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‘CURRENT 5 Background of the Invention The present

I nvention &g%ﬂgﬁ;‘ to a sputtering system used to forpe¥idcgnssss m | ayers
on gl ass. particular, the systemrelates to a sputtering system

SPUTTERING SYSTEM USING CYLINDRICAL ROTATING
MAGNETRON ELECTRICALLY POWERED USING
ALTERNATING CURRENT

Background of the Invention

The present invention relates to a sputtering
system used to form thin film layers on glass. In
particular, the system relates to a sputtering system

10 which is used to produce electrically insulative dielec-
tric layers.

Sputtering systems with alternating current (AC)
power sources often are used to form electrically
insulative dielectric layers on a substrate. One such

15 system is disclosed in Szczyrbowski, et al. U.S. Patent
No. 5,082,546. Figure 1 is a diagram of the AC-powered
sputtering system 2 of Szczyrbowski, et al. This sput-
tering system 2 uses an AC power supply 4 connected by
transformer 6 to targets 8, 8a, 8b and 8c. The system

20 uses magnets 10, 10a, 10b, 10c, 10d and 10e to confine
the plasma formed in the sputtering chamber 2.

Note that an additional direct current (DC) power
supply 12 is used to maintain the anode 14 at a voltage
above system ground 15. The additional DC power supply

25 12 is used in an attempt to avoid arcing in the sput-
tering system. The required DC power supply is expen-
sive and may complicate the sputtering system design.

Additionally, the use of the anode 14 has a dis-
advantage in that the anode may become partially coated

30 with the dielectric materials sputtered by the system
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requirement of quasi-neutrality in the plasma. The
scarcity of ions around the coated portions may produce
an uneven deposition of the dielectric material onto the
substrate 16.

Figure 2 is a cross-sectional view of two targets
20 and 22 used in a background art AC power supply
sputtering system. During the operation of the sput-
tering system shown in Figure 2, magnets (not shown)
partially contain the plasma in the magnetic fields 24
and 28 such that racetrack-shaped erosion zones 32 and
36 are formed. The erosion of the target material 20
and 22 results from ions in the plasma hitting the
target and causing atoms from the target to sputter off.
The re-deposition of the sputtered dielectric material
on the targets 20 and 22 forms layers 40 and 42. These
layers cover most of the sections of the targets 20 and
22, except for the racetrack-shaped erosion areas 32 and
36. When the targets 20 and 22 are connected to an AC
power supply, the targets alternately act as the cathode
and the anode. When an electrode such as target 20 acts
as the anode, it attracts electrons in the plasma. 1In
this situation, the magnetic fields 24 and 28 may impede
the flow of electrons reaching the erosion areas,
resulting in a high plasma impedance. The dielectric
layer will prevent electrons from passing through to the
target, and charge will be stored on the dielectric film
40. In this manner, the dielectric film 40 acts as a
capacitive element. Although the switching between the
positive and negative portions of the AC power supply
can help to discharge the stored charge in this back-
ground art system, the system still may arc. Addi-
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2 despite the use of baffles_18. Since the electrons

w il not be as strongly attracted to the coated portions of the anode
¥4, the ions of the plasna will generally avoid that area as well due
to the 5 ﬁgwénent of quasi-neutrality in the plasma. pedb®snssss
scarcity of ound the coated portions may produce an uneven
deposition of the dielectric nmafgfipSHEET RASIBEEN | Substrate 16. _
Figure 2 is a cross-sectional view ofgdpMgcg@roets] 10 20 and 22 used in a
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of the sput- tering system shown in glgure 2, magnets (not shown)
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Summary of the Invention

An advantage of the present improved sputtering
system involves the use of a rotatable cylindrical mag-
netron with an AC power supply. The rotatable cylin-

10 drical magnetrons use cylindrical rotating targets.
When the target acts as the cathode, the deposited
dielectric material is cleaned off of a portion of the
target in the erosion zone. As the target rotates, dif-
ferent areas of the target serve as the erosion zone so

15 the whole target is cleaned. The cleaned portions of
the target provide a path for the electrons to enter the
target when the target acts as the anode. Since the
dielectric material is cleared from the cylindrical
magnetron, the target will not act as a capacitor and

20 store charge, but will act as a resistive element. The
use of rotatable cylindrical targets in the cylindrical
magnetron helps avoid arcing, because charge is not
stored on deposited dielectric layers of the target.

' Additionally, a benefit of the present invention is

25 the use of an impedance-limiting capacitor. This imped-
ance-limiting capacitor is preferably used along with
the AC power supply with frequencies in the 10kHz -
100kHz range. This 10kHz - 100kHz range is lower than
the frequency range used with radio frequency sputtering

30 systems which have a capacitor to impedance match the
system. The impedance-limiting capacitor is preferably
placed in a secondary conductive path of the trans-
former. The impedance-limiting capacitor helps prevent
arcing in the system. The impedance-~limiting capacitor
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36. Wen the targets 20 and 22 are connected to an AC power supply,
the targets alternately act as the cathode and t he_anode. Wen an
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than the values of capacitors used to couple the elec-

5 trodes with the higher frequency (megahertz to tens of
megahertz) power supplies in RF sputtering systems. The
capacitors used in radio frequency systems are typically
about 10 to 100 picofarads. _

The AC power supply has a freguency range which is

10 high enough to avoid extinguishing the plasma between
the reversal of the positive and negative portions of
the signal, and is low enough so that the ions can
follow the instantaneous electric field. A signal of
10kHz or greater is sufficient such that the

15 recombination time of the plasma is greater than the
time between the positive and the negative portions of
the power supply, so that the plasma does not extin-
guish. The recombination time is typically determined
by the distances between the targets and walls in the

20 chamber. '

An additional advantage of the present invention is
that no extra DC voltage supply is required. The DC
voltage supplies used in other sputtering systems com~
plicate the design of the sputtering system and are

25 expensive. The present invention also does not use an
electrically permanent anode in the design. Permanent
anodes in sputtering systems can get coated with di-

- electric material and cause the deposition profile onto
the substrate to be distorted.

