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A METHOD FOR PROVIDING FULL-FACE HIGH DENSITY PLASMA DEPOSITION 

Inventors: Ken Ngan; Simon Hui; GongdaYao 

FIELD OF THE INVENTION 
. . 

The present invention relates to sputter deposition, and more particularly, to a 
. ~ : 

·method and apparatus for sputter depositing a layer of material in the fabrication of 

semiconductor devices. .. 

5 BACKGROUND OF THE INVENTION 

Low pressure radio frequency (RF) generated plasmas have become .convenient . 

sources of el".lergetic ions and activated atoms which can be employed in a variety of 
- . 

semiconductor device fabrication processes including surface·treatments, depositions, 

and etching processes. For example, to deposit materials onto a semiconductor wafer 

1.0 using a sputter deposition process, a plasma is produced in ttie vicinity of a sputter · 

target material which is negatively biased. Ions 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 t~e semiconductor 

wafer. · 

15 Sputtered material has· a tendency to travel in straight line paths from the target . 

to the substrate being deposited at angles Which are oblique to the surface of the 

substrate. As a consequence, materials deposited in etched trenches and holes of 

semieonductor devices having trenches or holes with a high depth to width aspect ratio, 

can bridge over causing undesirable void_s or cavities in _the deposition layer. To. 

20 prevent such.cavities, the sputtered material can be directed into substantially vertical 

paths between_ the targ_et and the substrate·by negatively charging the substrate to · . 
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position appropriate vertically oriented el~ctric fields adjacent the substrate if the 
. . . 

sputtered m"aterial is sufficie~ly 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 excessive number of cavities .. Accordingly, it is 
. ··'· .... . 

~·-.; 5 desi~ble to increase the density of the plasma to increase the ionization rate of the 

sputtered material to a-lev~I greater-than 1% ofthe sputtered·material in order to 

decrease the formation degree of unwanted voids in the deposition layer~ As,used . 

herein, the term "dense plasma• is intended to refer-to one that has. a high electron and ... 
ion density . 

. 10 There are several known techniques for exciting a ·plasma with RF fields 

including capacitive coupling, inductive coupling and wave heating. In a st;:andard 

inductively coupled plasma (ICP) generator, RF current passing through a coil 

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 

15 state. As shown .in U.S. Pat. No. 4,362,632, for example, current throtagh a coil is 

supplied by an RF generator coupled to the coil through an impedance matching 
.. . 

network, such that the coil acts as the first windings of a tral'.'sforrner. The plasma acts· 

as a single tum second winding of a transformer. 

To bias the substrate, it is important to make good electrical contact to the 

20 subs_trate. This is typically achieved by clamping the sub~trate using a conductive 

metal clamp ring which surrounds and engages the outer periphery. of the substrate. 

Such a clamp ring also holds.1he· substrate in place. A backflow of gas applied to the 

underside of the substrate for pu_rposes of temperature control can dislodge the 

subs~rate if the substrate is not firmly clamped in position. However, because the clamp 
. . 

25 ring typically covers the outer portion of the substrate face, full·face coverage·bythe 

deposition metal ·has typically not been achieved ·in inductively coupled radio frequency 
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(RFI) high density plasma spu~ring devices. ·As-a consequence, valuabl~ .area of the 

wafer can be wasted. 
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It is an object of the present invention ·to provide an improved method and 
. . 

apparatus for depositing ionized deposition.materials, particularly in a manner requiring 

a relatively unco~plicated electrical and me~hanical -~rrangement. 
.; . 5 These and other objects and advantages· are a~ieved. in· a material deposition _ 

system which ionizes deposition material in a plasma and accelerates the ionized 

deposition material on~ a deposition substrate withoUt the necesstty for· externally 

biasing_ the substrate. In addition, the need for su~plying a backflow of gas to the back 
. . 

side of the deposition substrate for the ·purpose of controlling the temperature of the 

1 O substrate has also been eliminated. 

In the illustrated embodiment, the substrate is supported on a pedestal which 

does not engage or clamp the front deposition face of the substrate. As a 

consequence, no portion 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 

15 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, elimination 

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 

20 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 

25 

generated within the sheath surrounding the plasma to accelerate the ionized 

deposition material through the sheath adjacent to the substrate to deposit the ionized . · 

material onto the substrate in a path substantially normal to the deposition ~urface. . 

