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SPECIFICATION
TITLE OF THE INVENTION
Sputtering Method and Sputtering Apparatus
BACKGROUND OF THE INVENTION

The present invention relates to a sputtering
method and a sputtering apparatus for forming metallic
films, insulating films or the like on substrates. For
example, the present invention can be applied to a magnetic
head such as GMR (Giant Magneto-Resistive element)
including, for example, Cu films and Ni-Fe-Co films
alternately located between a passivation £film and a
substrate.

Sputtering has been often carried out to form
thin films of semiconductor, optical disks, electronic
components, etc. in these days.

Hereinbelow, an example of a conventional
sputtering method (for example, which is disclosed in
Japariese Examined Utility Model Publication No. 2-43867)
will be described with reference to ?igs. 6 and 7. In Fig.
6, reference numerals 1-3 represent a target, a cathode
equipped with the target 1, and a substrate arranged
opposite to the cathode 2 to which a film is to be formed
by sputtering, respectively. Other reference numerals are:
4 a vacuum discharge pump for achieving a vacuum atmosphere

in a vacuum chamber 5; 6 a gas feed system for supplying a



sputtering gas to the vacuum chamber 5 while regulating a
flow rate of the gas thereby to make a pressure in the
vacuum chamber 5 to be a sputtering pressure; 7 a trigger
gas feed system for triggering a discharge gas; 8 a
pressure regulation valve for regulating the pressure in
the vacuum chamber 5; 9 a power source for supplying
electricity to the cathode 2 to generate plasma at a
surface of the target 1, respectively.

The operation of a sputtering apparatus
constituted as above will now be described. First, the
interior of the wvacuum chamber 5 is wvacuumized into the
order of 10 Torr by the wvacuum discharge pump 4. Argon
gas is then introduced into the vacuum chamber 5 by the gas
feed system 6. The vacuum chamber 5 is adjusted to be a
pressure of 2x10 " 3Torr or so as a sputtering pressure, and
then the pressure regulation wvalve 8 is fixed. The
substrate 3 is set in the vacuum chamber 5 through a wvacuum
atmosphere resexrve chamber or a transfer chamber, etc.
Thereafter, as shown in Fig. 7, a direct current power
source or a high freguency power source 9 is turned ON at a
timing T11 thereby to apply electricity to the cathode 2.
At the same timing, the trigger gas feed system 7 is opened
to raise the pressure in the vacuum chamber 5 to be higher
than the sputtering pressure, which brings about a

discharge in the wvacuum chamber 5. At a timing T12 when



the discharge is detected by a discharge detection sensor
such as a photo-detector or the like (when the discharge
detection sensor is turned ON), the trigger gas feed system
7 is closed, so that the vacuum chamber 5 is returned to
the sputtering pressure. A film is thus formed on the
substrate 3. In this case, the electficity applied to the
cathode 2 reaches a set power at a timing T13. The direct
current power source or high frequency power source 9 is
turned OFF at a timing T15 when a film formation time
terminates. The discharge is stopped. The discharge
detection sensor is turned OFF at this time, that is, in a
state not to detect the discharge. Then, the substrate 3
is transferred to the reserve chamber or transfer chamber
or the like, and a fresh substrate 3 is set in the wvacuum
chamber 5. After the substrates 3 are transferred, the
vacuum chamber 5 is returned to approximately 2x10”3Torr as
the sputtering pressure at a timing 'i’ls, and at the timing
T16, the direct current power source or high £requency

power source 9 is turned ON to supply electricity to the

~cathode 2. The trigger gas feed system 7 is opened at the

same timing to make the pressure in the vacuum chamber S
higher than the sputtering pressure. As a result, a
discharge is brought about in the wvacuum chamber 5. The
trigger gas feed system 7 is closed at a timing T17 when

