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This 'invénﬁon relateﬁ fo the lonized Physical Vapor Deposition (IPVD) and, more
particularly, to methbds and apparatus by which coating material is supplied and ionized to
improve the directionality of the coating materlal onto the substrates.

ac nd o rention:

lonized physical vapor deposition .is a process which has particular utility in filling and

lining high aspect éﬁo structures on silicon wafers. In ionized physical vapor deposition (IPVD)

for deposition of thin coatings on semiconductor wafers, materials to be deposited are sputtered

~ or otherwise vaporized from a source and then a substantial fraction of fhe vaporized material

is converted to positive ions before reaching the wafer to be coated. This ionization is
accomplished by a hiQh-dénsity plasma which is generated in a process gés in a vacuum
chamber. The plasma may be generated by magnetically coupling RF energy through an RF
powered excitation coll into the vacuum of the processing chamber. The plasma so generated
is concentrated in a region between the source and the wafer. Then elec&omagnetic forces '_are
applied to the positive ioné of coating material, such as by applying a negative bias on the wafer.
Such a negative bias m.ay. either arise with the wafer electrically isolated by reason of the
immersion of the wafer in 2 plasma or by the application of an RF voltage to the wafer. The bias
causes ions of coating mateﬁal to be accelerated toward the wafer so fhat an increased fraction
of the coating material deposits onto the wafer at angles approximately normal to the wafer.
This allows deposition of metal over wafer topography including in deep and narrow hc;;es and
trenches on the wafer surféce. providing good coverage of the bottom and sidewalls of such
topography.

Certain systems prébosed by the assignee of the present application are displosed in

U.S. Patent Applications Serial Nos. 08/844,751, 08/837,551 and 08/844,756 filed April 21,

- 'This Sheet Has Been R

i B i llll



10

15

20

25

WO 99/57746 _ PCT/US99/10087

-2-
4997, and hereby expressly incorporated by reference herein. Such systems include a vacuum

. chamber which is typically cylindrical in shape and provided withpart of its curved outer wall

formed of a dielectric material or window. A helical electrically conducting coil is disposed
outside the dielectric window and around and concentric with the chamber, with the axial extent
of the coil being a significant part of the axial extent of the dielectric wall. In operation, the coil
is energized from a supply' of RF power through a sultable 'matching system. The dielectric
wrndow allows the energy from the coil to be coupled into the chamber while |sclat|ng the coll
from direct contact wlth the plasma The window is protected from metal coating material
deposition by an arrangement of shields, typically formed of metal whlch are capable of passing

' RF magnetic fields into the interior region of the chamber, while preventing deposition of metal

onto the dielectric window that would tend to form conducting paths for circulating currents

generated by these maghetic ﬁelds Such currents are undesirable because they lead to ohmic
heating and to reduction ofthe magnetlc ccupltng cf plasma excltatlon energy from the coils to
the plasma. The purpose of this excitafion energy is to g generate hlgh—denslty plasma in the
mtenor region of the chamber A reduction of coupllng causes plasma densuttes to be reduced
and process results to detenorate

in such IPVD systems matenal is, for example sputtered from a target, which is
charged negatively with respect to the plasma, usually by means of a DC power supply. The
target is often of a planar magnetrcn design incorporating a magnettc circuit or cther magnet
structure which conﬁnes a plasma over the target for sputtenng the target The material arrives
at a wafer supported ona wafer support or table to which RF bias is typlcally applied by means
of an RF power supply and matchlng network

A somewhat drfferent gecmetry employs a plasma generated by a coil placed internal
to the vacuum chamber. Such a system does not require dlelectnc chamber walls nor special

shields to protect the dielectric walls. Such a system is described by Barnes et al. in US patent

5,178,739, expressly 'incorporated by reference herein. Systems with coils outside of the

chamber as well as the system disclosed in the Bames et al. patent involve the use of inductive
coils or other ccuplmg elements either inside or extemal to the vacuum, that are physically

positioned and occupy space between the planes of the sputtermg target and the wafer.
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Whether a coupling element such as a coil is provided inside or outside of a vacuum
chamber, dimensions of the system have been constrained by the need for adequate source to
substrate separation to allow for the inélallation of the RF energy coupling elements between
the source and the substrate. Adequate diameter must also be available around the wafer for
installation of coils .or other coupling elements. As a direct resuit of the increased source o
substrate spacing due to the need to allow space for the coupling element, it is difficult to
achieve adequate uniformity of deposition with such systems.. If the height of the chamber is
reduced to improve uniformity there is a loss of plasma density in the central region of the
chamber and the percentage ionization of the coating material is reduced. Also, in practice, the
entire system must fit within a consfrained radius. As a result, there are frequently problems ;iue
to heating arising from the proximity of the RF coils to metal surfaces, which may necessitate '
extra cooling, which increases engineering and production costs and wastes power.

