1 ENHANCED MAGNETRON SPUTTERI NG TARGET Field of the Invention 100011 The
i nvention concerns sputtering targets and in particul ar concerns
sputtering targets enhanced for inproved performance in magnetron
sputtering systens. Background of the Invention [00021 Di ode sputtering
systens are used to apply a filmof target material to the surface of a
substrate. An electric field is appliéd between a target and the
substrate to generate a plasnma within a sputter chanber. lons fromthe
plasma collide with the target and di sl odge atons of the target
material. The disl odged atons adhere to the surface of the substrate
formng a filmthereon. 100031 Magnetron sputtering systens inprove the
sputter rates of diode sputtering systens by using a nagnetic field in
addition to the el ect BiNHANTKD NWRGTRETRON SPLIIEBFERENGSsyst ens arrange a
magnetic array behind the sputter tI)XREET 0 generate a magnetic field
over the active surface of the target. The magnetic field traps ions in
the plasnma near the active surface of the target, thereby increasing the
pl asmaFiddsf the IaRendier ovi ng t he sputter rate. However, the benefits
provi ded by magnetron sputtering systens are reduced or |ost when
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magnet i ¢ array of the magnetron sputtering systemis shunted through the
i nteri 90031 t hiode sputtering systems are used to apply a film of target material to the surface

of a substrate. An electric field 1s applied between a target and the substrate to generate a
plasma within a sputter chamber. Ions from the plasma collide with the target and dislodge
atoms of the target material. The dislodged atoms adhere to the surface of the substrate
forming a film thereon.

[0003] Magnetron sputtering systems improve the sputter rates of diode sputtering
systems by using a magnetic field in addition to the electric field. Magnetron sputtering
systerns arrange a magnetic array behind the sputter target to generate a magnetic field over
the active surface of the target. The magnetic field traps ions in the plasma near the active
surface of the target, thereby increasing the plasma density and improving the sputter rate.
However, the benefits provided by magnetron sputtering systems are reduced or lost when
sputtering ferromagnetic target materials.

[0004}) The deposition of magnetic materials such as ferromagnetic cobalt and nickel
alloys 1s used in applications such as magnetic data storage. The high magnetic permeability
and low pass-through flux characteristics of these materials make sputtering in 2 magnetron
sputtering system difficult. Specifically, most or all of the magnetic field generated by the
magnetic array of the magnetron sputtering system is shunted through the interior of the

target rather than out through and over the active surface of the target.



target rather than out through and over the active surface of the target.
2 100051 Attenpts have been nade by target nmanufacturers to address the
sputtering difficulties associated with ferromagnetic target material s.
For exanple, strain has been induced in targets via hot or cold working
of the material in efforts to raise the pass-through flux and | ower the
magnetic perneability of the target met eri al . However, the ability to

i nprove these characteristics is limted. Aternative solutions have
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sput t eMHYIEAPGE SHREILIBENLIONSPRITHSUPEE e from whi ch™ target materi al
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magnet gu$nRaResidd 1hvedii back surface of the sputtering target. The
magnet “Ts further oriented to increase the magnetic field passing
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sputtering targets by embedding magnets in the sputtering target. Specifically, one or more

magnets are embedded in a back surface of the sputtering target and are oriented to increase
the magnetic field passing through the sputtering target into the sputter chamber. By
increasing the magnetic field in the sputter chamber, plasma density is increased which
improves sputter rates and operating voltages can be reduced.

10008} According to one aspect of the invention, a sputtering target 1s provided for use in
a magnetron sputtenng system. The sputtering target includes an active surface from which
target matenial is sputtered and a back surface opposite the active surface. At least one
magnet i1s embedded in the back surface of the sputtering target. The magnet 1s further
oriented to increase the magnetic field passing through the active surface of the target. The
sputtering target typically comprises ferromagnetic materials, however, non-ferromagnetic
materials may be used as well.

10009] Preferably, the embedded magnet is a rare carth magnet and 1s aligned within the
center of a sputter track of the magnetron sputtering system. In addition, the magnet 1s
preferably embedded in the target at a depth from the active surface greater than the

maximum depth of the sputter track.



sputtering target typically conprises ferromagnetic materials, however,
non-ferronmagnetic materials may be used as well. 100091 Preferably, the
enbedded magnet is a rare earth nagnet and is aligned within the center
of a sputter track of the magnetron sputtering system In addition, the
magnet is preferably enbedded in the target at a depth fromthe active
surface greater than the naxinun1depf% of the sputter track. 3 100101
The enhanced sputtering target may al so i nclude a backing plate bonded to
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[0013] Figure 2A 1s a diagram depicting a cross-section of a conventional sputtering
target.
[0014) Figure 2B is a diagram depicting a cross-section of a sputtening target configured
according to one embodiment of the present invention.
[0015] Figure 3A 1s a diagram depicting a cross-section of a conventional sputtering
target having a backing plate.
[06016] Figurc 3B is a diagram depicting a cross-section of a sputtering target having a

backing plate according to one embodiment of the present invention.

