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FEEDTHROUGH OVERLAP COIL

Inventors:  Praburam Gopalraja, Zheng Xu, Mié.hael Rosenstein, and John C.
Forster

FIELD OF THE INVENTION

The present invention relates to plasma generators, and more particularly,
to a method and apparatus for generating a plasma o sputter deposit a layer of -
material in the fabrication of semiconductor devices.

BACKGROUND OF THE INVENTION .

Plasmas have become convenient sources of energetic ions and activated:
atoms which can be employed in a variety of semiconductor device fabrication
processes including surface freatments, depositions, and etching processes. For

- example, to deposit materials onto a semiconductor wafer using a sputter -

depaosition process, a plasma is produced in the vicinity of a sputter target. -
material which is negatively 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 wafer.

Sputtered material has a tendency to travel in straight line paths from the
target to the substrate on which they are being' deposited at angles which are
oblique to the surface of the substrate. As a consequence, materials deposited in
etched trenches and holes of semiconductor devices with a high depth to width
aspect ratio can bridge over the opening causing undesirable cavities in the
deposition layer. To prevent such overhang, the sputtered material can be
redirected into substantially vertical paths between the target and the substrate by
negatively charging the substrate and positioning appropriate vertically oriented
electric fields adjacent the substrate if the sputtered material is sufficiently ionized
by the plasma. However, material sputtered by a low density plasma often has an
ionization degree of less than 10% which is usually insufficient to avoid the
formation of overhangs. Accordingly, it is desirable to increase the density of the
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plasma to increase the ionization rate of the sputtered material in order to .
decrease unwanted overhang formation in the deposition layer. As used herein,
the term “dense plasnja” is intended to refer to one that has a high electron and
ion density.

There are several known techniques for exciting a plasma with RF fields
including capacitive coupling, inductive coupling and Wave'heati'ng. in a standard
inductively coupled plasma (ICP) genei'ator, RF current passing through a coil
induces electromagnetic fields and géne_rat_es a high density 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 through
acoil is supplié_d by an RF generator coupled to the coil through an impedance _
matching network, such that the coil acts as the first windings of a transformer.
The plasma acts as a single turn second winding of a transformer.

In many high density plasma applications, it is preferable for the chamber
tobe opérated ata rg,la’tively high pressure so that the fré_quency of collisions -
between the pl_asma ist or plasma precursor gas atoms and the deposition -

material atoms is increased to increase thereby the resid_ent time of the sputtered -:

material in the high density plasma zone. Asa consequence, the likelihood that
deposition material atoms may be ionized is increased thereby increasing the:
overall ionization rate. However, scattering of the deposition-atbms is likewise -

increased. This scattefing of the deposition atoms often causes the thickness of -

the deposition layer on the substrate to be thicker on that portion of the substrate
aligned with the center of the target and thinner in the ou_tlying regions.
In order to improve the uniformity of deposition, the coil which is used to

- couple RF energy into the plasma has been adapted to spu_fter material from the

coil onto the workpiece to suppiement the material being sputtered from a target
onto the workpiece. The coil may be positioned adjacent to the substrate so that
material sputtered from the coil is deposited primarily onto the periphery of the
'workpiece. One end of the coil is coupled to an RF generator and the other end
.' of the coil is coupled to the system ground, typically through a blocking capacitor
to develop a DC bias on the coil to facilitate sputtering of the coil. If the coilis a
single tumn coil, the ends of the coil are typically positioned close together but

2-
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spaced by a gap (typically on the order of 1/4 inch (4-8mm)) to prevent a short
between the RF generator and the blocking capacitor which would bypass the
coil. |

Although sputtering material fhm the coil onto the workpiece can improve
the uniformity of deposition, it has been noted by the present applicants that
nonuniformities in the deposition can nonetheless occur. Accordingly, further -
improvements in deposition uniformity is desired.
SUMMARY OF THE PREFERRED EMBODIMENTS

It is an object of the present invention to provide an improved method and -
apparatus for generating a plasma within a chamber and for sputter depositing a
layer which obviate, for practical purposes, the above-mentioned limitations.

These and other objects and advantages are achieved by, in accordance -
with one aspect of the invention, a plasma generating apparatus which inductively
couples electromagnetic energy and sputters material from a coil which has two

spaced but overlapping ends, and a pair of RF feedthroughs connected to.the coil R

ends, also positioned in an overlapping fashion. As a result, the current path
around the coil from one feedthrough to the other feedthrough need not have a™ *
circumferential or azimuthal gap in the vicinity of the coil ends. It has been
recognized by the present applicant that the gap which normally spaces the two
RF feedthroughs of a prior single tumn coil may cause a nonuniformity in the
plasma density which may adversely affect the uniformity of deposition onto the
substrate closest to the coil gap as compared to other portions of the substrate.
By reducing or eliminating the circumferential gap in the current path at the ends
of the coil, it is believed that the coil can provide a more uniform plasma density
around the circumference of the coil, even adjacent to the ends.

In several illustrated embodiments, the coil ends and associated RF
feedthroughs circumferentially overlap in a direction generally parallel to the axis
of the substrate holder and the substrate supported on the holder. in alternative
illustrated embodiments, the coil ends can circumferentially overlap in a radial
direction. In each of the embodiments described herein below, it is believed that
such overlapping of the RF feedthrough ‘positions adjacent to the coil ends can
improve the quality of the layer deposited onto the substrate.