An IPVD apparatus with the coil in the chamber has the additional disadvantage that the
coils are eroded by the plasma and must therefore consist of target grade material of the same
type as that being sputtered from the target. Moreover, considerable cooling of coils placed in
the vacuum chamber is.needed. If liquid is used for this cooling of the coils, there is danger that
the coils will be penetrated by uneven erosion or by arcing, causing a resulting leak of liquid into
the system, which is highly undesirable and will likely result in a long period of cleaning and
requalification of the system. Furthermore, an excitation coil in the chamber also couples
capaci-tively to the plasma, leading to inefficient use of the excitation power and to the
broadening of the ion energy spectrum, which may have undesirable effects on the process.

As a resuit of the above considerations and problems, there remains a need for more-
efficiently coupling energy into the dense coating material ionizing plasma in IPVD processing
systems, and to do so without interfering with the optimum dimensions of the chamber and
preferably without placing a coil or other coupling element into the vacuum chamber.
Summary of the invention:

One objective of the present invention is to provide an IPVD method and an IPVD
apparatus in which the placement of the coil or other coupling element does not adVersely affect

the geometry of the chamber of the processing apparatus. Another objective of the present
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_ invention is to provide a more efficient and effective method and apparatus for the performance
of IPVD.

According to the principles of the present invention, an'lPVD apparatus is provided with
a ring-shaped source of coating material for producing é vapor that includes atoms or minute

particles of the coa_ting_material to a processing space within a vacuum chamber. At the center

. of the ring-shaped source is provided a coupling element for reactively coupling RF energy into

the chamber to produce a high density reactively coupled plésma in the processing space to

_ ionize coating material passing through the processing space. The ions of coating material drift,

whether under the influence of electrostatic or electromagnetic fields or otherwise, toward a
substrate in the chamber, at the opposite end of the processing space from the source. Those
ions that arrive _within..a certain distance, in the order of centimeter from the substrate for
example, encounter a sheath field and are accelerated toward the substrate so that a high

percentage of the coéﬁng material arrives on the substrate at angles normal to the substrate,

thereby more effectively lining the bottoms and sides of, or filling, small and high aspect ratio -

features on the surface of the substrate.

In a preferred embodiment of the invention, a coating material source, preferably a -

sputtering target, is provided with a central opening in which is placed a dielectric window.
Behind the window, outside the vacuum of the chamber, is located a plasma source which

includes a coupling element, preferably a coil, which is connected to the output of an RF energy

source. The coupling element is configured to couple, preferably inductively, energy supplied

~ from the energy source through the window at the opening at the center of the material source

and into the region of the chamber between the coafing material source and the substrate, such
as é semiconductor wafer, on a substrate support at the 6pposite end of the chamber from the
coating material source. '.

Preferably, the apparatus of the present invention inclu_des an annular sputtering target
which surrounds a central ceramic window. in certain prefeyred embodiments, this annular
cathode is flat or nearly flat. A magnetron magnet assembly is positioned behind the target to
produce a plasma confining magnetic field over the target, preferably in the shape of an annular

tunnel on the surface of the annular target surrounding the-pentral opening at its center. The
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target is energized with a negative voltage, preferably a negative DC or pulsed DC voltage. A
plasma is generated, which is generally confined to the tunnel, to sputter material from the
target.

The coupling element is preferably a coil positioned behind and close to the back

5 outside surface of the dielectric window at the central opening of an annular spuitering target.
RF energy of, for example, 13.56 MHZ is applied to me coil to excite a high density inductively
coupled plasma in the chamber between the target and the substrate. A main sputtering plasma
thatis trappéd under the field of the magnetron magnets at the surface of the target sputters
coating material from the target and into the region of the processing space occupied by the

10 dense secondary plasma, where a substantial portion of the material is stripped of electrons to
form positive ions of the coating material. A negative bias voltage is applied to a wafer on the
substrate holder, which attracts the positive ions of sputtering material from the region of the
secondary plasma and toward and onto the surface of the substrate, with the angles of
incidence apﬁroaching being perpendicular to the substrate so that they can enter trenches and

15 holes on the wafer substrate to coat the bottoms of these holes and trenches.

With apparatus sgructure according to the invention, the processing chamber can be
dimensioned to provide optimum spacing between the coating material source and the substrate
to provide both good ionization of sputtered species as well as good uniformity of deposition on
the wafers.

. 20 The present invention provides greater freedom of design choice_ in configuring the
processing chamber to optimize the IPVD process, and does so while overcoming the difficulties
set forth in the background above.

These and other objectives and advantages of the present invention will be more readily
apparent from the following .detailed description of the drawings.

25 Brief es ription ¢ ings:

Fig. 1 is a cross-sectional diagram of one type of IPVD apparatus of the prior art.

