2 target 12. The argom®atons strike the surface of the target é@@iinﬁtfer

of f particl.es of target material which deposit on the substratg 22. Fthe
features of seniconductor devices continue to 5 become snBigogu] +§
nmore difficult to fill the bottons of snall dianeter, high aspect ratio

openi ngs by sputtering. Sputtering takes place i.n_random directions and
thus most of the sputtered material is depd¥ NP4 M3 ti ons rat her
than in openings in the substrate. Further, since the sputtered particles
enter openings in non-vertical directions, they inpact the sidewalls and
thus only a small proportion of the sputtered particles deposit on the
bottom of the openings. This is shown in Fig. 2, wherein an opening 100 is
partially filled with sputtered material 110. 15 In an attenpt
to inprove the directionality of the sputtered particles, collinmators have
been tried, but they have been unable to greatly inprove filling of snal

di aneter, high aspect ratio openings. Thus an inproved sputtering chanber
has been desi gned 20 that includes an internal helical coil connected
to a source

* ok k ok ok ok ok ok ok ok ok ok ok k k k Kk Kk K * * Kk k Kk k k % k k k *k *
IMPROVED MAGNET DESIGN FOR A SPUTTERING CHAMBER

********************************
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of "RF power. Fig. 3 is a schematic cross sectional view of this inproved
.sputtering chanber, designated as an "ionized netal plasm" or "I M
chanber. The | MP chanber 170 includes a conventional target 172 nounted on
atop wall 173 of the 25 chanmber 170. A pair of opposing magnets 176,
178, are nounted over the top of the chanher 173. Aks s}ra ;%Hﬁprt 174
bearing a substrate 175 thereon, is nounted paraﬂtﬁ ghd5@b fromthe

target 172. A Souriﬁg%Bvﬁswﬁin§9 ?%FI FOR" e%bﬁ%TbﬁIheefﬁﬁy%ik 172 and a

source of - RF power I'S “connecte he “su rate suppo A

control | er 200 1 9L At erd il inchlart GinlprtRfd haiiel bl i de
t he chanber 170 bet&gén%' tg?getei72 and tﬁ% substrate 5 support

174, and i s IYERC ipHyditad SRIPdYe qipdd i tHOM(hkFeinars IFVD)C HiRinbekA2,
- 194 are nmetered to the chanber by nmeans of flow valves 196, 198. The

pressure in the chanber is NMBACKSROSNDOWFa THEY AFFENTIOM P 190 t hrough an
inlet 191 via a three position

5 Conventional PVD chambers include a target of the
material to be sputtered, which target is connected to a
source of power, a gas inlet for an inert gas such as argon
and other gases, such as nitrogen, if required, and a
substrate support mounted parallel and spaced from the

10 target, which is biased. During sputtering, argon atoms
become energized and strike the target, sputtering off atoms
of the target material which then deposit on the substrate.
In order to enhance the sputtering rate, a magnet pair is
mounted above the target on the outside of the chamber. The

15 magnet pair increases the momentum at which argon atoms
strike the target.

Fig. 1 is a schematic cross sectional view of a

typical sputtering chamber. A vacuum chamber 10 includes a
target 12 of the.material to be sputtered, and a substrate

20 support 14. A source of DC power 13 is connected to the
target 12. A pair of opposed magnets 16, 18 are mounted
above the target 12. A power source 20, such as a source of
RF power, is connected to the substrate support 14. During
sputter deposition, a substrate 22 is mounted on the