Thus, by utilizing the electric fields generated by the plasma sheath, the need for 
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externally biasing the surface to-generate electric fields for the purpose of aecelerating 

the ionized material toward the substrate can be elimin&ted. 

In another aspect of the present invention,,·it has.been recognized that by 

eliminating exterr:tal biasing of the substrate,_. any temperature rise in the subst~te as a 

result .of the deposition of ionized material onto tt1f9.substrate remains within aeceptable 

limits even if the backflow of gas to the· ba.cksid~ of th~ sl.ib~trcite.for purposes of. 

temperature control is eliminated. By avoiding both external biasing of the substrate 

and back flow temperature control of the substrate, clamping of the substrate can be ... 
. . . . 

eliminated, thereby permitting full face deposition coverage of the substrate as well as 

1 O simplification of the pedestal as noted above. In addition,· .such an arrangement can 

potentially reduce particles due to elimination of th~ clamp ·ring. . 

In yet another aspect of the present invention, it has been found that the . . . 

crystallographic properties of the various materials deposited in a high density plasma 
-· 

ionized deposition system may be improved by eliminating biasing of the substrate. For 

15 example, a layer of titanium deposited by a high dens~ plasma ionized deposition· 

material system in accordance with the present invention.has a crystallographic 

orientation which is substantially similar to that of titanium deposited b_y conventional 

sputtering systems which do not ionize the titanium prior to deposition. More 

specifically, the titanium layer has a crystallographic orientation which is substantially 

20 (002) which is believed to improve the quality of a subsequent layer of metal such as 

_aluminum deposite_d over the titanium. 

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

plasma ionized material depositi~n system in accordance with the present invention has · 

. a crystallographic orientation which is substantially similar to that of titanium nitride 

25 deposited by conventional sputtering systef!IS which do not loniz~ the titanium nitride· 

prio~to depos!_tion. ·More specifically,··the titanium nitride layer has crystallographic 

~· . .... . . · .. : .. : :.~-- . ... : : . 
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orientations which are substantially (200)" and (111), respectively. An orientation of · 

(200) in titanium nitride is believed.to improve the resist~ity and the barrier properties of 
, . . . 

the titanium nitride. An orientation of (111) is believed to influence an overlying layer of 

metal such as aluminum to also have an Increased (111.) orientation which is believed 
. . . . . . : . . . . . 

to improve electromigration properties of ~e aluminum deposited over the .titanium 

nitride. 

"':.·' .·. 
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Fig. 1 is a schematic representation of an. inductiyely eoupled radio frequency · 

high density plasma ionized material depasition system in· accordance with one · 
. ,,. . . . 

embodiment of the.pre&ent inyention. . .. 

Fig. 2 is a schematic cross-sectional ~pres~ntation of a sub~trate supporting 

pedestal of the system of Fig. 1. . · · 
. .. 

Fig. 3 is a schematic repre~entati~n of the voltage drop and associated ion 
. . 

redirecting electric fields provided .by the sheath. betWeen the plasma and the substrate 
. .... ·. . . 

of the system of Fig. 1. 

Fig. 4 is a table comparing the bottom coverage of vias utilizing an RFI high 

density plasma deposition onto an externally biased substrate to that of an RFI high 

density plasma deposition onto a substrate Which is not eXtemally biased. 

Fig. 5 is a graph· illustrating the temperature rise of substrates deposited with 

various materials in which the substrate is not biased during RFI high density plasma 

15 deposition. " 

Fig. 6 is a graph of x-ray diffraction data.depicting the crystallographic orientation 

of a titanium· layer deposited on a substrate without RFI plasma ionization of the 

titanium prior to deposition. 

Fig. 7 is a graph of x-ray diffraction data depicting the crystallographic orientation 

20 of two titanium layers deposited on substrates using ~Fl plasma ionization of the 

titanium prior to deposition, in which one substrate was externally bia•ed and the other · 

was not. 