the discharge detection sensor such as a photo-detector
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detects the discharge (is turned ON}. The vacuum chamber
is consequently returned to the sputtering pressure and a
film is formed on the substrate 3. The electricity applied
to the cathode 2 at this time reaches the set power at a
timing Tis8. The discharge is stopped with the direct
current power source or high frequency power source 9 being
shut at a timing T20 when the f£ilm formation time expires.
The discharge detection sensor is turned into a state not
to detect discharging (is turned OFF). The substrate 3 is
moved to ﬁhe reserve chamber or transfer chamber, etc. in
the vacuum atmosphere and a fresh substrate 3 is sent in
the vacuum chamber 5. The above operation is repeatedly
carried out afterwards. A pressure change when the
substrate is exchanged to the reserve chamber or transfer
chamber, etc. is not indicated in Fig. 7.

According to the above sputtering method, since
the gas remains in the trigger gas feed system 7 while the
trigger gas feed system 7 is closed, the gas is abruptly
supplied at a moment when the trigger gas feed system 7 is
opened at the timing T1l1. Therefore, the vacuum chamber 5
assumes 1x10 1Torr or higher pressure, as shown in Fig. 7,
which raises the necessity of a long time to reach a timing
T14 when the vacuum chamber 5 returns to the sputtering
pressure. An interface of the film to the substrate 3

becomes thick because of the higher pressure than the



original sputtering pressure, Moreover, since a £film
formation speed generally decreases in a high pressure
state, the film is formed virtually at a low speed as a
whole. A change in time interval of discharges because of
the exchange of substrates 3, etc. changes the amount of
gas stagnation in the trigger gas feed system 7. That is,
the pressure in the vacuum chamber 5 rises unstably when
the trigger gas feed system 7 is opened, thereby rendering
the timing T14 instable for the vacuum chamber 5 to return
to the sputtering pressure. In addition, the pressure and
electricity for stérting the discharge vary due to a large
pressure increase, in other words, the timing Ti2 starting
the discharge becomes instable. As a result of this, a
discharge duration (film formation time) wvaries, which
leads to an instable film thickness. Besides, the film
quality at the interface is instable. The conventional
sputtering method has many issues as above .

In the case of sputtering to optical disks or the
like, £ilms have been formed in a short time, namely, in
units of seconds. The aforementioned change in £ilm
quality and film thickness causes defective products and
lowers a yield. For example, if the absolute value of the
thickness of the film is unstable, the reflectance may make
unstable to cause the signal strength to vary and thus the

disk characteristics is lost and stored information can not



be read out, and the step coverage may change not to
recognize pits, and the heat conduction may change to
change crystal condition. Additionally, if a £ilm is
formed in a case where the initial pressure is too high,
the adhesive force of the film may be weaken and the
refractive index may be adversely changed. Although a
thermal filament method or the like is executed in many
cases to trigger the discharge, the method requires a
filament mechanism, a power source for a filament current
and the like, making facilities complicate and expensive.
SUMMARY OF THE INVENTION |

An object of the present invention is to provide
a .sputtering method and a sputtering apparatus using
triggering of a discharge gas, whereby a pressure in a
vacuum chamber before a discharge is started is kept
constant at all times, so that a time £for the vacuum
chamber to return to a sputtering 'pressure is reduced,
thereby to greatly stabilize a film thickness and £ilm
quality and improve a film formation speed.

In accomplishing these and other  aspects,
according to a first aspect of the present invention, there
is provided a sputtering method in which, on occasion of a
sputtering discharge, a flow rate of a discharge gas is
increased to raise a vacuum chamber to be higher than a

sputtering pressure, the method comprising: opening a



trigger gas feed system to increase the flow rate of the
discharge gas to raise the vacuum chamber toc be higher than
the sputtering pressure before the discharge is started;
closing the trigger gas feed system instantaneously when
the discharge is brought about, thereby setting the vacuum
chamber at the sputtering pressure; and opening the trigger
gas feed system again after the discharge is finished.

According to a second aspect of the present
invention, there is provided a sputtering method according
to the first aspect, wherein the trigger gas feed system is
opened again after the discharge is finished, and képt
opened until a next discharge is started.