25 substrate support 14. A gas inlet 19 permits gases to be
passed into the chamber. Argon is generally used as the

sputtering gas. It is ionized in the chamber and is

attracted to the target 12 by the negative potential of the
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gate val ve 199. Providing that the pressure in the chanber is fairly high
l.e., about 30-40 mllitorr, the internal inductively coupled coil 186
provi des a high density plasna in the region between the sputtering cathode
or target 172 and the substrate support 174. Thus sputtered target atons 15
becone ionized and positively charged as they pass through the high density
pl asma region. They are attracted by the r?egatlvé?‘%ﬁ’lfﬁta s&?ﬁsﬁ‘g'fe and

thus inpact the substrate in a nore vert| 3H{ect|o t han_occurs in
convent i onalt3R&¢ nkAm e axgon atoms %%aﬁb%r% axget hown

in Fig. 1 are ener r at t ressur of_a rr.
Under the hlatﬂfg %ses%r%gtelwltefhlea]l Vﬁt%ﬂﬁ% %epltfﬁbg "h}gc%f&%%#%{e
materiat ontg g%ﬁﬁégé; nore frequently. Material that is sputtered
fromthe target I'n an er at hi gher pressures has a higher

gl 11, o ol it v acplsm g g i e 2
the terget Bedane,sidllar, bix ris dices tege brak ¢ owrﬂisn héhe bottoms of
small diameter, high aspect ratio openings by sputtering.
Sputtering takes place in random directions and thus most of
the sputtered material is deposited on land portions rather
than in openings in the substrate. Further, since the
10 sputtered particles enter openings in non-vertical
directions, they impact the sidewalls and thus only a small
proportion of the sputtered particles deposit on the bottom
of the openings. This is shown in Fig. 2, wherein an opening
100 is partially filled with sputtered material 110.
15 In an attempt to improve the directionality of the
sputtered particles, collimators have been tried, but they
.have been unable to greatly improve filling of small
diameter, high aspect ratio openings.
Thus an improved sputtering chamber has been designed
20 that includes an internal helical coil connected to a source
of RF power. Fig. 3 is a schematic cross sectional view of
this improved sputtering chamber, designated as an "ionized
metal plasma" or "IMP" chamber. The IMP chamber 170 includes
a conventional'target 172 mounted on a top wall 173 of the
25 chamber 170. A pair of opposing magnets 176, 178, are
mounted over the top of the chamber 173. A substrate support
174 bearing a substrate 175 thereon, is mounted parallel to

and spaced from the target 172. A source of power 180 is
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target where it re-deposits. Thus the problens of erosion and re-deposition
.are nore severe in the I MP chanber than in conventional PVD chanbers. These
re-deposited particles are | ess adherent to the target, and they can fl ake
off as 5 particles, which is always undesirable. Since it is known
that the shape of the magnets for the target have an inpact on _the
uniformty of erosion of the target during sputt@PFﬁGFn% r&@b&sﬂagnet

h i i d., SUMARY OF THE | NVENTI ON | d t, des]
ave been AETBMBREES i SHROIAISSF ddre W ForMER e SFoRBI DAy

during sput Leviao. LNErely Auohdina o Jeflushng e depasidiian &t Agye tar et

surface. The oston tra 0 arg nonitore romthe

centerline Segiliacsd g5 ol Ao s0nd walihons  Maichisr i ROV de @

magnet sha S nore uniformerosion o e target, particularly

for the | MPtalidndmbes AhdTheitwedR EneDeargetl 1 EndltheDRuN a2

Fig. 1 is a schematic cross sectional viewof a
5 support 174, and is connected to a source of RF power 188.

Gases in vessels 192, 194 are metered to the chamber by
means of flow valves 196, 198.
The pressure in the chamber is maintained by a
cryogenic pump 190 through an inlet 191 via a three position
10 gate valve 199. Providing that the pressure in the chamber
is fairly high, i.e., about 30-40 millitorr, the internal
inductively coupled coil 186 provides a high density plasma
in the region between the sputtering cathode or target 172
and the substrate support 174. Thus sputtered target atoms
15 become ionized and positively charged as they pass through
the high density plasma region. They are attracted by the
negatively biased substrate and thus impact the substrate in
a more vertical direction than occurs in conventional PVD
chambers.
20 ' Conventional PVD chambers as shown in Fig. 1 are
generally operated at low pressures of about 1-5 millitorr.
Under the higher pressures in the IMP chamber, re-sputtering .
of target material onto the target occurs more frequently.
Materia; that is sputtered from the target in an IMP chamber
25 at higher pressures has a higher possibility to collide with
argon molecules, changing the original direction of the
sputtered particles. If such a collision occurs close to the

target surface, it can be re-directed back towards the
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conventional sputtering chanber. Fig. 2 is a schematic cross sectional view
:of a partially sputter filled opening in accordance with the prior art. 25

