
2129 021 -1- SPUTTERING APPARATUS Background of the Invention: The present
invention relates to a sputtering apparatus. 5  More particularly, the
invention relates to a magnetron type sputtering apparatus. With
enhancements in the performances of semiconductor 10 devices, P-N junctions
have become shallower and patterns have become finer. As electrode wiring
materials suited thereto, it has become necessary to adopt aluminum alloy
materials (such as Al-Si and Al-Si-Cu) and high-melting metal materials
(such as Mo, W and Pt), which are difficult 15 to be treated with
conventional vacuum evaporators. Sputtering apparatuses, which have
heretofore been principally utilized for thin-film ICs, are difficult of
application to the formation of the electrodes of semiconductor devices on
account of such drawbacks that the deposition 20 rate is low, that rise in
the substrate temperature is incurred and that device characteristics are
damaged. Since, however, the magnetron type sputtering method which
exploits an orthogonal electromagnetic field has been developed in recent
years, the aforementioned problems 25 have been solved, and it has come
into practical use    



-2- to introduce magnetron type sputtering apparatuses into the electrode
wiring steps of semiconductor devices. Magnetron type sputtering
apparatuses are classified into various sorts, depending upon the
arrangements 5 of magnets and the shapes of targets.  All of them, however,
are based on the principle that a plasma moving in conformity with the
Lorentz equation is confined into a local space in the vicinity of the
target by utilizing the orthogonal electromagnetic field. In particular,
electrons conduct 10 a cycloid motion on the target and collide against gas
molecules, with the result that a plasma of high density is generated.
Since the electrons are constrained by the magnetic field, it is possible
to prevent the temperature rise and the  device damage       due to the
bombardment of 15 the  wafer with the electrons, which are the
disadvantages of the conventional sputtering methods. Varian Inc. in U. S.
manufactures "Sputter System 3125H", which is extensively used in the
world. The principles and operation of this apparatus are as stated 20
below. As the principle of sputtering, argon gas is introduced into the
apparatus after it has been evacuated. -The argon is ionized, and a target
(film material) is struck out by the ions. A ring magnetron, S-GUN is used
for ionizing 25 the argon and accelerating the ions. The S-GUN forms  



-3- a plasma discharge in the shape of a doughnut. The plasma discharge is
established by an electric field and a magnetic field. Argon molecules are
ionized and the target is bombarded with the ions by the plasma 5
discharge. Since the plasma is formed in the doughnut shape just on the
target, most of the secondary electrons are confined within the plasma. The
main part of the system comprises the S-GUN which is incorporated in a
chamber, and a substrate jig and 10 rotating mechanism which is
"planetary". Further constituents are a liquid nitrogen cold trap, a
diffusion pump, an ion gauge, a main valve, a variable orifice (for
regulating the argon gas) and a substrate heater. First, a substrate is set
on a planet. Up to three 15 planets can be put in the chamber. A door is
shut, and preliminary evacuation is started with a mechanical pump.
Subsequently, main evacuation is started by the use of the diffusion pump.
The planets revolve round the S-GUN while revolving on their axes. When a
degree of vacuum 20 in the order of 10 6 Torr has been reached, the heater
in the chamber is turned "on" to attain a set temperature. When thermal
equilibrium is reached, RF etching is performed. The heating and etching
processes are optional. Thereafter, the argon gas is introduced. The argon
gas is contained 



25 up to the order of 10-3 Torr, whereupon the sputtering    -4- starts.
The distance from the S-GUN to the substrate is about 50 cm. Owing to this
distance, the influence of the secondary electrons is substantially
avoided. 5 In addition, favorable uniformity and step coverage are attained
by a good angle of incidence at which the target molecules are deposited on
the substrate. Further, because the jig of the substrates revolves on its
axis and also round the S-GUN, the uniformity and step coverage are 10
improved more. When the deposition has ended, dry nitrogen is introduced to
restore the interior of the chamber to the atmospheric pressure. This
terminates one cycle of operation. The magnetron type sputtering apparatus
is constructed 15 as follows. In the vicinity of a target (cathode)
disposed in opposition to an anode, magnets (such as permanent magnets or
electromagnets) are disposed to form an electro- magnetic field near the
target. A plasma is confined on the target by utilizing the cycloid motion
of electrons, 20 to render the sputtering rate high. Figure 1 shows the
apparatus, "Sputter System 3125H" manufactured by Varian Inc. in U. S. An
annular target 2 made of Al 



