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" FIELD OF THE INVENTION

The present invention relates to sputter deposition and more pamcularly toa

‘method and apparatus for sputter deposmng a Iayer of matenal in the fabncation of

semioond uctor devnces

BACKGROUND OF THE INVENTION _ . |

Low pressure radio frequency (RF) generated plasmas have become convenient . ;
sources of energetic i ions and _activated _atoms which can be employed in a variety of
semiconductor device fabrication processes including surface'treati'nents. depossitions, |
and etching processes. For example, to deposit materials onto a semiconductor wafer
using a sputter deposition process, a plasma is produced in the vicinity of a sputter
target material which is negati\rely biased. lons created within the plasma impact the
surface of the target to dislodge, i.e., “sputter” material from the target. The sputtered _
materials are then transported and deposited on the surface of the semiconductor o
wafer.

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

_can bridge over causing undesirable voids or cavities in the deposition layer. To

prevent such cavities, the sputtered matenal can be dlrected into substantially vertlcal
paths between the target and the substrate by negatwely charging the substrate to
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_ positron appropnate vertlcally onented electnc ﬁelds adjacent the substrate if the

sputtered material is suﬁiciently ionized by the plasma ‘However, material sputtered by |
a low density plasma often has an ionization degree of less than 1% which is usually
insufficient to avoid the formation of an excessrve number of oavrties Accordmgly itis
desirable to i increase the density of the plasma to mcrease the iomzatlon rate of the
sputtered material to a-level greater than 1% of the sputtered matenal in order to
decrease the formation degree of unwanted volds in the depositlon layer. As used

~herein, the term “dense plasma” is intended to refer to one that has a high electron and
“ion density. | B

There are several known techmques for excitmg a plasma with RF fields

including capacitive coupling, inductive ccupllng and wave heating Ina standard

inductively coupled plasma (ICP) generator, RF current passing through acoil
surrounding the plasma induces electromagnetic currents in the plasma. These
currents heat the conducting plasma by ohmic heating, so that it.is sustained in steady
state. As shown in U.S. Pat. No. 4,362,632, for example current throtigh a coilis
supplied by an RF generator coupled to the coil through an |mpedance matching
network, such that the coil acts as the first wrndmgs of a transformer. The plasma acts
as a single turn second winding of a transformer. |
To bias the substrate, it is important to make good electncal contact to the
substrate. This is typically achieved by clamping the substrate using a conductive |
metal clamp ring which surrounds and engages the outer periphery of the substrate.
Such a clamp ring also holds the substrate in place.- A backflow of gas applied to the
underside of the substrate for purposes of temperature control can dislodge the
substrate if the substrate is not firmly clamped in position. However, because the clamp _ |
ring typically covers the outer portion of the substrate face, full face coverage by the

deposition metal has typically not been achieved in inductively coupled radio frequency ._ S
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(RFI) high denslty plasma sputtenng dewces As a consequence valuable area of the
wafer can be wasted. ) '
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SUMMARY OF THE PREFERRED EMBODIMENTS

1t is an object of the present rnventron to provrde an improved method and
apparatus for deposrtrng ionized deposrtron matenals. partlcularly in a manner requiring
a relatively uncomplrcated electrical and mechanroal arrangement '

These and other objeots and advantages are achleved ina materlal deposrtlon
system which ionizes deposition material i ina plasma and accelerates the |on|zed
deposition material onto a deposrtron substrate wrthout the neoessnty for extemally
biasing the substrate. In addition, the need for supplyrng a backflow of gas to the back
side of the deposition substrate for the purpose of controllrng the temperature of the
substrate has also been eliminated. -

In the illustrated embodiment, the substrate is supported ona pedestal which
does not engage or clamp the front deposrtlon face of the substrate. As a
consequence, no portron of the front surface of the substrate is covered by a clamping
mechanism such that the full surface of the front face of the substrate may be deposited ._
with deposition material. In addition, because the need for biasing the substrate has
been eliminated, the design of the pedestal may be simplified'. Still further, eliminat_lon
of a backflow of gas to the back side of the substrate permits further simplification of the.
pedestal for high density plasma ionized deposition material systems.