30 Br c i £ D
The above and other features and aspects of the
present invention will become more apparent upon reading
the following detailed description in conjunction with
the accompanying drawings, in which:
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system of the present invention;

Figure 4 is a cross-sectional view of the cylin-
drical magnetrons used with the invention shown in
Figure 3;

Figure 5 is a schematic diagram of an alternate
embodiment of the present invention; and

- Pigure 6 4is a schematic diagram showing an
impedance-limiting capacitor positioned in the secondary
winding of the transformer.

iled Description g he Prefe

Figure 3 is a schematic diagra
system 50 using an AC power supply 52. For the reasons
discussed above, the AC power supply 52 preferably
produces a power signal with a frequency in the range of
10kHz to 100kHz. 1In a preferred embodiment, the fre-
quency of the AC power switch 52 is about 50kHz. Note
that the frequency of the power supply 52 is less than
the radio frequency range, so that reflected power is
not an important concern. The AC power supply 52 is
available from Halmar Robicon, ENI, Princeton Applied

d SEIMDOG LINaY

- Research, or Advanced Energy. The AC power supply 52 is

30

connected to transformer 54. Transformer 54 has a
bifilar-wound secondary 54b that prevents the secondary
54b from becoming an autotransformer. Transformer 54
may also have a grounded center tap 54a for safety. The
secondary of transformer 54 preferably has multiple taps
that provide the function of impedance matching for the

. system. Transformer 54 is connected to a shunt capaci-
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positive portion of the power supply is supplied to the cylindrical

tubul ar target and thus may prevent arcing, and
conductive nmenber Tn the chanber responsive to the power signal at the
second pole of the alternative current supply.

a
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sputtering ¥

or forming a dielectric layer on a sub

an electrically

conpri si ng: an alternating current power supply having a first and a
second pol e and adapted to produce a power signal with a frequency of |ess
t han a nmegahert z; a chanber; a transforner having two out put

termnals and two input termnals, the two input term nals connected

bet ween ‘the fi
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rst and second pol e; 6

extinguishes and reduces high-frequency noise. A typi-
cal value for shunt capacitor 56 is about 0.3 micro-
farad. '

The impedance-limiting capacitor 58 is preferably
connected in series in the electrical path that goes
between the two targets through the transformer. 1In a
preferred embodiment shown in Figure 6, the impedance-
limiting capacitor 58'' is positioned in the secondary
winding of transformer 54'°.

Looking again at Figure 3, as discussed above, the
capacitance of the impedance-limiting capacitor 58

prevents arcing in the sputtering system. The
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impedance-limiting capacitor 58 limits the amount of

current that can flow between the targets in case of a
short. Impedance-limiting capacitor 58 is preferably a
large, variable capacitor. Capacitance values for the
impedance~limiting éapacitor should be in the range of
about 0.2 to 10uF. Since the frequencies of the AC
power supply 52 are significantly lower than the radio
frequency power supplies, reflected power is not a prob-
lem, and therefore the capacitance 58 is not required to
avoid reflected power. The function of impedance
matching is accomplished with the multiple taps on the
secondary of the transformer as discussed above.

The AC power from the circuitry 59 is connected to
the cylindrical magnetrons 60 and 62. Cylindrical mag-

. netrons are described in Wolfe et al. U.S. Patent No.

30
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5,047,137 and McKelvey U.S. Patent No. 4,356,073, both
of which are incorporated herein by reference. The
cylindrical magnetrons are available from The BOC Group,
Inc., Airco Coating Technology Division, located in
Concord, California under the name C-MAG™. The
rotatable cylindrical magnetrons 60 and 62 use rotatable
cylindrical tubular targets 64 and 65. The cylindrical

a cylindrical tubular target of



path to the first output termnal of the transforner; an electrically
conductive nmenber in the chanber _electrically connected by a.second
electrical path to the second output term nal of the transforner; and

an inpedance-limting capacitor connected in series in the electrical path
bet ween thqwbgﬁgﬁb,and the electrically conductive nmemberpth; he
transforner, the capacitance of the inpedance-limting capacitor being
sufficiently large that the inpedance-limting capacitor prevents arcing

in the system According to the invention in a third aspect, there
is. provided a nmethod for depositing a dielectric layer on a substrate by
reactive sputtering conprising the steps'pf: providing a cylindrica
target of a conductive material 1in a chanber; applying an

alternating  CUditablel ¢0Bh1af Gad s ¥/ Bﬂgrkgaﬁréﬁ%xggﬁl gy @

| asma, said signal havinp osit1Vve negat I ve” portions, pr oduci ng
g magnetic fi el t%“B?BdagﬁegnwéFBsPoﬁ°?§n€ A datalddcee\gn HARMIQAN- t ar get

such that ions dictidee mateeriainsi Orhe osemidmidut toag atater iRAr tiayerofid he
signal is appligihedrab1}f doged @0 thlat! 8hClayer is more conductive.

5 Silicon is commonly used as the sputtered material in
cylindrical magnetron systems. The silicon can be reac-
tively sputtered to produce silicon dioxide or silicon
nitride layers on the substrate 80. Other typical di-
electric materials used include TiO;, SnO,, Nb,0;, and

10 Al,0,.

The rotatable cylindrical magnetron includes magnet
assemblies 66 and 68. These magnet assemblies use mag-
nets 66a, 66b and 66c as well as 68a, 68b and 68c.
Since the magnet assemblies have three poles, they

15 ~produce two parallel containment areas. These contain-
ment areas form erosion zones when the target is acting
as the cathode.

The action of the targets 60 and 62 can be better
shown with respect to Figure 4. Figure 4 shows a cross-

20 sectional view of two cylindrical magnetrons 60' and
62'. Cylindrical rotatable tubular targets 64' and 65'
are connected to the AC power supply shown in Figure 3,
so that the targets 64' and 65' alternate between being
the cathode (negative polarity) and anode (positive
25 polarity) of the system. '

The magnet assembly 66 produces magnetic fields 90
and 92. The magnetic fields 90 and 92 contain the elec-~
trons in the plasma when the magnetron 60' is acting as
the cathode so that the ions formed by the collisions

30 with the trapped electrons sputter off the target
material 64' in the erosion areas 94 and 96. In reac-
tive sputtering, the reactive ions combine with the
sputtering material either at the target, the substrate
or in the chamber atmosphere. The ions also remove the

35 dielectric material that has been redeposited onto the



3b providing in the chanber a gas which reacts with the target materi al
to forma dielectric; depositing a dielectric layer on the substrate;
cl eaning portions of the target by rotating the cylindrical target so that
portions of the cylindrical target away fromthe erosi on zone defined by

t he nagnetgﬁgﬁhg have deposited material renoved by thePPﬁE@ﬁﬁg&ﬂg I ons
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of the ero ; and attracting electrons in the asna t he
cl eaned portions away fromthe erosi on zone when the positive portion of
the signal is applied to the target. An advant age of the present

invention inproved sputtering systeminvolves the use of a rotatable
cylindrical magnetron with an AC power supply. The rotatable cylindrical
magnetrons use cylindrical rotating tarQets. Wien the target acts as the
cat hode, the depasited_dielectri.c terial,is cleaned off,of rtion of
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arcing, becaugg ala 8% the"2bns' PhSS e SER%GUL Ghed Es®the' cakRbGeS Of the
target.
are rotated into different positions away from the mag-
netic fields, such as magnetic fields 94 and 96. As the
10 cylindrical tubular target rotates, these cleaned areas
allow for the electrons to make electrical contact with
areas of the target away from the magnetic field. Addi-
tionally, since the targets 64' and 65' are cylindrical,
there is more area available for the electrons to
15 contact the targets 64' or 65' than in planar magnetron
systems. This lowers the system impedance.
In the system of the present invention, the targets
64' or 65' do not store charge since the dielectric
material has been eroded away. For this reason, there
20 is not as large a capacitance when the system is oper-
ating. Additionally, since charge is not stored onto a
dielectric material layer, the system of the present
invention is not 1likely to arc as a result of the
dielectric breakdown. This present sputtering system is
25 different from the prior art AC sputtering systems shown
with respect to Figure 2, since the dielectric layer 40
or 42 is deposited on top of target material and acts as
a capacitive element in this prior art system.
Looking again at Figure 4, in the preferred embodi-
30 ment, the distance between the cylindrical targets 98 is
about 1-3 inches, and the distance between the cylin-
- drical targets in the wall 99a and 99b is about four or
more inches. These distances will ensure that the
recombination time for the plasma is shorter than the
35 time between positive and negative portions of the power