as shown in Figure 2 is installed around an anode 1 which is centrally
located.  This target is supplied 25 with -500 - 600 V with respect to an
applied voltage +24 V    -5- of the anode 1, so as to act as a cathode.
Permanent magnets or electromagnets 3 are disposed around the target 2 so
as to form an orthogonal electromagnetic field on the target 2. On the
other hand, a shield 5 ring 4 which is grounded is interposed between the
magnets 3 and the target 2. Thus, in this sputtering apparatus, electrons
emitted by a glow discharge arising between the anode 10 I and the target 2
perform       cycloid motion owing to the orthogonal electromagnetic field,
and a plasma generated by raising the density of collisions thereof is
confined on the target 2. In this way, Al atoms generated (sputtered) by
the collisions of positive 15 ions in the plasma against the target 2 are
rendered fast, so that enhancement in the deposition rate of Al on a wafer
(substrate) and enhancement in the purity thereof can be realized. In this
sputtering apparatus, the Al atoms sputtered 20 from the target 2 are
deposited on the wafer, not shown, and are also scattered toward the
magnets 3 around the 



target, tending to adhere thereto.  The shield ring 4 is therefore disposed
between the target 2 and the magnets 3 so as to prevent the deposition of
the Al 25 atoms on the magnets 3.  Conversely, however, the Al    atoms
deposit on the surface of the shield ring 4 and in the minute gaps thereof.
When the Al thus deposited becomes large in quantity, it affects the
orthogonal electromagnetic field formed by the magnets 3.  Meanwhile, 5
the orthogonal electromagnetic field becomes incapable of holding its
initial state due to the deterioration of the permanent magnets attributed
to secular changes. For such reasons, the cycloid motion stated above
fluctuates, and an end part of the target 2 close to the outer periphery 10
thereof comes to be sputtered. Then, the target end part gradually gets
roughened as the sputtering proceeds.  In particular, a marginal lip 2a of
the target has a large number of rugged parts formed on its surface.
Therefore, 15 electric field concentration is liable to arise at the
marginal region, and sparks are prone to appear between this region and the
shield ring 4 which is close thereto and which is held at the ground
potential. When the electric field concentration exceeds a limit, the spark
20 arises, and bumping (sudden boiling) takes place from the 



target marginal region due to the impact of the spark. When the bumped Al
adheres to the wafer surface, Al bulges (splatters) which can cause wiring
short-circuits    develop. With the prior art, therefore, targets whose
marginal regions 25 have become roughened must be exchanged somewhat early.
The    -7- short lifetime of the target leads to the problems of a low
percentage yield of semiconductor devices and a high cost of the target.
According to a first aspect of the present invention 5 there is provided a
sputtering apparatus having: a target forming a cathode which has, prior to
sputt- ering, a target surface and a second surface at or adjacent the
periphery of the target, the second surface having an edge in common with
the target surface, and being uncurved 10 in directions in the second
surface perpendicular to the edge in common with the target surface, the
second surface being inclined at an obtuse angle (measured within the
target) to the target surface; an anode in opposition to the cathode; and
15        magnets and a shield ring spaced from the target with the shield
ring being adjacent the second surface. According to a second aspect of the
present invention there is provided a sputtering process comprising: 