3-

SUBSTITUTE SHEET (RULE 26)



10

15

20

25

30

WO 00/03414 PCT/US99/14921

‘BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective, pattial cross-sectional'view of a plasma generating
chamber in accordance with one embodiment of the present invention.
| Fig. 2 Is a- schematic diagram of the electrical interconnections to the
plasma generating chamber of Fig. 1.

Fig. 3 is a perspective view of a coil having RF feedthroughs positioned in
accordance with a first embodiment of the present invention. -

Fig. 4 is a partial elevational view of the coil ends in Fig. 3.

Fig. 5 is a partial elevational view of a coil in accordance with a second

. embodiment of the present invention.

Fig.6isa partlal elevational view of a coil in accordance with a third
embodiment of the:present invention.
_ Fig.7isa pamal perspective view of a coil in acccrdance with a fourth
embodlment of the present invention..
an 8isa partlal top view of the coil of Fig. 6 shown with feedthroughs
through an adjacent wall.
. Fig. 8 is a perspective view of a prior coil.
: DETAILED DESCRIPTION OF THE DRAWINGS _
Referring first to Figs. 1 and 2, a plasma generator in accordance witha -

first embodiment of the present invention comprises a substantially cylindrical

plasma chamber 100 which is received in a vacuum chamber 102 (shown
schematically in Fig. 2). Thé;plasma chamber 100 of this embodiment has a
single turn coil 104 which, as described in greater detail below, has overlapping
ends and overlapping RF feedthroughs 200a, 200b which permit improved
deposition uniformity. The coil 104 is carried internally by a shield 105 which
protects the interior walls of the vacuum chamber 102 from the material being

. deposited within the interior of the plasma chamber 100.

Radio frequency (RF) energy from an RF generator 1086 is radiated from
the coil 104 into the interior of the deposition system 100, which energizes a
plasma within the deposition system 100, toionize material sputtered from a
target 110 positioned at the top of the chamber 102. The target 110 is negatively
biased by a DC power source 111 to attract sputtering ions. lons impacting the
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target 110 eject material from the target onto a substrate 112 which may be a
wafer or other workpiece which is supported by a pedestal 114 at the bottom of
the deposition system 100. A rotating magnet assembly 116 provided above the
target 110 produces magnetic fields which sweep over.the face of the target 110
to promote a uniform or other desired erosion pattern on the target.

‘As set forth above, the atoms of material ejected from the target 110 are in
turn ionized by the plasma being energized by the coil 104 which is inductively

- coupled to the plasma. The RF generator 106 is preferably coupled to one end

117 of the coil 104 through an amplifier and impedance matching network 118.
The otherend 119 of the coil 104 is coupled to ground, preferably through a
capacitor 120 which may be a variable capacitor. The ionized deposition material
is attracted to the substrate 112 and forms a deposition layer thereon. The -
pedestal 114 may be negatively biased by an RF (or AC or DC) source 121 so as
to externally bias the substrate 112. '
~ Material may also be sputtered from the coil 104 onto the substrate 112 to
- supplement the material which is being sputtered from the target 110 onto the |
workpiece. As a result, the layer deposited onto the substrate 112 is formed from
~ material from both the coil 104 and the target 110 which can substantially improve
- the uniformity of the resultant layer. The material sputtered from the target 110

_tends to deposit more thickly in the center of the workpiece as compared to the

edges. However, the material sputtered from the coil 104 tends to deposit more
thickly at the edges of the workpiece as compared to the center of the workpiece.
As a consequence, the materials deposited from the coil and the target can’
combine to form a layer of improved uniform thickness from the center of the
workpiece to its edges. ' |

In general, a coil for generating a plasma and for sputtering is designed so
that the two ends of the coil do not touch to prevent shorting out the coil. Figure 9
shows a previous single turn coil 900 having two ends 802 and 804 which are
coupled to an RF generator and ground, respectively, by a pair of RF
feedthroughs indicated at 910a and 910b, respectively. The two ends 902 and
904 are spaced by a vertical slot 906 which prevents the two ends from shorting.
However, it has been recognized by the present applicants that a nonuniformity in
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the plasma density may exist adjacent to the coil ends 902 and 904. The present

iinvention is directed to reducing or eliminating such nonuniformity adjacent to the
coil ends.

- The coul 104, in the present embodiment, is carried on the shield 105 by a
plurality of coil standoffs 122 (Fig. 1) which electrically insulate the coil 104 from
the supporting shield 105.- As set forth.in greater detail in copending application

~Serial No. 08/853,024, entitled “Recessed Coil for Generating a Plasma,” filed

May 8, 1997 (Attorney. Docket # 1186-P1/PVD/DV) and assigned to the assignee
of the present applicaﬁon,. the insulating coil standoffs 122 have an internal
labyrinth structure v_\(hi:_'ch permits repeated deposition of conductive materials from
the target 110 onto the coil standoffs 122 while preventing the formation of a
complete éqndqcting path of deposited material from the coil 104 to the shield 105

. which could short the coil 104 to the shield 105 (which is typically at ground).

RF power is applied to the coil 104 by feedthroughs 200a and 200b which
are supported by insulating feedthrough standoffs.124.. The feedthrough
standoffs 124, like the.coil support standoffs 122, permit repeated depositionof

. conductive material from the target onto the feedthrough standoff 124 without the
_formation of a conducting path which could short the coil 104 to the shield 105.