According to a third aspect of the present
invention, there is provided a sputtering method according
to the first or second aspect, wherein in opening the
trigger gas feed system to increase the flow rate of the
discharge gas to raise the vacuum chamber to be higher than
the sputtering pressure, the trigger gas feed sYstem. is
opened to increase the flow rate of the discharge gas
before the discharge is detected, instead of before the
discharge is started; and in closing the trigger gas feed
system, the trigger gas feed system is closed after the
discharge is detected, instead of instantaneously when the

discharge is brought about.
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According to a fourth aspect of the present
invention, there is provided a sputtering method according
to the first or second aspect, wherein in opening the
trigger gas feed system to increase the flow rate of the
discharge gas to raise the vacuum chamber to be higher than
the sputtering pressure, the trigger gas feed system is
opened to increase the flow rate of the diécharge gas
before a power value of a discharge power source reaches a
predetermined wvalue not larger than a discharge power
value, instead of before the discharge is started; and in
closing the trigger gas feed system, the trigger gas feed
system is closed when the power of the discharge power
source reaches the predetermined value not larger than the
discharge power, instead of instantaneously when the
discharge is brought about.

According to a fifth aspect of the present
invention, there is provided a sputtéring method according
to the first or second aspect, wherein in opening the
trigger gas feed system to increase the flow rate of the
discharge gas to raise the vacuum chamber to be higher than
the sputtering pressure, the trigger gas feed system is
opened to increase the flow rate of the discharge gas
before a discharge power source is turned ON, instead of
before the discharge is started; and in closing the trigger

gas feed system, the trigger gas feed system is closed



after the discharge power source is turned ON, instead of
instantaneously when the discharge is brought about.
According to a sixth aspect of the present
invention, there is provided a sputtering apparatus for
forming a f£ilm by sputtering wherein, on occasion of a
sputtering discharge, a flow rate of a discharge gas is
increased to raise a vacuum chamber to be higher than a
sputtering pressure, the apparatus comprising: a trigger
gas feed system for supplying the discharge gas into the
vacuum chamber; and a control device which can control
opening/closing of the trigger gas feed system, so as to
open the trigger gas feed system so as to increase the flow
rate of the discharge gas to raise the vacuum chamber to be
higher than the sputtering pressure before the discharge is
started, c¢lose the trigger gas feed system to return the
vacuum chamber to the sputtering pressure instantaneously
when the discharge is brought about; and open the trigger
gas feed system again after the discharge is finished.
According to a seventh aspect of the present
invention, there 1is provided a sputtering apparatus
according to the sixth aspect, wherein the control device
opens the trigger gas feed system again after the discharge
is finished and keeps the trigger gas feed system in an

opened state until a next discharge is started.
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According to an eighth aspect of the present
invention, there is provided a sputtering apparatus
acé:ording to the sixth or seventh, which is further
provided with a discharge detection sensor for detecting
the discharge in the vacuum chamber, whereby the control
device opens the trigger gas feed system so as to increase
the flow rate of the discharge gas to raise the vacuum
chamber to be higher than the sputtering pressure before
the discharge 1is detected, not before the discharge is
started, and closes the trigger gas feed system after the
discharge detéction sensor detects the discharge, not
instantaneously when the discharge is brought about.

According to a ninth aspect of the present
invention, there 1is provided a sputtering apparatus
according to the sixth or seventh, wherein the control
device receives a power value of a discharge power source
and opens the trigger gas feed systerr{ so as to increase the
flow rate of the discharge gas to raise the vacuum chamber
to be higher than the sputtering pressure before the power
value of the discharge power source input thereto reaches a
predetermined value not 1larger than a discharge power
value, not before the discharge is started, and closes the
trigger gas feed system when the power value of the

discharge power source reaches the predetermined wvalue not
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larger than the discharge power, not instantaneously when
the discharge is brought about.