Additionally, a benefit of the present invention is the use of an

| npedance-limting capacitor. This jnpedance- limting capacitor is
preferably used along with the AC power supply with frequencies in the 10
KHz - 100 kHz range. This 10 kHz - 100 kHz range is | ower than the

frequency . d wth radio frequency sputtering syste | ave a
capgcito¥ f@agﬁ%gggnce mat ch the system The i npedance- f?ﬁ?@#ﬁ%mb
capacitor is preferably placed in a secondary conductive path of the '
transforner. The inpedance-limting capacitor helps prevent arcing in the
system The inpedance- |imting capacitor ' WO 96/ 34124

PCT/ US96/ 05588 9 4 should have a
relatively | arge capacitance val ue. The capacitance is preferably in

the range of OggppPy 1fcs' 'hAF 10kHz minimum frequency signal. The
arrangement of cylindrical magnetrons makes the plasma
relatively unaffected by the arrangement of the chamber
walls, since the discharge is maintained between the
5 targets.

Looking again at Figure 3, a gas supply 70 and pump

72 are used to supply the gases at the required pres-
sures for the sputtering deposition. Typical gases
include oxygen, nitrogen, and noble gases. Typical gas

10 pressures are 1-5 mTorr. The cathodes and power supply
are electrically isolated from the chamber. This may be

done by grounding the chamber at location 74. The sub-
strate 80 is coated by the sputtered dielectric materi-

al. This substrate 80 moves underneath the targets.

15 The line speed of the substrate 80, among other factors,
determines the deposition thickness of the dielectric

layer onto the substrate 80.

Figure 5 is a schematic diagram of an alternate
embodiment of the present invention. In this alternate

20 embodiment, only a single cylindrical magnetron 100 is
used. The other cylindrical magnetron is replaced by an
electrically conductive element 102. This electrically
conductive element is connected to the circuitry 59' to
supply the AC power supply to the cylindrical magnetron

25 and electrically conductive element. It is preferred
that the surface area of the electrically conductive
material 106 is equivalent to that of the cylindrically
rotatable target 104 on the cylindrical magnetron 100,

so that neither the cylindrically rotatable magnetron

30 100 nor the electrically conductivg material 102

maintains a DC bias voltage.

Various details of the implementation and method

are merely illustrative of the invention. It will be
understood that various changes in such details may be




The capacitance values in this range are nuch | arger t han the val ues of
capacitors used to couple the elec- 5 trodes wth the higher frequency
(nmegahertz to tens of megahertz) power supplies in RF sputtering
systens. The capacitors used in radio frequency systens are typically
about 10 t oglf Qﬁabgofarads. - The AC power supply h ency
range which i's hi gh enough to avoid extinguishing the p asna ween
the reversal of the positive and-negative portions of t he S|gnal, and
is |ow enough so that the ions can follow the instantaneous electric
field. A signal of 10kHz or greater is sufficient such that the
15 reconbination tinme of the plasma is,greater than the ti me between
the positive and the negative portions @ t he power supply, so t hat
the plasnma do e [ T in plcally
determ ned eﬁiﬁ?in @Hf sc:r:]%e gg Slhxe Eﬁﬁéﬁgg‘%’et ?‘%gg v s |n t)t/he 20
chanber . liﬂe &@P&Hﬂ&gecéﬁ ®Be present invention is

that no extra DC voltage supply is requiredr The DC vol t age supplies
used in other sputtering systens com plicate the design of the
sputtering systemand are 25 expensive. The present invention also does
not use an electrically permanent anode in the design. Permnent
anodes in sputtering systens can get coated with di- el ectric materi al
and cause the deposition profile onto the substrate to be distorted.
30 Brief Description of the Draw ngs



The above and other features and aspects of the present invention wll

becone nore apparent upon readi ng the following detailed description
i conjunciron wth t he acconpanyi ng draw ngs, in which: WO
96/34124 PCT/ US96/ 05588

g#gﬁ% 1is a schematic dlagran1of a backgr ougernadskossss

sputterlngv§§ usi ng an AC power su Figure 2 is a

cross-sectional view of two-targ THIS SHEE'SM&B\E%“ ackground art sputtering
JEPLACED Fi

systemwith an AC 5 power supplly; ule 3 is a schematic

g: '38£2m40{stgecfggtsfgtral:??onal \S/iyZW of tg‘i cyloi“ra]-sent 'nvjmwmugmmm ,"Led

with the invention shown in 10 Figure
WHAT IS CLAIMED IS:

1. A sputtering system for forming a dielectric
layer on a substrate comprising:

an alternating current power supply having two

5 poles, the alternating power supply adapted to produce
a power signal with positive portions in which the first
pole has a more positive voltage than the second pole
and negative portions in which the first pole has a more
negative voltage than the second pole;

10 a chamber;

a rotatable magnetron in said chamber, said rotat-
able magnetron including a cylindrical tubular target
responsive to the power signal at the first pole of the
alternating current power supply and a magnet assembly

15 adapted to direct the plasma to form an erosion zone on
the cylindrical tubular target, the erosion zone being
the area sputtered off of when the negative portion of
the power supply is supplied to the cylindrical tubular
target, wherein the cylindrical tubular target is

20 adapted to rotate such that the erosion zone is located
at different parts of the cylindrical target as the
cylindrical target rotates and so that the sputtering
off of the target removes some dielectric material
deposited onto the target to form a cleaned portion of

25 the target and wherein the removal of the dielectric
from the cleaned portion of the target in portions away
from the erosion zone reduces the impedance of the
target as seen by the electrodes in the plasma when the
positive portion of the power supply is supplied to the

30 cylindrical tubular target and thus may prevent arcing,
and

an electrically conductive member in the chamber
responsive to the power signal at the second pole of the
alternating current supply.
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Figure 5 is a schematic diagram of an alternate enbodi nent of the

present invention; and Figure 6 is _a schemtic diagram
showi ng an i npedance-limting capacitor positioned in the secondary
15 winding of the transforner. Det ai | ed Description of the Preferred

Enbodi nent Figure 3 is a schematic diagramof th g
WO 96/34124 emgl%ﬁskﬁl Spusésgéd‘

system 50 using an AC power supply 52. For th ns

above, the AC power supply 52 pref HAS BHENdS ,
frequency in the range of | Ok 0 KEED In preferred enbodi nent,
the fre- quency of the AC powkr_switeh-ba—s—about ﬂm m!l “ IHIII
that the frequency of the power supply 53, s Iess than . A *

frequency range, so that reflected power s 25 not an inportant concern.