Fig. ‘3 is a schematic cross sectional view of a nodified sputtering chanber
that provides a high density plasma in the chanber. Fig. 4 depicts the

centerline of the erosion track for a ragnet he inventi ig. 5
depicts the centerline of the erosion tragﬁlfor gﬂﬁéﬁﬁéeﬂﬁfqéhgg%ﬁior art.
Fio. 615 a0l el e RANNGE RO Womens of UrdhidH 0t
magnet of the i"nvention and a coriventional prior dart target magnet. Fig. 7
IS a graph qind he -t i fdre noYss Sevidte Ll Gle IMMP WhdkHdld thdRAE!

of the invention. Fig. 8 is another graph of the erosion profile for
anot her enbdnRitititnaa MM &haxbdrd ITHedd irdi-deposited particles are
less adherent to the target, and they cah flake off as
5 particles, which is always undesirable.

Since it is known that the shape of the magnets for
the target have an impact on the uniformity of erosion of
the target during sputtering, improved magnet shapes were
investigated.

10 SUMMARY OF THE INVENTION

Improved magnet designs ha?e been developed that
provide a more uniform target erosion pattefn during
sputtering, thereby avoiding or reducing re-deposition at
the target surface. The erosion track of a target is

15 monitored from the centerline of the target to the edge, and
uniformity data used to provide a magnet shape that provides
more uniform erosion of the targét, particularly for the IMP
sputtering chamber.

BRIEF DESCRIPTION OF THE DRAWING

20 Fig. 1 is a schematic cross sectional view of a
conventional sputtering chamber.

Fig. 2 is a schematic cross sectional view of a
partially sputter filled opening in accordance with the
prior art.

25 Fig. 3 is a schematic cross sectional view of a
modified sputtering chamber that provides a high density

plasma in the chamber.

Fig. 4 depicts the centerline of the erosion track for
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Fig. 9 illustrates the neasured erosion profile for the nmagnet of Fig. 8.
Fig. 10 is a top view of the pole pieces for a magnet of the invention. 15
DETAI'LED DESCRI PTI ON OF THE I NVENTI ON I n accordance with the invention, in
order to avoid re-deposition of particles on the surface of a target during
sputtering, the target ideally erodes uniformy across the target _surface.
In order to obtain uniformerosion, so thdt 20 Doc [ 1257 ng the
target surface_remain smoot h.and flat as possible, the shape of the
Peonet &t &

magnet pair 3a e T 458 chosen to provide erosion that is as

uni form as possi blpy | s RS R0 Ydte] sfle LI il Wlocii AR ACEYS 25

during sputtering, géaks a all'eys 1n thetarget surface

Re-sputteri ggngt;nteq._rg,?t Rl ‘g’xji@r .occur readily on the high portions of
the eroded targéet surface. Since the re-sputtered material does not adhere
to the target as wild. 6 is a comparison of the measured ercsion track
5 for a target magnet of the invention and a conventional
prior art target magnet.
Fig. 7 is a graph of the erosion profile versus the
target radius using a magnet of the invention.
Fig. 8 is another graph of the erosion profile for
10 another embodiment of a magnet of the invention.
Fig. 9 illustrates the measured erosion profile for
the magnet of Fig. 8.
Fig. 10 is a top view of the pole pieces for a magnet
of the invention.
18 DETAILED DESCRIPTION OF THE INVENTION
In accordance with the invention, in order to avoid
re-deposition of particles on the surface of .a target during
sputtering, the target ideally erodes uniformly across the
target surface. In order to obtain uniform erosion, so that
20 during sputtering the target surface remains as smooth and
flat as possible, the shape of the magnet pair above the
target must be chosen to provide erosion that is as uniform
as possible.
If non-uniform erosion of the target surface occurs
25 during sputtering, peaks and valleys in the target surface
form. Re-sputtering of target material can occur feadily on
the high portions of the eroded target surface. Since the

