
1             EP 0 115 119 B1                     2 Description
Bias sputtering, by placing a negative potential on the substrate,
Increases the chemical reaction The present invention relates to apparatus
for  rate by, among other things, attracting the posl- magnetically
enhanced bias sputtering and plasma  tively charged reactive gas species or
Ions. Sub- etching.                                      5   strate biasing
has a limitation, however, because Sputter coating is a well-known
technique for  Ion bombardment can also cause undesirable sub- coating a
substrate with material eroded from the  strate heating and gas ion
implantation In the coat- cathode of a low pressure gas electrical
discharge        ing. Thus the problem Is to obtain a large flux of (glow
discharge) created between a cathode and        low-energy ions (energy
levels of 20 to 100 an anode maintained at a suitable voltage differ-  10
electron-volts) which are sufficient for the chemical ence In a low
pressure gas atmosphere. A glow           reaction process at the substrate
surface, without discharge contains an  abundance of positively     getting
a slgnificant amount of high-energy ion charged ions formed by collision of
electrons with      bombardment atoms of the low pressure gas. The
resulting ions       The same need to generate a large flux of low- are
attracted to the negatively charged cathode,  is  energy ions is found in
other plasma processes, which they impact with considerable energy. This
such as plasma etching. Plasma etching Is becom- ion Impact dislodges
cathode surface atoms which  ing increasingly important because It is
superior to will then condense on, and therby coat the sur-        wet
chemical processes for etching microscopic face of any object placed near
the cathode.        features, when used In conjunction with a suitable
Since sputtering is a low  pressure process, it  20  etch mask In the
manufacture of silicon integrated must be carried out In a hermeticaily
sealed cham-  circuits. Present day very large scale integrated ber, which
is first evacuated and then back-filled   circuits (VLSI circuits), such as
are used for semi- with a suitable sputtering gas  usually argon, and
conductor memories and processors, require a maintained at the proper
sputtering pressure, typi-  manufacturing ring capability to etch patterns
having cally 0.67 - 5.33 [err] (5 to 40 millitorr).   26  micron and even
sub-micron dimensions. in many coating applications a substrate to be
The typical pattern etching procedure involves coated is placed on the
anode of the gas dis-         first applying a film of a photosensitive,
X-ray sen- charge, since the anode is usally directly  opposite     sitive,
or electron-beam sensitive polymer (called a the cathode, in a suitable
location for coating by     photoresist, X-ray resist, or electron-beam
resist, dislodged cathode atoms. Most sputtering systems   30  according to
the typo of sensitivity) on the surface use an anode at ground potential
and apply a large  of a previously deposited layer which is to be negative
voltage to the cathode; the grounded sput-  etched. This polymer film Is
then selectively ex- tering chamber then becomes an auxiliary anode.
posed to sensitizing radiation through a selectively Bias sputtering is a
modified sputter coating   opaque pattern or by modulated beam scanning.
technique in which a bias potential, usually nega-   35  Subsequent
development of the exposed por- tive, is applied to the substrate which is
to be  tions of the resist causes either the exposed or the coated. This
bias potential causes some of the gas     unexposed portions to be removed,
depending on discharge ions to be attracted to  the substrate
whether the polymer is a positive resist or a nega- during the deposition
process, The ion impact can  tive resist. In either case, the resulting
etch mask produce desirable changes in the  nature of the   40  permits
selective etching away of the portions of sputter coating. An important use
of the bias  ut-  the underlying layer from which the resist was tering
technique is In the so-called reactive souutter-     removed during
development. This layer Is usually ing process. During reactive sputtering,
a chemi.        a metal or a dielectric which serves some electrical cally
active gas, such as oxygen or nitrogen, is  function In the integrated
circuit. added to or substituted for the usual inert sputter-  45  When
etching Is completed, the remaining re- ing gas (e.g., argon). Reactive
species  of such     sist material is removed by a resist stripping pro-
active gas are created In the glow discharge      cess, leaving behind the
unetched portions of the gion, along with the usual argon ions, and these
underlying layer In the desired pattern. An Inte- species react with
sputtered target atoms depos-     grated circuit is produced by repeated
sequences ited on the substrate to form a desired compound.  50  of layer
deposition, resist application, exposure, The reactive sputtering technique
thus permits     development, etching, and resist stripping. sputtering
from a pure metal target, aluminum for     Basic to each of these plasma
processes is the example, to produce a compound coating  on the
creation of an electrical gas discharge (plasma) by substrate (e.g.,
aluminum  oxide  or  aluminum      imposing a direct current (dc) voltage
or, prefer- nitride). Reactive sputtering has economic   advan-  55  ably,
a radio frequency [err] voltage between elec- tages because the sputtering
rate from a metal     trodes in a space occupied by a normally non- target
is much higher than from a target composed      reactive gas at low
pressure. Energetic electrons of the metallic compound,
emitted from the negative electrode (i.e., the cath- 2    



3                 EP 0 115 119 B1                        4 ode) collide
with neutral gas atoms or molecules to  rangement, an electrode Is formed
with a prismatic create ions or other reactive species and additional  body
having several flat faces, constituting sub- electrons, thereby Initiating
and maintaining a high-  strate support surfaces, arranged symmetrically ly
conductive glow discharge in a region  adjacent   about an axis. First and
second magnetic pole to the electrode. This glow discharge or plasma Is   5
pieces of opposite polarity project outwardly from separated from the
electrode surface by a dark    the faces and extend completely around the
elec- space or plasma sheath.                           trode body at
respective ends of the body, the Since the plasma Is essentially
equlpotential,           resulting structure being basically spool-shaped.
A the voltage drop between the plasma and the elec-   magnetic field
extending between the pole pieces trode occurs In the plasma sheath, and
the direc-  10  thus forms a continuous belt around the body of tion of the
electric field is normal to the electrode  the electrode adjacent to the
substrate support surface. Consequently, the ions and other reactive
surfaces. species generated in the plasma, which typically      The
symmetrical prismatic spool shape of this carry a positive charge, are
attracted to the elec-   previously proposed electrode provides multiple
trode surface and travel from the plasma to the  15  substrate support
surfaces and is particularly suited surface primarily in a direction
parallel t the elec-  to be mounted for rotation about its axis so that, In
tric field lines. In the plasma processes considered  bias sputtering
applications, each face can be dl- here, the electrode serves as a
substrate support,  reacted In succession toward one or more sputtering so
when the ions or reactive species reach the      targets. The prismatic
shape also permits loading surface of the substrate they either activate or
take   20  or processing a large number of substrates for a part in
chemical reactions resulting In the respec-  given size of electrode. tive
resist development, layer etching, and resist    The symmetrical prismatic
electrode must be stripping.
centrally positioned In a vacuum chamber, how- The kinetic energies
required for the chemical  ever, and requires substrate holding devices be-
reactions Involved in plasma processing are much   25  cause no more than
one of the substrate support lower, however, than the energies typically
encoun-  surfaces can be horizonta facing upwards. Many tered In diode
sputtering (several electron volts -    commercial sputtering systems, and
particularly compared with several hundred ev). The excess     those used
for integrated circuit production on ce- ion energy available In a
sputtering system there   '    ramic wafers, are arranged to process the
wafer fore, would merely generate heat if use  at tem-   30  substrates
lying flat. A symmetrical prismatic elec- peratures above about [err].