According to a tenth aspect of the present
invention, there 1is provided a sputtering apparatus
according to the sixth or seventh, wherein the control
device opens the trigger gas feed system so ag to increase
the flow rate of the discharge gas to raise the vacuum
chamber to be higher than the sputtering pressure before
the discharge power source is turned ON, not before the
discharge is started, and closes the trigger gas feed
system after the discharge power source is turned ON, not
instantaneously when the discharge is brought about.

According to the present invention, since the
trigger gas feed system is fundamentally kept opened except
during the discharge, the gas is not left in the trigger
gas feed system, and accordingly the pressure in the vacuum
chamber before the discharge is startéd is always constant.
'Moreover, since the pressure of the vacuum chamber before
the discharge is started with the trigger gas feed system
being opened is reduced to be close to a lowest limit
discharge pressure, the time to return to the sputtering
pressure is shortened. Owing to the above, the timing of
the start of the discharge is stabilized thereby to
stabilize the film formation time, and the time for the

vacuum chamber to return to the sputtering pressure 1is
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shortened thereby to stabilize the sputtering pressure on
the fiim formation occasion. Accordingly, the film
thickness and film quality are stabilized. Furthermore,
the quality of the film at the interface to the substrate
is stabilized, a thickness of the film formed by the higher
pressure than the sputtering pressure is decreased, and the
film formation speed is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects and £features of the
present invention will become c¢lear £from the following
description taken in conjunction with the prefeired
embodiments thereof with reference to the accompanying
drawings, in which:

Fig. 1 is a schematic diagram of an apparatus for
executing a sputtering method according to a first
embodiment of the present invention;

Fig. 2 is a timing chart in a sputtexring process
of the sputtering method in the first embodiment of Fig. 1;

Fig. 3 is a schematic diagram of an apparatus for
executing a sputtering method according to a second
embodiment of the present invention;

Fig. 4 is a schematic diagram of an apparatus for
executing a sputtering method according to a third

embodiment of the present invention;
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Fig. 5 is a schematic diagram of an apparatus for
executing a sputtering method according to a fourth
embodiment of the present invention;

Fig. 6 is a schematic diagram of an apparatus for
executing a conventional sputtering method; and

Fig. 7 is a timing chart of a sputtering process
in the sputtering method of Fig. 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Before the description of the present invention
proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
drawings.

| Embodiments of the present invention will be
described with reference to the drawings.

An apparatus for executing a sputtering method in
a first embodiment of the present invention is shown in
Figs. 1 and 2. The apparatus acéording to the first
embodiment increases a flow rate of a discharge gas in
sputtering discharge thereby to increase a pressure in a
vacuum chamber to be higher than a sputterxing pressure,
whereby a discharge is brought about to form a f£ilm for an
optical disk (for example, film for recording in CD ox DVD
or magnetic film etc., for 5 seconds etc.) by sputtering
(denoted as "triggering of a discharge gas" hereinbelow) .

In the sputtering apparatus, before the discharge is
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started, a gas feed system for increasing the flow rate of
the discharge gas thereby to increase the pressure in the
vacuum chamber to be higher than the sputtering pressure
{referred to as "a trigger gas feed system" below) is
always opened. The trigger gas feed system is closed
instantaneously when the discharge is given rise to,
whereby the wvacuum chamber is returned to the sputtering
pressure. Upon completion of the discharge, the trigger
gas feed system is opened again, which is maintained until
another discharge is started. According to this first
embodiment, since the pressure before the discharge is
started is kept constant at all times to shorten a time for
the vacuum chamber to return to the sputtering pressure, a
film thickness and £ilm quality are greatly stabilized and
further a film formation speed is improved.

The above first ewmbodiment will be described more
in detail with reference to Figs. 1 aﬁd 2.