The AC power supply 52 is avai |l abl e from Hal mar Robi con, EN,
Princeton Applied ‘Research, or Advanced Energx. The AC power supply 52
is connect ed t 02t r anER®r A¥SteR of TLIAdMo 1w Wherain the elec-

bifilar-wound strbcahly cotiduckive wmemtsnt hasha simbluinrsur¥dce afbeaf asm
becom ng an aut ?hgagg?%aﬂ_ l'l.'g,ﬁnﬁfé}rq:_% g'é%. may al so have a grounded
or s ‘ﬁe ry

center tap 54a ety. . secon of transformer 54 preferably
has mul ti ple taps that provide the function of inpedance matching for
t he system Tran3for nehe54ystenonofcicddimo b, sWhareinpatie elec-

trically conductive member comprises a second cylin-
drical magnetron, said second cylindrical magnetron
acting as an anode while the first cylindrical magnetron

5 acts as a cathode and the second cylindrical magnetron
acting as a cathode while the first cylindrical
magnetron acts as an anode.

4. The system of claim 1, wherein the arrangement
of cylindrical magnetron and the electrically conductive
member makes plasma relatively unaffected by the
arrangement of the chamber walls.

5. The system of claim 1, wherein the alternating
current power supply produces a power signal with a high
enough frequency such that the plasma does not extin-
guish between the positive and negative portions of the

5 signal and the powef signal has a low enough frequency
so that the ions and electrons can both follow the
instantaneous electric fields. |

6. The system of claim 5, wherein the power
supply signal supplied by the alternating current power
supply is between 10kHz and 100kHz. '

7. The system of claim 5, wherein the alternating
current power supply is connected to the cylindrical
tubular target and the electrically conductive member
through a transformer and an impedance-limiting capaci-

5 'tor connected in series in the electrical path between
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6 tor 56. Shunt capacitor 56 helps start the plasma if it .-
extrngui shes and reduces high-frequency noise. A typi- ' cal vaI ue for
shunt capacitor 56 is about 0.3 m cro- farad. 5 The

| npedance-|_j i ] capacitor 58 is preferabl nnect ' ' [
wibédd p y rsoaRésseS | 1

the el ectri t hat goes rgets rm'“h t-he
transforner. In a preferred errl ﬁAG‘BEIEﬂ F|ggure

| npedance- limting capacitor ' EH u“” '“I
wi ndi ng of transformer 54''. Look| ng again at

di scussed above, the capaci tance of,.t he i npedance-1i m t| ng capaC| tor 58
prevents arcing in the sputtering system The | npedance-1imting

capacitor 58 ghe Ea}ggtar%#gr t?xfe 1§1 SHEL iPi]r# hato rledfilvaw Qg;ngggn t he

targets in ca gance: ting capacitor
preferably a thrOuB&rgé-hevaﬁi!‘&BF‘éOE&9§C| t bhe Cﬁﬁ&éF?SﬁE@evaPﬁestPGr t he

impedance-limiting capacitor being sufficiently large
that the impedance-limiting capacitor prevents arcing

10 between the target and the electrically conductive
member . '

8. The system of claim 1, wherein no direct
current power supply is connected to an electrode of the
system.

9. A sputtering system for forming a dielectric
layer on a substrate comprising:

an alternating current power supply adapted to
produce a power signal with a frequency of less than a

5 megahertz;

a chamber; _

a transformer having two output terminals and two
input terminals, the two input terminals connected
between the first and second pole;

10 - a cylindrical tubular target with associated magnet
assembly located in said chamber electrically connected
by a first electrical path to the first output terminal
of the transformer;

an electrically conductive member in the chamber

15 electrically connected by a second electrical path to
the second output terminal of the transformer; and

an impedance-limiting capacitor connected in series
in the electrical path between the target and the
electrically conductive member through the transformer,

20 the capacitance of the impedance-limiting capacitor
being sufficiently large that the impedance-limiting
capacitor prevents arcing in the system.

P
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| pedance-limting capacitor should be in the range of about 0.2 to
10[err]F. Since the frequencies of the AC 20 power supply 52 are
significantly | ower than the radio frequency power supplies, reflected
power is not a prob- | em and therefore the capacitance 58 is not

required to void reflected pomer The function Ofrk%ﬂﬁﬂﬁ%&ﬁ
mat chi ng isvﬂ%%%H§Vished with the § 1lﬁ g@ tlhe_25 Secondary of
the transforner as di scussed above THlS HEE g’ﬁ povver fromthe

circuitry 59 is connected to he CﬁE h&?i Moite et ﬂﬂlﬁﬂmmm ml No.
I C

Cylindrical mag- netrons are
5,047,137 and McKelvey U.S. Patent No. $4356 073, both ¢ ot wh
|ncorporated herei n by reference. The cylindrical nagnetrons are

labl e f h , |
focated in | CondBra HECisystem BF, cyain® oRhoRdiAnHIE gggj;D vision,

rotatabl e cyli 5GicaAly Repductive !EFQ&E!QRPHE%?erPaF&SPEd35°tE§PP 8rical

tubul ar target eyd4dnairdc@l. tubelay!i tdrgetl with a \VEe86ndl’hagnet
PCT/ US96/ 06588 55 gembiy .

11. The system of claim 9, further comprising a
shunt capacitor electrically connected between first and
second output terminals of the transformer.

12. The system of claim 9, wherein the elec-
trically conductive member has a similar surface area as
the target.

13. The system of claim 9, wherein the arrangement
of the target and the electrically conductive member
makes the plasma relatively. unaffected by the
arrangement of the chamber walls.

14, The system of claim 9, wherein the alternating

current power supply produces a power signal that has a

'high enough frequency so that the plasma does not extin-

guish between the positive and negative portions of the

5 signal and has a low enough frequency so that the ions

and electrons can both follow the instantaneous electric
fields.

15, The system of claim 14, wherein the alter-
nating current power supply produces a power signal with
a frequency of between 10kHz and 100kHz.