trode is not adapted for installation In such equip- It Is well known to
Increase plasma density In  ment. cathode sputtering processes  by the use
of a mag-      In addition, the plasma region produced by netic field. This
causes a splraling electron path  such prismatic spool-shaped electrodes
tends to and thus Increases the probabillity of ionizing colli-  35  be
nonuniform, since the belt-like magnetic field slon with a gas molecule or
atom.. Particularly ef-  bulges outward at its center region. This causes
fective for increasing the ionization efficiency of  the plasma thickness
to be greater at the center plasmas are electron-trapping magnetic fields
In    region than at the ends of the electrode body, which the lines of
magnetic force cooperate with  thereby resulting In a nonuniform processing
of the the electrode surfaces to form a completely en-  40  substrate
surfaces. closed region, preferably in which the magnetic       A principal
object of the present Invention is to field Is orthogonal to the electric
field.         provide a magnetron substrate support electrode U.K  Patent
Application No. 2096177A dis-       adapted for use in chambers In which
the substrate closes a sputtering cathode in the form of a mag-   lies
flat. netron electrode apparatus comprising a rectangu-  45  Another object
of the present Invention Is to lar parallelepipedal ion target flanked by
first mag-  provide a magnetron electrode structure that pro- netic means
defining a plasma containment en-      duces uniform plasma processing of
the exposed velope, which entraps and contains a plasma adja-   surface of
a substrate supported by the electrode. cent a selected surface of the ion
target Auxillary    These and other objects are achieved accord-
field-shaping magnetic means may be arranged on   50 ing to a first
embodiment of the invention by a the underside of the ion target for
co-operation with  magnetron electrode apparatus for use as a sub- the
first magnetic means with the aim of providing  strate support electrode In
a low pressure chamber a substantially uniform field of magnetic  flux
lines  of a plasma processing device the magnetron across the said selected
surface.                  electron apparatus comprising: It has been
proposed to use magnetic en-   55      an electrode body having a flat
rectangular hancement also in lower energy plasma processes     processing
surface, with a length defined between such as the bias sputtering  ad
plasma etching         first and second ends of the body and width de-
processes described above. In one proposed or-    fined between two side
edges of the surface; 3    



5                 EP 0 115 119 B1                     6 first magnetic
means Including first and second  auxillary magnetic field which flattens
the field lines magnetic members disposed at the first and sec-    of the
first magnetic field extending between the ond ends of the lectrod body
respectively the          first and second magnetic poles, and concentrates
first magnetic member constituting a first magnetic  the flux of the first
magnetic field closely adjacent pole of one polarity and the  second
magnetic    5   to the processing surface. member constituting a second
magnetic pole of          The above and other objects and features of
opposite polarity. thereby to provide a first  mag-     the Invention, as
well as its advantages over the netic field having field lines which
extend, between  prior art will be more apparent from the following the
first and second magnetic poles in the form  of    detailed description in
connection with the accom- a continuous belt encircling the body In
10     panying drawings. perpendicular to Its length; and
FIG.   is a semi-schematic view of a plasma auxilliary field-shaping
magnetic means having      processing apparatus  Including a magnetron
elec- third and fourth magnetic poles   which are disposed. close to and
are of the same polarity   as the first         FIQ. 2 Is a perspactive
view of the magnetron and second magnetic  poles and  which  produce 15 an
15  electrode shown in FIG. 1. auxiliary magnetic field which  flattens
the field lines    FIG. 3 Is a simplified elevation view In cross of the
first magnetic field extending  between the             section of the
magnetron electrode of FIG. 1 with first and second magnetic poles and
concentrates    an auxiliary field-shaping magnet means according the flux
of the first magnetic field  closely adjacent   to the present Invention.
to the processing surface.                   20       FIG. 4 is a
simplified elevation view of the In an advantageous embodiment of the
Inven-     magnetron electrode of FIG. 1 with an alternative tion, the
electrode body hAS the shape of rectangu-   auxiliary field-shaping magnet
means according to lar parallelepiped, the thickness of which Is     the
present invention. stantlally less than its width and length.
FIG. 5 Is a simplified elevation view In partial To Improve uniformity of
processing  of the   25  cross  section of a symmetrically prismatic mag-
surfaces of a substrate placed  on the processing        netron  electrode
according to the present Invention surface of the elecrode body, the
auxiliary field-       with an annular auxiliary field-shaping magnet
shaping magnetic means are provided, the strenght   means. and location of
the auxiliary magnetic means  being            FIG. 6 is a simplified
elevation view in cross such that the resultant  field adjacent to the sub-
30  section of an altermative embodiment of a mag- strate support surface
is flattened and extendsnds put"   netron electrode with an auxiliary field
magnet stantially parallel to the support surface.             means
according to the present Invention. Further according to the invention
there is pro-          FIG. 7 Is a plan view of an alternative embodi-
vided a magnetron electrode. apparatus for use as     ment of a magnetron
electrode according to the a substrate support electrode in a low  pressure
35  preent Invention. chamber of a plasma processing device the mag-
FIG. 8 Is a plan view of another alternative netron electrode apparatus
comprising:                  embodiment of a magnetron electrode according
to an electrode body having a flat  processing     the present Invention.
surface, a length defined between first and second      FIG. 1 Illustrates
In semi-schematic form a non-parallel ends, a width . defined between two
40  plasma processing apparatus 10 incorporating a parallel sides extending
normally to the processing  substrate support electrode. The apparatus In-
surface, and a thickness which is substantially less       cludes a
hermetic chamber 11 having an open- than said length and width of the
electrode  body;     ended shell 12 closed by a top sealing plate 13 first
magnetic means Including first and  second   and a bottom  sealing plate
14. Not shown are magnetic members disposed the first and sec-   45
conventional clamping means. such as bolts and ond ends of the electrode
body. respectively, the    nuts, and conventional seals, such as 0-ring
seals, first magnetic member constituting a first  magnetic   which are
needed to provide the necessary pole of one polarity and the second
magantic     vacuum-tightness of th chamber assembly. member constituting a
second magnetic   pole of          A pump-out opening 15 In the bottom
plate opposite polarity, thereby to Provide a first mag-   50  leads to a
vacuum pump 16, and at least one netic field having field lines which
extend between  rant gas. such as oxygen, may be Introduced the first and
second magnetic poles  in the   form  into the chamber, either alone or
with an Inert gas, a continuous belt encircling       the body in a
direction  such  as  argon, from respective sources 17 and 18 perpendicular
to its length; and.                  through respective valves 19 and 20
and inlet 21. auxiliary field-shaping magnetic means having  55  A
magnetron substrate support electrode as- third and fourth magnetic poles
which are  disposed  sembly 22 extends into the chamber and is sealin-
close to and are of the   same polarity as the first      gly attached to
the shell 12 by a mounting plate 23 and second magnetic poles and which
produces     an      and suitable fasteners and seals (not shown). 4    



7                EP 0 115 119 B1                   8 The substrate support
electrode assembly 22   to the magnetic pole piece 35. A corresponding
Includes an electrode 24 of rectangular cross sec-  dark-space shield 41 18
attached via an Insulator 42 tion carried by a tubular support 25 which Is
weld-  to the pole piece 36 mounted on the other end of ed or otherwise
attached to mounting plate 23.Tho  the electrode body. In addition, to
prevent contaml- upper face 28 of the electrode serves as a support   5
nation of the substrates 27, annular pole piece lids surface for a
substrate 27, such as a conventional  (not shown) can be fastened to the
exposed sur- ceramic disc or semiconductor wafer used in the   faces of
pole pieces 36 and 36, the material of the manufacture of integrated
circuits, RF power is  lids being Inert to the reactive species In the glow
supplied from a power. supply 28 via line 29 t a  discharge. coupling 30
mounted on the outer end of the   10     Referring again to FiG. 1, the
illustrated plasma electrode assembly 22. The rf power supply can be
processing equipment Is capable of performing of any commercially available
type used In conven-  both bias sputtering and plasma etching. For the
tlonal plasma processing systems. Couling  30    bias sputtering mode, a
conventional target cath- also may be equipped with inlet and outlet
connec-  ode assembly 43 is provided, the assembly being tions (not shown)
for permitting a flow of cooling   15  mounted by means of an electrical
Insulator ring 44 water to the Interior of the substrae  support elec-  to
the top of the chamber and being connected to trode.
