gas
at a pressure of fromabout 1 to about 10 mlli Torr. 11. - The nethod of
claim 10 wherein depositing the conductive material | ayes-and-select
etching the conductive layer away from the field areas}ofi st mENTt SHEET
~are performed repetitively. 12. The met hod of cl ai 1ﬁMﬁHHﬁﬂ+ﬁHﬂ?—-

method is perfornmed in a high density inert gas atnospher Qmﬁppe@qyrm ¢f
about 1 to about 50 milliTorr. 13. The met hod of cl ai m 12 éreit
depositing the conductive material |ayer and sel ectively '
conductive layer away in the field areas are sinultaneofysly performed by
adj usting the bias high voltage and gas pressure.

’SELECTIVE PHYSICAL VAPOR DEPOSITION CONDUCTOR FILL IN IC STRUCTURES

The present invention provides a method and apparatus for selective PYD conductor fill in
IC structure incorporating an optical end point detecting mechanism. The present invention utilizes
a high density plasma source and the technique of biés sputtering of Blm layers formed on a substrate
to eliminate crowning or cusping problems associated with deposition on the field of a péttcmcd.
.substrate to provide selective deposition of a conductive material in a trench, hole or via formed on
the substrate. The use of a high density plasma source and separate bias power sources applied to
the target and the substrate support member (and capacitively coupled to the substrate) enable the
target to be sputtered and the substrate to be etched, either simultaneously or in alternating steps.

Figures 2(a) - 2(f)




14. The et hod of claim 12 wherein depositing the conductlve mat eri al
| ayer and Sel ectively etching the conductive |ayer away in the field areas
are sefgiuentially perforned by adjusting the bias, high voltage and.gas ...
pressure. 15. A nmethod for filling trenches or holes ¢nﬁ@ﬂpakhﬁﬁﬂEQH£[]
substrate conprising: (a) generating a gIOM/dlscthge
density plasnma in an inert gas atnosphere—i-h—a space betmeen awLa&g tmgpd

conprising a conductive -material and the patterned substrat avi hg'f i
areas between the holes or trenches; (b) dep03|t gg—%he—————~———
conductive material |ayer conprising t he conductive mater.ital fromthe

target on the patterned substrate,; (c) applylnglaanegak+¥e—b+as-—-
with respect to the gl ow discharge plasnma, to the patterned substrate to _
attract ions fromthe plasma to the substrate; (d) sel ectively

etching the conductive material |layer fromthe field areas of the
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18 substrate wherein the field areas are located between the trenches or
holes while forward sputtering fills the holes or trenches with the

conductive materi al ; (f) sensing an etching e ([ a7 S
adj ust’i ng the sel ective et ching based on sensing the e cRE?kﬁBﬁNEpﬁ'SHEET
16. The nethod of claim 15 wherein the,patterned subgt riete—-eorpri-sesqa
first conductance and the conductive uaﬁéLLal | ayer co rls;s &:&e&agd
conduct ance and wherein sensing an etching endpoi nt cofpr}i ses sensing i
di fference in conductance between the conductances.
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17. The method of claim15 wherein depositing the conductive materi al

| ayer and sel ectively etching the conductive nmaterial |layér fromthe field
areas-,of the substrate are performed repetitively. 18. The net hod of

cl aim 15 wherein depositing the conductive material |ayer “5%5,“ eciively

etching the conductive nmaterial layer fpomthe field areap éﬁﬁﬁﬂﬂ behéh

si mul taneously performed with respect=té—eaeh ot her by .ad|ufting the Dbias
vol tage and gas pressure. 19. The nethod of claim 30 phé¢r& h TdeposStii ng
cpnductive

t he conductive material |ayer and selectively etching the

prmed Wit h respect

material layer fromthe field areas are sequentially perf
to each other by adjustin he bias, voltage and gas preskure, 20, A
met hod for filling holes gtrenches on a patterned substrate conpri sing:
(a) generating a gl ow ci§fc harge in an inert gas atnosphere in a space
bet ween a target by
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and the patterned substrate having field areas between the holes or
trenches; (b) depositing a conduct’i ve nmateri

substr_ate the—tayer conpri sing a conductlve mat eri al
(c). - applyi n ﬂmﬂ with respect to the gl
to.the substr E‘“mmnwm ns to thdé substrate; and
selectively etehi ng the! conddctive material |ayer at |

fromthe field areas between the hol es or trenches of !
continuing to deposit the conductive materi al . i