Detailed Description of the Invention

[0017] Figure 1 is a diagram depicting components of magnetron sputtering system 10.
Magnetron sputtering system 10 includes sputtering target 11 from which target material 1s
sputtered onto the surface of substrate 12. Dunng operation of the system, substrate 12 is
placed in a sputter chamber formed by enclosure 13 and sputtering target 11. Magnetron
sputtering system 10 further includes a magnetic array, which 1s depicted i Figure 1 as
magnets 14a to 14¢, for generating a magnetic field over active surface 11a of sputtering
target 11. Tt 1s noted that this depiction of magnetron sputtering system 10 is only one
example of a magnetron sputtering system and does not include all of the components used in

the operation of the system. One skilled in the art will recogmze the applicability of the



Det ai |l ed Description of the Invention [00171 Figure | is a diagram

depi cti ng conponents of magnetron sputtering system 10. Magnetron
sputtering system 10 includes sputtering target 11 from which target
material is sputtered onto the surface of substrate 12. During operation
of the system substrate 12 is placed in a sputter chanber forned by
encl osure 13 and sputtering target 11.4 Magnetron sputtering system 10
further includes a nagnetic array, which is depicted in Figure 1 as
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increased plasma density improves the sputter rate of the system and allows the system to
operate at lower voltages. Magnets 14a to 14¢ are intended to represent any of a number of
magnetic arrays used In magnetron sputtering systems. The magnetic array may be
inplemented using electromagnets or permanent magnets of various shapes, sizes and/or
configurations known to those skilled in the art.
[0020] The penctration of the magnetic field through sputtering target 11 shown in Figure
I represents a preferred mode of operation of magnetron sputtering system 10. As indicated
above, however, the penetration of the magnetic field is reduced when sputtering
ferromagnetic matenal in conventional systems. This reduction in penetration 1s caused by
the high magnetic permeability and low pass-through flux characteristics typical to
ferromagnetic materials. Figure 2A is a diagram depicting a cross-section of a conventional
ferromagnetic sputtering target 21 and a magnetic array of a magnetron sputtering system,
represented by magnets 24a to 24c. Ferrormagnetic materials typically have high magpetic
permeability and low pass-through flux properties. Accordingly, when magnets 24a to 24c

generate a magnetic field, depicted as dashed lines, the magnetic field 1s shunted through the

interior of sputtering target 21 rather than penetrating active surface 21a into the sputter



i ncreased plasma density inproves the sputter rate of the system and
allows the systemto operate at |ower voltages. Magnets 14a to 1l4c are
intended to represent any of a nunber of nagnetic arrays used in
magnetron sputtering systens. The magnetic array may be inpl enented

usi ng el ectromagnets or pernmanent rragnjets of various shapes, sizes and/or
configurations known to those skilled1n the art. [00201 The penetration
of the ﬂa netic field through sputtering target | 1 shown in Figure |
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bl ock t[Ge22} Magnets 25a and 25b are oriented within sputtering target 21 to block the
shunting of magnetic field through the interior of the target and increase the amount of
magnctic field penetrating active surface 21a into the sputter chamber. To achieve the
results, one embodiment of the invention ortents the magnetic poles of magnets 25a and 25b
with those of the magnetic array represented by magnets 24a to 24c.  Specifically, the
magnetic poles of 25a and 25b are oriented parallel to those of the magnetic array. It is to be
understood that this orientation represents one cembodiment of the invention, and that
alternative orientations that increase the magnetic field penetrating sputtering target 21 fall
within the scope of the invention.
[0023] The shape and configuration of the embedded magnets are dependent on the
configuration of the magnetic array in the magnetron sputtering system used for sputtering
the target matenial. The configuration of the magnetic array defines the location of one or
more sputter tracks in active surface 21a. A sputter track represents an eroston pattern
formed in active surface 21a as the target material 1s sputtered. Representative sputter tracks

are shown in Figure 2B with dotted lines. According to one embodiment of the invention,

magnets 25a and 25b are aligned within the width of the sputter track and preferably are