In accordance with one aspect of the invention, it has been recognized that _
satisfactory step coverage of high aspect ratio vias and trenches may be achieved in a
high density plasma ionized material deposition system without the need for externally
biasing the substrate. Instead, it is'believed that sufficient electrical ﬁelds are.
generated within the sheath surrounding the plasma to accelerate the ionized _
deposition material through the sheath adjacent to the substrate to deposit the ronrzed _

material onto the substrate in a path substantially normal to the deposmo_n surface.

Thus, by utilizing the electric fields generated by the plasma sheath, the need for

4
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externally biasing the surface to generate electnc ﬁelds for the purpose of aceeleratlng
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the ionized material toward the substrate can be ellmlnated

In another aspect of the present mventlon it has been recognized that by
ellmrnatmg external brasrng of the substrate any temperature fise in the substrate asa
result of the deposition of ionized material onto the substrate remalns wrthun acceptable
limits even if the backflow of gas to the: backsrde of the substrate for purposes of '
temperature control is elrmlnated By av0|d|ng both extemal blasmg of the substrate
and back flow temperature control of the substrate, clampmg of the substrate can be
eliminated, thereby permitting fuII face deposmon coverage of the substrate as well as
simplification of the pedestal as noted above. In addition, ‘such an arrangement can
potentrally reduce particles due to elimination of the clamp ring. .

In yet another aspect of the present invention, it has been found that the
crystallographic properties of the various materials d_eposlted in a high density plasma
ionized deposition system may be improved by eliminating biasing of the substrate. For
example, a layer of titanium deposited by a high density plasrna ionized deposition-
material system in accordance with the present invention has a crysta_llographic
orientation which is substantially similar to that of titanium deposited by conventional
sbuttering systems which do not ionize the titanium prior to deposition. More
specificdlly, the titanium layer has a crystallographic orientation wh'ich is substantially
(002) which is believed to i improve the qualrty ofa subsequent layer of metal such as

aluminum deposited over the titanium.

In another example, a layer of titanium nitride deposited by a high densrty

plasma ionized material deposmon system in accordance with the present invention has :' : -
.a crystallographlc orientation which is substantrally similar to that of tltanlum mtrlde

deposited by conventional sputtering systems which do not i lomz_e the tltamum_ nitride

+ prior to deposition. More specifically, the titanium' nitride-'laye_r has crystallographic
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BRIEF DESCRIPTION OF THE DRAWINGS

Frg 1 is a schematic representatron of an lnductrvely ooupled radio frequency

high density plasma ionized material deposltlon system in accorclanoe with one

embodiment of the present mventron - B .
o Fig. 2 is a schematic cross-sectlonal representatron of a substrate supportmg
pedestal ofthe systemofFlg 1. .' T e .
Fig. 3 is a schematic representatlon of the voltage drop and assoclated ion

_ redirecting electric fi elds provided. by the sheath between the plasma and the substrate

of the system of Fig. 1.

Fig. 4 is a table companng the bottom coverage of vias utrllzmg an RFI high
density plasma deposition onto an extemally blased substrate to that of an RFI high
density plasma deposition onto a substrate whlch is not externally biased. |

Fig. 5 is a graph illustrating the temperature rise of substrates deposrted with
various materials in which the substrate is not brased dunn_g RFI high density plasma
deposition. : o ' -
Fig.8isa graph of X-ray dlffractlon data deprctrng the crystallographrc orientation -
of a titanium layer deposited on a substrate without RFI plasma lomzatlon of the o
titanium prior to deposition. '

Fig. 7 is a graph of x-ray dlffractlon data depicting the crystallographrc orientation |
of two titanium layers deposited on substrates using RF| plasma ionization of the
titanium prior to deposition, in which one substrate was extemally bias_ed and the other '
was not. o o |
Fig. 8 is a graph of x-ray dlffractron data depicting the crystallographlc onentatlon N
of a titanium nitride layer deposited on a substrate without RF| plasma ionization of the
titanium nitride prior to deposition. A | "
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'Fig. 9 is a graph of x-ray difjfraction'd'ata depicting the crystéllographic orientation
of two titanium nitride layers deposuted on substrates uslng RFI plasma lomzatlon of the .

titanium nitride prior- to deposltlon in whlch one substrate was extemally biased and the .
other was not. : ' '
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 DETAILED DESCRIPTION OF THE DRAwles |