16. The system of claim 9, wherein the impedance-
limiting capacitor is a variable capacitor.

\%
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T rotatable tubular targets 64 and 65 preferably conprise an

outer layer with a coat of a netallic or sem con- duct or mat-erial-- The
seém conduct or nat eri al layer is preferably doped so that the |ayer is
more conducti ve. Silicon is commonly used as the sputtered material in

cylindrical uon syst ens. The silicon can be reac-  peridénssss
sputtered t%ggggﬁuce silicon dioxide or_silicon nw
substrate 80. Other typical di- mgeg}-tBEde—lAﬁaBEEthl s used inc _
Tiderr], Sngerr], Nb[err]Jerr], and 1QEpm¢Eﬂr]0[e 1 The
rotatable cylindrical nmagnetron inc Fragrret ”Im wngmB
Théese magnet assenblies use nmag- netyg 66a, 66b and 66¢cc as

68b and 68c. Si nce the magnet assenbl1 | es have three poles, they 15

produce two parall el §ont,§ﬁ t eﬁ(‘éisclaﬁ§evﬁ@}teih”the i ggghcgr;_eas
e

form erosi on zopes en I S act
The -acti on of - tﬁ@“‘@’&-’!ﬁ%t%&mi&ﬂg Ras c%rFQR-P va uesm FRMEEspect

to Figure 4. Figfir6.2 sboW8uR. cross- 20 sectional view of two cylindrical
magnetrons 60" and 62'. Cylindrical rotatable tubular targets 64' and

65" - are connect ed to the AC power supply shown in Figure 3 SO
that the targets 64' 1nd The %Xﬁ%&f-ec!a%f‘aei'n%rﬁ&n the” impedantsae

(negative pol ar Limiting capaditopoist positioned dmrd tsgpconidalriye consnesr
' tive path of the transformer.

19. The syst-;em of claim 9, wherein the transformer
has additional windings and output terminals to
impedance match the system.

20. A method for sputtering a dielectric layer on
a substrate comprising the steps of:
providing a cylindrical target in a chamber;
applying an alternating current signal to the
5 cylindrical target, said signal having positive and
negative portions; ' '
producing a magnetic field to produce an erosion
zone about the cylindrical target such that ions strike
the erosion zone when a negative portion of the signal
10 is applied to the cylindrical target;
depositing a dielectric layer on the substrate;
cleaning off portions of the target by rotating the
cylindrical target so that portions of the cylindrical
target away from the erosion zone defined by the mag-
15 netic field have deposited dielectric material removed
by the bombarding ions of the erosion zone; and
attracting electrons in the plasma to the cleared-
off portions away from the erosion =zone when the
positive portion of the signal is applied to the target.

21. The method of claim 20, further comprising
providing an additional cylindrical target connected to
receive an alternating electrical signal that is posi-

Th|s Sheet Has Been Reﬂ
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The magnet assenbly 66 _pmduees—margﬁﬁ’l'c/fi el ds 90 and 92. The
magnetic fields 90 and 92 cont trons_in the plasna when
the magnetron 60' 1s act “m mmm* at hode so that the ions forned by
t'he col lisions 30 vvlth eetrons sputter off the t ar get

mat eri al 64 er osi on ar eas 94 and 96. In reac- tering,
the reacti vg69§ﬁéﬁgonbl ne with the sputterl ng nateri ar el ther at the
target, the substrate or in the . The ions al so
remove the 35 dielectric naterial thH#S E’gg_reeosmed onto the

WD 96/ 34124 [1JS96/ 05588

8 surface of the cylindrical tubtofar 6target 64' outside the two
erosi on zones 94, 96. Wen the polari ty t he power signal to the

target '64' is versed, the targe act ;88 4 anode gnd_at aQts
el ectrons. Becaﬁ‘g' Eélofvﬁ}% pﬁe % tl: alternating en.l.ectrlcaq. fle{é
5 negative and is negative when the first electrical field

is positive.:

P
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5 rotation of the cylindrical tubular targets 64' and 65', t he
portions of the targets 64' and 65.  _which were er oded by -the—+oehs—when
the target acts as the cathode are rotated into different positions
away fromthe nag- netic fields, such as nagnetic fields 94 and 96. As
t he 10 x@@ﬂ&u tubul ar target rotates, these cl eanecpcoinssoéossss al |l ow
for the el ﬁs to make electrical contact with areas of the target
away fromthe nmagnetic field. Addi- tionally, since the targets 64
and 65 are cylindrical, there isipgre area available for the
electrons to 15 contact the targets 64' or 65 than in planar nagnetr.on
systens. This |owers the system i npedance. In the system of the
present invention, the targets 64' or 65' 'do not store charge since
the dielectric mat eri al has been eroded away.- For this reason, there
20 I's not as |arge a capacitance when the systemis oper- ating.
Additionally, since charge is not stored onto a dielectric materi al

| ayer, the system of the present 4 invention is not likely to arc as a
result of the dielectric breakfiown. This present sputtering systemis

25" different fromth i ering systens shown wth
respect to Figure 2, sﬁnce t he

ectric | ayqr 40 or 42 is deposited
on top of target materijal and acts as a gapacitive elenent in this
prior art system Looki ng again at Higure 4, in the preferred
enbodi - 30 nent, the siv 5 Gh k B0 R «ulli ndrical targets 98 is

about 1-3 inches, ' 2 cylin- drical targets

in the wall 99a a d 99l % nor e .i nches. k}ﬁ%se
di stances will ensure fhat the

1 i
;__'
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reconbination time for the plasma is shorter than the 35 ti me between

pﬁer%rve—aﬁd—ﬁega%+ve—peLL|ons of—thepower— 11 VWHAT_LS _C Al MED

1. A sputtering systemfor formng a dielectric |ayer on a

substrate conpri si ng: an alternating current power supply haV|ng a
first and Wo%gdad pole that alternate in polarity; PCHUS

a rotatable magnetron in said chanber q r ot at abl e magnet r on |nclud|ng
a cylindrical tubular target of electrléally conductive materi al

responsive to the power signal at the first pole of the alternating
current power supply and a nmagnet assenbly adapted to direct the plasma
to forman erosion zone on the cylindrical tubular target, the er osi on
zone being the area ' the negative portion of the power

supply is supplighlte the cylindric 22—

\\5'/}

0w f’\

28

24 36
FIG._2.
(BACKGROUND ART )




tubul ar target, wherein the cylindrical tubular target is adapted to
rotate such that the erosion zone is located at different parts of the
cylindrical target as the cylindrical target rotates and so that the
sputtering of the target removes sone dielectric material deposited onto
the target Ygogad19f M a cl eaned portion of the target and "‘ﬁe{!@ }que

r enoval of the dielectric fromthe cl eaned portion of the 5@ n
portions away fromthe erosion zone reduces the inpedance of t he target
as seen by the electrodes in the plasm yhen the positive portion of the
power supply is supplied to the cylindrical tubular target and thus may
prevent arcing, and an electrically conductive nenber in the chanber
responsive to the power signal at the second pole of the{¥ alternative
current supply. 2. The system of <claim 1, wherefn the
electrically conductive nerper has a simlar surface ar t he

