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U.S. CL 204—298 7 Claims

ABSTRACT OF THE DISCLOSURE

An improved target mounting device provides capa-
bility for sputter etch precleaning of substrates followed
by sputtering deposition from a number of targets in se-
quence in a vacuum chamber of relatively small diameter
without moving the substrate support or requiring movable
shutters. The mounting device holds the targets in spaced
angular location relative to an axis of rotation such that
each target in sequence faces a substrate support when
the mounting device is rotated through a corresponding
plurality of angular positions about its axis. The mounting
device is preferably in the form of a polygonal turret
head mounted on a rotatable tubular shaft. The shaft pro-
jects through the chamber wall and carries a commutator
on its outer end for selectively connecting a source of
electrical energy to each of the targets in turn as they ro-
tate to face the substrate support.

BACKGROUND OF THE INVENTION

This invention relates to sputtering apparatus and more
particularly to apparatus for sputter depositing thin films
of different materials in sequence.

The process of depositing a thin film of one material
upon an item of different material by means of gas ion
bombardment of a target of the first material is known as
sputtering. This process is assuming increasing commer-
cial importance in the production of homogeneous thin
films of elements, alloys or compounds on a variety of
substrates ranging from semiconductor devices to razor
blades.
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Apparatus for sputtering typically includes a sealable |

chamber, a pumping system for evacuating the chamber,
and a source of electrical energy, either high negative po-
tential direct current (DC) of high potential radio fre-
quency (RF). The items to be coated, called substrates,
are placed on a conductive substrate support, and an item
of the desired coating material, called a target, is mounted
on a target support plate facing the substrate support.
The chamber is then sealed and evacuated, typically to a
pressure of about 106 torr (i.e. 10—¢ mm. of mercury)
to remove most of the surface contaminants on the target
and substrate materials as well as the atmospheric gases
and water vapor. An inert gas, such as argon, is then bled
in until the chamber reaches a pressure sufficient to sup-
port a glow discharge, typically about 5 to 35 microns.

The source of negative DC (3000 to 4000 volts) or RF
energy is then connected to the target, the substrate sup-
port usually being maintained at or near ground poten-
tial. The target thus becomes the cathode and the substrate
support the anode of a gas discharge system. The flow of
electrons from cathode to anode ionizes the intervening
gas, and the positive argon ions are accelerated by the
electrical field toward the target. Bombardment of the tar-
get by these ions causes ejection of particles of target ma-
terial, which are deposited on the substrate.

Quite often a particular application will require deposi-
tion of more than one material in successive layers on the
substrate, To avoid lost time and contamination resulting
from opening the chamber to replace targets between suc-
cessive sputtering steps, it is common to mount all the
necessary targets in the chamber and to position the sub-
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strate opposite each target in sequence. The usual ar-
rangement is to suspend the targets in a circle from the
upper portion of a cylindrical chamber and to place the
substrates on a revolving tray for rotation to positions fac-
ing each target in sequence.

For a given target size, this arrangement can more than
double the required chamber diameter with resulting in-
creased chamber cost and evacuating time. Furthermore,
film deposition tends to be less uniform when performed
off the chamber axis. Also, it is usually necessary to add a
rotatable shutter between the targets and substrate to pro-
tect from contamination those targets not being used in
he particular sputtering step.

The problem of arranging a number of targets compactly
at or near the axis of the chamber is complicated by the
need to provide high DC or RF electrical energy and con-
nections for a liquid coolant supply to the target support
plate. For this reason, the targets are conventionally
mounted in fixed relation to the chamber, and the sub-
strates, which normally are at or near ground potential
and are not normally directly cooled, are moved in rela-
tion to them.

For example, it is well known to arrange a plurality of
substrates on a movable support, such as the rotatable
tray previously described, for sequential sputtering from
one or more fixed targets in order to increase the produc-
tion from one loading and evacuation cycle of the cham-
ber. In place of a tray rotating about the axis of the cham-
ber like a lazy Susan, U.S. Pat. No. 2,103,263 issued on
Dec. 28, 1937 to H. Kott discloses the use of an hexagonal
substrate support journalled for rotation about an axis
perpendicular to the chamber axis to expose substrates
attached to each of its six sides sequentially to a single
target mounted in the chamber on a fixed axial upport.