applying a voltage between a target forming a cathode 20 and an anode in
opposition to the target, thereby to gen- erate a glow discharge of free
ions, the target having, prior to sputtering, a target surface and a second
surface at or adjacent the periphery of the target, the second sur- face
having an edge in common with the target surface, and 25 being uncurved in
directions in the second surface perpen- dicular to the edge in common with
the target surface, the second surface being inclined at an obtuse angle
(measured    -7a- within the target) to the target surface; guiding the
free ions onto the target by means of a magnetic field applied by magnets,
thereby to generate free atoms, the free atoms travelling to a substrate; 5
wherein there is a shield ring between the magnets and the target, the
shield ring being spaced from the target with the shield ring being
adjacent the second surface of the target, whereby to prevent discharge
between marginal parts of the shield ring and the target. 10
Embodiments of the invention will now be described in detail, by way of
example, with reference to the accompany- ing drawings, in which: Figure 1
is a sectional view of a sputter gun portion which is a part of a prior art
sputtering apparatus and has 



15 already been described; Figure 2 is a sectional view, partially broken
away, showing a target in the prior art apparatus and has already been
described; Figure 3 is a view of the whole set-up of a first 20 embodiment
of a sputtering apparatus according to the present invention; Figure 4 is a
sectional view of a sputter gun in the apparatus of Figure 3; Figure 5 is a
sectional view, partially broken away, 25 showing a target in this
apparatus; and Figure 6 is a diagram of the typical sectional set- up of
another embodiment of a sputtering apparatus according    -8- to the
present invention. Referring first to Figure 3, there is shown a general
set-up view of a sputtering apparatus according to the present invention. A
vacuum chamber 12 which is nearly 5  spherical is placed on a chiller 11
over a base 10.  The interior of the vacuum    -9- 



chamber 12 can be set at a condition of high vacuum (about 10 7 Torr) by a
diffusion pump (not shown) disposed within the base 10 and a rotary
mechanical pump 14 communicating thereto through a pipe 13. An argon gas
(Ar) source -5 100 is connected to the chamber 12 through a tube 15, so
that argon gas (Ar) can be introduced into the chamber. In the figure,
numerals 16, 17 and 18 indicate valves, respectively. A plurality of (in
this example, three) sputter 10 guns 19 are disposed within the vacuum
chamber 12, and wafers 20 or other objects to be processed are supported at
the upper part of the chamber by a planetary mechanism 21. In addition,
heaters 22 are arranged near the sputter guns 19. The planetary mechanism
21 is such that, at the periphery 150f a rotary plate 23 which revolves on
its axis, a plurality of planetary rotary plates 24 are mounted so as to
revolve on their axes. A plurality of the wafers 20 are supported on the
surface of each planetary rotary plate 24, whereupon the respective rotary
plates 23, 24 are rotated on their 20axes. As a result, the planetary
rotary plate 24  exhibits   so-called planetary motion in  which it
revolves on its axis while revolving round the plate 23. As exaggeratedly
shown in Figure 4, the sputter gun 19 has a disc-like shield base 26 which
is cantilevered 25in the chamber 12 by an arm 25, and over which a base
plate 27   



-10- is supported in an insulated manner. An anode 28 penetrates the shield
base 26 and base plate 27 in a central position and is insulated therefrom.
An anode disc 29 is secured to the upper end of the anode 28, and a cooling
water pipe 130 5 to the hollow lower part thereof. Electric connection is
made so as to apply about +24 V to the anode 28. On the other hand, an
annular target 30 illustrated in detail in Figure 5 is disposed on the base
plate 27 surrounding the anode 28, and magnets (for example, permanent
magnets) 32 10 are disposed around the target by the use of a bracket 31.
The target 30 is made of a silicon material containing 2% of aluminum (Al).
As shown in Figure 5, its sectional shape is that of a right angled
triangle whose oblique line is formed with a step, and it has an outside
diameter A of 131.0 mm 15 and a height B of 22.4 mm. That part of the
target 30a adjacent to the periphery of the target, at the outermost and
highest position is constructed so that it has a margin having an uncurved
surface 30b forming the "second surface" of the invention. The width C of
the uncurved surface 30b 20 is set at C = 2.0 + 0.5 mm.  In addition, this
target 30 is made into a cathode by applying a voltage of -500 - 600 V
thereto through the base plate 27. The magnets 32 are such that a plurality
of magnets are circumferentially arrayed in each of two, upper and lower
stages. They form an 25 orthogonal electromagnetic 