the power supply via a line 45. In addition, a With reference to FIGS. 2
and 3, the substrate  shutter 46 is mounted on a rod 47 that slidable
support electrode 24 Is an assembly comprising an  extends through a
vacuum-sealed opening 48 In electrode body 31 of electrically conductive
non-  2o  the shell of the chamber. magnetic material, such as copper or
aluminum.      The operation of the magnetron substrate sup- Body 31 Is
generally In the form of a rectangular  port electrode will now be
explained for both the parallelepiped having a thickness dimension  that
tis  bias sputtering and plasma etching modes. In the substantially less
than Its length or width dimen-  bias sputtering mode, after a substrate 27
to be sions. In other words, It is "book-shaped". The side   as
sputter-coated has been placed on the support edges 32 and 33 are
preferably convexly rounded   surface 26 of electrode 24, the vacuum pump
16 Is in cross-section, as shown In Fig 2.             turned on to
evacuate the sputtering chamber 11. Disposed within body 31 is at leastt
one bar    When a desired vacuum level has been maintained magnet 34
extending longitudinally between a first  for long enough to sufficiently
outgas the compo- magnetic member 35 constituting a first magnetic  30
nents In the chamber, an Inert gas, a reactant gas, pole and a second
magnetic member 36 constitut-    or a mixture of Inert gas and reactant
gas, depend- Ing a second magnetic pole. The magnetic mem-    Ing on the
type of coating to be applied, Is intro- bers are composed of magneftially
pertnble ma-   duced Into the chamber through valves 19 and 20 terial such
as soft Iron. Each magnetic member is  until the desired operating pressure
is reached; this disposed at a respectiv end of the electrode body  35  Is
typically In the range of 13.3 to [err] (0.1 and projects outwardly from at
least the  support  to 50 millitorr). Sputtering power is next applied to
face 26 of the electrode body for the full width of  the sputtering target
43, whilst the shutter 48 is in the body. Preferably, the magnetic membere
35    position in front of the sputtering source. This al- and 36 also
project from the obverse face 37 and   lows the material sputtered from the
source to be the side edges 32 and  3 3 from continuous  40  deposited
Initially on the shutter, until the sputter- peripheral flanges at each end
of the electrode   ing target surface ls clean and ready to deposit body.
As a result, a magnetic field Indicated  by     uncontaminated material
onto the substrate. At an broken lines 38 extends longitudinally across
the  appropriate time, rf power Is applied to the sub- air gap between the
firstand second magnetic            strate support electrode 24 to
similarly sputter- poles and completely surrounds the electrode body   45
clean the substrate. like a belt or curtain. Thus, the magnnetic field in
The procedure described up to this point Is combination with the electrode
structure forms an   conventional and well understood in the art (see,
enclosed electron trap adjaecent to  the exposed   for example, the
discussions In Part 11-1 of "Thin surfaces of the electrode body. The
strength of this  Film Processes", edited by J.L Vossen and W. magnetic
field Is preferably In the range of approxi-  50  Kem, Academic Press,
Inc., 1978, and In Chapter 7 mately 5 mTesia (50 gauss) to approximately
100      of "Gas Discharge Processes" by S.M. Chapman, mTesia (1000 gauss).
J. Wiley & Sons, 1980). When rf power Is applied to the electrode. a
When the sputter-cleaning procedure Is com- dense  glow discharge or plasma
Is created in this  plete, the shutter Is moved aside to permit the
electron trap. To prevent this discharge from ex-  55  sputtered material
to be deposited on the substrate tending to the adjacent surfaces of the
electrode  27. After the desired coating thickness has been assembly, a
cup-shaped dark space shield 39 is     reached, the shutter Is returned in
front of the attached to an Insulator 40 which In turn is fastened  target,
and the power Is turned off.    9                 EP 0 115 119 B1
10 



The procedure for conducting plume etching     which are emitted from the
electrode face 26 and is basically the same as described above, except
from the exposed surface of the substrate 27. Here that the target cathode
and the shutter are not       the sheath electric field Is perpendicular to
the present.                                          magnetic field. As a
result, the E x B electron drift In either process, the application  of rf
power to   motion Is directed out of the plane of FIG. 1, the magnetron
substrate support electrode  24 re-    causing the electrons to circulate
around the pe- suits In the formation of a dense gas discharge or
riphery of the prismatic electrode, remaining at all plasma localized in
the region     of the   magnetic belt    times In the magnetic belt, very
close to substrate which extends. around the  perlphary of the elec-
27, whereby lonization or reactive species genera- trode and is shown in
cross-section  in FIG.1  by          to  tion Induced by these electrons Is
confined to a the dashed magnetic lines  38 The glow discharge       plasma
region close to the electrode surface. Itself occurs within the region 106
contained within      The electrons emitted from the projecting pole the
diagonal lines. A similarconfined discharge                  piece surfaces
are confined In a different way. forms if a negative dc potential is
applied to the   Here, the sheath electric field lines are parallel to
electrode. Magnetic pole 35 and 36  are  15  the magnetic field lines, so
the electrons, after exposed to the plasma In the regions near the
acceleration Into the plasma region, continue to magnetic gap. For this
reason, they should be      move In a spiralling manner parallel to the
mug- covered by pole pIece lides (not shown) made of a  netic field lines.
This motion carries the electrons material which is inert to the reactive
species     to the opposite surface. However, upon approach- present In the
plasma, If a reactant gas is being  20  Ing. the opposite sheath field, the
electrons are used In the coating or etching  process   repelled back Into
the  plasma and are consequent- It should be noted that the plasma region
106      ly also trapped, oscillating to and fro and close to extends
towards, but does not reach and   touch,    the substrate surface. those
surfaces which are maintained                      Thus,all  the  electrons
are trapped by the com- potential. The space 107 where no plasma exists is
25  bined action of the closed loop E x B drift and the known as the plasma
sheath   region. It is well         oscillatIng to and fro motion.
Electrons can escape known that when an electrode is capacitively coup-
from this trap only slowly when collisions with gas led to an rf power
supply,the rectification prop-            atoms cause them to cross
magnetic field lines erties of the plasma cause dc bias to develop
until they finally move to the dark space shields 39 between the electrode
surface and the  plasma  so  and 41, whereupon they are, removed from the
(see for example Chapter 5 of "Gas  Discharge        discharge. Process" by
B. N. Chapman). The bias is such   that       The radial spacing between
the electrode sub- the plasma is positive with respect to the electrode,
state support face 26 and the plane defined by except for a very short time
period during each rf  shields 39 and 41 lagely determines the thickness
cycle. The dc bias creates in electric field in the    35   of the plasma
belt 106. Although this belt Is main- plasma sheath region which is
everywhere   per-      tained closely adjacent to the exposed substrate
pendicular to the electrode surface. The plasma      surface, It can be
seen that the magnetic field lines Itself Is substantially free of electric
fields          curve or bulge convexly outward in the central The
mechanism of ion  formation In the plasma         region between the pole;.
Since the inner and (and reactive radical formation when a reactant gas  40
outer envelopes of the glow discharge region con- is used) starts with the
emission of electrons from  form generally to the magnetic field lines, It
Is the negatively biased electrode surface. These so-            clearly
apparent from FIG. 1 that both the plasma called primary electrons are
and the sheath field are substantially thicker in the the plasma by the
electric field In, the  plasma         mid region than near the poles.
sheath 107, gaining sufficient energy to cause ion- 45     It has been
found that the nonuniform thickness cation and reactive  species  formation
upon                     of   the plasma belt and sheath field creates non-
sion with neutral gas atoms In the  absence of the    uniform results over
the surface of the substrate. magnetic field, a large fraction of the
primary elec-   This Is due to the fact that the  positive ion trajec-
trons continues to move away from the  electrode     tories are determined
predominantly by the plasma surface, thereby extending the glow discharge
to  50  sheath electric field; their mass Is so much greater regions which
are far removed from the electrode      than that of the electrons that the
positive ions are surface. In addition, many do not  virtually with a gas
virtually unaffected     by the magnetic fields used In atom before they
reach an anode surface  so that        this device (typically 5 to 100
mTesla (50 to 100 the degree of ionization and reactive species gen-
Gauss) The sheath field  here causes some of the eration Is limited.