Fig. 2 is a cross-sectional diagram, similar to Fig. 1, llustrating a general type of IPVD
apparatus proposed by the assignees of the present invention.

______I_,_,_,,_-—’—,——’—
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. Fig. 3 is a cross-sectional diagram; similar to Fig. 2; illustrating an IPVD apparatus

according to one preferred embodiment of the present invention.

Fig. 4 is a disassembled perspective view of the cathode and electrode assembly of

Fig. 3.

Fig. 5 is a cross-sectional view ilustrating an a_iternative cathode and electrode
assembly to that illustrated in the IPVD apparatlrs of Fig. 3. | |

Fig. 6 is a cross-sectional view, similar to Fig. 5, illusttaﬁng a further altemative cathode
electrode assembly. | B ' '

Fig. 7 is a cross-sectional view, similar to Fig. 5 illustr_ating another altemative cathode
and electrode assembly. |

Fig.8is a cross-sectional view, similar to Fig. 7, illustrating a still further alternative

-cathode and electrode assernbly'

Fig.9isa cross-sectlonai view, srmllar to Fig. 7 |Ilustrat|ng a still further alternative
cathode and electrode assembly. ' '
Detailed Descriptio Invention;

'An ionized physical vapor “deposition apparatus 10 of the prior art is iliustrated

' dlagrammatlcaliy in Fig. 1. The apparatus 10 includes a sealed vacuum chamber 11 in which

s supported a substrate such as a semioonductor wafer 12 for processmg. The vacuum

chamber 11 is bounded by a chamber wall 13 which is typically cylindrical in shape and normally
formed from an efectrically conduot_ive metal and maintained at ground potential. The wafer 12
either rests upon or is clamped to a substrate or wafer support 14, which is supported by but
electrically insulated from the chamber wall 1__3by insulators 15. In the chamber 11 opposite the
substrate support 14 isa sputtering tar'get' 16' ‘which is mounted ona target holder or backing
plate 17, which is schematlcally shown as mounted on an electncal insulator 18 in sealing
relationship with the chamber wall 13.. The target 16 is electncaily connected to the output of
a cathode power supply 18, which is ilustrated as a DC source, which applies a negative
electrical potential to the target 16. Behind the farget .1 6, outside of the chamber 11 is typically
provided a magnetron magnet package (not shown) whioh forrns a plasma trapping magnetic
field over the surface of the target 16 which conﬂnes a main plasma close to the surface of the

S
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target 16. Positive i mns of processing gas, typically argon, \mthin the chamber 11 that form in

this main plasma are to the surface of the target 16 where they dislodge or sputter from
the-target 16 atoms ah_d other small-particles of the coating material of which the target 16 is
made. Normally, structure (not shown) is provided in the target holder 17 for communicating
cooling fluid for the cooling of the target 16.

. The IPVD apparatus 10 has a coil 20 internal to the vacuum chamber 11 between the
substrate holder 14 and the target 16. The coil 20 is coupled through a suitable matching
network 21 fo the output of an RF generator 22. The coil 20 couples RF energy into the gas
within the chamber 11 to form a plasma within the chamber 11. . The purpose of this plasma
energized by the RF energy is to form positive ions of the material that is sputtered from the
target 16 as it passes through the region of the chamber 11 between the target 16 and the
substrate 12 on the support 14. A bias energy source 23, which is typically an RF source, is
coupled through a maiching network 24 to the support 14 and the wafer 12 to generate a
negative bias potential on the wafer 12.

In such an IPVD system 10, the location of the target 16 relative to the substrate 12 is
constrained due to the presence of the RF coil 20 in the space between the target 16 and the
wafer 12. As a direct result of the target to substrate spacing needed to allow for the coil 20, the
uniformity of deposition onto the substrate 12 is compromised due to a lack of flexibility in
positioning the target 16 relative to the substrate 12. Further, cooling within the coil 20 is
typically required, which affects engineering and production costs and consumes power. The
coil 20 of the apparatus 10 is in the chamber 11 and consequently is capable of being eroded
by the plasma. The coil 20 therefore must be formed of the same target grade material as that
of which the target 16 is formed. Further, cooling of such a coil 20 is provided usually by
circulating water through the hollow interior (not shown) or the tube of which the coil 20 is
formed.