‘Referring first to Figs. 1 and 2, anRFI high”d'ensity plasma ionized material
deposition system m accordance with a ﬁrst embodrment of the. present invention is
schematically represented in Fig. 1. The system 100 lncludes a vacuum chamber 102
which permits the mtenor pressure of the chamber 102to be pumped to a very low
level. The deposrtlon system 100 of this embodlment has a smgle turn coil 104 which is ;
carried internally by a shield (not shown) whlch protects the mtenor walls of the
vacuum chamber 102 from the matenal belng deposited wnthln the mtenor ofthe
deposition system 100. '

Radio frequency (RF) energy from an RF generator 106 is radrated from the coit
104 into the interior of the deposition system 100 which energizes a plasma within the-
deposition system 100 The energized plasma produces a plasma ion flux which strikes
a negatively biased target 110 positioned at the top of the chamber 102. The target
110 is negatively biased by a DC power source 111. The plasma ions eject material
from the target 110 onto a substrate 112 which may be a wafer or other workpiece
which is supported by a support member such as a pedestal 114 at the bottom of the
deposition system 100. A rotatlng magnet assembly 116 provrded above the target 110
produces magnetic fields which sweep over the face of the target 110 to promote |
uniform erosion of the target. o

Preferably, more than 1% of the atoms of matenal ejected from the target 1 10
are in turn ionized by the piasma being energized by the coil 104 which is inductively
coupled to the plasma. The RF generator 106 is pref_erably ooupled' to the coil 104

- through an amplifier and impedanoe matching network 118 The other end of the coil |

104 is coupled to ground, preferably through a: capacrtor 120 whlch may bea vanable
capacitor. '
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As will be explalned in greater detall below .in accordance with one aspect of

the present invention, the substrate 112is preferably not negatively biased by an

external source to attract the ionized. deposltlon matenal to the substrate. Instead, the' |
naturally occurring voltage drop whlch is belleved to appear across the sheath between
the plasma and the substrate (Iocated ona grounded or electncally ﬂoatrng support L
member) is relied upon to produce electnc ﬁelds to dlreot the |on|zed deposltuon N
material toward the substrate in a substantlatly transyerse direction to the surface of the -
substrate. It has been found that very satisfactory Step o'overage of vias and channels
having relatively high aspect ratros may be aohueved notwrthstandrng the absence of an
external bias applied to the substrate. ' . '

In yet another aspect of the present rnventlon it has been found that

temperature control of the substrate by provrdrng a flow of gas to the backside (or
: undersrde) of the substrate 112 can be avoided wrthout substantial adverse effect on

the deposltuon layer or underlying structures. As a consequence, as explained in
greater detail below, the construction of the pedestal in inductively coupled high density
plasma ionized material deposition systems may be slgmﬁcantly srmpllﬁed In addition,
full face coverage of the substrate may be readily achieved.

Fig. 2 is a schematic cross-sectional representation of the pedestal 114 'Whic_h is |
preferably electrically insulated from any grounded or externally biased structures of the
chamber so that the potential of the pedestal is allowed to float. Because the substrate
112 is also not externally biased, the need to provide good electrical contact to the
substrate is eliminated. Consequently, clamp rings and other devices for making -
electrical contact to the substrate can be eliminated, thereby _substantially simolifying -

.the design of the pedestal 114 for RFI high density plasma ionized material deposition -

systems, as depicted in Fig. 2. It should further be noted that the pedestal 114 can lack .'
backflow gas channels passing through the pedestal to the underside 124 of the

10 -
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substrate 112, pen'mttmg further slmpllﬁeetlon of the pedestal 114, However, channels

may be provided (not shown) to permit passage of plck up pms to lift the substrate 1 12
off the pedestal 114 followmg prooessmg to facllltate plck up by a robot hand (not

To reduce electrical and thermal couplmg between the pedestal 114 and the
substrate 112, it may be desirable in some applleetaons to prov:de hemlsphencally

" shaped d:mples such as those indicated at 130 in Flg 2, to support the substrate

spaced a predetermined distance from the pnmary upper surface 132 of the pedestal
In the illustrated embodiment, the dimples 130 ha__ve a helght of approximately 0.125 |
inches to support an 8 inch diameter wafer, although e he_ight of 2-6 millimeters would _
also be satisfactory. Although the support _me'm'ber 114is 'described asa 'pedestal, the
support member may be any of a variety of stru’ctufes'-wh_ich can support a substrate
including chucks and support tables. | |