Fig. 1 shows the sputtering apparatus in the
first embodiment. Fig. 2 is a timing chart of procedures
in a sputtering process in the apparatus. The sputtering
apparatus is schematically constructed the same as depicted
in conjunction with the prior art, and therefore the same
parts will be designated by the same reference numerals,

the description of which will be omitted here.
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A large difference of the apparatus of the first
embodiment from the conventional one is that a control
device 100 is provided for controlling opening/closing of
the trigger gas feed system 7 based on whether a discharge
detection sensor 101 such as a photo-detector detects the
discharge (is turned ON or OFF). More specifically, when
the discharge detection sensor 101 is in a state not to
detect a discharge, the control device 100 keeps open the
trigger gas feed system 7 before the discharge is started,
- thereby increasing the flow rate of the discharge gas and
raising the pressure in the vacuum chamber 5 to be higher
than the sputtering pressure. Further, the control device
brings the trigger gas feed system 7 into a closed state
when the discharge detection sensor 101 detects the
discharge or immediately when the discharge is generated,
thereby returning the wvacuum chamber 5 to the sputtering
pressure. The control device opens' the trigger gas feed
system 7 again when the discharge is finished, that is,
when the discharge detection sensor 101 comes not to detect
the discharge and, the control device also maintains the
opened state wuntil the discharge detection sensor 101
detects the discharge again, i.e., when the discharge is
started again. The control device 100 operates in this

manner.
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The operation of the sputtering apparatus using
the control device 100 will be described. The wvacuum
chamber 5 is vacuumized to a degree of vacuum of 10~ ®Torr
by the wvacuum discharge pump 4. Then, argon gas is fed
into the wvacuum chamber 5 via the gas feed system 6 and,
the interior of the wvacuum chamber is adjusted to be
approximately the sputtering pressure, namely, 2x10 " 3Torr
by the pressure regulation valve 8. The pressure
regulation valve 8 is fixed at this time. The trigger gas
feed system 7 is opened under the control of the control
device 100. A flow rate of the argon gas is fixed to
achieve a limit pressure for bringing about an initial
discharge, e.gq., 9%10 3Torr as shown in Fig. 2. The argon
gas is introduced in the vacuum chamber 5 in this state. A
substrate 3 is set in the vacuum chamber 5 through a vacuum
atmosphere reserve chamber, transfer chamber or the like.
Subsequently, a direct current péwer source or high
frequency powei source 9 is turned ON at a timing T1 as
indicated in Fig. 2, applying electricity to the cathode 2
thereby bringing about a discharge. At a timing T2 when
the discharge detection sensor 101 such as a photo-detector
or the 1like detects the discharge (when the sensor is
turned ON}, the trigger gas feed system 7 is closed under
the control of the control device 100 to return the vacuum

chamber to the sputtering pressure, whereby a film is
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formed on the substrate 3. At this time, the wvacuum
chamber 5§ returns to the sputtering pressure at a timing T4
and the power applied to the cathode 2 reaches a set power
at a timing T3. The direct current power source or high
frequency power'source 9 is turned OFF at a timing TS when
a film formation time terminates. The discharge is
stopped. The discharge detection sensor 101 at this time
comes not to detect the discharge (is turned OFF). At the
same timing TS5, the trigger gas feed system 7 is opened
under the control of the control device 100. The substrate
3 in the wvacuum chamber 5 is transferred to the wvacuum
atmosphere reserve chamber, transfer chamber or the like
from in the vacuum chamber 5. On the other hand, a fresh
substrate 3 is set in the wvacuum chamber 5 from the wvacuum
atmosphere xreserve or transfer chamber or the like. After
the substrates 3 are transferred and the wvacuum chamber 5
is raised to the limit pressure 9x10;3Torr or so inspiring
an initial discharge, the direct current power source or
high frequency power source 9 is turned ON to apply the
electricity to the cathode 2 at a timing T6, resulting in
the generation of a next discharge. At a timing T7 when
the discharge detection sensor 101 such as a photo-detector
or the 1like detects the discharge (is turned ON), the
trigger gas . feed system 7 is closed by the control of the