cylindrical tubular target. bi\\r* 2

FIG__3




3. The system of claim 1, wherein the electrically conductive

' ylindrical nmagnetron connected to the second .
pol e, said second cylindrical magnetron acting as an anode while the
cylindrical magnetron connected to the first pole acts as a cathode and the
second cyl iggioksfhs MagnNetron acting as a cathode while thel.@y{,é?@/dg*gal
magnetron connected to the first pole acts as an anode. 4. he syst em of
claim1l1, wherein the arrangenent of cyligdrical magnetron and the
el ectrically conductive nenber mekes pfésna relatively unaffected by the
arrangenent of the chanber walls. 5. The systemof claim1l, wherein the
alternating current power supply produces a power signal with a high enough
frequency such that the plasna does not extinguish between the positive and
negative portions of the signal and the power signal has a | ow enough
frequency so that the ions and el ectrons can both foll ow. he instantaneous
power signal . 6. - Fhe-systeff-of—el-aHmr S—whereimiphe Power supply signal

supplied by the alfernatino current power supply i# bet ween 10 kHz and 100
kHz. ' [
: i ‘
| |
| |
' l
1 |
.|

r
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'~ The é’yléf"ém of c? almb5, wh rai n 1t he . aI ternat| ng ?

connected—tothe—eylndrical tubul & Ctar getiand t , .q Gl,

ica
-nenber t hr ough a transformer and an_ji npedance-1liniti -cap Luﬁuaggﬁected

le m l IHIHctrl cal path bpTMEBeSHEHTEHASBEEN jand t he el ei}é/#cal |y
con

rough the tran“forngﬁpLAogjcapaC|tance of
| npedance- I|n1t|ng capaci tor bei nglgreater—t+hanr—6—2-[err]F. . The
systemof claim 1, wherein no direct curreht power -supply |s-connected to
an el ectrode of the ﬁ/*s‘tq CLAINED. 13 9. A
Sputtering systemfor Tormng a Bitectric | ayer on a substrate conprising:
an alternating current power supply having a first and a second pole and
adapted to produce a power silgnaR wepettariagesystsm offolres Sothing aa
- megahert z; : dielectric layer on a substrate comprising:

an alternating current power supply having a
.5 first and a second pole that alternate in polarity;

a chamber;

a rotatable magnetron in said chamber, said
rotatable magnetron including a cylindrical tubular
target of electrically conductive material responsive to

10 the power signal at the first pole of the alternating
current power supply and a magnet assembly adapted to
direct the plasma to form an erosion zone on the
cylindrical tubular target, the erosion zone being the
area sputtered when the negative portion of the power

15 supply is sppplied to the cylindrical tubular target,
wherein the cylindrical tubular target is adapted to
rotate such that the erosion 2zone is located at
different parts of the cylindrical target as the cylin-
drical target rotates and so that the sputtering of the

20 targat removes some dielectric material deposited onto
the target to form a cleaned portion of the target and
wherein the removal of the dielectric from the cleaned
portion of the target in portions away from the erosion
2one reduces the impedance of the target as seen by the

25 electrodes in the plasma when the positive portion of

D) . the power supply is supplied to the cylindrical tubular

target and thus may prevent arcing, and
- . an electrically conductive member in the
chambe:_ responsive to the power signal at the second

30 pole of the alternating current supply.

i

2. The system of claim 1, wherein the elec-
trically conductive-membgr has a similar surface area as
the cyliandrical tubular target.

—
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L nput term nal s connect ed bet vvee#'(;é\g& flé ? cond
a cylindrical tubular target o A @ééz
%8 l,m!ua\m CI at ed rmagnet S@ﬁg@mﬂdj@& & sai d chanb
ct ed by a first ecp\\:_p\gveUEat do the first output
term nal of the fransformer; % cal ly conductive nenber in the

chanber electrically connect ed by a secon?:i2 el ectrical path to the second-

g;;ggittfarer?ogﬁec?]edt |he 3t i | es the e tr| caPréﬂp%ﬁ rlacl%‘%Hgtgrt:%h'pgarget and

the electrically cof ?ﬂr}gf’gg n@ﬁ%é?’ t ﬁ?’PRF ®thet tr‘&ﬁ%‘? rr?\gﬁ n‘FH‘@ Eapaci t ance

of tge |rrp|edan§:e Illhﬁiq%g:&mh: 95&91’2}'!93‘??[1:34;333’:‘229 'EI_Ee -

i mpedance-1imting cyldasx P on aactiing a ea e The

system of clai ms9, eEmaELcdlRagietebii i oRhbyted0Bs el ¥ErsEBbEE aQEPr i Ses a

second rotatable czig Alchalte LAY abhdolyithid)cll SAGRECORPEhgasSeDI V.
d‘ B:g hgdé %'ffe %Rgpéxﬁh&q § mg%ﬁ?‘o@%ﬁ ted

electrically connec e secon

erm na of the
t ransf or ner. to the 1rst pole acts as an ano

_ 4. The system of claim !, wherein the arrangement

10 of cylindrical magnetron and the electrically conductive

member makes plasma relatively unaffected by the
arrangement of the chamber walls.

5. The system of claim 1, wherein the alternating
current power supply produces a power signal with a high
15 enough frequency such that the plasma does not extin-
guish between the positive and negativa portions of the
signal and the power signal has a low enough frequency
so that the ions and electrons can both follow the
instantaneous power Signal.

20 6. The system of claim 5, wherein the power
supply signal supplied by the alternating current power .
supply is between 10kKz and 100kHz.

7. The system of claim 5, wherein the

alternating current power supply is connected to the

25 cylindrical tubular target and the electrically conduc-
tive member through a transformer and ‘an impedance~
limiting capacitor connected in series in the electrical
path between the target and the electrically conductive
member through the transformer, the capacitance of the

_—
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‘12. The systemof claim9, wherein the electric

simlar surface area as the target

UMD IRTOR . ool ™ AT T

by thetaryagesent of the chanber—wetis- tA—The system of cl ai
‘wherein the alternating current power sugBIy produces a power signal that
has a frequency sufficiently high that thé plasma does not extinguish

between the positi (RpadihcBEDfiitYRy Ppab OB Bbifd yraboe eraRdasslfd i ciently
| ow the ions and el.egtrons can both foll ow instantaneous electric fields

produced by the powér ‘signal .
al ternating current

I

10

15

20

25

30

8. The system of claim 1, wherein no direct
current power supply is connected to an electrode of the
system.

9. A sputtering system for forming a
dielectric layer on a substrate comprising:

an alternating current power supply having a
tirst and a second pole and adapted to produce a power
signal with a frequency of less than a magahertz;

" a chamber;

a transformer having two output terminals and
two input terminals, the two input terminals connected
between the first and second pole;

& cylindrical tubular target of an
electrically conductive material with associated magnet
assembly located-in said chamber electrically connected
by a first electrical path to the first output terminal
of the transformer; _ '

an electrically conductive member in the
chambaer electrically connected by a second electrical
path to the second output terminal of the transformer;
and .

an impedance-limiting capacitor connected in
series in the electrical path between the target and tha
electrically conductive member through the transformer,
the éapacitance of the impedance~limiting capacitor
being sufficiently large that the impedance-~-limiting
capacitor prevents arcing in the system.