Fig. 2 ilustrates an IPVD apparatus 30 which has a chamber 31 which is bounded by
a chamber wall 32, which is fypically cylindrical. I'n the chamber 31 is supported the
substrate 12 on support 14, which is in turn supported by but electrically insulated from the

chamber wall 32 by insulators 15. The chamber 31 is provided with part of its curved outer
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- -wall 32 formed of a dielectvic"mate_rial'orwinduw 33.’ In'the chamber 31 opposite the substrate

-support 14 is a sputtering target 16, which is mounted on a target holder or backing plate 17

which is schematically shown as mounted on an electrical i;tiéulator 18 in sealing relationship
with the chamber wall 32. The target 16 s electrically connected o the output of cathode power
supply 19, which is illusﬁated asaDCor pulsed DC soi.urcéj ‘which applies a negative electrical
potential to the target 16. Behind the target 16, outside of the chamber 31 is typically provided
a magnetron magnet packége (not shovw,n). which forms a 'pl_aéma trapping magnetic field over
the surface of the target 16 which cpﬁﬁnes a main plasma dosé fo the surface of the target 16.

Positive ions of processing gas, typically argon, within the ctiambér 11, form in this main plasma

and are attracted to the surface of the target 16 Where they sputter from the target 16 atoms and

other small particles of the coating material bf which the ta:rget 16 is made.

A helical electrically conducting coll 35 is disposed t_J'Utside'the dielectric window 33 and
concentric with the chamber 31, with the axial extent of the 6ol 35 being a significant part of the
axial extent of the d_ielecb‘ic wall 33. in operation, the céil_ 35 is energized from RF power
supply 22 through métghing system 21. The diélectric window 33 allows energy from the coil 35
to be inductively coupled into the chamber 31 while isolating the coil 35 from direct contact with

the plasma. The window 33 is protected from metal ooét_ing material sputtered from the

- target 16 by an arrangement of one or more shields 36, 'tybimlly formed of metal, which are

capable of passing RF magnetic fields into ihe interior region of the chamber 31, while

preventing most such deposition of metal onto the di'ele't:f_ric window 33. The shield or

shields 36 are either. fémed in electrica"y separate sections around the circumference of the
chamber 31 or have at least one axial §!it ;")r gap 37 to intér"rﬂpt circumferential current paths
around the chamber 31 that would-elect_;icélly shield or decouple the coil 35 from the plasma
within the chamber 31. The RF energy coupled by the coil 35 into the chamber 31 produces a

dense plasma in the chamber 31 so that a substantial portion of the material sputtered from the

. target 16 passes through the chamber 31 will become posiﬁ\iely-ionized. T

A negative bias is applied to the s_ul:_:#rate 12 from RF source 23 through matching

network 24 to electrostatically attract and steer positive ions of sputtering material from the

plasma onto the substrate 12 in a direction nearly perpendicular to the substrate 12. The bias .
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energy source 23 employs RF energy or other form of electrical energy that is effective to cause
a potentialto develop Givihe substrate that is suffciently negative reiative to the potential of the
plasma to attract positive ions ofsputtered material from the plasma toward the substrate 12 so
that they preferably impinge upon the substrate 12 at or nearly at right angles to the surface,
thereby enabling the coating of the bottoms of high aspect ratio features on the substrate 12.
The bias potential on the substrate 12 should not be so high as to attract the ions onto the
substrate at energies that are high enough to substantially etch or otherwise damage the films
or the devices being formed on the substrate 12.

An IPVD sputtering apparatus 40 according to a preferred embodiment of the present
invention is illustrated in Fig. 3. The IPVD apparatus 40 includes a vacuum chamber 41
bounded by a chamber wall 42. The chamber 41 is provided with a vacuum pumping system 43
for evacuation of the chamber 41 to high vacuum; a system for loading and unloading wafers

for processing (not shown), wafer holder 14 with provision 23,24 for application of RF-generated

. negative bias, a system 44 for supplying inert gases and reactive gases for use in reactive

sputtering applications, and a large opening 45 at the opposite end of the chamber 41 from the
wafer support or hoider 14. This opening 45 is sealed by a source arrangement or cathode and
electrode assembly 50.

The support 14 is preferably adjustably spaced relative to a target so that the target to
substrate spacing can be adjusted during the life of the target to maintain desired uniformity.
Where such an adjustable suppoﬁ is provided, a seal in the form of a metal bellows (not shown),” -
for example, may be provided between the support 14 and the wall 42 of the chamber 41. The
geometry of the chamber 41, particularly the location of the side walls of the.chamber wall 41
with respect to the wafer edges, has an effect on the uniformity of the deposition, particularly
where the wall 42 is close to the wafer, and accordingly, the geometry of the chamber 41 must
be empirically considered in relation to other parameters of the process to optimize deposition
uniformity.

As shown In Fig. 3, the assembly 50 includes a generaily annular target 51 which, in
operation, is charged negatively by a cathode power supply 52, which is préferably in the form

of either a DC or puised DC power supply, or may be in the form of an RF supply connected to
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. the target 51 through a suitable matching network. The erosion of the target 51 is controlled by
_inner and outer dark space rings 53,54 and preferably also by magnetic fields generated by a

magnetron magnet assembly 59 as schematically shown in the region 55. Cooling of the
target 51 is achieved by the use of internal water channels__ (not shown)-or by-immersion in a
suitable external cooling system (not shu_ﬂn). which aré conventional. The target 51 is
electrically isolated from grounded surfaces by the insulators 56,57. The annular target 51 has
an.inner opéning_sé in which is mounted an RF piasma excitation system 60.