Claims
L. A method for filling holes or trenches on a patterned substrate comprising:
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_al>t partially

(a)  generating a glow d'ischargc' in an inert gas atmosphere in a space between a target
and the pattei'ned substrate having field areas between the holes or trenches;
(b)  depositing a conductive material layer on the substrate, the layer comprising a
conductive material from the target; '
(c) applying a negative bias, with respect to the glow discharge plasmy, to the
substrate to attract ions to the substrate; and
(d)  selectively etching the conductive material layer at least partially away from the
ficld areas between the holes or trenches of the substrate while causing forward sputtering in the
s holes or trenches to fill the holes or trenches with the conductive material.

2. The method of claim 1 wherein a barrier layer is deposited on the substrate prior to
depositing the conductive material.

3. The method of claim 1 wherein the metal layer is deposited onto a dielectric layer.

4. The method of claim 3 further comprising sensing an etching endpoint and adjusting the
selective etching based on sensing the etching endpoint.

5. The method of claim 4 wherein the conductive layer comprises a metal.

6.  "The method of claim S wherein the bias is applicd by an RF power supply operating at a
frequency of from about 50 kilohertz to about 10 megahertz.

7. The method of claim | wherein the bias is applied to the conductive material layer by a
pulsed DC power supply.
8. The method of claim 1 wherein the bias is applied to the conductive material layer by use

of a dual frequency RF pawer supply.
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9. The method of claim 8 wherein dEepnsiﬁng the conductive material layer and selectively

ctching the conductive layer away from the field arcas of the substrate are performed

simultaneously.

10. The méthod of claim | wherein the steps are performed in an inert gas at a pressure of
from about 1 to about 10 milliTorr.

11.  The method of claim 10 wherein depositing the conductive material layer and selectively
etching the conductive layer away from the field areas of the substrate are performed
repetitively.

12.  The method of claim | wherein the method is performed in a high density mert gas
atmosphere at a pressure of about | to about SO milliTorr.

13.  The method of claim |2 wherein depositing the conductive material layer and selectively
etching the conductive layer away in the field areas are simuitaneously performed by adjusting
the bias, high voltage and gas pressure.

14.  The method of claim 12 wherein depositing the conductive material layer and selectively

etching the conductive layer away in the field areas are sequentially performed by adjusting the
bias, high voltage and gas pressure. '

15S. A method for filling trenches or holes on a patterned substrate comprising:

(a)  generating a glow discharge high density plasma in an inert gas atmosphere in a
space between a target comprising a conductive material and the patterned substrate having field
areas between the holes or trenches;

(b)  depositing the conductive material layer comprising the conductive material from
the target on the patterned substrate;

(c) applying a aegative bias, with respect 'to the giow discharge plasma, to' the
patterned substrate (o atfract ions from the plasma to the substrate;
(d)  selectively ctching the conductive material layer from the field areas of the
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substrate wherein the field areas are located between the trenchei or holes while forward
sputtering fills the holes or trenches with the conductive material;

(§  sensing an etching endpoint;

()  adjusting the selective etching based on sensing the etching endpoint.

16.  The method of claim 15 wherein the pattemed substrate comprises a first conductance
and the conductive material layer comprises a second conductance and wherein sensing an

etching endpoint comprises sensing a difference in conductance between the conductances.

17.  The method of claim 15 wherein depositing the conductive material layer and selectively
etching the conductive material layer from the field areas of the substrate are performed
repetitively.

18.  The method of claim 15 wherein depositing the canductive material layer and selectively
etching the conductive material {ayer from the field areas are simultaneously performed with
respect to each other by adjusting the bias, voltage and gas pressure.

19.  The method of claim 30 wherein dépositing the conductive material layer and selectively
etching the conductive material layer from the field areas are sequentially performed with respect
ta each ather by adjusting the bias, voltage and gas pressure.

20. A method for filling holes or trenches on 2 patterncd substrate comprising:

(a)  generating a glow discharge in an inert gas atmosphere in a space between a target
and the pattermned substrate having field areas between the hales or trenches;

(b)  depositing a conductive material layer on the substrate, the layer comprising a
conductive material from the target; |

(c) . applying a negative bius, with respect to the glow discharge plasma, to the
substratc to attract ions to the substrate; and |

(d)  selectively etching the conductive material layer at least partially away from the
field areas between the hales or trenches of the substrate while continuing to deposit the

. conductive material.