10. The system of claim 9, wherein the elec=
trically conductive member comprises a second rotatable

———

——
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15. The systemof claim9, wherein the
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! power & béf r es a poyer signal with a frequ@ﬁv rﬁ%gﬁz and
100 -kHz-— —-—lﬁ_Imstt emof claim?, V\/nerel n the i rrpedance i m

TR DA AT 23BN rein the

e in the rar}gz/éﬁ 0.2to
npedance-1im“ing

. iC % vari abl e capacitor. HB% T

' capacitor has h g:pg\eEETa k8
WPM "mm,mm system of cl al -r‘;tﬂ HEW_AGEB t he

capamtor i 8 p83|’t|oned in a secohdary gactive path of the transforner.

19. The systemof claim9, wherein the transf ormer has additional w ndings

and out put term nal SyliadiigadOabGCar BhfdettWiRhSy Sbeuid magdle adsamipod for
- depositing a dielectric layer on a substrate by reactive sputtering

conprising the steps of: providin | L ndyi tar of g
conductive material in élchar% Pystem 09 é’u‘i& § dtrur%ﬁér com r sing a
: shunt capacitor electrically connected between first and

second output terminals of the transformer.

1t

5 12. The system of claim 9, wherein the elec~
trically conductive member has a similar surface area as
the target. :

. 13. The system of claim 9, wherein the arrangement

of the target and the electrically coanductive member

10 makes the ' plasma relatively unaffected by the
arrangement of the chamber walls. "

i4. The system of claim 9, wherein the alternating

current powér supply producas a power gsignal that has a

frequency sufficiently high that the plasma does not

1S extingulsh between the positive and negative portions of

the signal and sufficiently low that the ions and

elactrons can both follow instantaneous electric fields
produced by the power signal.

_ 1S. The system of claim 9, wherein the alternating
20 curreat power supply produces a power signal with a
frequency of between 10kHz and 100kHz.

¢

16. The system of claim 9, wherein the impedance-
limiting capacitor is a variable capacitor.

17. The system of claim 9, wherein the impedance-

25 limiting capacitor has a capacitance value in the range
" of 0.2 to 1l0uF.

__/-1
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-15 _ applying an_"dlternating current . gTd'n'ﬁ 964! 051588
| ical target to produce a plasma, said_si | g hdape and
W pr odugt BEEN allm‘b’gﬁr]o%ugg@ﬁglrosi on

cylindrical tan W gﬁsit iong strike the 3f/4rosion
B ”MM"HM%H% ve portion of tlhe siina P /

ol ) —s—apptt ed to the cylindrical
targett roviding in the chanber g gas which reacts with the

target material to forma dielectric; depositing a dielectric |ayer
on the substrate; . 18. Cthasystenpof talaim 99f widrein ath@e inggdanocéat i ng t he

cylindrical target ggst cﬂih'ctii:@f‘is osli 8€orfed! INW sé@dndady Induc-avay from
at

t he erosion. zone def,jne el d have deposited nmateri al
renoved by the bonte)ée%r’)éi gl Sn%&? e °§mée‘1r'osi on zone; and

attracting electrons in the plasnma to the cl eaned r‘_‘gortions away fromthe
erosi on zone when the pd%itThe systen of claim(d,iyhersig the Yrangfpamped to the
target. 5 has additional windings and output terminals to

impedance match the system.

20. A method for depositing a dielectric
layer on a substrate by reactive sputtering comprising
the steps of:

10 _providing a cylindrical target of a conductive
material in a chamber; .

applying an alternating current signal to the
cylindrical target to produce a plasma, said signal
having positive and negative portions; _

15 : : producing a magnetic field to produce an
erosion zone about the cylindrical target such that ions
strike the erosion zone when a negative portion of the
signal is-applied to the cylindrical targat;

providing in the chamber a gas which reacts

20 with the target material to form a dielectric;

depositing a dielectric 1layer on the

.- substrate; ) _ : ]

cleaning portions of the target by rotating
the c¢ylindrical target so that portions of the

25 cylindtical target away from the erosion zone defined by
the magnetic field have deposited dielectric material
removed by the bombarding ions of the erosion zone; and

attracting electrons in the plasma to the
cleaned portions away from the erosion zone when the

30 positive portion of the signal is applied to the target.

21. The method of claim 20, further compﬁs.i.ng
providing an additional cylindrical target connected to

-
ect Has Been Reilaced .
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:21. TheTHpoRodE Y : ¥ %4%”2 Whner cor‘r,psrfls?l ng - pr(P\Pyu% 26/ P218i8 Bnal

cylindrical target connected to recei ve an al te‘r’natl g, Hsj ﬂ §J’gnal
Esuch—fha‘c—eaﬂﬁ—t—aﬁgef—ls negativ whe—-t L D @ 48
&A%BF%JEW rent

12 ai m 10 wher ei |iTHIB SHEET ' }W suppl y -
pro¢il EH ﬁmj&ﬂ &E nal with a friequenBEPIACED between 10 kHz ‘alid 7100 khz,
and dance- | i nrtTNhg ca9€C| tor has a capacitance value in

t he range of 0.2 tolOf[err]F. he met hod of claim 21 wherein
the alternating curiéddive afi SNUrnBengA chifdhtenynal) dud tROYSRh between
10 kHz and 100 kg%rget t’i&'&%“me“gg‘; Qﬂg &ghegl éér@eg?’imggfiﬂ ! he

frequency i s about

22, The system of claim 10, wherein the

alternating current power supply produces a power signal

S with a frequency of between 10kHz and 100kHz, and

wherein the impedance-limiting capacitor has a
capacitance value in the range of 0.2 to 10uF.

23, The method of claim 21 wherein the
alternating current signal has a frequency in the range
10 of between 10kHz and 100kHZ.

24. The method of ‘claim 23 wherein the
frequency is about 50kfz.

,’—’——’/

n Replaced

i

Y L '
AMZ e lTET

[ el



25. The ¢ PLACEMENTSHEET | wher i n the al t er nht j v BERACBMENT SRFER pp 5@
pr.6dtices |a[power signal Wth a high enough-fréqiencyletifin: paged -2+fe prized ¥
does rot |e)ft ing 198 weeh the positive and f haipa(shor 1paged bftotpeged .16
si gnal and{the power sighal has a | ow enough {rdddanine®o: nagad . Ie pagad.zand
el ectrongd cambott—fottow {he instantangous ppwdrAbstigetal . : pages... Ehepagydiem
of claimj3, wherein the poywer supply signal shpplied by the alternating
current power supply is between 10 kHz and 10D PMTE OF2 STt iomIghs
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28, TheAsyéten1of

e %?‘ kHz and %
HenC PR SCapdci-tBF-is a variabl e capacitor.