U.S. Pat. No. 3,400,066 issued on Sept. 3, 1968 to
H. L. Caswell et al. discloses an octagonal substrate sup-
port, similar to the hexagonal support of Kott, mounted
in the center of a cylindrical chamber between two tar-
gets mounted on fixed axial supports, one at each end of
the chamber. Rotation of the octagonal substrate support
exposes each substrate in turn, first to sputtering deposi-
tion from one target and then, a half turn later, to sputter-
ing deposition from the second target. The Caswell device
thus permits sequential sputtering upon a number of sub-
strates from fixed targets mounted on the chamber axis,
but the arrangement is limited to a maximum of two
targets.

One solution to the problem of providing cooling liquid
and sputtering voltages to compactly arranged movable
targets is disclosed in U.S. Pat, No, 3,537,973 issued on
Nov. 3, 1970 to L. F. Herte et al. The Herte apparatus em-
ploys two rectangular target electrodes fixedly mounted
adjacent each other, either in the same plane or at an
angle with one another, and facing a fixed substrate sup-
port plate. Hollow conductors supply sputtering voltage
to the fixed electrodes and also serve as conduits for liquid
coolant.

A target of one material is attached to one electrode and
a target of a different material is attached to the other
electrode. A two-layer laminated target of the same two
materials is pivotally mounted between the two electrodes
for movement from one electrode to the other in the man-
ner of turning a page in an open book. For sequential
sputtering, the movable target is turned to a first position
where it contacts and covers one of the electrodes. The
exposed lamination of the movable target is of the same
material as that of the exposed other electrode. This ma-
terial is then sputtered onto the substrate. Next, the mov-
able target is turned to contact and cover the other elec~
trode, thus exposing a lamination of material identical to
that of the now-exposed first electrode. The second ma-
terial is then sputtered onto the substrate,
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In effect, the movable target of the Herte apparatus
provides a means for changing the exposed material on the
faces of the target electrodes without having to move the
electrodes themselves. Herte thereby avoids the problem
of supplying electrical energy and liquid coolant to mov-
able targets. Again, however, the Herte device is limited
to only two different target materials, and the movable
target, not having any direct cooling, operates at an un-
favorably high temperature.

SUMMARY OF THE INVENTION

The present invention provides an improved target
mounting device with capacity for any practical number
of different targets and with the capability for rapidly lo-
cating each target in sequence as desired at a position on
the axis of a cylindrical chamber facing a substrate sup-
port for sputtering operations. The invention further pro-
vides cooling liquid to all targets and electrical power se-
lectively to the target being sputtered while isolating the
remaining targets from contamination. Despite its mul-
tiple target capacity, the device of the invention is com-
pact, simple, quick to manipulate, and adaptable to a wide
variety of sputtering operations using either DC or RF
powder. Furthermore, it requires only one rotatable vacu-
um seal and eliminates the need for complicated mov-
able shutters.

The target mounting device of the invention includes
means for holding a number of targets in spaced angular
location relative to an axis of rotation such that each tar-
get in sequence faces a substrate support centrally located
in a vacuum chamber when the mounting device is rotated
through a corresponding number of angular positions
about the axis of rotation.

A preferred embodiment of the target mounting device
is in the form of a hollow polygonal turret head supported
on a tubular shaft for rotation about the shaft axis in a
bearing fixed to the wall of the chamber. If the device is
used in the conventional cylindrical chamber, the shaft is
preferably mounted with its axis perpendicular to and in-
tersecting the chamber axis. In addition, lines perpendicu-
lar to and passing through the center of each of the poly-
gonal sides of the turret head preferably intersect and are
perpendicular to the shaft axis; also, they preferably lie
in a plane including the chamber axis.

In this manner, rotation of the turret head on its shaft
will successively locate targets, mounted on the polygon
faces, at a position on the chamber axis facing a substrate
support also located on the chamber axis in proper relation
for sputtering deposition of target material upon sub-
strates placed on the support.