shunting of the magnetic field generated by nmagnets 24a to 24c, however,
magnets 25a and 25b are enbedded in back surface 21b. Magnets 25a and
25b may be inpl enented using any of a nunber of nagnetic materials. For
exanpl e, magnets 25a and 25b may be inplenented using rare earth magnets
made of Samarium Cobalt or Neodym um htron Bon-de. One skilled in the art
wi Il recognize other magnetic materials and magnetic sources that may be
used MghBoWindaRarddddof iRMJuter 8500 1R1int RENPERSEN dbMyRAl ahOﬁgu{eo 2]
Magnets 25a and 25b are oriented within sputtering target 21 to~bl ock the
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track. Cllogerttgeactcl\?g Lllil‘ zﬂ:re%tlia.on'l"hcijse Prllc?é[aggs tihg alr:rio%lrjltr gf I%E’gnetic field penetrating active
surface 21a into the sputter chamber, thereby improving the sputtering process. According to
one embodiment of the mvention, magnets 25a and 25b are embedded at a depth from active
surface 21a just below the maximum depth of the sputter track. This allows the magnets to
be close to active surface 21a, while preventing contamination caused by sputtering the
magnets themselves.
j0025] Magnets 25a and 25b are embedded in back surface 21b using any of a number of
methods known to those skilled in the art. For example, conventional machining techniques
may be used to bore holes for cach of the magnets. The magnets may then either be pressure
fitted into the holes, bonded using known bonding techniques or a combination of these
mcthods.
[£026] Figures 2A and 2B depict a monolithic target structure, which is directly mounted
onto a sputter cathode in a magnetron sputtering system. Figures 3A and 3B depict a
sputtering target having a two-part structure. Specifically, sputtering target 31 is bonded to

backing plate 36, which is mounted on a sputter cathode during the sputtering process.



aligning magnets 25a and 25b with the center of the sputter track places
these magnets midway between respective pairs of magnets 24a to 24c. It
is to be understood that the configuration of magnets 25a, 25b and 24a
to 24c depleted in Figure 2B is a sinple exanple that is intended to
represent many different magnetic array configurations used in magnetron
sputtering systens- The present invention is not intended to be limted
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[0029] An advantage to embedding the magnets in the backing plate 1s that when the
sputtering target has been consumed, the backing plate can be removed and bonded to a new
sputtering target.  Alternative embodiments of the two-part sputlerning target include
embedding magnets 35a and 35b in sputtering target 31 (similar to that shown in Figure 2B)
at the interface with backing plate 36. Additionally, magnets 35a and 35b may be embedded
completely or partially in both sputtering target 31 and backing plate 36.

[0030] As described above, the present invention provides a novel way to enhance
sputtering targets for use in magnetron sputtering systems. A significant advantage provided
by the invention is that the enhancements are made to the target itsclf rather than requiring
extensive ﬁodiﬁcations to the magnetron sputtering system. The invention has becen
described in the context of sputtering targets made of ferromagnetic sputtering material. It is
to be understood, however, that the invention 1s equally applicable to non-ferromagnetic
sputtering targets {o improve sputter rates. Furthermore, the invention is not limited to
sputtering targets having specific shapes. For example. the sputtering targets may be
circular, rectangular, ete.

[0031] The foregoing detailed description is intended to illustrate preferred embodiments

of the invention. However, the examples set forth above are not intended to limit the scope



[ 00261 Figures 2A and 2B depict a nonolithic target structure, which is
directly nounted onto a sputter cathode in a magetron sputtering system
Figures 3A and 3B depict a sputtering target having a two-part
structure. Specifically, sputtering target 31 is bonded to backing plate
36, which is nounted on a sputter catRlode during the sputtering process.
1. 1.) 7 [00271 Simlar to Figure 2A, Figure 3A depicts a cross-section
of 2 cOPUENLLARRL Wil SITRANGL bieBRUL SL0dnE BLAEL BN JRADE] & Af[AY
of magnetron sputtering systemrepresented by nmagnets fc.

shown umdelFstgmtt ¢haB Aaribhe nfodificanagn et itlee ithtsanicdl exafmpldshef mpumremongcatnalﬁfget
causes the magnetic field, depicted as dashed |ines, generated by the
magnet & %P?@?mﬁﬁpﬂ@“§ﬁﬁﬂ?§H”¥Hﬁdﬁﬁﬁm?M%° BEiP&EPioRy target. Accordingly,
the inmprovenents to the sputtering process provided by the magnetron
sputtering systemare reduced or lost. [00281 Figure 3B depicts a
cross-section of a ferromagnetic sputtering target according to one
enbodi mrent of the invention. As shown in Figure 3B, magnets 35a and 35b
are enbedded in backing plate 36. Wth the exception of being, enbedded
in backing plate 36 rather than in target material, the orientation and
configuration of magnets 35a and 35b with respect to the magnetic array
and the sputtering target is the sanme as that for magnets 25a and 25b
descri bed above with respect to Figure 2B. [00291 An advantage to
enbeddi ng the nmagnets in the backing plate is that when the sputtering
target has been consuned, the backing plate can be renpbved and bonded to
a new sputtering target. Alternative enbodi nents of the two-part
sputtering target include enbedding magnets 35a and 35b in sputtering
target 31 (simlar to that shown in Figure 2B) at the interface with
backi ng plate 36. Additionally, magnets 35a and 35b nmay be enbedded
conpletely or partially in both sputtering target 31 an(] backing plate
36.