re-sputtered material does not adhere to the target as well
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as the original target material, this re-sputtered material | oosens and
breaks off, formng particles in the chanber which is always undesirable.
If these particles deposit on the substrate, devices thereon can be
destroyed. 5 Fig. 4 shows the data points where the nmeasured B-
field of one magnet of the invention is parallel _to the target_surface and
is stronger than 100 Gauss. This correspohds to PREKRENNRr| AMeldt?t he
erosion track o F% t he hows thEBsane dat a,poi n ghet
a

of “the pr | RS afbe' BFUSTHALEAEIRhmefBLlBhs pFBTe| EoorPRREeFaRaprberLrle on
oo et 5Ehs Al BreRik"SRE HSLRN tg&@gggigsnﬁh ERENEhakfbEC! €5)

and a magne e 1 nventil on sqtlare ours burn-1tn in an

| VP chanber dpeh is &@@59gnu§§ss&g§9fé aﬁé £Hsséupaffﬁafe&ea§€ésﬁeraaed by

135 mm The test was run”at [torr pressure, using 5 power to

the target. +RBUSuB8Rrk¥EehoyEsigbsPEMBEc¥AScAAPbECdelBrbleatl arget after 100
hours. It is apparent that the relative target erosion using the prior art

magnst (Fig. 5) 2fig. 4 bRowsCBhavdatsapbinte whepewbhe measgreleBtar get
magnet of the invention (Fig. 4), with higher peaks and deeper
field of one magnet of the invention is parallel to the
target surface and is stronger than 100 Gaﬁss._This
corresponds to the centerline of the erosion track of the
magnet. Fig. 5 shows the same data points for a magnet of
10 the prior art.
Fig. 6 shows the erosion profile of the relative
erosion versus the target radius in inches using a
conventional magnet (circles) and a magnet of the invention
(squares) after 100 hours of burn-in in an IMP chamber
15 wherein the target and the substrate were separated by 135
mm. The test was run at 40 millitorr pressure, using 5 kW of
power to the target. Thus 500 kW hours of power was applied
to the target after 100 hours. It is apparent that the
relative target erosion using the prior art magnet (Fig. 5)
20 is much-more variable than when using the target magnet of
the invention (Fig. 4), with higher peaks and deeper
valleys.
Referring still to Fig. 6, unsputtered regions for a
target using a prior art magnet at 1-2 inches, at 3 inches
25 and at 4.9 inches along the target radius become sites for
re-deposition. Using the target magnet of the invention
however, the ercsion profilg is much more uniform. Only near

the edge of the target does the relative target erosion

1
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valleys. Referring still to Fig. 6, unsputtered regions for a target using
.a prior art nmagnet at 1-2 inches, at 3 inches 25 and at 4.9 inches

al ong the target radius becone sites for re-deposition. Using the target
magnet of the invention however, the erosion profile is nuch nore uniform
Only near the edge of the target does the relative target erosion 7
using the two nmagnets behave in similar fashion. QQEﬁeg &%'aA%r%5ﬁ7of t he

i zed t t ' . L he, t i Us. The dotted
Vortical 11 neeEy et SR mRENTHE RS o b LR R ARS8 T The S
hanmber. The heli bl s [ I | hrm '
;ngmafir es dﬁri ﬁgl gg%?tcg? i ﬁ%@é‘?ﬁ?ﬁ,‘ﬁ}%i@%?t | on@#?ﬁ?‘%ﬁl%@#%?g%?% at
the target vt%&éiaﬁwsésﬁgdeﬁé:dt&f?éé OPa@iud Norie’ @stted vasteea1esppadi ng

target radius. Fig. 8 is a graph of the centerline for another nagnet of
the inventi ofarkddchve sshbwghthy pésieion Pef tthe!l Reéljcal coil in the
5 chamber. The helical coil, which was floating, obviously
.caused some anomalies dufing sputtering, e.g., a distortion
in the electric field at the target which caused reduced
erosién of the target at the corresponding target radius.