Thus, the coil feedthrough. standoff 124 has an internal labyrinth structure

somewhat similar to thét of the coil standoff 122 to prevent the formation of a short - - -
. . between the coil 104 and the wall 140 of the shield. -

The coil 104 of the illustrated embodiment is made of %2 by 1/8 inch heavy
duty solid high-purity (preferably 99.995% pure) titanium ribbon formed into a

~ single turn coil having a diameter of 10-12 inches. However, other highly

conductive materials and shapes may be utilized depending upon the material
being sputtered and other factors. For. exémple, the ribbon may be as thin as 1/16
inch and exceed 2 _i_lnc_:hes in height. In general, if the coil material is to be
sputteréd, both the target and the coil may be made of the same material. In
addition. to the ribbon shape illustrated, hollow tubing may be utilized, particularly
if water cooling is desired. To promote adherence, the coil surface may be
t_reaied by known treafments, including acid dipping, surface knurling, or bead
blasting.
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As best seen in Figs. 3 and 4, and as described in greater detail in .
copending application (Atty. Docket No. 1727/MD/PVD/DV) Serial No. 09/039,695,
filed March 16, 1998, entitted OVERLAP DESIGN ON ONE-TURN COIL and
assigned to the -assig’nee of the presént invention, the two ends of a single turn
coil may be positioned to be “axially overlapping” to encircle the full circumference
of the substrate. The coil 104 of the illustrated embodiment is generally circular
and defines a central axis 130 (Fig. 2) which is preferably aligned with the center
axis 131 of the substrate and substrate holder. By the term “axially overlapping,”
it is meant that the coil ends overlap in a direction generally parallel to an axis of
the substrate holder, which axis is orthogonal to the surface of the substrate
holder carrying the substrate. The substrate holder axis defines the “axial’
direction of travel of the deposition material deposited onto the substrate from the
coil. In this embodiment, the target, coil, and substrate are all coaxially aligned.
However, the present invention is applicable to other embodiments as well in -
which a source is designed so that the axes of the target, coil, and substrate are -
all pointing in the same direction, yet offset from each other. In still other::
embodiments, a source can be designed such that the axes of the target, coil, and -
substrate are not aligned in any simple manner. Also, the coil may not be circular
such that it may not have a central axis of symmetry. However, as used herein, -

‘the coil ends are considered to be “axially overlapping” regardiess of actual-coilto - - |

substrate orientation when the coil ends overlap in a direction generally paraliel to -
the substrate holder axis. )

As previously mentioned, the two ends 117 and 119 are coupled to the RF
generator 106 and system ground, respectively, through RF feedthroughs 200a
and 200b, respectively. Each feedthrough includes a conductive connecting
member 201 (Fig. 4) which physically attaches to the associated coil end,
preferably through an aperture terminal provided in the coil end for that purpose.
Other types of connection terminals may be provided on the coil as well. A slot
600 spaces the two ends 117 and 119 to ensure that the coil current path of least
resistance and least distance encircles the coil and to prevent a short between the
RF generator 106 and the system ground. Because the coil 104 has axially
overlapping ends the coil covers the full circumference of the plasma generator

-
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area and the substrate. Thus, the coil ends are considered to be circumferentially
overlapping as well. In other words, any axial cross-section of the chamber
plasma generation area which includes the substrate will also contain a portion of
the coil 104 evén in the vicinity of the slit. .Consequentiy, a portion of the coil will
be aligned with the substrate in every radial direction. of the substrate. As a
result, it is believed that deposition uniformity wil be improved for those portions
of the subst_réte aligned with the slot of the coil. By comparison, an axial cross-

section taken along the line 920 within the slot 906 of the conventional coil shown

in Fig. 9 will not contain a portion of the conventional coil because the ends of the
coil 900 do not overlap. Hence, there may be a higher level of discontinuity in the
sputtering rate adjacent the slot 906 as compared to the slot 600 for the coil 104

. of Figs. 3and 4..

In acoordanoé with the present invention, it has been recognized that
plasma density uniformity in the vicinity of the coil ends may be improved by

. positioning the RF feedthroughs 200a and 200bon the overlapping coil ends 117

and 119, respectively, in such a.manner than the RF current path (represented by -
the dotted line 300) completely encircles the plasma generation area without any -
azimuthal discontinuity.. The RF current is befieved to propagate along the. -~
surface of the coil. Thus, in one:haif cycle the current travels from the RF-. -

- feedthrough 200a, around the circumference of the coil and back to the RF
. feedthrough 200b as represented by current path 300. (In the other half cycle, the

current would travel in the opposite direction from the RF feedthrough 200b,
around the coil and back to the feedthrough 200a.) By placing the connection
points 201 of the RF feedthroughs 200a and 200b to the coil 104 in the -
overlapping portions of the coil ends 117 and 118, respectively, the ends of the
current path 300 along the coil may be.d_raWn closer together. In this manner, a
circumferential or azimuthal gap in the durrent_path which may cause a

“nonuniformity in the plasma density may be avoided. - -

By comparison, in the prior art coil 800 of Fig. 9, the ends 902 and 904 of
the coil 900 do not overlap and the RF feedthroughs 910a and 910b are not
connected to overlapping ends. As a result, the circumferential or azimuthal gap
indicated at 912 betweeﬁ the feedthroughs 910a _and 910b can cause a similar

8-
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circumferential or azimuthal gap in the cument path 920 around the coil 200 from
one feedthrough to the other. It is believed that such a circumferential gap in the
coil current path can adversely affect plasma density adjacent to the coil ends with
a corresponding adverse effect on deposition uniformity.