55  positive ions to be accelerated toward the electrode The enclosed
magnetic field of FIG. 1 alters   surfaces and, more Importantly, toward
the sub- the electron trajectories, dramatically improving this   strate
surface, thereby causing some unwanted situation. Consider, for example,
those electrons   sputtering from the electrode and back sputtering    11
EP 0115 119 B1                    12 from the substrate. The thicker the
sheath field, the  The field-shaping magnet of the invention can 



longer Is the path over which the iorn will be   also be adapted for use
with the previously pro- accelerated. Thus, they arrive at the substrate
with  posed prismatic electrode discussed earlier. With the greatest energy
where the sheath field Is the  reference to FIG. 5, a magnetron electrode
61 has thickest.,                                   5   an octagonally
prismatic body 62 with flanged An Important aspect of the present Invention
is  magnetic pole pieces (not shown) at each end the use of an auxiliary
magnet means to shape the  covered by dark space  shields. 63 and 64. The
magnetic field to be flatter and more concentrated    body of the electrode
Is coaxially surrounded by an closely adjacent to the electrode surface.
With ref-  annular auxiliary magnet 65. The auxilary magnet erence to FIG.
3, this field shaping Is accomplished   1O  comprises a cylindrical ring
magnet 66 with flat by an auxiliary magnet 48 spaced from and facing
annular pole pieces 67 and 68 of magnetically the substrate support surface
of the electrode 24.  permeable material. The Inner circumferential The
auxiliary magnet 48 Includes two bar magnets  edges of the pole piece rings
therefore become the 49 and 50 positioned adjacent to the first and
poles of the auxiliary magnet and are disposed In second magnetic pole
member 35  and 36, re-   15  bucking relation to the magnetic poles of the
elec- spectively, of the electrode assembly. Each mag     trode. As a
result, the magnetic field lines 69 of the net 49 and 50 extends parallel
to and for the full  electrode are flattened and concentrated by the width
dimension of the electrode body (i.e. per-  magnetic field lines 70 of the
auxiliary magnet. pendicularly to the plane of the drawing), and each
It will be apparent that the field-shaping effect Is magnetized so that one
sid edge is an N pole  2o  of the auxiliary magnet depends on Its field and
the opposite side edge Is an S pole.         strength and on the location
of Its poles relative to The two magnets 49 and 50 are oriented In     the
poles of the electrode. The poles of the auxil- bucking relation to the
first and second poles of the  lary magnet may be spaced closer together
than electrode, that Is, like poles facing each other, and  the spacing of
the poles of the electrode magnet a magnetic circuit Is completed between
the other  25  structure, they can be spaced the same as the poles of these
magnets by a bar or plate 51 of soft  electrode magnet poles, or they can
be spaced Iron or other magnetically permeable material.   further apart.
The pole nds of the auxiliary magnet Thus, the three-piece assembly
constitutes a mag-  structure can themselves be shaped to affect the net
that Is U-shaped In cross son and presents     field shaping. For example,
the ends 71 and 72 of a third pole 52, close to and of the same polarity
30  pole pieces 57 and 58 of the auxiliary magnet as the first pole 35 of
the electrode, and a fourth  structure In FiG. 4 are Inclined at an angle
toward pole 53, close to and of the same' polarity as the  . the substrate
support surface of the electrode. second pole 36 of the electrode
In addition, the electrode magnet structure can As can be seen from FIG. 3,
the auxiliary     have pole pieces which do not extend beyond the magnet 48
produces magnetic lines of force 54  35  faces or side edges of the
electrode body. As spanning the air gap between its poles and bulging
shown In FIG. 6, a substrate support electrode outward In opposition to the
magnetic field lines 38  body 73 Is provided with at least one Internal bar
of the electrode. As a result, the bulgs  Of the     magnet 74, as in the
above-described embodiment magnetic field 38 Is flattened and the field Is
con-  of FIG. 3. Pole pieces 75 and 76 are disposed, at centrated close to
the electrode surface 26. Con-  40  respective ends of the electrode body
and carry sequently, the thickness of the plasma region and  corresponding
dark space shields 77 and 78 moun- the thickness of the plasma sheath ar
both re        ted on Insulating spacers 79 nd 80, respectively. duced and
made more uniform.                         In the embodiment of FIG. 6. the
pole pieces FIG. 4 shows an alterative arrangement of an   do not extend
above the substrate support surface auxiliary magnet, with other components
of the.  45  81 of the electrode body but, instead, are recessed electrode
structure being Identical to those shown  so that the top surfaces of the
dark space shields In FIG. 3 and Identified by the same reference   can be
substantially flush with the substrate sup- numerals. The auxiliary magnet
55 reverses the   port surface. This flush surface arrangement simpli-
location of the magnet and the permeable material.  fies the design of
automatic loading and unloading Thus, one or more bar magnets    56 extend
longitu-  50  equipment for a substrate 82 to be placed on the dinally
between permeable pole pieces 57 and 58       support surface. Although the
pole pieces are The magnetic result is basicaly the same, how-   shown
recessed from the lower face of the elec- ever, with pole piece 57 forming
an S pole adjacent  trode body as well as from the upper face, this Is to
the S pole of the electrode, and pole Piece 58  not essential. Thus, a
magnetron electrode could forming an N pole adjacent to the N. pole of the
55  have a flush top surface and a flange-like extension electrode. As
before, the bulge of the magnetic  of the pole pieces from the side edges
and  ob- field lines 38 Is flattened, and the  lines are con-  verse face
of the electrode body, If desired. As in centrated closer to the electrode
surface.           the previously described magnetron electrode em- 7    13
EP 0115119 B1                      14 bodiments, the pole pieces produce a
magnetic      Claims 



field 83 that surrounds the exposed surfaces of the electrode body, thereby
creating a clossed electron-  1. A magnetron electrode apparatus for use as
a trapping field adjacent to the surfaces of the body   substrate support
electrode In a low pressure between the poles. An auxillary field shaping
me-   5  chamber of a plasma processing device, the net 84 is positioned
above the substrate support           magnetron electrode apparatus
comprising: surface 81 and comprises a bar magnet 85 having             an
electrode body (31) having a flat rec- pole pieces 88 and 87 attached one
at each end.         tangular processing surface (26), with a length The
magnetic field 88 produced by the auxiliary          defined between first
and second ends of the magnet flattens and concentrates the field above
10    body and width defined between two side substrate 82, thereby
Increasing the uniformity of   edges of the surface; the resulting plasma
generated during operation of        first magnetic means (34) including
first the electrode.                                        and second
magnetic members (35,36) dis- In addition to the use of auxiliary magnets,
the   posed at the first and second ends of the field over the substrate
support surface of the flat  15  electrode body, respectively, the first
magnetic magnetron electrode of the present Invention can      member
constituting a first magnetic pole of be advantageously shaped by varying
the spacing       one polarity and the second magnetic member of the pole
pieces of the electrode over the width    constituting a second magnetic
pole of op- dimension of its substrate support surface. FIGS. 7   posite
polarity, thereby to provide a first mag- and 8 show two examples of such
variation In  2o      netic field having field lines which extend be-
spacing. In FIG. 7, a flat book-shaped magnetron      tween the first and
second magnetic poles in electrode 89 supports a substrate 90 on its upper
the form of a continuous belt encircling the face 91. Pole pieces 92 and 93
at opposite ends of     body (31) In a direction perpendlcular to its the
electrode have nonparallel faces 94  and 95,        length; and
respectively, so that the field Increases in intensity  25  auxiliary
field-shaping  magnetic means from side edge 96 to side edge 97.