The RF excitation system 60 may be .implemented in a number of ways. One preferred
embodiment is that illustrated in Fig. 3 and Fig. 4. The plasma excitation system 60 includes
a plane dielectric window 61 which seals the opening 58 of the annular target 51. The side of

the window 61 that is facing the substrate 12 is in contact Mth the vacuum of the chamber 41

-while the opposite side _6r outer face of the window 61 is in contact with a nominally atmospheric

environment. Near thé outer face of the window 61 is an excitation coil 65 which preferably

extends in a direction parallel to the window and may be planar or substantially planar. One

. suitable coil 65 is, for example, that described in U.S. patent 4,948,458 granted to Ogle or in

U.S. patent 5,669,975 granted to Ashtiani, both expressly incorporated by reference herein. On
the interior side of the window 61 is.a plurality of shields 66, 67, which serve as physical shields
to protect the dielectric window 61 from debosi_tion of sputtered metal or other sputtered material

while also serving as Faraday shields that allow the passagé _of inductively coupled RF energy

from the coil 65 into the chamber 41. The shields 66,67 are mounted a small distance apart and '

close to the inside surface of the dielectric window 61.. The shields 66,67 are preferably slotted

and may be electrically grounded to, and maintained in gopd thermal contact with, the dark

'space shield 53, which is preferably water @Ieﬁ. Alternatively, one or both of the shields 66,67

may be electrically floating, at least wjth respect to RF energy on the coil 65. in the preferred
embodiment, the shields 66,67 are c_qql_ed by'-conduction from the edges, either to the dark
space shield 63 which is water-coﬁled, or 'tl,.'arough an oéﬁonal electrically insulating and
thermally conductive supporting ring .6.8' that would allow cooling of the shields 66,67 while
eleétﬁcally insulating the shields 66,67 from the dark space 'é_hield 53, if desired. Other shield

cooling techniques and arrangements of shields can be employed.
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in operation, a RF voltage is supphed by the power supply 22 through matching

network 21 to the ex' n coil 65 Techniques for desugﬁabffthe matching unit and certain
connections so as to minimize undesirable capacitive odtipling to the shields 66,67 are
described in U.S. patent 5,669,975 to Ashtiani. Process gases are supplied to raise the
pressure in the chamber to about 1 to 40 mTorr. A hfgh-density plasma can then be ignited in
the chamber. DC or RF power is supplied to the sputtering target 51, which is eroded by ion
bombardment from the main plasma. The material sputtered from the target by the main plasma
is ionized as it passes through the high density plasma supported by the indlictively coupled
energy from the coil 65. This ionized sputtered coating material is accelerated fowards the
wafer 12 which is negafively biased as set forth in connection with the apparatﬁs 30 of Fig. 2.
llustrated in Fig. 5 is an embodiment of the apparatus 40 in which an altemnative plasma
excitation system 60a is pr_ovided that includes a well or chamber recess 70 located in the inner
opening 58 at the center of the annular target 51. The recess 70 is bounded by a wall 71 of
quartz or other suitable dielectric material, behind which, outside of the vacuum of the
chamber 41 and concentric with the window 71, is wound a helical coil 75. 'Suitable'Faraday |
shields 76,77 are positioned adjacent the window 71, which also function as physical shields to
protect the dielectric material from deposition while aliowing the passage of RF energy fromthe
cofl 75 into the volume of the well 70 from which it will propagate throughout the processing
space. The shields 76,77 provide the physical shielding and RF transmission functions similar

to those of shields 66,67 described in connection with Fig. 2 and may include features such as

- those disclosed in U.S. patent applications serial nos. 08/844,751, 08/837,551 and 08/844,756,

which are incorporated by reference herein. In operation, the helical coil 75 is energized with
high frequency RF energy and high-density plasma is generated in the region of the well 70
within the vacuum of the chamber 41. The high density plasma streams into the main process
area of the chamber 41 where ionization of material that is sputtered from the target 51 occurs.