Fig. 8 is a graph of x-ray diffraction data depicting the crystallographic orientation . 

of a titanium nitride layer deposited on a substrate without RFI .plasma ionization of the 

25 titanium nitride prior to deposition. 
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· Fig. 9 is a graph of x-ray diffraction data depict~ng the crystallographic orientation 

of two titanium nitride layers deposited on substrate.s using RFI plasma ionization of the . 

titanium nitride prior:to deposition, in wl)ich one substrate was externally biased and the 

other was not. 
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·Referring first to Figs. 1 and 2, an RFI high density plasma ionized material 

deposition system ~n accordance with a first embodiment of the present invention is 
schem~tically rep_resented in Fig. 1. The system_:100 includes a vacuum cha~ber 102 

which permits the interior pressure of the chamber 1.02 to be pumped to a very low 

level. The dep_osition system 100 of thi~ emb~_diment has a single tum coil 104 which is 
carried internally by a shield (not show,rt) Whff?h prate~ the interior walls· of the 

vacuum chamber 102 from the material being dep~ within the· interior of the 

deposition system 100. 

1 O Radio frequency (RF)·energy from an ·RF generator· 106 is radiated from the coil 

104 into the interior of the deposition system 100, which energizes a plasma within the· 
deposition system ·100. The energized pl_asma produces a plasma ion flux which strikes 

a negatively biased target 110 positioned at the top of the Chamber 102. The target 
11 O is negatively -biased by a DC power source 111. The plasma ions eject material 

15 from the target 11 O 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 rotating magnet assembly 116 provided above the target 11 O 

produces magnetic fields which sweep over the face of the target 110 to promote 

uniform erosion of the target. 

20 Preferably, more than 1 % of the atoms of material-ejected from the target 11 O 
are in tum ionized by the plasma being energized by the coil :104 which is inducti:vely 
coupled to the plasma. The· RF generator 106 is preferably coupled to the coil 104 

through an amplifier and impeda_~ce matching network 118. The other end of the coil 
104 is coupled to ground, preferably through a capacitor 120 which may be a variable. 

25 capacitor. 

·9 
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As will be explained in greater detail below, .. in accordance with one aspect of 

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

external source to attract the ionized.deposition mate~al to the substrate. Instead, the 
. . . . 

naturally occurring voltage drop which is believed to appear across the sheath between 
. . . . 

the plasma and the substrate (located on a grounded or electrically floating support 

member) is relied upon to produce electric fields to direct the ionized deposition· 

material toward the substrate in a substantially tran~verse direction to the surface of the · 

substrate. It has been found that very satisfactory step coverage of vias and channels . 
having relatively high aspect ratios may be achieved notwithstanding the absence Of an 

1 O external bias applied to the substrat~. 

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

temperature control of th.e substrate by providing a flow of gas to the backside (or 

underside) of the substrate 112 can be avoided without substantial adverse effect on 

the deposition layer or underlying structures. As a consequence, as explained in 

15 greater detail below, the construction of the pedestal in inductively coupled high density 

plasma ionized material deposition systems may be significantly simplified. In addition, 

full face coverage of the substrate may be readily achieved. . 

Fig. 2 is a schematic cross-sectional representation of the pedestal 114 which is 

preferab1y electrically insulated from any grounded or externally biased structures of the 

20 chamber so that the potential of the pedestal is allowed to float. Because the substrate 

~ 12 i$ 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 simplifying 

25 

. 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 ped~l 114 can lack 

backflow gas channels passing through the pedestal to the und~rside 124 of the 
./ . -: ~- ... 

··.·· ... • 

1.0 . 
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substrate 112, permitting further 11implification of ~e pedestai 114. However, channels 

may be provided (not shown) to permit passage of pick up pins to lift the substrate 112 

off the pedestal 114 following processing ·to facilita~ pici< ~~ by a robot hand (not 

shown). · - .-. ·· 

To reduce electrical and thermal coupling betWeen the.p~estal 114 and the 

substrate 112, it may be desirable in some applications to provide hemispherically . . . . 