(48,56) having third and fourth magnetic poles The purpose of the
nonparallel pole pieces of      (49,50,57,58) which are disposed close to
and FIG. 7 Is to compensate for nonuniform plasma           are of the same
polarity as the first and sec- thickness over the substrate due to the
effect of     ond magnetic poles and which produce an electron drift. With
the magnetic poles arranged so   30  auxiliary magnetic field which
flattens the field that electron drift occurs in the direction of arrow
lines of the first magnetic field extending be- 98 around the body of the
electrode, centrifugal      tween the first and second magnetic poles and
force as the electrons drift around edge 97 from      concentrates the flux
of the first magnetic field the obverse side of the electrode cause   the
plasma       closely adjacent to the processing surface to be thicker above
edge 97 than above edge 96.  36    (26). By having closer spacing between
the pole pieces adjacent to edge 97, the Intensified field coun-   2. A
magnetron electrode apparatus as claimed in teracts the outward drift of
the electrons.           claim 1 characterised In that said electrode
Instead of straight nonparallel surfacews 94 and    body has substantially
the shape of a rectan- 95 of FIG. 7, the magnetron electrode 99 of FIG8
40  gular parallelepiped, the thickness of the body has pole pieces 100 and
101 with curved edges            being substantially less than the length
and 102 and 103, respectively, which may be provided      width of the
body. to produce a desired field shape and intensity to achieve a uniform
plasma thickness over the   total    3. A magnetron electrode apparatus for
use as a area of a substrate 104.                      46      substrate
support electrode In a low pressure Although the magnetron electrode and
auxililary      chamber of a plasma processing device, the magnets of FIGS.
3 through 6 are shown without        magnetron electrode apparatus
comprising: supporting structure, it will readily be apparent to      an
electrode body (31) having a flat pro- one of ordinary skill In the art how
to mount these   ceasing surface (26), a length defined between components
in proper relation to each other, both  50  first and second non-parallel
ends, a width physically and electrically, within or external to a  defined
between two parallel sides extending vacuum chamber of a plasma processing
system           normally to the processing surface, and a such as that
shown in FIG. 1. It will be further       thickness which Is substantially
less than said apparent that modifications can be  made and
length and width of the electrode body: equivalent elements substituted for
the p articular  55   first magnetic means (34) Including first embodiments
described herein without departing        and second magnetic members
(35,36) dis- from the scope of the Invention, as defined by the    posed at
the first and second ends of the appended claims.
electrode body, respectively, the first magnetic 8    13                EP
0 115 119 B1                      14 bodiments, the pole pieces produce a
magnetic    Claims 



field 83 that surrounds the exposed surfaces of the electrode body, thereby
creating a closed electron.      1. A magnetron electrode apparatus for use
as a tapping field adjacent to the surface of the body      substrate
support electrode in a low pressure between the poles. An auxlliary field
shaping mag-   5  chamber of a plasma processing device, the net 84 Is
positioned above the substrate   support             magnetron electrode
apparatus comprising: surface 81 and comprises a bar  magnet  85 having
an electrode  body (31) having a flat rec- pole pieces 86 and    attached
one at each end.               tangular processing  surface (26), with a
length The magnetic field 88 produced by the  auxilliary            defined
between first and second ends of the magnet flattens and concentrates the
field above   to      body and width defined between two side substrate 82,
thereby increasing the  uniformity of   edges of the surfaces; the
resulting plasma generated during operation of                first
magnetic means (34) Including first the electrode.
and second magnetic members (35,38) dis- In addition to the use of
auxillary magnets, the     posed at the first and second ends of the field
over the substrate support surface of the  flat  15  electrode body,
respectively, the first magnetic magnetron electrode of the present
invention can       member constituting a first magnetic pole of be
advantageously shaped by varying the spacing       one polarity and the
second magnetic member of the pole pieces of the electrode over the  width
contiuting a second magnetic pole of op- dimension of its substrate support
surface. FIGS. 7       posite polarity, thereby to provide a first mag- and
8 show two examples of such variation In  20       netic field having field
lines which extend be spacing. In FIG. 7, a flat book-shapes magnetron
tween the first and second magnetic poles in electrode 89 supports a
substrate 90 on its upper       the form of a continuous belt encircling
the face 91. Pole pieces 92 and 93 at opposite ends of     body (31) In a
direction perpendicular to its the electrode have nonparallel faces 94 and
95.            length; and respectively, so that the field increases In
intensity  25  auxiliary field-shaping magnetic means from side edge 96 to
side edge 97.                   (48,56) having third and fourth magnetic
poles The purpose of the nonparallel pole pieces of           (49,50,57,58)
which are disposed close to and FIG. 7 Is to compensate for nonuniform
plasma             are of the same polarity as the first and sec- thickness
over the substrate to the effect of          ond magnetic poles and which
produce an electron drift With the magnetic pole arranged so   auxiliary
magnetic fieid which flattens the field that electron drift occurs In the
direction of arrow     lines of the first magnetic field extending be- 98
around the body of the electrode, centrifugal       tween the first and
second magnetic poles and force as the electrons drift around edge 97 from
concentrates the flux of the first magnetic field the obverse side of the
elactrode cause the plasma        closely adjacent to the processing
surface to be thicker above edge 97  than above edge 96.     (26). By
having closer spacing between the pole pieces adjacent to edge 97, the
intensified  field coun-      2  A magnetron electrode apparatus as claimed
in teracks the outward drift of the electrons.             claim 1
characterised In that said electrode Instead of straight nonparllel
surfaces 94 and      body has substantially the shape of a rectan- 95 of
FIG. 7, the magnetron electrode 99 of FIG 8  40    gular parallelepiped,
the thickness of the body has pole pieces 100 and 101 with  curved edges
being substantially less than the length and 102.and 103, respectively,
which may be provided      width of the body. to produce a desired field
shape  and intensity to achieve a uniform plasma thickness over the total A
magnetron eletrode apparatus for use as a area of a substrate 104.
45      substrate . support electrode In a low pressure Although the
magnetron electrode. and auxililary     chamber of a plasma processing
device, the magnets of FIGS. 3 throug  h 6 are shown without     magnetron
electrode apparatus comprising: supporting structure, it will readily be
apparent to        an electrode body (31) having a flat pro- one of
ordinary skill in the art how to  mount   these       ceasing surface
(26), a length defined between components in proper relation to each other,
both  so       first and second non-parallel ends, a width physically and
electriclly, within or external to a     defined between two parallel sides
extending vacuum chamber of a plasma  processing system
normally to the processing surface, and a such as that shown In FIG. 1. It
will be further        thickness  which is substantially less than said
apparent that modifications   can bemade  and               length and
width of the electrode body; equivalent elements substituted  for the
particular    55           first magnetic means (34) Including first
embodiments described  herein withouth    departing              and second
magnetic members (35,36) dis- from the scope of the Invention.  as defined
by the      posed at the first and second ends of the appended claims.
electrode body, respectively, the first magnetic 8    15
16 member constituting a first magnetic pole of      to claim 1,
characterised in that the side edges 



one polarity and the second magneTIC member       (32,33) of the body (31)
are convexly rounded constituting a second magnetic pole Of op-         in
cros section. posite polarity, thereby to provide a first mag- netic field
having field lines which extend be    5   9. A magnetron electrode
apparatus as claimed in tween the first and escond   magnetic  poles in
claim 1 or clalm 4, 5 or 6 as appendant to the form of a continuous   belt
encirling the         claim 1, characterised   In that the said elec- body
(31) In a direction perpendicular to its           trade body (61) has the
shape of a right prism length; and
with a regularly polygonal cross section, said auxiliary field-shaping
magnetic means  10    processing surface (26) comprises one of the (48,58)
having third and fourth magnetic poles      faces of the prismatic body,
and said third (49,50,57,58) which are disposed closeto and         (67)
and fourth. (68) poles of said auxiliary are of the same polarity as the
first nd sec-      magnet means (66) comprise annular poles ond magnetic
poles.. and which  produce an         positioned coaxially with respect to
said pris- auxiliary magnetic field which flattens the field  15  matic
electrode body. lines of the first magnetic field  extending be- tween the
first and second   magnetic     poles and         10. A magntron electrode
apparatus as claimed In concentrates the flux of the first magnetic field
claim  9, charaterised In that the auxiliary closely adjacent to th
processing surface         magnet means (66) comprises a magnet In the
(26).                                     20      form of a cylindrical
shell, and two flat annular pole pieces (67,68) abutting the respective 4.