Fig. 4 shows a partial elevational view of the coil 104 in the vicinity of the
slot 600 between the two ends 117 and 119. The coil end 117 is coupled ata
connector member 201 of feedthrough 200a to the RF generator 108 while the coil
end 119 is coupled at the connector member 201 of the feedthrough 200b to the
blocking capacitor 120. The feedthroughs pass RF power through the shield 105
to the coil 104. The standoffs 124 of the feedthroughs support the coil 104 on the
shield 105 but also insulate the coil from the shield.

The coil end 117 has a protruding portion 602 which includes an enlarged
end 604, which defines a lateral recess 610 on the upper edge. Conversely, the
coil end 119 has a protruding portion 626 with an enlarged end 628 to define a
recess 630 on the lower edge. ' '

The two ends 117 and 119 of the coil are ovérlapped in a spaced

- interdigitated fashion. More specifically, the protruding portion 602 of the end 117
- . is received by the recess 630 of the end 119. Similarly, the protruding portion 626

of the end 119 is received by the recess 610 of the end 117. However, every.
portion of the end 117 .is spaced from every portion of the end 119 to form the S-
shaped slot 600, so that a short between the RF generator 106 and the system
ground can be prevented.

Although the slot 600 separates the fwo ends 117 and 119, the current path
300 of the coil 104 effectively covers the full circumference of the substrate and
the plasma generation area without any gap or break in the circumfereiﬂiai
coverage because that portion of the current path 300 extending into the
protruding portion 626 of the end 119 overlaps axially with that portion of the
current path 300 extending into the protruding portion 602 of the end 117. In
other words, every axial cross-section of the coil 104 taken around the full
circumference of the plasma generation area contains a portion of the current
path 300 of the coil 104. No axial cross section of the coil 104 fails to include a
portion of the RF current path 300 of the coil 104.

9.
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The interior verticat face 640 of the coil 104 may be subdivided into a
. plurality of vertical areas spanning the full axial width of the coil as represented by
a Windo_w area 642 indicated in phantom. - If the window 642 is centered on an
imaginary line 644 spaced from the recess 610 of the coil, the area enclosed by
the w_indow 642 oveﬂaps the coil end 117 over the entire extent of the window
: 642. As a consequence, the density of the current path 300 passing through the
- window_ 642 is r_e_lati_ve_l_y constant within the vicinity of the imaginary line 644 as
: comparéd to similar points around the coil circumference such as adjacent line

646 of Eend 119. I-I_q_w.a_ve_r_, if the window 642 is.centered over an imaginary line

648 which intersects the recess 610, the area enclosed by the window 642 will not
be entirely the surface of the coil end 117 because some of the area in the
window 642 will enclose a portion of the slot 600 and a portion of the end 119.

B ,Consequently,l__the_curr_ent' density in that portion of area of the window 642 which

coincides with the surface of coil end 117 will be greater adjacent the line 648

. than adjaéent the line 644. Conversely, the current density in that portion of the ' -
- window 642 which coincides with the:surface of the coil end 119 adjacent the line -
. ~+648 is relatively small or'even zero since the current path 300 into the coil end
- .-~ 419 does not extend:'substantially past the RF feedthrough 200a. Itis believed
i that the higher current density along the surface of the coil end 1 17 adjacent the:
-+ line 648 will éubstantially.compensate for the lower gurrent.d_ensit'y along the

. - remain substantially constant. By comparison, however, if a window 642is .

centered on the imaginary line 920 in the circumferential gap 912 between the
feedthroughs 910a and 910b of a previous coil shown in Fig. 9, the current .
density for sdgh a Window will be zero, or substantially zero, because the
feédthroughs lack any circumferential overlap. Consequently, plasma density
may vary substantially adjacent the coil ends.

In the embodlment of Flg 4, the RF feedthroughs 200a and 200D are
overlapped in such a fashion that there is an area adjacent the coil ends and
between the feedthroughs in which the current path 300 itself substantially
overlaps in the circumferential direction. Thu#.- for example, if a window area 642
were centéred over an imaginary fine 650 between the feedthroughs and adjacent

-10-
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the coil ends, the current density of the coil end 117 adjacent the line 650 will
substantially match the current density of the coil end 119 adjacent the line 650.

As a result, the total current density and the resultant plasma density adjacent the

coil ends between the RF feedthrouglhs may be higher than is desired in some
applications. '

Fig. 5 shows a partial elevational view of a coil 104a in accordance with a
second embodiment of the present invention. The coil 104a is similar to the coil
104 of Fig. 4 except that the coil 104a is shaped differently at two ends 660 and
670 which facilitates overiapping the RF feedthroughs while minimizing

- overlapping of the current path 300. The coil 104a has complementary notched

recess areas 672 and 676 at the two ends 660 and 670, respectively. The end
660 has a protruding portion 678 below the noiched recess area 672. .
Conversely, the end 670 has a protruding portion 680 above the notched recess
area 676. The protruding portion 680 of the end 870 is received by the notched -
recess area 672 of the end 660, and the protruding portion 678 of the end 660 is
received by the notched recess area 676 of the end 670. However, every portion
of the edge surface 682 of the end 660 is spaced from every portion of the'edge
surface 684 of the end 670 to form a slit 690 between the surfaces 682 and 684,
so that a short between the RF generator 106 and the system ground can be -
prevented. o -

in a manner similar to that of the coil 104, the current path 300a of the coil
104a extends around the full circumference of the plasma generation area and the
substrate without any substantial gap or break in the circumferential coverage. A
circumferential gap is avoided because the connecting members 201 of the RF
feedthrough 200a of protruding portion 678 of the end 660 and the RF
feedthrough 200b of protruding portion 680 of the end 670 overlap each other
axially. . Furthermore, overiapping of the current path 300a is minimized by axially
aligning the RF feedthrough connecting members as represented by the line 692
which is paralle! to the chamber axis 130 (Fig. 2).