· shaped dimples such as those indicated at 13Q in .. Fig. 2, tO support the substrate 

spaced a pre~etermined distance from th~ prima1fupper :~urfa~ 132 of the ~destal. 
In the illustrated embodiment, the dimples 130 have a height of approximately _0.12·5 

1 o inches to support an 8 inch diameter wafer, although a height of 2-6 millimeters would 

also be satisfactory. Although the support member 114 is described as a pedestal, the 

support member may be any of a variety of structures which can ·support a substrate . 

including chucks and support tables. 

Referring now to Fig. 3, a portion of the energized plasma is represented 

15 schematically as indicated generally at 200. Although· it is difficult to accurately 

measure the potential of the plasma 200, it is believed by the.present inventors that the 

potential of the plasma 200 in a typical RFI high density plasma in se~iconductor 

fabrication chambers is approximately 25 volts. A_t the edge of tl)e plasma is ·an outer 

region 202 which is usually referred to as the "sheath.• Because the plasma typically 

20 exhibits a positive potential, the s11eath 202 fypically exhibits a ·potential drop across the · 

sheath region as indicated in Fig. 3, particularly adjacent those portions of the chamber . 

25 

. . 
which are grounded. If the substrate 112 is not externally_ biased or grounded, it has 

been found that substrate ·can s~lf bias to a level of approximately -3 volts. 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 . 

11 

., :.·· .. 
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substrate 112 as represented· by the hid lines 204. in Fig. 3. These electric fields are 

generated ··naturally" by the sheath 202 withoutthe n~ of any external biasing of the 

substrate 112. ·=-.:>. 

In accordance with one aspect ofthe'present i11vention,-it has been found that 

these electric fields naturally occurring in the ·sheath adjacent to the substrate are· 

sufficiently strong and of the proper orientation ·to redireCt the i~nized deposition 

material to achieve highly satisfactory step coverage·ofvias and other vertical · 

structures, even those having relatively high aspect ratios. Fig. 4 is a table comparing 
. . ·. . 

the results of several RFI high density plasma ionized ·depositions of various material~ 
1 O onto substrates which were not.extemally· biased to the results of similar RFI sputtered 

depositions except that the substra•es were extemally bia~ed. As sho~ in Fig. 4, the 

resultant bottom coverage over 0.5 micr0n vias having .a 3:1 aspect ratio was 
. . 

substantially the same whether or not the substrate was externally biaSed .. ;As a 

consequence, it has· been found that extemal biasing of the substrate during RFI high 

15 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 readily achieved, even for deposition substrates-having high 

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

20 electrically insulated, and that the substrate 112 be el~cally free floating,_ it is 

anticipated that in some applications the pedestal 114 or the·substrate 112 could· be 

grounded or a small bias applied and yet achieve many ·Of the advantages oUhe 

illustrated embodiment. 

In accordance with another aspect of the present.invention, it has been found 

· 25 that back flow of gas to the underside of the substrate can·:be eliminated for many RFI 
-

high density plasma sputtered depositions, particularly where the substrate is not . · .. · 

.· 
12 
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externally bias~.· The baCk flow of gas such as argon to the underside of a substrate 

during deposition is a common technique for controlling_ the temperature of the 

substrate. Another function of clamp· rings in addition. to applying a bias· to the 

substrate, is to s•cure the su.~strate in placie to prevent the flow of gas from dislodging 

the substrate during the deposition. As the ionized' material bornbards the substrate, 
. •' . ··: .~ . ··,. . . . 

the temperature of the substrate tends to die~, In R~I high density plasma dep~sitions . 

in ~hich the surface _is externally biased through the Clarnp ring, a back flow of argon 

gas may be utilized to compensate ·for this temperature rise by supplying a heat transfer 
. . . . ~ . . . . . . . 

path from the substrate to the support. · . . 

1 O Fig~ 5 shows the temperatures of several wafers at vari9Lis times as materials. 

were deposited on the wafers without biasing the wafer$~ and without clamping the 
. . 

wafers in place or applying a back flow of gas to the underside of the substrate. The 

temperatures of the wafers were measured by a non-contact measurement technique. 
.. . . . 