Fig. 8 is a graph of the centerline for another magnet

10 of the invention, which is slightly larger, particularly
near the X axis.

Fig. 9 is an erosion profile of the relative erosion
versus the target radius using the magnet of Fig. 8 after a
burn-in at 38 millitorr pressure, using 3.5 Watts of DC

15 power, and 3 kW of RF power after 430 hours of operation.
The original target surface is shown at "A".

The target erosion was measured as a function of the
target radius from the center. It is apparent that the
erosion is quite uniform. The deepest erosion was about one-

20 half way between the centerline and the edge of the target,
and was only 37 mils deep.

Fig. 10 is a top view of the pole pieces for the
magnet pair of Fig. 8.

Although the invention has been described in terms of

25 particular embodiments, other variations in the shape of the
target pieces can be employed based on the target'erosion
data, and are meant to be included heréin. Thus the

invention is only to be limited by the scope of the appended
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near the X axis. Fig. 9 is an erosion profile of the relative erosion
versus the target radius using the nagnet of Fig. 8 after a burn-in at 38
mllitorr pressure, using 3.5 Watts of DC 15 power, and 3 kWof RF
power after 430 hours of operation. The original target surface is shown at
"A". The target erosion was nmeasured as a function_of the target radius
fromthe center. It is apparent that the8erosi oROF¥etuNee 6Hig§ﬁﬁ1 The
deepest eroiion-mas about one- 20 hal f way between the centerline and
the edge of*8f®Srarget, and was only 37 nils deep. Fig. 10 is a top view of
t he pole pieces for the magnet pair of Fig. 8. Al though the invention has
been described in ternms of 25 particul ar enbodi nents, other variations
in the shape of the target pieces can be enpl oyed based on the target
erosion data, and are neant to be included herein. Thus the invention is
only to be limted by the scope of the appended
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8 clains . REPLACEMENT SHEET 91 daim 1. A nethod of reducing
re-sputtering of a sputtering target over which is nounted an opposi ng pair
of magnets conprising a) nonitoring the target erosion track fromthe 5
centerline of the target, and b) revising the shape of the magnets so that
the erosion pattern of the target during sputtering is pade nore uniform
2. An irrprovgd magnet pair forga sputte?igng targﬂﬁ, eeta@fP‘rmlHﬁelts‘*’uyavi ng a
shape soamité%nnxjnize erosion uniformty along the target fromthe
centerlineto ?ﬁ?tﬂge during sputtering

1. A method of reducing re-sputtering of a sputtering target
over which is mounted an opposing pair of magnets comprising
a) monitoring the target erosion track from the
5 centerline of the target, and
b) revising the shape of the magnets so that the erosion
pattern of the targé£ during sputtering is made more

uniform.

10 2. An improved magnet pair for a sputtering target, each
magnet having a shape so as to maximize erosion uniformity
along the target from the centerline to the edge during

sputtering.
RN O LA
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10 3. In an ionized nmetal plasma sputtering chanber conprising a target, a
pair of magnets nounted over the target, 5 a substrate support _
nount-ed parallel to and spaced fromthe target, a source of power connected
to the target, a source of RF power connected to the substrate support, a
helical coil mounted within the chanber betyeen the fakIR .2k bR 7
substrate support, and a source of RF power connected to the helical coil,
t he i nmprovenent conprising said pair of magnets having a shape such that
the erosion pattern of the target is of sufficient uniformty so 15

t hat re-sputer raganntioniked: aegal plasmduepittering chamber comprising

a target,
a pair of magnets mounted over the farget,
5 a substrate support mounted parallel to and spaced from
the target,
a source of power connected to the target,
a source of RF power connected to the substrate support,
a helical coil mounted within the chamber between the
10 target and the substrate support, and
a source of RF power connected to the helical coil, the
improvement comprising
said pair of magnets having a shape such that the
erosion pattern of the target is of sufficient uniformity so

15 that re-sputtering onto the target is reduced.

I g
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