-11- field on the target 30 (on the vicinity of the-inner slant surface),
along with an electric field established by the voltage of the target 30. A
cooling water pipe 33 is connected in the bracket 31 which supports the 5
magnets 32. On the other hand, a shield wall 34 having an L-shaped section
is mounted on the outer periphery of the shield base 26 so as to surround
the magnets 32, and a sputter shield ring 35 is fixed to the inner edge of
the shield 10 wall 34, facing downwards.   Further, a shield ring 36 is
unitarily mounted on the lower surface of the sputter shield ring 35 so as
to intervene between the target 30 and the magnets 32. The shield ring 36,
etc. are grounded through the shield wall 34 and the 15 shield base 26, and
thus held at the ground potential (O V). With the above construction,
sputtering is performed as stated below. .First, the wafers 20 are set on
the planetary mechanism -21, while the target 30 of the material
to-be-sputtered 20 (in this example, Al containing 2 % of Si) is set on
each base plate 27. Under this state, the pump 14, etc. are operated to
bring the interior of the vacuum chamber 12 to a vacuum pressure of about
[err] Torr. Besides, 



the required voltages are applied to the anode 28 and 25 the target 30.
When argon gas (Ar) is introduced into    -12- the chamber 12 to set the
interior thereof at [err] Torr, a plasma is generated in each sputter gun
19, to start the sputtering. More specifically, when the anode 28 has +24 V
5  applied thereto and the target 30 has -500 - 600 V applied thereto, a
glow discharge arises therebetween. Then, electrons conduct a cycloid
motion an the target 30 under the action of the orthogonal electromagnetic
field based on the magnets 32, and the plasma generated by 10  raising the
density of collisions thereof is confined on the target.  Therefore, the
density at which Ar ions in the plasma collide against the target is also
increased, and aluminum (Al) atoms sputtered from the target 30 are
rendered fast. Accordingly, the Al atoms 15  fly from the sputter gun 19 to
the upper part in the chamber 12 and deposit on the surfaces of the wafers
20.  The deposition rate is enhanced, and also the purity is high. The
sputtered atoms adhere, not only on the wafers, 20  but also on each shield
ring 36 by being scattered laterally. When the intensity of the orthogonal
electromagnetic 



field has been lowered by such causes as the adhesion of the aluminum (Al)
atoms on the shield ring and changes with time, the cycloid motion somewhat
fluctuates, and 25  the argon ions (Ar ) collide against the target 30 at
the    -13- or adjacent to its periphery to sputter it. The target 30 of
this example, however, has the part 30a formed into an uncurved surface
30b, so that even when the part 30a is roughened by sputtering, it is
always held in a round shape 5 without becoming acute.  Accordingly,
electric field con- centration does not occur in the part 30a of the target
30, and a spark does not appear between the shield ring 36 and the target.
Thus, the bumping of aluminum does not arise, and aluminum bulges
(splatters), which cause wiring short- lOcircuits, do not appear on the
wafer surface. As a result, the target 30 can continue the sputter- ing
even when the part 30a has become rough, so that the lifetime of the target
can be prolonged and enhancement of the percentage yield and reduction of
the cost in the fabri- 15cation of semiconductor devices can be realized.
The reason is that, even when the sputtering rate is raised, the period of
time for which the target can be consumed is longer than in the prior art,
and so frequency of exchange of targets is lower. 