As shown in Fig. 5, the wafer temperature during a deposition of titanium nitri~e 

15 increased from 180°C to 328°C as the deposition thickness increasect·fi-Om 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 

applicatfons require a deposition of only 600A rather than 1,000A. For such 

20 applications, the te_mperature will rise to a level substantially_ below 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, ~e wafer temperature remained below 350°C following the 

deposition of 1000A ofTi.N and below 250°C for 1,000A of Ti, notwithstanding varying 
- . 

25 the DC power to the target from 3 to 7 ·kw as the RF p0wer to the coil was maintained at. 

1.5 kw. Hence, the process window for acceptable wafer temperatures appears _to be .. ·· 

13 
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relatively wide if exte"'1al biasing of the substrate is avoided even when the back flow o~ 

argon gas is eliminated. ·Thus, if the backflow ofgas for temperature control is 

eliminated, the clamping of the substrate·for the.purpose of securing the substrate in 

place during ba~ow temperature control can likewi~e be eliminated~ As a 
. . ·.· ·.· . ··- . 

consequence, full face coverage of the deposition metal over the vias and channels 

c~n be achieved by the elimination of. clamping ·of.the substrate. · 
. . 

In addition to blocking the regi~n of the wafer adjacentto its_ edge from 
.. . . . 

deposition material, clamping the wafer has anottier disadvantage. In many· . . . 

semiconductor fabrication processes, a layer of tungsten is often deposited .by chemical 

1 O vapor deposition over an underlying layer of titanium nitride •. Chemical vapor deposition 

typically does not require the substrate.ta.be clamped. Hence,_ifthe substrate is 

clamped for the titanium nitride deposition but not for the sub~equent 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 

15 typically does not adhere_ to oxide as well as it does to titanium n~tride. ··Hence, the 

tungsten can flake off from the ring of oxide which was not covered by the prior 

deposition, thereby ca~sing particles which can contaminate the wafer. However, if the 

titanium nitride or other underlying metal layer is deposited by an RFI high density · 

plasma deposition in accordance with the present invention in which_ the substrate i~ not 

20 clamped, full face coverage of the substr:ate can be achieved thereby increasing the 

utilization of the wafer and decreasing the generation of .particulates because·the · 

tungsten can bind to an und8rlying layer of titanium nitride over the entire face of the 

·substrate including the edge. . 

In accordance with yet another aspect of the present invention, it has been found ·. 

25 that the crystallographic properties of various materials deposited by RFI high density 
. . 

plasma ionized deposition can be substantially improved by permitting the· substrate to · 

., ·.·.· 
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self bias rather than applying an external bias during the deposition. More specifically, 

it is believed that the crystallographic orientation of titan~um when deposited on a self 

biased substrate during RFI high de~sity plasma ioniz~ deposition exhibits a . 

crystallographic orientation which is substantially (002) oriented. It is further believed 

that aluminum when deposited over an underJYing titanium layer which -i~ · (002) oriented 

has an improved quality. 

Fig. 6 indicates the crystallog.ra.phlc orientation of a titanium film deposited in a 
. . . 

conventional physical vapor deposition· chamber ~ic~ does not utilize a coil to 

inductively couple RF energy into the plasma to ionize the deposition material.from.the · 

1 O target. As shown in Fig. 6, x-ray diffraction of the film produced in this manner indicates 

that the titanium film is primarily ~riented in the (002) crystallographic orientation·. As . . 

noted above, it is believed that such a crystallographic orientation in· the titanium film . . . . . 

promotes good qualities in an aluminum film subsequently deposited over the titanium. 

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

15 · films, both deposited in an RFI high density plasma deposition chamber. ·However, one 

titanium film as represented by the data line 300, was deposited oli a substrate which . 

was externally 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 with the present.invention in an RFI 

20 chamber but with no extemal bias to the substrate. Instead, the substrate which was 

~lamped by a clamp ring and supported by a pedestal at a floating potential. As a 

consequence, the substrate Self generated a DC bias which was measured to be '. . . . . 
approximately -3 volts. (Both films were deposited by applying 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 

25 mT pressure). 