Referring now to Fig. 3, a portion of the energlzed plasma is represented
schematlcally as indicated generally at 200. Although it is difficult to accurately

. measure the potential of the plasma 200, itis belleved_ by the.present inventors that the

potential of the pla'sme 200 in a typical RFI high density plasma in semiconductor
fabrication chambers is approximately 25 volts. Atthe edge of the plasma is an outer
region 202 which is usually referred to as the "sheath.” Beceuse the plasma typically
exhibits a positive potential, the sheath 202 typically exhibits a potential drop across the
sheath region as indicated in Fig. 3, particularly adjacent those portions of the chamber
which are grounded. If the substrate 112 is not extemally_'biased or grounded, it has
been found that substrate can self bias to a level of approximately -3 voits. Hence, the. )
voltage drop from the plasma 200, across the sheath 202.' to the substrate 112 can be =
on the order of 30 or more volts. This voltage drop has associated therewith electric _-

. fields which are believed to be oriented substantially perpendicular to the surface of the'____-' L

11
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- substrate 112 as represented by the field lmes 204 in Frg 3 These electnc fields are

generated "naturally” by the sheath 202 wrthout the need of any extemal biasing of the _
substrate 112. SRR ', . '

in accordance with one aspect of the present lnvention. it has been found that
these electnc fields naturally occumng in the sheath adjaoent to the substrate are”
sufficiently strong and of the proper onentatlon to redrrect the romzed deposltron
material to achieve highly satlsfactory step coverage of vias and other vertical -
structures, even those havmg relatrvely hlgh aspect ratlos Fig.4isa table companng

 the resuits of several RFI high density plasma ionized deposrtrons of various materials

onto substrates which were not extemally biased to the results of similar RFI sputtered
depositions except that the substrates were extemally brased As shown in Fig. 4, the )
resultant bottom coverage over 0.5 micron vias ‘having a 3:1 aspect ratro was
substantially the same whether or not the substrate was externally biased. ‘As a
consequence, it has been found that external bla_smg of the substrate during RFI high
density plasma sputtering can be eliminated, thereby eliminating for many applications -
the need for clamping the substrate.to apply an external bias thereto. As a result, full

_face coverage of the entire upper surface 134 of the substrate 112 (-Fig. 2) by the

deposition material can be readin aehieved, even for deposition substrates having high

aspect ratio vias and channels. Although it is preferred that the pedestal 114 be

electrically insulated, and that the substrate 112 be electrically free floating, it is .

anticipated that in some applications the pedestal 114 0or the'substrate 112 oould' be

grounded or a small bias applred and yet achieve many of the advantages of the

illustrated embodiment. _ ST o -
In accordance with another aspect of the present invention, it has been found

that back flow of gas to the underside of the substrate canbe elimina_ted'for many RFI - -

high density plasma sputtered _deposit_ions. particularly where the substrate is not

12
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~externally biased. The back flow of gas such as argon to the underside of a substrate

during deposition is a common techmque for controllmg the temperature of the
substrate. Another function of clamp nngs in addltlon lo applymg a bias to the
substrate, is to secure the substrate m place to prevent the flow of gas from dlslodgmg
the substrate dunng the deposrtlon As the |on|zed matenal bombards the substrate, |

the temperature of the substrate tends. to rlse ln RFI hrgh densnty plasma deposmons o

in which the surface i is externally. blased thrcugh the clamp nng, a back flow of argon - .
gas may be utilized tc compensate for. thls temperature nse by supplyrng a heat transfer

path from the substrate tothe support. ~ =~~~ .~

Fig. 5 shows the temperatures of several wafers at vancus tlmes as matenals
were deposited on the wafers without brasmg the wafers;, and wrthout clamping the |
wafers in place or applying a back flow of gas to the undersrde of the substrate. The | '.
temperatures of the wafers were measured by a non-contact_ .measurement techmque.
As shown in Fig. 5, the wafer temperature during a deposition of titanium nitride -
increased from 180°C to 328°C as the deposition thickness increased-from 200A to
1,000A. Such a temperature rise is within acceptable limits. It is believed in some
applications that the temperature of the wafer should not rise above 340-400°C during

-deposition to avoid adversely affecting the resultant device. Furthermore, many

applications require a deposition of only 600A rather than 1,000A. For such
appllcations the temperature will rise to a level substantially belcw 340°C as shown in
Fig. 5. The wafer temperature following the deposition of 1000A of titanium was even
lower, below 250°C.