20        Needless to say, when the dimensions of the outside diameter and
height of the target differ, the width C of the uncurved surface becomes
somewhat different accordingly, and when the target material is any other
than Al, the value becomes different. 25        Figure 6 is a diagram where
the present invention is applied to a planar type sputtering apparatus. The
appara- tus has a base plate 40, a planar target 41 which is    -14-
installed on the base plate 40, and an anode 42 which is arranged around
and over the target and in proximity thereto. Magnets 43, such as permanent
magnets or electromagnets, are embedded in the base plate 40 and form an
orthogonal 5 electromagnetic field on the target 41. Also shown is a shield
ring 44. According to this sputtering apparatus, electrons are caused to
perform a cycloid motion on the target 41 by glow discharge between the
anode 42 and the target 41, whereupon 10 the target is bombarded with argon
ions (Ar+) in a plasma so as to sputter Al atoms. Also as illustrated in
the figure, that part of the target adjacent to the periphery of the target
and proximate to the anode 42, is cut and chamfered to form an uncurved
surface 41a (the "second surface" of the 15 invention). Thus, even when
that part of the target 



adjacent to the periphery has been roughened by the sputt- ering, electric
field concentration does not arise, and the appearance of sparks between it
and the shield ring 44 is prevented effectively to prevent bumping. As a
result, the 20 lifetime of the target is prolonged, and enhancement in
percentage yield and reduction in cost can be achieved. Thus with an
apparatus according to the present invention, even when the target is
roughened by sputtering, the occurrence of electric field concentration in
that part 25of the target forming the second surface can be prevented, and
the appearance of sparks can be prevented, so that    bumping and the
attendant splatters are prevented. Further advantages are that the lifetime
of the target may thus be prolonged, and that enhancement in percentage
yield and reduction in cost can be attained.    -16- CLAIMS: 1.     A
sputtering apparatus having: a target forming a cathode which has, prior to
sputtering, a target surface and a second surface at or 5 adjacent the
periphery of the target, the second surface 



having an edge in common with the target surface and being uncurved in
directions in the second surface perpendicular to the edge in common with
the target surface, the second surface being inclined at an obtuse angle
(measured within 10 the target) to the target surface; an anode in
opposition to the cathode; and magnets and a shield ring spaced from the
target with the shield ring being adjacent the second surface. 2.     An
apparatus according to claim 1, wherein the target 15 is annular and has at
least one inner surface inclined to the longitudinal axis of the target,
the at least one inner surface being the target surface. 3.     An
apparatus according to claim 2, wherein the inner surface of the target has
first and second uncurved inner 20 parts inclined to the longitudinal axis
of the target, the- first and second inner parts being separated by an
uncurved step part of the inner surface. 4.     An apparatus according to
claim 2 or claim 3, wherein the second surface is subtantially
perpendicular to the 25 longitudinal axis of the target. 5.     An
apparatus according to any one of claims 2 to 4, wherein the second surface
is between the target surface and    -17- a cylindrical outer surface of
the target. 



6.     An apparatus according to claim 1 wherein the target is planar, the
target surface is one of the planar surfaces, and the second surface is
between the target surface and a 5 side surface of the target. 7.     An
apparatus according to any one of the preceding claims, wherein the magnets
and the shield ring extend around the target. 8.     A sputtering apparatus
substantially as herein 10 described with reference to and as illustrated
in Figs. 3 to 5 or Fig. 6 of the accompanying drawings. 9.     A sputtering
process comprising: -   applying a voltage between a target forming a
cathode and an anode in opposition to the target, thereby to 15 generate a
glow discharge of free ions, the target having, prior to sputtering, a
target surface and a second surface at or adjacent the periphery of the
target, the second sur- face having an edge in common with the target
surface and being uncurved in directions in the second surface perpen- 20
dicular to the edge in common with the target surface, the second surface
being inclined at an obtuse angle (measured within the target) to the
target.surface; guiding the free ions onto the target by means of a
magnetic field applied by magnets, thereby to generate free 25 atoms, the
free atoms travelling to a substrate; wherein there is a shield ring
between the magnets and the target, the shield ring being spaced from the
target  



-18- with the shield ring being adjacent the second surface of the target,
whereby to prevent discharge between marginal parts of the shield ring and
the target. 10.    A sputtering process substantially as any one herein
described with reference to Figs. 3 to 6 of the accompany- ing drawings.