15 

. . 
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As shown in Fig. 7, the fiim as repre~ented by ~e data 300, which was 

deposited onto an externally biased substrate, e>dlibited crystallographic orientations in 
. . 

which a data peak· co~ponding. to the· c~talle>graphic orientation of (002) appeared 

to be substantially absent. Instead, this film appeared .to ~ave two primary 
. . . .· . .• ·- . 

. crystallographic orientations, (010).and (011). Jn contrast, th.a fil~ as rep~esented by 

the data 302 of Fig. 7 which was deposited onto a self biased substrate appeared to . 
. . .... 

·have substantially the same crystallographic orientation as the film deposited in a non-

RFI chamber as indicated in Fig. 6, that is, a crys~llographic orientation w~ich is 

primarily in the (002) orientation. As set forth above, it is believed that such a 

1 O crystallographic orientation in the titanium film can improve the quality of a . 

subsequently deposited overlying aluminum film. 

In a similar manner, it is believed. thafthe crystallographic properties of a titanium 

nitride film deposited on a substrate which has not been externally biased during an RFI 

high density plasma deposition in accordance with the present inv~ntion, can be 
. . 

15 improved. Fig. 8 depict$ data representing the crystallo~raphic orien~tion 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 plasma to ionize the deposition 

material from the target. As shown in Fig. 8, x-ray diffraction of tjle film produced in this 

manner indicates ttiat the titanium nitride film has a primary orientation in the (111) 

20 crystallographic orientation. Here too, it is believed that such a crystallographic 

orientation in the titanium nitride film promotes good quali_ties in an aluminum film 

subs~uently depos~ over the titanium nitride. For example, it is generally believed 

that a (111) orientation in the tlta:nium nitride film will influence a subsequently 

deposited overlying film of aluminum to similarly have.a (111) orientation. Such an 

25 aluminum film may have improved electromigration.properties. 
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By comparison, Fig. 9 depicts data· representing the crystallographic orie~tatio~s 
of two titanium nitride films, both deposited in an RFI hiQh density plasma deposition 

chamber. However, one titanium nitride· film as represented l:>y the data line 400, ·was 

deposited on a s~bstrate .which was extemallY blaSed vi~·~ cJ8.mP ring appli~ to the 

substrate to a voltage of .approximately -30 volts at a power of 90 watts.· The other 
~ . . . . . .. 

titanium nitride film as represented by .the. data line 402, was deposited with no external . 

bias to the substrate. Instead, th~ s~bstrate was clamped by a clamp ring and · 

su.pported by a pedestal at floating potential, the~~y permitting a self generated DC 

bias which was measured to be approximately -6 volts. (Both films. were deposited ·by 

1 o 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 1he data ~00, which was 

deposited onto an externally biased substrate, exhibited crystallographic orientations in 

which a data peak corresponding to 1he crystallographic orientation of (111) appeared 

15 to be substantially absent. Instead, this film appeared to lack predominant 

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 i".'clude a 

crystallographic orientation which is the same as that of the film deposited in a non-RFI 

chamber as depided in Fig. 8,.that is,. a crystallographic orientation which· dominates in . . 

20 the (111) orientation. As·set forth above, it is believed th• such a cryst&l~ographic 

orientation in the titanium· nitride film can improve the quality of a subsequently 

deposited overlying aluminum film. Furthermore, .the titanium nitride film as 

represented by the data 402 appeared to have another and ev~n more dominating 

crystallographic orientation in the (200) orientation. Such an orientation is believed to 
. . . . . . 

25 improve (tha~ is lower) the resistivity of the titani.um nitride film and. also ·enhance its 

.barrier property to aluminum diffusion. 
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Thus, it is seen that by eliminating external biasing of the substrate, the resultant 
. ~· ., . . . . :• . 

deposition films can be improved during RFI high density plasma depositions. The films 
. . .. . . . 

can retain desirable characteristics of those films _deposited in non-RFI plasma ionized 
. . 

depositions and _yet at the same time substanti11lly retai~ ~e improved step coverage 
. . . . . 