The tubular shaft support for the turret head preferably
projects through the wall of the chamber at one end. A
commutator fixed to the outer end of the shaft supplies
DC or RF voltage through hollow conductors inside the
shaft to each target selectively when it is rotated to sput-
tering position. The hollow conductors also serve as con-
duits for cooling liquid to the targets during the sputtering
operation. Because the shaft and hollow turret head form
a pressure-tight unit, the inside of the shaft and turret
head can be at atmospheric pressure. Only one rotating
vacuum seal is needed, therefore, preferably inboard of
the shaft bearing to protect the chamber from contamina-
tion by the bearing lubricants.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention are more
fully revealed in the following description of the preferred
embodiment and illustrated in the drawings, in which:

FIG. 1 is a perspective view of a preferred embodiment
of the target mounting device of the invention.

FIG. 2 is a side view in cross section of the embodi-
ment of FIG. 1 mounted in a sputtering chamber.

FIG. 3 is a cross section taken along the lines 3—3 of
FIG. 2.
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4
DESCRIPTION OF THE PREFERRED
EMBODIMENT

A preferred embodiment of the target mounting device
of the invention is shown in FIG. 1 before assembly into
a sputtering chamber of conventional design. The target
mounting device 1 includes a means for holding the tar-
gets in spaced angular relation about an axis, the holding
means preferably being in the form of a polygonal tur-
ret head 2. In the illustrated embodiment, turret head 2
is in the form of a hollow cube 3, one side of which is
secured to a supporting means, such as tubular shaft 4, for
rotation about an axis perpendicular to that side.

Targets 5, 6 and 7 are fixed to three of the four faces of
cube 3 adjacent to the one side. On the fourth face is fixed
a metal plate 8 for a purpose to be described below. Al-
ternatively, if desired, targets could be attached to all four
faces of cube 3. An access plate 9, sealingly attached to
the sixth side of hollow cube 3 by bolts 10 permits access
to the interior of the cube for connection of electrical and
coolant lines (see FIGS. 2 and 3) to the rear of the target
support plates. Surrounding the back and side of each
target are dark space shields 11 for suppressing glow
discharge from any surface but the face of each target.

Machined surfaces 12 and 13 on tubular shaft 4 pro-
vide a matching fit for a rotary vacuum seal and a bearing,
respectively, when mounting device 1 is installed in a sput-
tering chamber. Handles 14 are attached to the shaft out-
board of bearing surface 13 by clamp 15 for rotating the
turret head to a desired angular position. At the outer
end of shaft 4 is a segmented commutator 16 inset in an
insulating plug 17 for selectively comnecting each one
of the targets to a source of electrical energy (not shown)
when the target is rotated to sputtering position. The com-
mutator has the same number of segments as there are
target positions on the turret head. For example, for the
four-sided turret head of the illustrated embodiment there
are four segments 16A, 16B, 16C and 16D corresponding
to targets 5,, 6 and 7 and metal plate 8, respectively.

Referring next to FIGS. 2 and 3, the target mounting
device of FIG. 1 is shown installed in the upper section
18 of a cylindrical sputtering chamber 19. The outer
end of tubular shaft 4 projects through an annular flange
20 in the wall of the chamber. A flanged housing 21
bolted to flange 20 contains a bearing 22 for supporting
the shaft and turret head for rotation about an axis per-
pendicularly intersecting the chamber axis. A rotary
vacuum seal 23 in board of bearing 22 prevents leakage
between shaft 4 and flange 20 when the chamber is evacu-
ated. A stub shaft 24 extends from the center of access
plate 9 to a blind bearing 25 in the wall of the chamber
opposite flange 20 to provide additional support for
turret head 2.

In lower section 26 of chamber 19, a metal plate 27 at-
tached to a conductive rod 28 extending from the bottom
of the chamber along the chamber axis supports substrates
29 in proper position for sputter coating from an opposite
facing target on turret head 2, for example, target 6.
Conductive rod 28 may be connected directly to the
grounded shell of chamber 19. Preferably, however, it is
insulated from the chamber shell to permit the application
of biasing or sputtering voltages to the substrates, if
desired.