control device 100 thereby to return the vacuum chamber to
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the sputtering pressure. A film is thus formed on the
substrate 3. At this time, the vacuum chamber is returned
to the sputtering pressure at a timing T9 and the power
applied to the cathode 2 reaches the set power at a timing
T8. At a timing T10 when the film formation time ends, the
direct current power source or high frequency power source
9 is turned OFF, with the discharge stopped. The discharge
detection sensor 101 1is turned OFF at this time into a
state not detecting the discharge. At the same timing T10,
the trigger gas feed system 7 is opened under the control
by the control device 100, and the substrate 3 in the
vacuum chamber 5 is carried to the vacuum atmosphere
reserve chamber or transfer chamber, etc., while a fresh
substrate 3 is sent out and set in the vacuum chamber 5
through the vacuum atmosphere reserve or transfer chamber,
etc. A sequence of operations is repeated thereafter. In
Fig. 2, a pressure change because. of the exchange of
substrates in the reserve chamber or transfer chamber, etc.
is not indicated.

As described hereinabove, according to the
present invention, the trigger gas feed system 7 1s kept
opened at all times except during the discharge under the
control by the control device 100, thereby eliminating the
stagnation of gas in the trigger gas feed system 7. The

pressure in the vacuum chamber 5 before the occurrence of
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the discharge is accordingly maintained always constant.
Since the pressure in the vacuum chamber 5 before the start
of the discharge with the trigger gas feed system 7 opened
is reduced to a value close to the lowest limit pressure
required for the generation of the discharge, the time to
return to the sputtering pressure is shortened. In
consequence, the timing T2 starting the discharge is
stabilized, thereby stabilizing the £film formation time,
and the short time for the wvacuum chamber to return to the
sputtering pressure stabilizes the sputtering pressure at
the film formation occasion, making the f£ilm ﬁhickness and
film quality stable. For example, although the stability
of the thickness is 5-6% or less in the conventional
method, the stability of the thickness is +3% or less in
the embodiment. Furthermore, the quality of the film at
the interface to the substrate 3 is stabilized, the
thickness of the film formed with thé higher pressure than
the sputtering pressure is decreased, and the film
formation speed is improved. For example, although the
time to return to the film formation pressure is 3 seconds
in the conventional method, the time to return to the film
formation pressure is 1-1.5 seconds in the embodiment.

A sputtering apparatus for executing a sputtering
method according to a second embodiment of the present

invention is shown in Fig. 3. While a photo-detector or
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the like is used in the first embodiment as an example of
the discharge detection sensor 101 for detecting the timing
of the start of the discharge, a discharge power isg
detected instead according to the second embodiment.
Specifically, a power value of the direct current power
source or high frequency power source 9 is input to the
control device 100, and it is judged as the timing of the
discharge start when the input value becomes a
predetermined wvalue not larger than the discharge power
thereby to close the trigger gas feed syétem 7 of the
opened state. The predetermined value is determined based
on data obtained by .measuring the power value beforehand
when the discharge is generated. For instance, in the
timing chart of Fig. 2, 2.5kW smaller than the discharge
.power 5kW is set to be the predetermined value. The
trigger gas feed system 7 is closed by the control device
100 when the power value is detected to be 2.5kW. The
second embodiment exerts the same effect and operation as
the first embodiment, so that the thickness of the film
formed on the substrate 3 is stabilized more.

A signal indicating that a discharge power source
is turned ON may be input to the control device 100. In
this case, the trigger gas feed system 7 may be shut by the
control device 100 based on the.signal. This example alike

operates schematically the same effect.
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Although a shutter is not installed between the
cathode 2 and the substrate 3 in the first embodiment, the
sputtering apparatus in the second embodiment is provided
with a shutter 10, as shown in Fig. 3, to shut the cathode
2 from the substrate 3 when the substrate 3 is tfansferred.
The same effect as in the first embodiment is achieved also
in the arrangement.