Fig. 6 shows a partial elevational view of a coil 104b in accordance with a
third embodiment of the present invention. The coil 104b is similar to the coil

“104a of Fig. 5 in that two ends 700 and 720 of the coil 104b overlap axially so that

-11-
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the coil 104b extends around the full circumference of the plasma generation area

~without any gap or Qreak in the coverage. However, the coil 104b has the two

ends 700 and 720 stéeped differently from the two -enc_;i_s of the coil 104a to form a
slit 722 which is also’shaped somewhat differently from the slit 680 of the coil
104a. The two ends 700 and 720 of the coil 104b are chamfered to have an
approximately tnangular shape.

The slit 722, whlch has a shape of a diagonal slantmg slope, is formed

- between the surfaces 702 and 721. The siit 722 spaces the two ends 700 and

720, but, as stated- prevuously, the two ends 700 and 720 overlap axially so that
the coil 104b extends around the full circumference of the substrate without any
gap or break in the coverage ‘As with the coils 104 and 104a, the coit 104b wil
be able to sputter the coil material and couple energy around a full circumference

of the plasma gene_faticn area because every radial crass-section of the coil 104b -

taken around the full "ci__rcumf'erenc'e of the plasma gen:eration area includes a

. - portion of the coil 104b. HOWever,:--uhIike-tﬁeacoil 4 04e_;-t_he_ RF feedthroughs 200a
- and 200b of the coil 104b do not substantially circumferentially overiap. '
-Furthermore, the current path 300b does nct ‘circumierentially overlap. However,

‘because of the circqfr}ferenﬁally overlapping ends -7OO and 720 of the coil 104b -

. ~.and because the RF, feedthroughs 200a.and 200b are not circumferentially -
aligned, the feedthroughs 200a ‘and 200b may be more readily moved closer -«

together as shown:in Fig. 6 as compared to the RF feedthroughs 910a and 910b
of the coil 900 depicted in Fig. 9. As shown therein, m‘e feedthroughs 91 Oaand -
910b of the coil 900 are circumferentially aligned and the coil ends 902 and 904

~ do not overlap. As a consequence, any piasma density nonuniformity adjacent

the coil ends of the conl 104b is believed to be reduced as compared to that
adjacent the ends 902 and 904 of the-coil 900 of Fig. 9.

Figs.7and 8 show a coil 104¢ in accordance with a fourth embodiment of
the present invention. The coil 104c is different from the previously discussed
coils 104, 104a and 104b in Figs. 4-6 in that two ends 750 and 760 of the coil
104c overlap each pther radially instead of cverlapping axially like the coils 104,
104a and 104b. In -_other words, the end 760 is positioned “behind” the end 750
(i.e., between the end 750 and the shield 105) instead of being positioned axially

-12-
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above or below theerid 750. Although the two ends’fithe coil 104c overlap
radially instead of:axially, the coil 104c still extends around a full circumference of
the plasma generation area without ariy gap or break in the circumferential
coverage so that any radial cross-section of the coil 104c taken around this full
circumference of the plasma generation area contains a portion of the coil 104cin
a manner similar to that of the coils 104, 104a and 104b. |
As best seen in Fig. 8, the RF feedthrough 200c connects to the coil end

760 at a connection member 780. The other feedthrough 200d connects to the
coil end 750 at connection member 782. To avoid a circumferential gap in the
current path and yet reduce current path overlap at the coil ends, it is preferred
that the feedthrough connection members 780 and 782 radially overlap and more
preferably be radially aligned. In the illustrated embodiment, the connection
members 780 and 782 are radially aligned with the feedthrough connection

" member 782 of the coil end 750 in “front” of the feedthrough connection member
780 of the coil end 760. In this manner, the coil feedthroughs cir'chmferentially -
overlap but in a radial direction. It should be appreciated that coil ends and coil -
feedthroughs may be arranged to overlap circumferentially in both radial and
axial directions at the same time by orienting the coil end slot in a nonorthogonal

- direction.

An axially oriented diagonal slit 770 spaces the two ends 750 and 770, so

~ that a short between the RF generator 106 and the system ground can be

prevented. Even though the two ends of the coil 104c overlap radially instead of
axially, the coil 104¢ will be able to sputter the coil material and couple energy
around a full circumference of the plasma generation area because every radial
cross-section of the coil 104¢ taken around this full circumference of the plasma
generation area includes a portion of the coil 104c.

The gap between the coil ends should be sufficiently large to prevent
arcing between the two ends which are at substantially different potentials. The
gap should also be sufficiently large to prevent deposition material sputteréd from
the target from bridging between the two ends and electrically shorting the two
ends together. On the other hand, the smaller the gap, the smaller the
nonuniformity in sputtering rate for those portions of the coil adjacent to the gap.