An important advantage of the target mounting device
of the present invention is the provision of simple means
for selectively providing electrical power and a flow of
liquid coolant to the target in use for a given sputtering
step. The hollow interior of tubular shaft 4 and turret
head 2 permits running separate hollow conductors 30A,
30B, 30C and 30D from the outer end of shaft 4 for con-
nection respectively to pipe stubs 31A, 31B, 31C and 31D
extending from the back of each target mounting plate
32. The target mounting plates 32 are all permanently
secured by means of insulators 33 to turret head 2 so
that the turret head and shaft can be maintained at elec-
trical ground potential.
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Each hollow conductor 30 is connected to a segment of
commutator 16 corresponding in angular position to its
respective target. In the illustrated embodiment, the com-
mutator, for example, has four segments spaced 90° apart.
A commutator brush 34 delivers either DC or RF sputter-
ing voltage from a power supply (not shown) selectively
to the commutator segment 16B corresponding to the one
target (for example target 6) facing substrates 29 when
sputtering is being conducted.

In addition to connecting the sputtering targets to the
source of electrical energy, hollow conductors 30A
through 30D serve as conduits for liquid coolant to the
target mounting plates. To minimize the number of supply
and return lines, the targets may be interconnected by
additional tubes within the turret head. For example, non-
conductive tube 35 connects the mounting plate of target
5 to the mounting plate of target 7, and non-conductive
tube 36 connects the mounting plate of target 6 to the
mounting plate of metal plate 8.

Coolant flow can can established to all targets in se-
quence, for example, simply by connecting a flexible
supply line (not shown) to threaded coupling 37A at the
outer end of hollow conductor 30A, a flexible exhaust
line (not shown) to threaded coupling 37B at the outer
end of hollow conductor 30B, and a short insulated return
bend (not shown) between threaded couplings 37C (not
shown) and 37D at the ends of conductors 30C and 30D,
respectively. The coolant flow path is then in through
conductor 30A to target 5, then to target 7 through tube
35, out through conductor 30C and immediately back in
through conductor 30D to metal plate 8, then to target
6 through tube 36, and finally out through conductor
30B. Because the total rotation of the turret required to
place any of the targets into downward facing sputtering
position is less than 360 degrees, there is no need for a
great degree of flexibility of the coolant connecting lines.
The entire coolant supply system is thus simple, inexpen-
sive, and requires no movable or rotatable seals.

In a typical operating cycle, the upper chamber section
is lifted from the lower section, the substrates to be coated
are placed on metal plate 27, and targets of the desired
coating materials are attached to mounting plates 32.
Upper chamber section 18 is then lowered into place to
make sealing contact with flange 39.

The chamber is next evacuated through pump-out fitting
40 by means of a conventional pumping system (not
shown), preferably to a vacuum of at least 10-8 torr. A
suitable gas, such as argon, is then bled in through a bleed
valve (not shown) attached to inlet flange 41. Usually
the vacuum pumping system continues in operation so that
a constant stream of argon sufficient to maintain a cham-
ber pressure of about 5-35 microns flows through the
chamber and carries away contaminants liberated during
the sputtering process.

The initial high vacuum step not only purges atmos-
pheric gases and water vapor but also tends to boil off
surface contaminants such as cleansing fluids from the
substrates and targets. Nevertheless, a thin film may still
remain on the substrates that will adversely affect the
adherence of subsequently deposited target material. Con-
sequently, it is a common procedure to superclean the
substrates by so-called sputter etching. This is merely re-
verse sputtering, in which the sputtering voltage is applied
to the substrate support and a thin layer of substrate ma-
terial is sputtered onto the facing surface.

To avoid contaminating the surface of one of the targets
8, 6 or 7, turret head 2 is rotated by handles 14 until metal
plate 8 faces downward toward the substrates, Then the
DC or RF power is connected to rod 28, and lower com-

mutator brush 34 (which contacts commutator segment 7

16D corresponding to plate 8 in this position of the turret
head) may be connected to ground by suitable switches
(not shown). In addition, targets 6, 7 and 8 may be
cleaned by presputtering in a similar manner while facing
the grounded surfaces of the chamber and having sputter-
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ing voltage applied through corresponding commutator
brushes such as upper brush 42.

After completion of the presputtering step, turret head
2 is rotated until the target of the first material to be
deposited is positioned facing the substrates. A supply of
cooling fluid is connected to the targets in the manner
described above and the desired sputtering voltage applied
through commutator brush 34. At the same time, brushes
contacting the other commutator segments are preferably
grounded, so that all surfaces of the turret head and
targets will be at ground potential except for the target
facing the substrates. Sputtering will thus take place only
from that one target and, because of dark space shield
11, only from the face of that target. The other targets
are also protected from contamination by the sputtering
target by grounded annular shield 43, which surrounds the
dark space shield of the sputtering target with just enough
clearance to permit rotation of the turret head.