~ As shown in Fig. 5, the wafer temperature remained below 350°C following the
depcsltron of 1000A of TiN and below 250°C for 1,000A of i, notwuthstandmg varying

the. DC power to the target from 3 to 7 kw as the RF power to the coil was mamtamed at_.f
1.5 kw. Hence, the process wrndow for acceptable wafer temperatures appears to be N

13
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relatively wide if extemal biasing of the substrate is avotded even when the back ﬂow of

argon gas is eliminated. Thus, if the backfiow of gas for temperature control is

~ eliminated, the clamping of the substrate for. the. purpose of secunng the substrate in

place during backflow temperature oontrol can llkerse be ellmlnated Asa
consequence, full face coverage of the deposmon metal over the vras and channels

- can be achieved by the ellmlnatlon of clampmg of the substrate

~ In addition to blocking the region of the wafer adjaoent to its edge from |
deposition material, clamping the wafer has. another dlsadvantage In many
semiconductor fabrication processes, a layer of tungsten is often deposrted by chemlcal
vapor-depaosition over an underlying layer of titanium nitride. Chemloal vapor deposrtron
typically does not require the substrate to be clamped. Hence, if the substrate is '
clamped for the titanium nitride deposition but not for the _subsequent tungsten:

deposition, tungsten will often be depoSited on a ring of oxide left exposed by the clamp :

ring which prevented full face coverage by the titanium nitride deposition. Tungsten
typically does not adhere to oxide as well as it does to titanium nitride. -Hence, the
tungsten can flake off from the ring of oxide which was not covered by the prior
deposition, thereby causing particies which can contaminate the wafer. However, ifthe
titanium nitride or other underlying metal layer is deposited by an RFI high_ density |
plasma deposition in accordance with the present invention in whtch_ the substrate is not
clamped, full face coverage of the substrate can be achieved ther'eby increasing the
utilization of the wafer and decreasing the generation of particulates beoause'the' '
tungsten can bind to an underlying layer of titanium nitride over the entire face ofthe

-substrate including the edge.

In accordance with yet another aspect of the present mventron it has been found
that the crystallographic properties of various materials deposrted by RFI hrgh densrty

plasma ionized deposition can be substantrally improved by _permlttmg_ the substrate to - i

14




. !"*H

10

15

20

25

This Sheet Has Been Replaced

self bias rather than applying an externa"l"bies during the deposition. More speciﬁcally, B

Patent

it is believed that the crystallographic onentatlon of tltamum when deposited on a self

biased substrate dunng RFI hlgh denslty plasma ionized deposltron -exhibits a
~ crystallographic onentatlon whlch is substantlally (002) onented lt is further believed

that aluminum when deposlted over an underlymg trtanlum Iayer whrch is (002) oriented |
has an improved quality. - ) o

Fig. 6 indicates the crystallographlc onentatlon ofa trtanlum film deposlted ina
conventlonal physical vapor deposrtlon chamber whlch does not utilize a coll to _
inductively couple RF energy into the plasma toi ionize the deposition material from the |
target. As shown in Fig. 6, x-ray dlffractlon of the film produoed in thls manner rndlcates
that the titanium f Im is primarily onented m the (002) crystallographic orientation. As |
noted above, it is believed that such a .crystallographlc orientation i in the titanium film
promotes go'od qualities in an aluminum film subseqUently'deposited over the titanium.

By comparison, Fig. 7 indicates the crystallographic orientations of two titanium-

- films, both deposited in an RFI hlgh densrty plasma deposltlon chamber. - However, one |

titanium film as represented by the data line 300, was deposited on a substrate which -
was extemally biased via a clamp ring applied to the substrate to a voltage of

~ approximately -30 volts at a power of 150 watts. The other titanium film as represented '

by the data line 302, was deposited in accordance wrth the present invention in an RFI
chamber but with no external bias to the substrate. Instead, the substrate which was
clamped by a clamp ring and supported by e pedestal at a floating poterltial. As a
consequence, the substrate self generat'ed a DC bias which was measured to be
approximately -3 volts (Both films were deposited by applylng 5 kw DC power to the