A magnetron electrode apparatus as claimedIn        ends of the magnet and
constituting said third claim 1, 2 or 3, characterised  In that said thi rd
and fourth poles. and fourth magnetic poles each comprises a magnet (49,50)
having a pole face close to the   25  11. A magnetron electrode apparatus
as claimed In respective one of the first and   second mag-           claim
10, characterised in that the inner diam- netic poles and the auxillary
magnetic means        eter of each flat annular pole piece Is less than
further comprises a member (51) of mag-           the Inner diameter of the
cylindrical magnet. netically permeab` material connecting the other poles
of the magneyts.               30  12. A magnetron electrode apparatus as
claimed In claim 10 or 11, characterised In that each face 5  A magnetron
electrode apparatus as claimed in    of said prismatic electrode body is a
process- claim 1, 2 or 3, characterised  in that said third        Ing
surface. and fourth magnetic poles each comprise a pole piece (57,58) of
magntically permeable   35   13 A magnetron electrode apparatus as claimed
In material, each pole piece having a  face (71,72)     any of the
preceding claims, characterised by close to the respective one  of  the
first and     the provision of a dark space shield (39,41) of second
magnetic poles    and the auxiliary mag-             electrically
conductive material surrounding net means further comprises a magnet (56)
each magnetic member (35,36) and means. extending longitudinally between
said  pole  40    (40) for mounting each dark space shield In pieces.
electrically Insulated spaced relation to the re- spective magnetic member.
6. A magnetron electrods appartus   as claimed In claim 5, characterisd in
that the face (71 ,72)  14. A plasma processing apparatus Including an of
each pole piece (57,58)  is so oriented that  45     evacuable chamber,
said apparatus being the normal to the face makes an angle dif-
characterised by: ferent from 90  to the plane of the processing
means (16) for evacuating the chamber; surface (71,72).
means (21) for introducing a gas Into the chamber; 7. A magnetron electrode
a apparatus as  claimeded in  50             a cathode (43) having a
sputtering surface; any of claims 1 to 6, characterisedIn that each
a magnetron electrode apparatus (24) ac- magnetic member (35,36) extends
beyond the              cording to any of claims 1 to 13 for supporting
width and thickness dimensions of th body to         a substrate (27) on
said processing surface form a continuous peripheral flange at the re-
(26); and spective end of the body.                           a power
supply (28) connected to the cath- ode (43) and the electrode apparatus
(24) for 8. A magnetron electrode apparatus as claimed in
delivering electrical energy to the cathode (43) claim 1 or any of claims 4
to 7 as  appendant  at a first predetermined voltage appropriate for C
L     M    S    causing sputtering from said sputtering surface   substrat
dans une chambre 3 basso presslon and for delivering electrical energy to
the eloc-  d'un disposltif de traiement par plasma corn- 



trode (24) at a second predetermined voltage      prenant: appropriate for
causing Ionigton of the go adjacent to the processang surfle (20).   a
un corps d'dlectrode (31) ayant, une surfa- ce de trultement plate (23),
une longuour dfil- Revendloations                                      nWe
entre une premibre et une seconde extre- mits non parallbles et une largeur
definle en- 1. Un apparedl & Eecbode do magnftron deenE          tre deux
c8ths parallbles s'Etendant normal.- a 8tre utilled comm. electrode de
support d'un   io  ment & la surface de traitement, et une epals- substrat
dans une chejnbre I  ba   presslon      seur sensiblement Infdrleure
auxdItes longuour d'un dispositif de traltoment par plapma, I'p-    et
largpur du corps d'Electrode; paredl & Electrode de mantron compronont des
premiers moyens magndtiques (34) un corps d'Electrode (31) ayant une surfa-
1S  comprenant un premier et un second organes co de traktement plate et
reanulsra (2M,          magndtiques (35, 36) disposes respectivement avec
une longuour definlo entre une prermnlro     & la premi~re et & la seconde
extrdmites du et une seconde extrimit~s du corps et une         corps
d'diectrode, to premier organ. mag netf- largeur definie entre deux cotfs
lateraux de Ia   que constituant un premier p81e magnetique surface;
20      d'uno poiarlbt et le second organ. magnetique constitunt un second
p8ol magnotique do po- Des premiers moyens magritques (43)           larite
opposje, pour foumir un premier champ compronant un premier et un second
organes        magn~tique ayant des lignes de champ qul magndiques (35, 36)
dispose4s reepectivement      s'Etendent entre le premier et Is second
p8les a la premlire at a le scond  xtrOmites du  a2     magnotiques sous la
forme d'une ceinture corps d'eiectrode, le premier organs m9n4tl-
continue encerclant Ie corps (31) dans une quo constituant un promier pleo
maandtique        direction perpondiculaire & ea longuour; et d'une polarit
et le sowond Qrgrno mggn7tiquo constituant un second p8lo magnilque de pp-
des moyene magn~tiquos auxillaires de larit opposeo, pour fOumlr un primler
champ   so  conformation du champ (48, 56) syant un trol- magn6tique ayant
des lignw do Ohnp qul            slime et un qustribme p8ies (49, 60, 57,
58) s'tendent entre to premier t It sleonda  ptle     qul sont dispos~s a
proxlmitd et sont de la magnetiques sous la formn  d'uns celintro
m8me polaribt quo lfs premiers et seconds continue encerclant le corps (31)
Cans Unr        poles et qul produlsent un champ magnetique direction
porpendlcuire & so longusar; et  35     auxillaire qui aptit les lignes de
champ du premier champ magnetique qul s'etend entre des moyens magn~tiques
auxillalres de         lee premier at second p86les magnetiques et
conformation du champ (48, 58) ayant un trol-     concentre le flux du
premier champ magn6ft- slime et un quatribme poles mondtigue (40,
quo troltement au voisinage de la surface de 50, 57, 58) qui sont diposs a
proxSmit    40     traltement (2. sont de ia mgme polaritE quo les premiers
et second poles megn~tiquwe et qul produlsent    4. Un apparell & Electrode
de magnetron sulvant un champ magn~tique astxillire qul pitft lV s     les
rvetndictlons 1, 2 ou 3, caracteriso en ce lignes de champ dU premier
charnp m49ndti-        quo lesdits trolslame et quatribme p8les corn- que
qul s'dtend entre km premiers et sond   45    prennent chaeun un almant
(49, 50) ayant une p81es magndtiques at concentro lo flux du         face
polaire proche de la face polalre respectl- premier champ magnEtique
6troltment au vol-       Ye des premiers et second p81os, les moyens sinage
de la surface do traltemont (29).          magnotiques auxillaires
comprenant de plus un organs (51) en matdriau magndtquement per- 2. Un
apparell A Electrode do mgn~tron suivant  so    mdable connectant lee
autres p8les des al- la revendicallon 1 oarawrild en co quo ledit
mants. corps d'dioctrode a ossentiellment le fQrmo d'un parallelopiphdo
reotngie, 1tpalseour du  5  Un apparell A Electrode de magnetron sulvant
corps 6tant sensibiement Infjrleure & Is largeur  les revendicatlons 1, 2
ou 3, caracterisE en ce et & la longueur du corps.               65
quo lesdits troislemres et quatrlime p8 les coin- prennent chacun une pikce
polalre (57, 58) en 3  Un appareil & 1lectrods de magnOtron destinE
mat~rlau magndtiquement permEable, chacune a Itre utillse comme Olectrode
de support d'un    des ploces polaires ayant une face (71, 72) 10    19
EP 0 115 119 B1                  20  1111111111111111111111111111 * C   L
M   S* proche de la face respective des premiers et      quo cheque face
dudit corps d'dlectrode pri- 



second p8les magn6tiques, et des moyens           smatique est une surface
de traltoment. magndtlques auxiliaires comprnawt de plus un almant (56)
s'6tendant longlidalnrheenjt entre  13 Un appsrell I diectrode de magn~tron
sulvant leadites places polulra.                  6       Puns quiconque
des rovendleatlone prdc6den- tes, carmoctried par la prdsence do blindages
6. Un apparell & dlectrode de magndton sulvent       d'eosce samnbre (3p,
41) en matirlau dlectri- ia revendlcation 5, ceractOrie en co quo ia
qu~mont odUcWUr entQuraent chaque organ. face (71, 72) do chmuu piGe
poidir. (57, 58)      magndtlque (t, 38) et des moyens (40) pour est
orlentee do tell, motst qwue Io normalo & In  70  montwr chaqke blindage
d'espace sombre face falt un angle d.lffrent do Q' .'W r.port     dans une
relation d'espacement et d'isolatlon au plan de la surface de tIwRoment (7,
72).      electrlque par rapport aux organes magndtl- ques rospectifs. 7.