Alternatively, as illustrated in Fig. 6, the apparatus 40 is provided with a plasma
excitation system 60b, similar to the system 60 of Fig. §, but having a well 70a at the center of
the target 51 surrounded by éi cylindrical quartz wall 81 with a removable auxiliary cathode

assembly 82 sealed at the remote end of the wall 81. On the cathode assembly 82 is mounted

r
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a small planar auxiliary target 83..w_hic_h_ is made_ of the same material as the annular target 51.
- A magnetron a_ssembly (not shown) is preferably provided behind the target 83. This auxiliary

target 83 is energized by an auxiliary DC power supply 84. The purpose of this target 83isto
supply an additional optlonal source of sputtering material in order to provude more uniform
deposition of the s_put_tenng material on the substrate where__-appropnate. :

“The main annular sputtering target 41 of the catherje-and electrode assembly 50 may
be provided in a number of alternative configurations.as sr:dwn in Figs. 7-9. In Fig. 7, the

target of alternative assembly 50ais provuded inthe form af aflat annular target 51a between

' appropriately conﬁgured inner and outer dark space shlelds 16a, 17a, while in Fig. 8, the target

of a further altematlve cathode and electrode assembly 50b is provided in the form of a

. cylindrical target 51b. 'In'Fig. 9, a further altematwe cathode and electrode assembly 50c

" includes a target 51c in the form of a truncated cone. The selection of target geometry can be

made to affect.a. de_s_i_r_ed balance between ionization an.d- opfimum utilization of the target
material. The geometry target 51b of Fig. 8, for example, tends to cause material to be emitted
from the sputtering target 51b toward the highest density 'reg’ion of the plasma, which leads to
efficient ionization of tbe sputtered material, with less of the apuuered material then arriving at
the wafer. | _ |

An advantage of locating the plasma excitation sysﬁe_m atan dpening in the eenter of |
an annular target or other ring-shaped source is that dimerreional consrraints imposed by the
need to interp_osehelical coils concentrically around an axis betWee'n the center of the sputtering
source and the center-qf the wafer are elim_inated. A further advantage is that benefits arise
fror_n the use of the anmr_iar target or rinQ-like sorrrce. which errhanoe_s film uniformity at a greater
target to wafer sepa__ra_ti_en than in the case of a flat solid planar source. The ability to achieve
uniformity at greater target to substrat_e'distance aliows m_ere opportunity for ionization of the
sputtered material. When ring-shap_ed sources ._have been as‘_‘ed with sputter coating devices of
the prior art, such dev_ioes usually required speeial shielding in the'central region of the source
fo prevent the redeposition of sputtered material at this region. In such a case, heating of this

ceniral region often was necessary to ensure good adhesion of this material and to prevent

. flaking off of the deposited material, which would increase particulate contamination of the
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chamber. In efmbodiments of the present invention, the central opening of the ring-shaped

'_tioti for equipment used to exci ﬁé'-high density plasma and so

source is used as a'1

b_ecomés a ugefﬁl paﬁ of the system rather than a liability -by contributing to the ionization of

sputtered material for directional deposition onto the substrate. |

A further advantagi-_z arising from various embodiments of the present invention is that

the cathode and the secondary plasma exciting structure can be made more compact than in

the prior art and does not require extra feed-through or other modifications to the process
vacuum chamber, 'making it practical to fit the source to existing modules. -

_ Those skilled in the art will appreciate that the implementation of the present invention

herein | can. be varied, and that the invention is .described -in préferred -embodiments.

Accordingly, additions and medifications can be made without departing from the principles and

intentions of the invention.
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What is claimed is:
. 1. An ionized physical'.vapor deposition apparatus 'com’_;_':_;isin'g:

‘a vacuum chamber having a chamber wall 'sunounding'; \_:lgacuu'm processing space inside
of the chamber; '

a ring-shaped source of coating material from which coating material is supplied to the
processing space, the ring-shaﬁed source having a central opening and at least one surface in
communication with the vacuum processing space; ':

a substrate support inside of the chamber opposite tﬁe’ 'proce'ss'ing space from the ring-
shaped source; - '

the chamber wall including a dielectric window in the ci:_e'htral opening of the ﬂﬁg shaped
source;

an RF energy source outside of the chamber;

a coil outside of the chamber adjacent the window and connected to the RF energy source
to inductively couple energy through the window and into the_ chamber to form an inductively

_coupled plasma In the processing space that is sufﬁciently dense to ionize coating material
moving from the ring-shaped source through the processing space; and

" shield structure i_nside of the window betweén the window and the processing space, the
shield being configured to permit the effective coupling of RF energy from the coil into the

processing space and to physically shield the window from coating material from the processing

PCT/US99/10087

space.

2. The apparatus of claim 1 further comprising:
a bias power supply connected to the substrate support so as fo produce a DC potential on
a substrate on the support that is sufficiently negative relativé to the plasma to direct positive |

ions of coating material from the processing space toward the substrate.

LT
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3. The apparatus of claim 1 wherein:

the ring-shaped ?%uroe includes at least one .annuiéﬁ-sﬁutteﬁng target of electrically
conductive coating material having a sputtering surface in communication with the inside of the
chamber and a target power supply connected to the target to supply a DC potential to the
sputtering fsurface that is sufficiently electrically negative relative to the plasma to sputter
material from the sputtering surface of the target into the processing space.