-titanium target, 1 5 kw RF power to the coil and providing a ﬂow of argon to achieve 30. -

mT pressure)
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As shown in F'g 7,the fimss represented bY the data 300, which was

| . deposited onto an extemally biased substrate, exhlblted crystallographic. onentatlons in

which a data peak correspondmg to the crystallographlc onentatlon of (002) appeared
to be substantlally absent. Instead, thls film appeared to have two primary

crystallographic orlentatlons (010) and (011) ln contrast the film as represented by

the data 302 of Fig. 7 whlch was deposlted onto a self blased substrate appeared to

have substantially the same crystallographlc onentatron as the ﬁlm deposuted inanon- -

RFl chamber as mducated in Fig. 6, that is, a crystallographlc onentatlon whlch is
primarily in the (002) onentatuon As set forth above it i ls believed that sucha "'
crystallographic orientation in the titanium film can lmprove the quallty of a. |
subsequently deposited overlylng aluminum film. . '

In a similar manner, it is belleved that the crystallographlc properties of a tltamum'
nitride film deposited on a substrate whlch has not been externally biased dunng anRFl
high density plasma deposition in accordance with the present invention, can be
improved. Fig. 8 depicts data representing the drystallo_graphic orientation of a titanium
nitride film deposited in a convention physical vapor deposition chamber which does not
utilize a coil to inductively couple RF energy into the plasrna to ionize the deposition
material from the target. As shown in Fig. 8, x-ray diffraction of the film produced in this "
manner indicates that the titanium nitride film has a primary orientation in the (111)
crystallographic orientation. Here too, itis believed that such a crystallographic
orientation in the titanium nitride film promotes good qualities in an aluminum ﬁlnt
subsequently deposited over the titanium nitride. For example, it is generally believed
that-a (111) orientation in the titanium nitride film will influence a subseduently L
deposited overlying film of aluminum to similarly have.a' (1 1.1_) orientation. Suchan
aluminum' film may have improved electromig_ration_properties._ o

16
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By companson F|g 9 deplcts data representmg the crystallographlc onentatlons
of two titanium nitride films, both deposlted in an RFl hlgh denslty plasma deposition
chamber. However, one titanium mtnde film as represented by the data line 400, ‘was
deposited on a substrate which was extemally blased vna a clamp ting applied to the |
substrate to a voltage of approximately -30 volts at a power of 90 watts. The other

tltamum nitride film as represented by the data llne 402 was deposlted with no external -

bias to the substrate. Instead, the substrate was clamped by a clamp ring and -

' supported by a pedestal at ﬂoatmg potential, thereby perrmttmg a self generated DC

bias which was measured to be approxlmately -8 volts (Both films were deposrted by
applying 5 kw DC power to the titanium target, 1.5:kw RF power to the coil and a flow of

_ argon and nitrogen (for nitridization of the titanium) to achieve 30 mT pressure).

As shown in Fig. 9, the film as represented by the data 400, which was _
deposited onto an externally biased substrate, exhibited crystallographrc orrentatrons in
which a data peak corresponding tothe crystallographlo orientation of (111) appeared

to be substantially absent. Instead, this film appeared to lack predomiriant |

- crystallographic orientations. In contrast, the film as represented by the data 402 of |

Fig. 9 which was deposited onto a self biasing substrate appeared to include a .
crystallographic orientation which is the same as that of the film deposited in a non-RFl N
chamber as depicted in Fig. 8, that is, a crystallographic orientation which dominates in
the (111) orientation. As.set forth above, it is believed that such a crystallographic
orientation in the titanium nitride film can improve the qtrality of a subsequently
deposited overlying aluminum film. Furthermore, the titanium n’itride fimas

| represented by the data 402 appeared to have another and eve__rl more dominating

crystallographic orientation in the (200) orientation. Such an orien_tation 'is-bellieved to

_improve (that is lower) the resistivity of the titanium hitr_ide film ahd-also-enhance its