Un apparell   leootrode do magnitron sulvant 'une quelconquo des revendlone
1          i s,   14. Un apparell de traltoment par plasma compre-
caractrlsed on ce q-u. dhU  orge mgnitl-         nent une chambre ob on
pout faire le vido, que (35, 86) s'e6tend ou d    go le IgrgYqvr .t  leclit
apparail ftnt caracdrlsd par de l'epalsseur du corps pour former gn rebord
pddrphdrique continu ax    #mlI*  rapsot:1-          des moyene (16) pour
faire le vide dans la ves du corps.                             z0
chambre; 8  Un apparell & d6ectrodo de magnjtron sulvant          des
moyons (21) pour introduire un gaz la revendicatlon 1 QU lune qu4lvqnque de
dans la chambre; revendlcations 4 & 7 annO" & to rwvlndo- tion 1,
caractdrisd en co quo la b'dp ltrisg   ?6    une cathodee ayant une surface
pour la (32, 33) du corps (31) sont arrondis de manlb&    projection; re
convexe en coupe. un apparell & electrode.de magndtron (24) 9. Un appareil
a electrode de magn~tron sulvnt       selon l'une quelconque des
revendications 1 a la revendicatoon 1 ou les revonditioons 4, 5 ou   so  13
pour supporter un substrat (27) sur Wadite 6 combindes & la revond.19afion
1, arect6dse     surface de traltement (26); et en ce que le dit corps
d'6lto  (81) a I.a forms d'un prisms droit a y uno ipcgon on            une
ailmentatlon (28) connectde & Ia ca- polygons rdguller, lesclt.s surkwsd4
trAff       thode (43) et & I'apparell d'dlectrode (24) pour ment (28)
comprenn*t une do  f.A   du   a6      fournir uno enorgle diectrique A
lacathode (43) corps prnsmatIque, et leadibt troligrmo (  et     a une.
premibre tension pr dddtorminde appro- quatrieme (68) pdlis douldis aumonta
Wudil-       pride pour provoquer la projection a partir de res (66)
compronnent o Ani~  spnyaires pgo-      ladite surface de projection et
pour fournir une satlonnds do manl~re  x  ,ar rep rt  dIt          Energie
loctrique & I'Olectrode (24) a une so- corps d'dlectrode pr8In'iMMiU.
40      condo tension pr~d~terminde appropride pour provaquer I'lonipation
du gaz volsin de la surfa- 10. Un apperell & 4lectrode de mapgntrn sulvant
co de traltement (06). Ia revendication 9, o.i% O -an co quo iaLu mant
auilialre (86$) -ompro ,, u. aimaWt ,n   PtenteansprUch frime enveloppe
cylindrique, et dew  pIkmas   . polalres annulalres plsaj (87, l0
;'appuyant  1. Magnstronelektrodenanordnung zur. Verwen- sur les extrdmltds
respevtivep de I'ament at     dung als Substratltrgerelektrode In elner
Nle- constituant lesdits trisibme at quabrn6 p6-       dordruckiknmer eines
Plasmaboarbeltungage- le.                                              Me
mit elnem ElektrodenkCrper (31), der elne 11. Un apparell &  lelctrode do
magnEAon sulvant     obene rechtocklge Arbeltsfliche (26) mIt olner la
revendlcatlon 10, wao*t0rl$ Mn cX quo le       zwischon elnom erston Endo
und einom zwdl- diambtre Intemr oe ,do Wq   piico poIgire on-    ten Endo
des KIrpers definierten Lingo und nulaire plate ot lr*oir IVd i4MtrV
intfrno        elner zwIshen zwel Seitenkanten der Oberfid- de 1'almant
cylindrigue.                          chpc definlort4n Brelto 40fwdst; mit
orston magnetischen MltteIn (34), die 12. Un apparell a Electro  de
magnrtron s.pivant     erste und zweite, an dem ersten bzw. zweiten les
revendlcations 10 Du 11, carirsi an o.        Ends dp Vlektrodonkorpers
angeordneto ma-    21                EP 0 115 119 B1                   22 *
C   L  M   S* gnetische Elements (35,36) aufwelsen, wobel           mit
feldformenden magnetischen Hllfsmit- des erate magnetische Element enen
erstaen         tein (48,58). die dritte und viest magnetlache 



magnetischen Pol von eiter Polvrtit und des        Pole (49,50,57,58)
aufwelsen, die nahe bel zweibt  magnetlache iement oenen zwelten
dem srtten bzw. dem zwelten magnetischen magnetischen Poi von
entgegengesetter Pola-   a    Pol engeordnot sind und diesslbe Polaritit
wle ritit blidet, wodureh gin orstps Magnetld mit      dine aufwelsan, und
dle aln zusitzlichls Me- Fedllnien erzeupt wIlr, 19lo h tiwlechon dcm
gnestfd ereugen, des die Feldllnien des or- erstaen und dem zwoln metn  Pol
In                 sn, dch zu schen dem orstn und demn 2wel- Form elnes
durchgehenden, don KOiyr f31) In       ton magnetischen Pol ererebenden
Magnet- elner zu eelner tAlne rofltigen Rihtung  .o        fekbo ebfleht
und don megnoeschen FluB umachilelenden mtn~s wrkgn; gowl
des orsten Megneffeides dicht in der NWhe der mit feldformendon megnotsohen
Hilfmnit-        Arbeitsfftche (26) konzentrlert. teln (48,56), die dritte
und vlists megnetlache Pole (49,50,57,58) aufwelson. die nahe bpi     4.