4. The apparatus of claim 3 further comprising:

a-mégnetron magnet behind the target outside of the chamber effective to confine a

AN 0

the ring-shaped source inciudes at least one flat annular sputtering target having a

sputtering plasma in close proximity fo the sputtering surface of the target.|

5. The apparatus of claim 3 wherein:

sputtering surface lying approximately in a plane that is substantially paraliet to a substrate on

the support. ‘Sheet Has Been Replaced

|\II|IHIII|| .

the ring-shaped source includes at least one cylindrical sputtenng target having a sputtering

6. The apparatus of claim 1 wherein:

surface that is generally perpendicular to a substrate on the support.

7. The apparatus of claim 1 wherein:
the ring-shaped source includes at least one frusto-conical sputtering target having a

sputtering surface facing a substrate on.the support at an angle to the surface of the substrate.

8. The apparatus of claim 1 wherein:

the dielectric window is a generally planar window lying within the central opening of the
ring-shaped source; and

the coil is a substanﬁally fiat coil situated behind and substantially paralle! to the window.



10

15

20

WO 99/57746 ' PCT/US99/10087

-16-
9. The apparatus of claim 1 wherein:
the shield structure includes a slotted sheet of electrically. conductive material having a high
RF impedance to ground. :

10. The appatams of claim 1 wherein:

the dielectric wmdow is a generally bell-shaped wmdow havmg a cylmdncal side wall and
a closed end, the wmdow being within the central opemng of the ring-shaped source and
forming a recess communicating with the processing spaoe,-

thé coil is a.hel_ic,_ai coil surrounding the cylindrical wall of the window; and

the shield structuré includes a cylindrical arrangement of one or more sheets of electrically

~ conductive material physically shielding the cylindrical wall from material moving from the

processing space.

NI

the dielectric window is a generally cylindrical window within the central opening of the ring-

1. The apparatus of claim 1 wherein:

shaped source and forming a recess communicating with the processing space, the recess

_ having a closed end;

the coll is a helical coil sur'roundi_ng the cylindrical window;
the shield structure includes a cylindrical arrangement of one or more sheets of elecfrically

conductive material physically shielding the cylindrical wall from material moving from the

processing space; and

~ the apparatus fut_’gher comprises a supplemental target situated at the closed end of the

recess. o ’
,,_'_./
i ;
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12. An ionized physical vapor deposition apparatus comprising: -

avacuum chamberhaving a chamber wall surrounding 5§;acuum processing Spaoe inside
of the chamber; |

a substrate support in the chamber at one end of the processing space;

5 * an annular sputtering target of coating material opposite the processing space from the
substrate support and having a central 6pening therein and a substantially fiat ring-shaped
sputtering surface facing the substrate support;

a target power supply connected to the target to supply a potential to the sputtering surface
that is sufficient to 'produée a sputtering plasma fto sputtef material fron;n the sputtering surfacé
10 . ofthe target into the processing space and toward the substrate support;
an RF energy source outside the chamber;
an RF electrode proximate the central opening and connected to theﬂRF energy source to
reactively couple energy into the processing space to form a reactively coupled plasma in the
processing space that is sufficiently dense to ionize coating material from the annular target in
15 the processing space; and
the substrate support being equipped, when energized by the DC source, to apply DC
potential to a substrate on the support that is sufficiently negative relative to the plésma to direct
positive ions of coating material from the processing space toward the substrate without

damaging the substrate.

o] Hlis-.Sh cct Has Been Replaced
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13. The apparatus- of claim 12 wherein:
the charﬁber wall includes'a dielectric window proximate 7t_!\e central opening of the annular
target; g
the RF electrode includes a coil outside the chamber adj?cent the window and connected
5 - tothe RF energy source to inductively couple energy through ithe window and into the chambér
to form an inductively qoupled plasma in the processing spéce{ tﬁat is sufficiently dense to ionize
coating materia! from the annular target in the prooessing: sp%ao'e; and
the apparatus furfher comprises shield structure inside of the window between the window
and the processing spaoe and configured to permit the effectwe coupling of RF energy from the

10 coil mto the prooessnng space and to physically shield the wmdow from coatmg matenal from

(N LR

the processing space.