In a sputtering apparatus according to a third

embodiment in Fig. 4, a reserve chamber or transfer chamber

11 is arranged adjacent to the vacuum chamber 5. A gate

valve 15 is disposed at an end of the reserve chamber or
transfer chamber 11 adjoining the wvacuum chamber 5, and
another gate valve 14 is set at the other end of the
chamber 11. In the arrangement, the gate valve 14 is
opened/closed when the substrate 3 is transferred into the
reserve or transfer chamber from outside of the apparatus,
while the gate valve 15 is opened/cldsed when the substrate
in the reserve or transfer chamber 11 is sent to the vacuum
chamber 5.

Fig. 5 illustrates a sputtering apparatus
according to a fourth embodiment. The sputtering apparatus
has a first through a third reaction chambers 5, 20, 21 in
addition to the reserve chamber 11 in the periphexry of a
transfer chamber 19, with gate wvalves 18, 15, 16, 17

interposed between the transfer chamber 19 and reserve
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chamber 11 and between the transfer chamber 19 and each
reaction chamber 5, 20, 21. The second, third reaction
chamber 20, 21 is in the same structufe as the earlier-
described vacuum chamber 5. A plurality of substrates 3
can be subjected to sputtering in the plurality of reaction
chambers 5, 20, 21 at the same time. Moreover, the gate
valve 14 is arranged outside the reserve chamber 11. Each
gate wvalve 15, 16, 17, 18 is opened/closed when the
substrate 3 is delivered between each of the transfer
chamber 19, reaction chamber 5, 20, 21, reserve chamber 11
and the outside of the chamber. Therefore, an atmosphere
inside each chamber is shut as much as possible from that
outside the chamber, making it possible to maintain the
internal atmosphere constant.

While the reserve or transfer chamber is provided
in any of the foregoing embodiments, the present invention
can be executed without the reserve or transfer chamber.

Similarly, the present invention can be carried
out without the pressure regulation valve 8 although it is
provided in the foregoing embodiments.

According to the embodiments of the present
invention as described hereinabove, 1in principle, the
trigger gas feed system is opened except during the
discharge. The collection or stagnation of the gas is

consequently eliminated in the trigger gas feed system,
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hclding the pressure in the vacuum chamber before the start
of the discharge always constant. Moreover, the pressure
in the wvacuum chamber before the discharge while the
trigger gas feed system is opened is decreased to be as low
as the limit discharge pressure, and therefore the time for
the vacuum chamber to return to the sputtering pressure is
reduced. Owing to this, the timing of the start of the
discharge is stabilized thereby to stabilize the £film
formation time. At the same time, the time to return to
the sputtering pressure 1is shortened thereby to stabilize
the sputtéring pressure at the £film formation occasion,
thus stabilizing the £film thickness and £ilm quality.
Further, the quality of the £film at the interface to the
substrate is stabilized, the thickness of the £ilm formed
with the higher pressure than the sputtering pressure is
reduced, and the film formation speed is improved.

The entire disclosure .of Japanese Patent
Application No. 8-226512 filed on August 28, 1996,
including specification, c<¢laims, drawings, and summary are
incorporated herein by reference in its entirety.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that wvarious changes and modifications are

apparent to those skilled in the art. Such changes and
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modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.
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WHAT IS CLAIMED IS:

1. A sputtering method in which, on occasion of a
sputtering discharge, a £flow rate of a discharge gas is
increased to raise a vacuum chamber (5) to be higher than a
sputtering pressure,

the method comprising:
opening a trigger gas feed system (7) to increase
the flow rate of the discharge gas to raise the wvacuum

chamber to be higher than the sputtering pressure before

the discharge is started;

closing ‘the trigger gas feed system
instantaneously when the discharge is Dbrought about,
thereby setting the vacuum chamber at the sputtering
pressure; and

opening the trigger gas feed system again after
the discharge is finished.

2. A sputtering method accordihg to claim 1, wherein
the trigger gas feed system is opened again after the
discharge is finished, and kept opened until a next
discharge is started.