29. The system @t dkabm &Bjevhené nhehprieseataiaeehtibhi hg papdaceomnhas a
capaci tance_yV

1mp%£%gdi@th%e&?g%eéyEé%&Zéﬁédaéggélib power which avoids

the problems of the prior art.

Summary of the Invention

According to the invention in a first aspect, there is
provided a sputtering system for forming a dielectric layer
on a substrate comprising:

an alternating current power supply having a first and
a second pole that alternate in polarity;

a chamber;

a rotatable magnetron in said chamber, said rotatable
of
electrically conductive material responsive to the power
gsignal at the first pole of the alternating current power
supply and a magnet assembly adapted to direct the plasma to
form an

magnetron a

including cylindrical tubular target

erosion zone on the cylindrical tubular target, the
erosion zone being the area sputtered when the negative
of the power supply is supplied to the cylindrical

target,

portion
tubular wherein the cylindrical tubular target is
adapted to rotate such that the erosion zone is located at
different parts of the cylindrical target as the cylindrical
target rotates and so that the sputtering of the target
removes some dielectric material deposited onto the target to
form a cleaned portion of the target and wherein the removal
of the dielectric from the cleaned portion of the target in
portions away from the erosion zone reduces the impedance of
the target as seen by the electrodes in the plasma when the
positive portion of the power supply is supplied to the
cylindrical tubular target and thus may prevent arcing, and
in the chamber
responsive to the power signal at the second pole of the

alternative current supply.

an electrically conductive member
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MEYIS’EEE;” wherein the inpedance-limting capacitor is

pesitio ed I n a secondany conductlve path of the transforner. 15
18. Th sy526h0bf Y& , wherein the inpedance-. _ limting
capaci t I s positionedfifp a secondary conduc- : tive path of

t he trarsforner. 1935The systemof claim9, wherein the
t ransf or h.has$ additional wi ndings and output termnals to

i npedance match the system ' 20. A nethod for

depositing a diktestdimg to the inventiayerinod 8e8Uhatasbechy traski v€

sputterin

. h f.: , 10,
providingg%£%§¥é%%r?C%FUE%?ﬁﬁ?goﬁy%ﬁ%ﬁnﬁﬁﬁgfﬁéblng a dielectyig JR¥eTrin 4

chanber ;

on a substrate comprising:

an alternating current power supply having a first and
a second pole and adapted to produce a power signal with a
frequency of less than a megahertz;

a chamber; o

a transformer having two output terminals and two input
terminals, the twq input tefminals connected between the
first and second pole;

a cylindrical tubular target of an electrically
conductive material with associated magnet assembly located
in said chamber electrically connected by a first electrical
path to the first output terminal of the transfofmer;

an electrically conductive member in the chamber
electrically connected by a second electrical path to the
second output terminal of the transformer; and

an impedance-limiting capacitor connected in series in
the electrical path between the target and the electrically
conductive member through the transformer, the capacitance of

the impedance-limiting capacitor being sufficiently large

that the impedance-limiting capacitor prevents arcing in the
system.

According to the invention in a third aspect, there is
provided a method for depositing a dielectric layer on a
substrate by reactive sputtering comprising the steps of:

providing a cylindrical target of a conductive material
in a chamber; |

' applying an alternating current signal to the
cylindrical target to produce a plasma, said signal having
positive and negative portions;

producing a magnetic field to produce an erosion zone
about the cylindrical target such that ions strike the
erosion zone when a negative portion of the signal is applied
to the cylindrical target; .
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appl y‘i ng gn [alternatin rfent signal to the cylindrical
target to prodggeoerp,bgé , |sai d signal havi ng positive and
negati've porjtions; 15 produci ng a magnetic field to
produce ary ! —ed0$i on zone about the cylindrical target such that
I ons : strike thg erosion zong when a negative portion of the
signal is applrted to rnecytindrical target; . , ,

or ovi di ng 1 n t RIS clhabhfh  DRMEEEr 9as Which geagEen Wi (et
materi al t admygn amatiedied ricc;form a dielectric; depositing a
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to the ited CheBOPa POhRRRASY EhAMHdihAIT N SRE° he
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21. The nete¥is®ism @qien 20d furt her conpri si ng ~ providing an

addi tional cyli ngdidfde ity Jell ee@HeRfd €dnt Othe plasma to the cleaned
portions away from the erosion zone when the positive portion

of the signal is applied to the target.

An advantage of the present invention improved

sputtering system involves the use of a rotatable cylindrical’

" magnetron with an AC power supply. The rotatable cylindrical
magnetrons use cylindrical rotating targets. When the target
acts as the cathode, the deposited dielectric material is
cleaned off of a portion of the target in the erosion zone.
Ag the target rotates, different areas of the target serve as
the erosion zone so the whole target is cleaned. The cleaned
portions of the target provide a path for the electrons to
enter the target when the target acts as the anode. Since
the dielectric material 1is cleared from the cylindrical
magnetron, the target will not act as a capacitor and store
charge, but will act as a resistive element. The use of
rotatable cylindrical targets in the cylindrical magnetron
helps avoid arcing, because charge is not stored on deposited
dielectric layers of the target.

Additionally, a benefit of the present invention is the
use of an impedance-limiting capacitor. This impedance-
limiting capacitor is preferably used along with the AC power
supply with frequencies in the 10 kHz - 100 kHz range. This
10 kHz - 100 kHz range is lower than the frequency range used
with radio frequency sputtering systems which have a
capacitor to impedance match the system. The impedance-
limiting capacitor is preferably placed in a secondary
conductive path of the transformer. The impedance-limiting
capacitor helps prevent arcing in the system. The impedance-
limiting capacitor
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A sputtering system (50) using an AC power supply (59) in the range of 10 kHz to 100 kHz uses two rotatable cylindrical magnetrons
(60, 62). The rotatable cylindrical magnetrons (60, 62), when used for depositing a dielectric layer onto a substrate (80), clean off dielectric
material that is deposited onto the target (64, 65). This prevents a dielectric layer on the target (64, 65) from acting like a capacitor and may
help avoid arcing. Additionally, an impedance-limiting capacitor (58) can be placed in series in the electrical path between the targets (64,
65) through the transformer (54) so as to reduce arcing. This impedance-limiting capacitor (58) has a value much larger than the capacitor
used to couple the power supply (59) to a target (64, 65) in radio frequency sputtering systems.