The substrate support meanwhile has either been
grounded or, preferably, connected to a conventional DC
or RF bias supply (not shown). The purpose of biasing
the substrates is to lightly scrub them with positive argon
ions to remove loosely held entrapped gas atoms deposited
along with the adherent sputtered film. A film of higher
density and better adhesion can result. A lower grounded
annular shield 44 surrounds the substrate support plate 27.

The progress of the sputtering operation can be ob-
served through viewport 45, When deposition of the first
film is completed, sputtering voltage is turned off and
the turret head rotated to place the next target in sputter-
ing position. The corresponding commutator segment for
the second target then automatically contacts lower brush
34 for connection to the source of sputtering power. The
process is then repeated until the desired number of films
has been sputtered in sequence upon the substrates.

Although the illustrated turret head device is in the
form of a cube, a polygonal head with any reasonable
number of faces can be used, depending on the number
of different target materials required. As indicated above,
a sputtering region centered on the chamber axis is pre-
ferred, but this is not essential. The axis of rotation of
the turret head, for example, could coincide with the
chamber axis and a number of substrates be placed around
the turret head facing radially inward. Alternatively, the
turret head faces could be angled with respect to the axis
of rotation or even lie in a plane perpendicular to the axis
of rotation (i.e. the target holding means could be in the
form of a revolving tray).

I claim:

1. In sputtering apparatus of the type having a vaccum
chamber, at least one sputtering target mounted in the
chamber, a source of electrical energy for causing sput-
tered material removal from said targets, and means for
supporting at least one substrate within the chamber for
sputtered deposition of material from each target se-
quentially upon the substrate, an improved target mount-
ing device comprising:

a hollow turret head structure rotatably mounted in a
central position in the chamber, the turret head hav-
ing an elongated hollow support member sealingly
projecting through an opening in the wall of the
chamber, the interior of the turret head and support
member being unexposed to the chamber environ-
ment;

a plurality of targets mounted on insulated supports
spaced in angular relation around the turret head, the
arrangement of insulated supports being such that
each target in sequence faces the substrate supporting
means when the turret head is rotated through a cor-
responding number of angular positions about the
longitudinal axis of the support member, and the rear
surface of each target is accessible from the interior
of the target head;

means for selectively connecting each one of the targets
through the hollow support member to the source of
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electrical energy when the turret head is rotated to
the angular position at which the corresponding target
faces the substrate supporting means.

2. The device of claim 1 wherein the means for selec-
tively connecting each target to the source of electrical
energy comprises:

a plurality of hollow conductors, one conductor con-
nected to each target, leading through the hollow sup-
port member to terminals outside the chamber and

first contact means connected to the source of electrical
energy and positioned for selectively contacting each
conductor terminal when the turret head is rotated to
the angular position at which the corresponding target
faces the substrate supporting means.

3. The device of claim 2 wherein the conductor ter-
minals comprise segments of a commutator mounted on
the outer end of the support member, each segment of
the commutator being positioned in fixed angular relation
to a corresponding target, and the first contact means is
positioned in proper angular relation to the commutator
so as to contact that segment connected to the target
facing the substrate supporting means.

4, The device of claim 2 further comprising:

means for circulating fluid coolant through the hoillow
conductors to and from each target, whereby all
electric and coolant connections to the targets pass
through the one opening in the vacuum chamber
wall,

10

15

20

8

5. The device of claim 3 further comprising:

a second contact means spaced angularly from the first

contact means and

switching means for selectively connecting the first or

second contact means to the source of electrical en-
ergy, the source when connected to the second con-
tact means transmitting electrical energy through the
contacted commutator segment to a corresponding
target facing away from the substrate support means
for sputter cleaning the target without contaminating
the substrate,

6. The device of calim 3 wherein the shaft and turret
head structure are maintained at ground potential for
shielding the conductors, and the device further comprises
a dark space shield surrounding the sides of each target
and conductively attached to the turret head, whereby
glow discharge occurs only from the face of the energized
target.

7. The device of claim 1 wherein the source of elec-
trical energy is a source of radio frequency energy.
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