-;-·- · 5 . over high aspect ratio vias and -Channels which\Vas previously obtained by biasing the 

substrate in RFI high density pl~ma depositic>ns.' It isbelie"8d that bombardment of 

the fil01 by high energy deposition ions may adversely affect the resultant film. In 

accordance with the present invention~ the enei'gy level of the" bombarding ions is 
. .. ... . . . 

substantially reduced by permitting ·the substrate_to self-generate a bias rather thari 

1 O externally ·biasing the substrate to a more negative voltage lev~I than that which the 

substrate would achieve with self biasing. -It is· believed that this reduced. ion energy 
. . 

level reduces adverse effects on.the fdm such that the resultant film more closely 

resembles films deposited in non-RFI sputtering proces$es •. In addition, the 

temperature rise of the substrate during the ion bombardment is ameliorated. However, 

15 notwithstanding the reduced bias level of the substrate, satisfactory step-coverage may 

be achieved by utilizing the voltage drop acro8s the plasma_ sheath adjacent tO the 

substrate to redirect the ionized deposition materials in a direction m~re- perpendicular · 

to the substrate. 

The deposition system 100 is preferably installed in a PVD (physieal vapor 

20 deposition) system as described in greater detail in copending application ~erial No. 

25 

08/647,182, entitled Recessed Coil for Generating a Plasma, filed May 9, 1996 ··­

.(Attorney Docket# 1186/PVO/DV) and application Serial No. 081644,098, entitled Coils 

for Generating a Plasma and for._ Sputtering, filed May 10, 1996 (Attorney Docket# 

1390/PVD/DV), both of which are assigned to the assignee of the present .application, 

and are both incorporated herein by reference in their entireties. 

. 18. 
. : .... :: . . " .. _; :. ·. ··.:·.~: .. 

·;·: .. :· 

.. '. ·, · .. :.::.· 
.... '·. ·:·--.. ::.-=;:~.>i_~;,;·. 



------.; 

5 

.·. 

Patent 
1402/PVD/DV 

Each of the embodiments discussed above utilized a single coil in the plasma 
. . ~ . 

chamber. It should be ·recognized that the. present inve!'rtion is applicable to plasma 

chambers having more than one RF powered coii. ··F9r example, the present invention. 

may be applied to multiple coil chambers for launcli:ing· helicon waves ·of the type 

desc~bed in copenciing application seriai ~o.08!559~34~.· 
The appropriate .RF generators and matching circuits are components well 

known to those skillect in ·the art. For eX&mple, an RF generator suCh as the ENI 

Genesis series which has the capability to ·llfreque~cy hunr for the best frequ~ncy . 

match with the matching circuit and antenna is suitable~ The: frequency of the 
. . 

1 O generator for generating the RF power to the coil 1 ~ is preferably 2 MHz but it is 

15 

20 

anticipated-that the range can vary from, for example, 1 MHz to 100 MHz. Ari RF 

power setting of 1.5 kW is preferred but a range of.5-6 kW is satisfactory. In addition, a 

DC power setting for biasing the target of 5 kW is .preferred but a range of 1-8 kW is 

satisfactory. 

A variety of precursor gases may be utilized to generate the plasma including 
·-

Ar, H2 or reactive gases such as NF3, CF 4 and many others. Various 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 

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 poss.ible,._their specific.designs depending upon the particular· 

application. As such, the scope of the inv~ntion should n~t be limited by the particular. 

25 embodiments herein described but should be defined only by.the appended claims and 

equivalents thereof. . 
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1; A method of depositing material onto a substrate having an upper face, 

comprising: . . 
:-;·. 

energizing a plasnia with RF energy; . 

sputtering atoms from a targe~ . 
.. 

ionizing. a~ least greater than· 1 % of the·sp~ered atoms; and 

depositing .the ionized atoms onto the full upper face of an electrically floating · · · · 
~ . . . 

substrate. 

2. The.method of claim 1 further compri~ing.permitting the substrate to self-

generat~ its potential. . 

3. .The method of claim 1 wherein the resultant material deposited on the 

substrate is titanium having a crystallographic orientati~n which. is predominantly (002). 

·. 
4. The method of claim 1 wherein the resultant ·material deposited on the 

substrate is titanium nitride having crystallographic orientations which are 

predominantly (200) and (111 ) . 

. . 5. The method of claim 1 wherein the. plasma is energized with RF energy 

from a coil. 