A7
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Thus, it is seen that by ellmlnatlng extemal blaslng of the substrate. the resultant
deposltlon films can be |mproved durlng RFI hlgh densrty plasma depositions. The ﬁlms '
can retain desirable characteristics of those ﬁlms deposrted in non-RF | plasma ionized
deposltlons and yet at the same tlme substantlally retaln the lmproved step coverage |
over high aspect ratio vias and channels whlch was prewously obtained by biasing the
substrate in RFI high denslty plasma deposmons It is belteved that bombardment of
the film by high energy deposition ions may adversely affect the resultant fim. In°
accordance with the present lnventlon, the energy level of the bombardlng ionsis -
substantially reduced by permitting the substrate to self-generate abias rather than
externally biasing the substrate to a more negatlve voltage level than that which the
substrate would achieve with self biasing. lt is believed that this reduoed jon energy
level reduces adverse effects on the fllm such that the resuitant film more closely
resembles films deposited in non-RFi sputtenng processes ln addition, the
temperature rise of the substrate during the ion bombardment is ameliorated. However _
notwrthstandmg the reduced bias level of the substrate, satisfactory step coverage may .
be achieved by utilizing the voltage drop across the plasma sheath adjacent to the
substrate to redirect the ionized deposition materlals in a direction more perpendlcular N
to the substrate. - o

The deposition sysﬁm 1_00 is preferably installed in a PVD (physieal vapor
depositlon) system as described in greater cletail in copending application Serial 'No. .
08/647, 182 entrtled Recessed Coil for Generating a Plasma, filed May 9, 1996 -

' (Attomey Docket # 1 186!PVDIDV) and application Serial No. 08/644, 098, entltled les |

for Generating a Plasma and for Sputtering, filed May 10, 1996 (Attorney Docket #
1380/PVD/DV), both of which are assigned to the assignee of the. present applucatlon
and are both incorporated herein by reference in thelr entlretles

18
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Each of the embodrments dlscussed above utlllzed a srngle coil in the plasma -
chamber. It should be recogmzed that the present mventlon is applicable to plasma
chambers havmg more than one RF powered corl For example the present mventron
may be applied to muitiple coil chambers for launchrng helrcon waves of the type
described in copendmg applrcatron senal No 081559 345 _

The appropnate RF generators and matchlng crrcunts are oomponents well o

_known to those skilled in the art. For example an RF generator such as the ENI

Genesis series whlch has the capablllty to ’frequency hunt' for the best frequency
match with the matchmg circuit and antenna is swtable The frequency of the
generator for generatrng the RF power to the coil 104 is preferably 2 MHz but itis
anticipated that the range can vary from for example, 1 MHz to 100 MHz. AnRF |
power setting of 1.5 kW is preferred but a range of.5-6 kW is satlsfactory In addltron a
DC power setting for brasrng the target of 5kWis. preferred but a range of 1-8 kW is
satisfactory. S

A variety of precursor gases may be utilized to generate the plasma mcludmg
Ar, H, or reactive gases such as NFs. CF, and many others. Varlous precursor gas
pressures are suitable including pressures of 0.1 - 50 mTorr. For ionized PVD, a
pressure between 10 and 100 mTorr is preferred for best ionization of sputtered
material.

it will, of course, be understood that modifications of the present invention, in its | e

various aspects, will be apparent to those skilled in the art, some being apparent only -
after study others being matters of routine mechanical and electronic.design._' Other

~ embodiments are also possible, their specific designs depending upon the particular' .

application. As such, the scope of the invention should not be limited by the particular N

embodiments herein described but should be defined only by the appended claims and | B -

equivalents thereof.
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' WHAT IS CLAlMED IS:

1. A method of depositing rﬂatéﬁ_at erito a substrate having'an upper face,
comprising: | .' - ot T

energizing a plasma with RF energy. D "

sputtering atoms from a target, - .

ionizing at least greater than 1% of the sputtered atoms, and
deposrtmg the ionized atoms onto the fult upper face of an electncally ﬂoatmg o
substrate ' '

2. = The method of claim 1 further cemprising.perrnitting t_he su_bstrate to self-

generate its potential.

3. The method of claim 1 wherein the resultant matenal deposrted on the

.substrate is titanium having a crystallographlc onentatlon which i is. predomlnantly (002)

4, The method of claim 1 wherein the'resultartt material deposited on the

substrate is titanium nitride havihg crystallographic-brienta‘tibns which are

predominantly (200) and (111).