-13-
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In the illustrated embodiment, the gap of the slot 600 is approximately 4-8.mm,
preferably approximately-ﬁ mm. However, itis anticipated that gaps of other sizes
- may be selected dependmg upon the particular apphcatlon as set forth above.
As best. seen.in. Fig. 1, the plasma.chamber 100 has a dark space shield
- ring 132 whlch prcvtges a ground plane with respect.tq the target 110 above
‘which is negatively jt_;::;i_alsed. The shieid ring 132 shielqs th_e outer edges of the
- target from the plasma to reduce sputtering of the taréet .outer edges.
| The plasma chamber 100 is supported by an adapter ring assembly 152
| whlch -engages the vacuum chamber.: The chamber shield 105 is grounded to the
] system ground through the adapter ring assembly 152 “The dark space shield
132, like the chamber shreld 105, is grounded through the adapter ring assembly
152. ' : : o
The ta_r_ge_t. mqj_i‘s g__enerally disk-s_hapeg bu_t._ may have-other shapes. The
target is also _suppgtte?:l by the adapter ring assembly 152 but is negatively biased
and thersfore should be insulated from the adapter ring assembly 152 which is at

- ground. Acc_or;_i_iri_g_li,_.seated in a circular channel formed in the underside of the -

- target110is a ceramic insulation ring assembly 172 which is also seated in a
.correspondmg channel 174 in the upper side of the target 152. The insulator ring -
~ assembly 172 which may be made of a variety.of insulative materials including

- ceramlcs spaces the target 110 from the. -adapter rmg assembly 162 so that the'

target 110 may be adequately negatively biased. The target, adapter and ceramic
ring assembly are p_r.o_v:ded with O-ring sealing surfaces (not shown) to provide a
vacuum _tight a_ssemhty from the vacuum chamber.to the target 110.

It shouid a_Is,c; _h.e recognized that the present invention is applicable to
plasma chambers hatring_more than one RF powered coil. For example, the
present invention may be applied to multiple coil chambers for launching helicon
waves. . S L

The appropnate RF generators and matchmg cxrcmts are components well
known to those skllled in the art. For example, an RF generator such as the ENI
Genesus series whlch has the capability to “frequency. hunt" for the best frequency
match wnth the matchmg circuit and antenna is suitable. The frequency of the
generator for gen_e_ratl_ng the RF power to the coil 104 is preferably 2 MHz or
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13.56 MHz but it is énficipated that the range can var?‘fr’om. for example, 0.3 MHz
to 60 MHz. ' '

In the illustrated embodiments above, the chamber shield 105 has a
diameter of 400 mm (16"), but it is anficipated that satisfactory results can be
obtained with a diameter in the range of 150-635 mm (6"-25"). The chamber
shield 105 may be fabricated from a variety of materials including insulative
materials such as ceramics or quartz. However, the chamber shield 105 and all
metal surfaces likely to be coated with the target material are preferably made of a
material such as stainless steel or copper, unless made of the same material as
the sputtered target material. The material of the structure which will be coated
should have a coefficient of thermal expansion which closely matches that of the
material being sputtered to reduce flaking of sputtered material from the chamber
shield 105 or other structure onto the substrate 112. In addition, the material to
be coated should have good adhesion to the sputtered material. Thus for
example if the deposited material is titanium, the preferred metal of the chamber
shield 105, standoffs 122 and 124 and other structures likely to be coated is
titanium. Any surfaces which are more likely to sputter, such as the end caps of
the coil and feedthrough standoffs 122 and 124, would preferably be made of the -
same type of material as the target 110, such as high-purity, surface treated
titanium, for example. Of course, if the material to be deposited is a material other
than titanium, the preferred metal is the deposited material. Adherence can also
be improved by coating non-sputtering structures with molybdenum prior to
sputtering the target 110. It is preferred that the coil 104 (or any other surface
likely to sputter) not be coated with molybdenum or other materials since the
molybdenum can contaminate the substrate 112 if sputtered from the coil 104.

The substrate 112 to target 110 spacing is in a range of about 120-150
mm, preferably about 140 mm (about 5.5"), but can also range from about 38 to
200 mm (1.5" to 8"). For this wafer to target spacing, suitable stepped wafer
bottom coverage may be achieved with a coil diameter of 290 mm (11.5 inches)
spaced from the target by a distance of approximately 50 mm (1.9 inches). It has
been found that increasing the diameter of the coil which moves the coil away
from the workpiece edge may have an adverse effect on bottom coverage. On the
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other hand, decreasing the coil diameter to move the coil closer to the wafer edge
can adversely affect layer uniformity. ,

Deposition uniformity also appears to be a function of coil spacing from the
target. As previously mentioned, a spacing of 50 mm (_1.'._9 inches) between the
coil and target may be found satisfactory for a target to wafer spacing of 140 mm.
Moving the coil verticélly either toward or away from the target (or wafer) can
adversely affect d_ep__qSitidn_ layer uniformity. - e

A variety of pr_gcursdg gases may be utilized.to generate the plasma
including Ar, H,, O,, and N, or reactive gases such as NF,, CF, and many others.
Various precursor gas pressures are sditable _includingi;-pre_ssures-of 0.1-50
mTorr. However, pressures between 10 mTorr and 50 mTorr facilitate ionization
of sputtered material: _ s |

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 r_outihe_ 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 embodiments herein described but should

be defined only by the appended claims and equivalents thereof.
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WHAT IS CLAIMED,IS:

1. An apparatus for processing a semiconductor workpiece,
comprising:

a chamber;

a holder having a surface for supporting said workpiece;

a plasma generation area adjacent said holder;

a coil for inductively coupling energy into a plasma in said piasma
generation area, said coil defining a circumference and having a first end and a
second end spaced from but circumferentially overlapping said first end in close
physical proximity thereto;

a first RF feedthrough having a first connector member connected to said
first end of said coil; and

a second RF feedthrough having a second connector member connected to
said second end of said coil, said second connector member circumferentially-

. overlapping said first connector member. - '

2. The apparatus of claim 1 further comprising a sputtering target
positioned to sputter deposition material through said plasma generation areato
. said workpiece.