100301 As described above, the present invention provides a novel way to
enhance sputtering targets for use in magnetron sputtering systens. A
significant advantage provided by the invention is that the enhancenents
are made to the target itself rather than requiring extensive

nodi fications to the magnetron sputtegmi ng system The invention has been
described in the context of sputtering targets nade of ferromagnetlc
sputtering, material. It is to be understood, however, that the
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Clained Is: 1. A sputtering target for use in a magnetron sputtering
system conprising: a target having an active surface from which target

material | 2o9PuhLeLe and A beckeo Rt AP aRPIST LR LICIRCLENS SULLAPT:

and at |east one surtace o sal arge
orrent&mﬂmmgm@@rease magnetic field passing through the active surface
of said target. 2. The sputtering target according to Caim1l, wherein
the target material is ferromagnetic.

3. The sputtening target according to Claim 1, wherein said at least one magnet is

aligned with a sputter track of the magnetron sputtering system.

4. The sputtering target according to Claim 3, wherein said at least one magnet is

aligned with the center of the sputter track.

5. The sputtering target according to Clairn 1, wherein said at least one magnet is a

rare earth magnet.

6. The sputtering target according to Claim 1, wherein said at least one magnet 1s
embedded 1n said target at a depth from the active surface greater than the maximum depth of

a sputter track on the active surface of said target.

7. The sputtering target according to Claim 1, further comprising a backing plate

bonded to the back surface of said target.



3. The sputtering target according to Claim1, wherein said at |east one
magnet is aligned with a sputter track of the magnetron sputtering
system 4. The sputtering target according to Caim3, wherein said at
| east one magnet is aligned with the center of the sputter track. 5. The
sputtering target according to Claim1, wherein said at | east one magnet
is a rare earth magnet. 6. The sputtiéring target according to Claiml,
wherein said at | east one nagnet is enbedded in said target at a depth
fromthe acgivge spitfrie t@fg%ﬁh@dorélih%mo MR RMINO@R trha ddibtic PoRPM da@T at
track on the active surface of said target. 7. The sputtering target
accor dietg one nareachisialigngd tip arardshpithstha gnagnste ke ligefothgtreagnsaa spuifarinehe
back s S&ﬁﬁe of said target. 10 8. The sputtering target according to
Claim™, "wierein the magnetic pole of said at |east one magnet is
aligned in parallel with the magnetic pole of the magnetron sputtering
system 9. A sputtering target for use in a nmagnetron sputtering system
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field passing through the active surface of said target.

10. The sputtering target according to Claim 9, wherein the target matenal 1s

ferromagnetic.

11. The sputtering target according to Claim 9, wherein said at least one magnet is

aligned with a sputter track of the magnetron sputtering system.

12. The sputtering system according to Claim 11, wherein said at least one magnet is

aligned with the center of the sputter track.

13. The sputtering target according to Claim 9, wherein said at lcast one magnet is a

rare earth magnet.

14. The sputtering target according to Claim 9, wherein the magnetic pole of said
at least one magnet 1s aligned in parallel with the magnetic pole of the magnetron sputtering

system.

15. The sputtering target accordmng to Claim 9, wherein said at least one magnet is

also embedded in the back surface of said target.



aligned with a sputter track of the magnetron sputtering system 12. The
sputtering systemaccording to Claim1l, wherein said at | east one nagnet
is aligned with the center of the sputter track. 13. The sputtering
target according to Claim9, wherein said at | east one magnet is a rare
earth magnet. 14. The sputtering target according to Caim9, wherein the
magnetic pole of said at |east one nggnet is aligned in parallel with

t he magnetic pole of the magnetron sputtering system 15. The sputtering
target according to Claim9, wherein said at | east one magnet is also
enbedded in the back surface of said target. 11 16. The sputtering target
accordi ng to.Clhd spulérinyirepai secsdid; @t Cla@ady, ehereimgidnt least erhedgdedisi n
said target at a depth fromthe active surface greater than the paxi num
dept h @nbedded gsadlarggt abk deh fioe Herachee swifacs cecasr 18 e anpgapm depth of

a sputter track on the active surface of said target.