Magnetronselktrodenanordnung nach Anspruch demt eraten bzw. dem welten
mgnotisuhen   is       1, 2 oder 3, dacurch gekennzeichnot, daB der Pol
mngeordnet sind und dieet1o Plu*iltit wle      dritte und der vlerte
magnetlache Pol Js elnen diese autwelson, und die sin zultuilches Ma-
Magneten (49,50) enthilt. der sine Polfliche In gnetfeld erzeugen, des di*
Flddihien de er-        der NWhe des enteprechenden ersten bzw. sten, sich
zwischen dem estten und den zwel-      zwelten magnetischen Pols aufwelst,
und dam ten magnetischen Poi ersatrolenden Magnet-  so     die magnetshen
Hilfsmfltel sin Element (51) fildes abfiacht und den mgnohen FluBi
aus magnetflch perneablebm Material urnfas- des ersten Magnetfedes ditoht
in dr Nlihe er       sen, dao die anderon Pole der Magneten ver-
Arbeitefliche (26) konzentriert.                   bindet. 2.
Magnetronsiektrodenangrdnung njoh Anapruch   25  6.
Magnstroneisktrodenanordnung nach Anspruch 1, dadurch gekennzuiohnet, ded
der Elektro-        1, 2 oder 3, dadurch gekennzelchnet dae der denkorper
im wesentillohn die Gestalt eines        dritts und der vierte mgnetische
Pol Jowelis rechtecidgen Parallelepipeds suwelst und ditd      elnen
Polschuh (57,5) aus magnetlsch perme- die Dicke des Korpor wmnlsch goringer
lt,          ablem  Material enthilt, doel leder Polachuh als die Uinge und
die Breft de KOrpers.   so       elne Polschuhfilche (71,72) In der Nihe
des entsprochenden ersten bzw. zwelten magneti- 3
Magnetronelektrodenanordnung  ur Verwen-   -       schen Pole auiwelst, und
dam  die magnoti- dung ale Substrtrigeroiektmde in einer Nip-        schen
Hilfmrnittel welter dinen Magneten (56) derdruckkammer sins
Piamebeurteltungsge-           umfassen, der sich der iUnge nach zwlschon
rate,                                     S6       den Polschuhen
erstreckt. mit elnem Elskirodonkcrpor (31), der eine ebene rechteckige Ar;
Wltsflicho (20), sine zwi-    Magnetronslektrodenanordnung nach Anspruch
schen ehnem orsten Ends und pltin   nicht          5, dadurch
gekennzsichnst, da3 die Polachuh- dazu paralilien zwsitqn Enhe des KOrpers
de-       flche (71,72) Jedes Polschuhs (57.58) so finierte LUnge, sine
zwlschen.zwei parallelon,  40  orbentiert let deli die Flichennormale der
Pil- sich normal zu der Abitgflihe erstickenden         schuhfiicho einen
von 90* verschledenen Seiten definlerte Brelte powl sine Dick auf-
Winkel zu der Ebene der Arbeltsfiflche (26) weist, die wesentlich geringer
let aic di Lngo     einnimmt. und die Breite des Vektrodsnkrerp: mit ersten
magnesohen Mitkeln (34), die  4a  7. Magnetroneeoltrodenanordnung  nach
elnem erste und zweite, an 4em sraen b.iw. zwelten       der AnsprOche 1
bis 6, dedurch gekennzelch- Ende des Elektrodenkt0rrper' rnerdnete ma-
net, dae Jedes magnetleche Element (35,36) gnetische Elemente (35,3)
sf1weisen, wotei         sich Oter die Abmesaungen in Brelte und Dik- das
ersto magnetiache Element elnen orsten         ke doe Kfgrpers hinaus
erdtreckct und einen magnetischen Pol von siter Polarlit und ds   5o
durchgehendon, am Umfang ligopnden Flansch zwelte magnetsche   t
etinn zweltn          an dom jowelligon Ende des KOrpers bildet.
magnstischen Pol von mWntan tr Poty- ritit bildet, wodurch sin ers
Msgnottld mit   &  Msgnetronelektrodenanordnung nach Anspruch Feldllnien
erzeug: wird, die efch zwischen dem     1 oder elnem der Ansprdche 4 bIs 7
Im An- ersten und dem zweiten magnotitchon Pol in  5s     schluB an
Anspruch 3, dedurch gekennzeich- Form eines durchgehendon, don .Krper (31)
In       net, dae die Seltenkanten (32,33) des K8rpsrs einer zu aelner
ilinge rechiwlnlcigwn Rchtung      (31) Im Querschnltt konvex gnrundet
sind. umschllefienden Bundes eratreo en: sowle 12    23               EP O
115 119 B1                    24    11111111111111111111111111 * C   L   M
S* 9  Magnetronelektrodenanordnung naph Anspruch         Spannung Iblfsrt,
die geeignet ist, das Sputtern 1 odor Anspruch 4, 5 odor 6 Im M.n chluli an
von der Spufteroberfllche zu bewirken, und 



Anspruch 1, dadurch gskennzelchnot, daO der        die an die Elektrode
(24) slelcklsche Energle Elektrodenkdrper (B1) die  niitlt sins qgOra-
mit qniner zwelbtn vorbestimmten Spannung ie- den Prismas mit rgelm"Atgm
virn.    dgern   6     fort, die geeignet ist. sIne lonisaton des der
Quorschnitt hat, ,di dig A. .W1* m. (20) tIne      Arbeitsillche (20)
benachbarton  sses zu be- der Flichen des prismagiIhn Knuim im-
wirkon. faft, und daB der dril () n4 gr, viirtp I(8) magnoetsche Pol der
rMngtWn Hiftmltti (86) ringfarmige, OU~gIqh ,OgI   prnglatimhon   to
Elektrodenkdrpers kQwi  angr*i**  Pots autwelsen. 10.
Magnekronelektrodonanordning npch Anrw:h 9, dadurch g9kennzelchnat da  die
ma.^gre    i5 schen Hllfomittel (88) oelnn MagnetW In Ge- atalt elnes
zytindriohan Qohfjjo_ pdpr Man- tols sowle zwel ebmq? ilnof~rmlge Po bfths
(07,68) aufwelsen, die an doen enrtprewhendon Enden des Magneten anti~en
und don dritltri  20 bzw. vlerten Pol bilden. 11.
Magnotroneloktrodenanordnung nach Anspruch 10, dadurch gekennzelchnet, dao
der Innon- durchmesser ledes obnhri dngfsfimigen Pol-  25 schuhs kieiner
ltt.410 der Innendurchmmr des zylndrischen Magnotin. 12.
Magnetronelsktrodenanordnung nech Anqpwh 10 oder 11, dOdurch geWnnzsihnet,
dali Jode   so Fliche des prlsmdechqn Ektrodnkftrpem sine Arbefttfilche Ist
1a Magnetronelektrodenpnordnung  nach  olnem der vorherigen AnsprUche,
dedurch qokenn-  of zelchnet, daB sins OunklrqumAW shIrunwg (39,41) aus
emesktrlwh W imeltrl vpr- gesehen Ist, die peIdes. mianettshO.  Eiement
(35,38) umglbt, und dO MItel (40) vorevshon sind, urn Jede
Dunketrwimebinbmvng Oak-  40 trisch Isolbert und mit A*)*n.d aj Om jow*ili-
gen magnetiachen Element zu w fea. 14. PlasmaboarbeitungavorrJibtUng mit
einer eve- kulerbaren Kammer, gpiainn~eiO   duroWh 4: Mittel (16) zum
Ev.kulsron 4W Kmmor; Mittel (21) zum lJnlettn ff  Gaw  In die Kammer: sine
Kathod (.43) mit dlner spunproWf1- che.
50 sine Magnetroneltekrodsnmwrontng nach einem der AnsprUkhe I i*  1 3 Mm
Haltpn sines Substrate (27) 4ut der ArbWltAfNh (t26); und sine mit der
Kath0 (410) ,und der iektrgo    m denanordnung (24) verbundonoe Opswunpe-
sorgung (28), die an die Kfffidv ('(43 Y%1OtrI- sche Energte mit elner
orstn vQrbtimmten    