3. The apparatus of claim 1 wherein said coil is a single turn coil.

4. The apparatus of claim 1, wherein said workpiece holder surface
defines an axis generally orthogonal to said workpiece holder surface, and
wherein said first RF feedthrough connector member and said second RF

feedthrough connector member overlap in a direction generally paralle! to said
workpiece holder axis.

5. The apparatus of claim 3, wherein said coil is generally circular in
shape and defines a central axis and said first RF feedthrough connector member
and said second RF feedthrough connector member overlap in a direction parallel
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to said central axis.

6. The apparatus of claim 3, wherein said first and second ends are
chamfered.

7.  The apparatus of claim 1, wherein said first end has a protruding
portion and said second end defines a recess such that said protruding portion is

- received by but spaced from said recess.

8.  The apparatus of claim 3, wherein said first end has a first

. protruding portion and a first recess, and said second end defines a second

protruding portion received by but spaced from said first recess, said second end
further defining a second recess receiving but spaced from said first protruding -
portion.

9. The apparatus of claim 6 wherein said first RF feedthrough

. connector member is connected to said first end protruding portion and said
.. second RF feedthrough connector member is connected to said second end

- protruding portion.

10. The apparatus of claim 1, wherein said coil defines a radius and said
second connector member overlaps said first connector member radially.

11.  The apparatus of claim 10, wherein said coil is generally circular in
shape and defines a central axis and a radius of substantially constant length and
orthogonal to said central axis and said second connector member overlaps said

first connector member in a radial direction orthogonal to said central axis..

12. The apparatus of claim 10, wherein said first and second ends are
chamfered.
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13. The appalatus of claim 10, wherein sald f‘ rst end has a protruding
.porhon and said second end defines a recess such that said protruding portion is
. received by but spaced from said recess.

14. The apparatus of claim 10, wherein said first end has a first
protruding portion and a first recess, and said second end defines a second
protruding portion received by but spaced from said first recess, said second end

further defining a second recess receiving but spaced from said first protruding
portion.

156. The apparatus of claim 14 wherein said first RF feedthrough

connector member is connected to said first end protruding portion and said

second RF feedthrough connector member is connected to said second end
protruding portion.

16.  The apparatus of claim 1, further comprisiﬁg a sputter target
positioned within said chamber fo provide a source of sputtered deposition
material wherein said coil is formed of the same type of material as said target
and is positioned to sputtef said coil material onto said workpiece, and means for:
biasing said target and coil so that both said coil material and said target material
are deposited on said work piece to form a layer thereon.

17.  An apparatus for ionizing deposition material to be deposited onto a
workpiece, comprising:

a chamber; -

a holder having a surface for supporting said workpiece;

a plasma generation area adjacent said holder;

a coil for inductively coupling energy into a plasma in said plasma
generation area, said coil having a first end and a second end spaced from but
overlapping said first end in close physical proximity thereto;

a first RF feedthrough connected to said first end of said coil; and

a second RF feedthrough connected to said second end of said coil and
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defining a least distance current path along said coil between said first and.
secon_d RF feedthroughs wherein said least distance current path overlaps
adjacent to said coil ends. ' '

18. An apparatus for i |on|zmg deposition material to be deposited onto a
workpiece, comprising: '

a chamber;

. a sputtering target; . L

a holder having a surface for supporting said workpiece,;

a plasma generation area adjacent said hoider;

a single turn coil for inductively coupling energy into a plasma in said
plasma generation area, said coil having a first end and a second end spaced
from but overlapping said first end in close physical proximity thereto, wherein
said first end has a first protruding portion and a first recess, and said second end

_defines a second protruding portion received by but spaced from said first recess,

said second end further defining a second recess receiving but-spaced from said -

- fivst protruding portion; .

a first RF feedthrough connector member connected to said first end

protruding portion of said coil; and -

a second RF feedthrough connector member connected to said second end.

. protruding portion of said coil. .. - -

19.  Anapparatus for sputtering material onto a workpiece, comprising:

a chamber;

a target disposed in said chamber for sputtering sald material onto said
workpiece; _

a holder for said workpiece; .

a generally cylindrical shaped plasma generation area between said target
and said holder;

a single turn circular coil encircling said plasma generation area for -
inductively coupling energy into a plasma in said plasma generation area, said
coil having a first end and a second end spaced from but overlapping said first
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end; and o :

afirst RF feédthrough having a first connector '-mémber connected to said
first end of said coil; and ;

a second RF feedthrough having a second conneétor member connected to
said second end of said coil, said second connector member being nonaligned
relative to said first connector member.

20. A method of processing a semiconductor deviqe, comprising:

supplying a plasma precursor gas to a chamber; and

radiating RF energy from a coil having two spaced but overlapping ends in
close physical proximity to each other, and into a plasma generation area
containing a plasma energized by said coil, said radiating including supplying RF
energy to said coil through a first RF feedthrough having a first connector member
connected to said first end of said coil, and through a second RF feedthrough
having a second connector member connected to said second end of said coil,
said second connector member circumferentially overlapping said first connector .
member.

21. . The method of claim 20 further comprising:

. sputtering material from said coil onto said semiconductor device to form a
layer of said material on said semiconductor device.