.- 5. The method of claim 1 wherein the plasma is er\ergized with RF energy
from a coil. . | -
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6. A method of deposrtmg matenal onto a substrate comprismg

~~\\\\\\\\\\m\n\\u\\\\\m\\

1402/PVD/DV

-~ energizing a plasma with RF energy, |
sputtenng atoms from a target o
ionizing more than 1% of the sputtered atoms, _
perrmttrng the substrate to self—generate its potentral and :
deposmng the lomzed atoms onto the substrate ' '

7. The method of clalm 1 whereln a pedestal supportmg the substrate is at a
free-floating potentlal

8. A method of depositing matenal onto a substrate compnsrng
energizing a plasma wrth RF energy, '
sputtering titanium atoms froma target,

ionizing 1% of the sputtered titanium atoms; and | |
depositing the ionized atoms onto an electrically floating substrate.
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9. An apparatus for deposltrng sputtered matenal onto a substrate havrng an
upper face and an underside, compnsmg - -
a sputtering chamber for contalnrng a plasma and havmg a target for sputtering
material from the target; R '
an RF coil posutroned to energrze the plasma wnth RF energy to |omze at least

. greater than 1% of the sputtered matenal and

a member for supporting a substrate said member belng at a free ﬂoatrng
potentlal | ' '

10. The apparatus ef claim 9 uvheretn the pedestal engages only the

underside of the substrate wherein the entlre upper face of the substrate is deposlted ]

with ionized sputtered material.

11. The apparatus of claim 10 wherein the member has an upper surface and
a plurality of dlmples to support the substrate a predetermmed distancé above the
upper surface of the member.

12. The apparatus of claim 9 wherein the target is made of titanium. |

13.  An apparatus for depositing titanium onto q substrate, comprising:
a sputtering chamber for oontalnlng a plasma a titanium target and means for

' sputtering tttamum from the target‘ | _
RF coil means for energizing the plasma with RF energy to '_ionize the sputtered L

titanium atoms; and .
means for depositing the ionized titanium onto the substrate to form a tltamum
film having a crystallographrc onentatlon which is predommantly (002)

_22-
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14.  An apparatus for deposrtrng trtamum mtnde onto a substrate compnsmg

Patent
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a sputtering chamber contalmng a plasma . _
means for prowdrng a source of trtamum mtnde wrthrn the chamber;
RF coil means for energrzrng the plasma wrth RF energy to lomze the trtamum
nltrlde and R '

" means for deposrtrng the lonlzed trtamum mtnde onto the substrate to form a
titanium nitride film havrng crystallographlc onentations whrch are predommantly (200)
and (11 1) a ) :

15. A method of depositing r_naterial_.ontd a substrate having arr upper _face.'
comprising: B - | | |
| energizing a plasma with RF energy;
sputtering atoms from a target; _
ionizing at least greater than 1% of the sputtered atoms; and
depositing the ionized atoms onto the full upper faoe of the substrate supported
by a grounded member.

16.  The method of claim 15 wherein the resuitant material deposited onthe

substrate is titanium having a crystallographic orientation which is predominantly (002). -

17. The method of claim 15 wherein the resultant material deposrted on the -
substrate is titanium nitride havmg crystallographic onentations which are
predominantly (200) and (1 11) '

.23
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18.  The method of claim 1_5 wherem tbe_plasma is energized wuth R'_F'._'energy

from a coil.

19. A method of deposltmg matenal onto a substrate compnsmg |
energizing a plasma with RF energy. Lo '

- sputtering titanium atoms from a target

~ jonizing 1% of the sputtered tltamum atoms and
deposttmg the ionized atoms onto a substrate supported by a grounded member

20. An apparatus for deposltmg sputtered matenal onto a substrate havrng an
upper face and an underside, compnsmg . '

a sputtering chamber for contamlng a plasma and havrng a target for sputtenng
matenal from the target

an RF coil posmoned to energize the plasma wrth RF energy to ionize at least
greater than 1% of the sputtered material; and

a member for supporting a substrate, said member being grounded.

- 21. The apparatus of claim 20 wherem the pedestal engages only the
underside of the substrate wherein the entire upper face of the substrate is deposlted
with ionized sputtered material.

22. The apparatus of claim 21 wherein the member has an upper surface an_d :
a plurality of dimples to support the substrate a predetermmed dlstance above the
upper surface of the member '

23. The apparatus of claim 20 wherein the target is _made.of. titanium.
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