3. A Sputtering method according to claim 1 or 2,
wherein

in opening the trigger gas feed system (7) to increase
the flow rate of the discharge gas to raise the wvacuum

chamber to be higher than the sputtering pressure, the
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trigger gas feed system is opened to increase the flow rate
of the discharge gas before the discharge is detected,
instead of before the discharge is started; and

in closing the trigger gas feed system, the trigger
gas feed system is closed after the discharge is detected,
instead of instantaneously when the discharge is brought
about.

4. A Sputtering method according to claim 1 or 2,
wherein

in opening the trigger gas feed system (7) to increase
the flow rate of the discharge gas to raise the vacuum
chamber to be higher than the sputtering piessure, the
trigger gas feed system is opened to increase the flow rate
of the discharge gas before a power value of a discharge
power source (9) reaches a predetermined value not larger
than a discharge power value, instead of before the
discharge is started; and

in closiﬁg the trigger gas feed system, the trigger
gas feed system is closed when the power of the discharge
power source reaches the predetermined wvalue not larger
than the discharge power, instead of instantaneously when
the discharge is brought about.

5. A sputtering method according to claim 1 or 2,

wherein
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in opening the trigger gas feed system to increase the
flow rate of the discharge gas to raise the wvacuum chamber
to be higher than the sputtering pressure, the trigger gas
feed system 1s opened to increase the flow rate of the
discharge gas before a discharge power source is turned ON,
instead of before the discharge is started; and

in closing the trigger gas feed system, the trigger
gas feed system is closed after the discharge power source
is turned ON, instead of instantaneously when the discharge
is brought about.

6. A sputtering apparatus for forming a £ilm by
sputtering wherein, on occasion of a. sputtering discharge,
a flow rate of a discharge gas is increased to raise a
vacuum chamber (5) to be higher than a sputtering pressure,

the apparatus comprising:
a trigger gas feed system (7) for supplying the
discharge gas into the vacuum chamber} and

| a control device (100} which «c¢an control
opening/closing of the trigger gas feed system, so as to
open the trigger gas feed system 80 as to increase the flow
rate of the discharge gas to raise the vacuum chamber to be
higher than the sputtering pressure before the discharge is
started, close the trigger gas feed system to return the

vacuum chamber to the sputtering pressure instantaneously
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when the discharge is brought about, and open the trigger
gas feed system again after the discharge is finished.

7. A sputtering apparatus according to claim &6,
wherein the control device opens the trigger gas feed
system again after the discharge is finished and keeps the
trigger gas feed system in an opened state until a next
discharge is started.

8. A sputtering apparatus according to claim 6 or 7,
which is further provided with a discharge detection sensor
{101) for detecting the discharge in the vacuum chambex,
whereby the control device opens the trigger gas feed
.system s0 as to increase the flow rate of the discharge gas
to raise the vacuum chamber to be higher than the
sputtering pressure before the discharge is detected, not
before the discharge is started, and closes the trigger gas
feed system after the discharge detection sensor detects
the discharge, not instantaneously when the discharge 1is
brought about.

9. A sputtering apparatus according to claim 6 or 7,
wherein the control device receives a power value of a
discharge power source (9) and opens the trigger gas feed
system so as to increase the flow rate of the discharge gas
to raise the wvacuum chamber to be higher than the
sputtering pressure before the power value of the discharge

power source input thereto reaches a predetermined wvalue
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not larger than a discharge power wvalue, not before the
discharge 1is started, and closes the trigger gas feed
system when the power wvalue of the discharge power source
reaches the predetermined wvalue not larger than the
discharge power, not instantaneously when the discharge is
brought about.

10. A sputtering apparatus according to claim 6 or 7,
wherein the control device opens the trigger gas feed
system so as to increase the flow rate of the discharge gas
to raise the wvacuum chamber to be higher than the
sputterihg pressure before the discharge power source (9)
is turned ON, not before the discharge is started, and
closes the trigger gas feed system after the discharge
power source is turned ON, not instantanecusly when the

discharge is brought about.