22. The method of claim 20 further comprising:

sputtering material from a target onto said semiconductor device to form a
layer of said material on said semiconductor device.

23. The method of claim 20 wherein said coil is a single tum coil.

24. The method of claim 20, wherein said workpiece holder surface
defines an axis generally orthogonal to said workpiece holder surface, and

wherein said second connector member overlaps said first connector member in a
direction generally parallel to said workpiece holder axis. -
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25. The method of claim 24, wherein said coil is generally circular in
shape and defines a central axis and said second connector member overlaps
said first connector member in a direction parallel to said central axis.

26. The method of claim 24, wherein said first and second ends are
chamfered.

27. The method of claim 24, wherein said first end has a protruding
portion and said second end defines a recess such that said protruding portion is
received by but spaced from said recess. .

28. The method of claim 24, wherein said first end has a first protruding
portion and a first recess, and said second end defines a second protruding

- portion received by but spaced from said first recess, said second end further

-defining a second recess receiving but spaced from said first protruding portion. -

29. The method of claim 28 wherein said first RF feedthrough connector

.. - member is connected to said first end protruding portion-and said second RF

feedthrough connector member is connected to said second end protruding
portion.

30. The method of claim 20, wherein said coil defines a radius and said
second connector member overlaps said first connector member radially.

31. The method of claim 30, wherein said coil is generally circular in
shape and defines a central axis and a radius of substaﬁtially constant length and
-orthogonal to said central axis and said second connector member overlaps said
first connector member in a radial direction orthogonal to said central axis. -

32. The method of claim 30, wherein said first and second ends are
chamfered.
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33, The féthod of claim 30, wherein said fifst end has a protruding
portion and said second end defines a recess such that said protruding portion is
received by but spaced from said recess.

34. - The method of claim 33, wherein said second end has a protruding
portion and said first end defines a recess such that said protruding portion of
said second end is received by but spaced from said recess of said first end.

35. The method of claim 30, wherein said first end has at least one
protruding portion and at least one recess, and said second en& has at least one
protruding portion and at least one recess such that said profruding portion of said
first end is received by said recess of said second end and said protruding portion
of said second end is received by said recess of said first end.

36. The method of claim 35 wherein said first RF feedthrough connector
member is connected to said first end protruding portion and said second RF
feedthrough connector member is connected to said second end protruding
portion.

37. The method of claim 30, wherein said first and second ends are
chamfered.

38. The method of claim 24 wherein said coil encircles said plasma
generation area and said substrate holder.

39. The method of claim 3B, wherein said coil is axially displaced
relative to said substrate hoider. '

40. A method of depositing deposition material onto a workpiece,
comprising: '

coupling energy from a colil into a plasma generation area to generate an
evenly distributed plasma to ionize said material, said coii covering a full
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circumference of said plasma generation area and having two spaced but .
overlapping ends, each e_nd defining a protruding portion and a recess, said
radiating including supplying RF energy to said coil through a first RF feedthrough
having a first connector member connected to said protruding portion of said first
end of said coil, and through a second RF feedthrough having a second
connector member connected to said protruding portion of said second end of
said coil; and -

-sputterihg said material from said coil onto said workpiece to form a layer
of said material on said workpiece.

41. A method of processing a semiconductor device, comprising:

supplying a plasma precursor gas to a chamber;.and

radiating RF energy from a coil having two spaoéd but overlapping ends in
close physical proximity to each other, and an RF current path around said coil

from one coil end to the other coil end, said RF current path lacking a substantial -

azimuthal gap adjacent said coil ends.

42, A coil for inductively coupling RF energy into a plasma in a plasma
generation area in a semiconductor processing apparatus having first and second

- RF connectors, comprising:

a conductive member deﬁning a circumference and having a first end and a
second end spaced from but circumferentially overlapping said first end in close
physical proximity thereto; - o

said first end of said coil conductive member having a first connection
terminal for connecting to a first RF connector; and

said second end of said coil conductive member having a second
connection terminal for connecting to a second RF connector, said first and
second connection terminals defining a least distance current path along said coil
between said first and second connection terminals wherein said least distance
current path lacks an azimuthal gap adjacent to said coil ends.
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43. A caoil for inductively coupling RF enérgy into a plasma in a plasma

- WO 00/03414 PCT/US99/14921

generation area in a semiconductor processing apparatus having first and second
RF connectors, comprising:

a conductive member defining a circumference and having a first end and a
second end spaced from but circumferentially overlapping said first end in close
physical proximity thereto; __ |

said first end of said coil conductive member having a first connection
terminal for connecting to a first RF connector; and '

said second end of said coil conductive member having a seéond _
connection terminal for connecting to a second RF connector, said second
connection terminal circumferentially overlapping said first connection terminal.

44, A coil for inductively coupling RF energy into a plasma in a plasma
generation area in a semiconductor processing apparatus having first and second
RF connectors, comprising:

a conductive member defining a circumference and having a firstend and a
second end spaced from but circumferentially overlapping said first end in close
physical proximity thereto; wherein said first end has a first protruding portion and
a first recess, and said second end defines a second protruding portion received
by but spaced from said first recess, said second end further defining a second
recess receiving but spaced from said first protruding portion; and wherein said
first protruding portion of said first end of said coil conductive member has a first
connection terminal for connecting to a first RF connector; and said second
protruding portion of said second end of said coil conductive member has a
second connection terminal for connecting to a second RF connector.
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