14. The apparétus of claim 13 wherein:
the dielectric window is a generally planar window lying within the central opening of the

annular target; and

15 . the coil is a flat coil situated behind and parallel to the wi_ndbw.i o . This'Sheet Has Beén Replaced

I

the shield structure inciudes a slotted sheet of conductive material having a high RF

15. The apparatus of claim 13 wherein:
impedance to ground.

16. The apparatus of claim 13 wherein:

20 the dielectric window is a generally bell-shaped window having a cylindrical side wall and
a closed end, the window being wit_hin the central opening of the annular target and forming a
recess communicating with the processing space;

the coil is a helical coil surrounding the cylindrical wall of the window; and
the shield structure includes a cylindrical arrangement of one or more sheets of conductive

25 material physically shielding the cylindrical wall from material moving from the processing space.
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17. The apparatus of claim 13 wherein:

the dielectric winddiw.is a genefally cylindrical mndwsfﬂéwall within the central opening
of the annular target and forming a recess communicating wnth the processing space, the recess
having a closed end; ' > : . , ,m", " :

the caoll is a helical coil surrounding the cylindrical window; + ¢ m_’ I",," "',sl " ’!',

the shield structure includes a cylindrical arrangement of one or more sheets of conductive

material physically shielding the cylindrical wall from material moving from the processing space;

‘and

the apparatus further comprises a supplemental target situated at the closed end of the

recess.

18. Anionized physical vapor deposition method comprising the steps of:

from a ring of coating material at one end of a processing space in a vacuum processing
chamber, releasing particles of the material into the processing space;

reactively coupling RF energy from a source outside the chamber into the processing space
through an o.pening in the coating material at the center of the ring of coating material; '

with the coupled RF energy, forming a reactively cpupled piasma in the processing spacé
that is sufficiently dense 1o ionize a substantial fraction of the coating material in the processing
space; and '

electrically biaéing a substrate at the end of the processing space opposite the ring of
coating material to produce a DC potential thereon that is sufficiently negative relative to the
plasma tfo direct positive ions of the coating material from the processing space toward the

substrate at approximately normai angies thereto.
,_____.——————-——’—’
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19. The method of claim 18 wherein the particle releasing step includes the steps of:

providing an annular sputtering target of coating material surroundmg the opening opposite

. the processing space from a substrate support;

energizing the t_a_rget with a target power supply to supply a DC potential to the sputtering
surface that is sufficiently negative relative to plasma to sjpbtter material from the sputtering

_ surface of the target intb the processing space and towardthe substrate support; and

generating a magnetic field over the sbuttering surfac'e' '6f the target and surrounding the

central opemng of the target and confining a sputtenng plasma in close proximity to the

sputtering surface of the target. I““ “||| " |II|
. N
20. The method of claim 18 wherein the RF energy coupling and plasma forming steps
inciude the steps of: .
providiﬁg a coil outside of the chamber; - |
inductively coupling energy from the coil through a wittdOW at the center ring of coating
material and into the processing space; am.t |

~ physically shielding the window from deposits by coating material while permitting the

effecfive coupling of RF energy from the coil into the processing space :
- This -Sheet Has Been Replaced

oo ' )

the RF electrode inciudes acoil situated at the central opening of the target and connected

to the RF energy source to inductively couple energy into the processing space to form an

_inductively coupled piésma in the processing space that is sufficiently dense to ionize coating

material from the artnu_ler target in the prooessihg space; and
the apparatus further comprises:
a dielectric window proximate the central opening of the annular target and positioned
to isolate the coil from the processing space, and
shield structure inside of the window between the wind_ow and the processtng space and
configured to permit the effective coupling of RF energy from the coll into the processing

space and fo physically shield the window from coating material from the processing space.

—\
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22. The apparatus of claim 12 wherein:
the RF electrodé iiciudes a coll situated at the central oiﬁér"ung of the target and connected
to the RF enel_'gy source to inductively couple energy into ﬂie'pmcessing space to form an
inductively cbhpled plasina in the processing space that is sufficiently dense to ionize coatihg
materiai frem the annular target in the processing space; and
the apparahis further comprises a dielectric window proximate the central opening of the

annular target and positioned to isolate the coil from the processing space.

23. The app_aratus of claim 22 wherein the coil is positioned outside of the chamber
opposite the dielectric window from the pfocessing space to inductively reactively couple energy

into the processing space through the dielectric window.

24. The apparatus of claim 23 wherein the apparatus further comprises shield structure
inside of the window between the window and the processing space and configured to permit

the effective coupling of RF energy from the coil into the processing space and to physically

Iy

-a magnetron magnet assembly behind the target outside of the chamber effective to

shield the windew from coating material from the processing space.
25 The apparatus of claim 24 further compnsmg

generate a magnetlc ﬁeld around the ring-shaped sputtering surface and surrounding the central

opening of the target so as to confine a sputtering plasma in close proxxmlty to the sputtenng

surface of the target. Thls Sheet Has Been Repla
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a magnetron magnet assembly behind the target outside of the chamber effective to

26. The apparatus of claim 12 further comprising

generate a magnetic field around the ring-shaped sputtering surface and surrounding the central
opening of the target so as to confine a sputtering plasma in close proximity to the sputtering

surface of the target.