20 
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6. .·A method of depositing material onto a substrate comprising: 

_energizing a plasma with RF energy; 

sputtering ~toms ·from a target; < .. ·. 

ionizing m~re than 1 % of the sputtered atoms; 

permitting the substrate to self-generate• ttS potential; and 

depositing the ionized atoms onto the substrate. .. 

7. The method of claim 1 wherein a. pedestal supporting the s1:1bstrate is at a 

free-floating potential. 

8. A method of_ depositing material onto a substrate comprising: 

energizing a plasma with· RF energy; 

sputtering titanium atoms from a target; 

ionizing 1 % of the sputtered titanium atoms; and 

5 depositing the ionized atoms onto an electrically floating substrate. 

. 21 
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9. An apparatus for depositing sputtered ~aterial onto a substrate having an 

upper face and an underside, comprising: 

a sputtering chamber for containing a plasma ·anci having a target for sputtering 

material from the .target; 

an RF coil positioned to energize the:-plasma with RF energy t~ ionize at least 

greater than 1 % of the sputtered material; and 

a member for supporting a substrate, said member being .at a tree floating ... 
potel'.'ltial. 

10. The apparatus of claim 9 wherein the pedestal engages only the 

underside of the substrate wherein the entire upper tace of the substrate is ~eposited 
with ionized sputtered material. 

11. The apparatus of claim 1 O wherein the member has an upper surface and 

a plurality of dimples to support the •ubstrate a ·predetermined distance above th.e 

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 a substrate, comprising: 

a sputtering chamber for containing a plasma, a titanium target and means for 

sputtering titanium from the target 

RF coil means for energizing the plasma with RF energy to ionize the sputtered 

5 titanium atoms; and 

means for depositing the ionized titanium onto the substrate to form a ·titanium · 

film having a crystallographic orientation which is p~ominantly (002). 

22 
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14. An apparatus for depositing titanium nitride onto a substrate, comprising: 

a sputtering chamber containing a plasma; .. 

means for: providing a source of titanium nitride within ~e chamber; 

RF coil means for energizing. the plasma_ YJith RF energy tO ionize- the titanium . 

5 nitride; and 

· means for depositing the ionized titanium nitride onto the substrate to form a 

titanium nitride film having crystallographic; orientatibns which are predQminantly (200) . . . . 

and (111). 

15. A method of depositing material_onto a substrate having an upperface, 

comprising: 

energizing a plasma with RF energy; 

sputtering atoms from a target; 

5 ionizing at least greater than 1 % of the sputtered atoms; and 

depositing the ionized atoms onto the full upper face of the substrate supported 
by a grounded member. 

16. The method of claim 15 wherein the resultant material deposited on the 
substrate i~ titanium having a crystallographic orientation which is predominantly (002). 

17. The method of claim 15 wherein the resultant materia~ deposited on the 
substrate is titanium nitride havi~g crystallographic orientations whi~ are 

predominantly (200) and (111 ). 
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18. The method of claim 15 wherein the plasma is energized with RF energy 

from a coil. 

:· ~ ... : .. : 

19. · A~ethOd of depositing material onto a substrate-comprising: 

energizing a plasma with RF energy; 
. ·• 

sputtering titanium atoms from a target;· .... 

ionizing 1 % ·of the sputtered titanium atoms; and· · 

depositing the ionized atoms onto a sub~ttate supported by a grounded member. 
'(: 

20. An apparatus for depositing sputtered material onto a sub$trate having an 

upper face and an underside, comprising: .. 

a sputtering chamber.for·containing a plasma and .having a target for sputtering 

material from the target; 

5 an RF coil positioned to energize the plasma with: RF energy to ionize at least 

greater than 1 % of the sputtered material; and 

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

. . 
21. The apparatus of claim 20 wherein the pedestal engages only the 

underside of the substrate wherein the enti~ upper face of the substrate is deposited 

with ionized sputtered material. 

. . 

22. The apparatus ·0f claim 21 wherein the member has an upper surface and 

a plurality of dimples to support the substrate a prede~ermined distance above the 

upper surface of the member. 

23. The apparatus of claim 20 wherein ·.the target is made oftitanium. 
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