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SPECI FI CATION TI TLE OF THE | NVENTI ON Sputtering Method and Yol comy
Sputtering Apparatus BACKGROUND OF THE | NVENTI ON The present
invention relates to a sputtering nethod and a sputtering apparatus for
férming netallic films, insulating filns or the |ike on substrates. For
exanpl e, the present invention can be applied to a magnetic head such as
GVR (G ant Magneto-Resistive elenent) including, for exanple, Cu
filmse and N -Fe-Co filnms alternately |ocated between a passivation film

and a substrate. Sputtering has been often carried out to form
thin filns of semnmiconductor, opticalk disks, electronic conponents, etc. in
t hese days. Her ei nbel ow, an exanple of a conventiona

sputtering nmethod (for exanple, which is disclosed in Japanese Exam ned
Uility Model Publication No. 2-43867) wll be described with reference to

Figs. 6 and 7. In Fig.. SPECTFICATION
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



6 reference nunerals 1-3 represent a target, a cathode equipped

target 1, and a substrate arranged

filmis to be forned by sputtering, respectively. O her reference

are:

4 a vacuum di scharge punp for achieving a vacuum at nosphere

vacuum chanber 5; 6 a gas feed system for supplying a
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sputtering gas to the vacuum chanber 5 while regulating a

rate of the gas thereby to make a pressure in the vacuum chanber
sputtering pressure; 7 atrigger gas feed systemfor triggering a
di scharge gas; 8 a pressure regulatiomn valve for regulating the p

in

t he vacuum chanber 5; 9 a power source for supplying electric

the cathode 2 to generate plasna at a surface of the target 1,

respectively. The operation of a sputtering appa
constituted as above will now be descri bed. First, the interio
vacuum chanbeipigtiering e zed theovebsum chamber 5 while regulating a

with the

opposite to the cathode 2 to which a

nuner al s
in a

flow
5to be a

ressure
ity to

rat us
r of the

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



order of 10[err] Torr by the vacuum di scharge punp 4. Argon gas is then
I ntroduced into the vacuum chanber 5 by the gas feed system6. The vacuum
chanber 5 is adjusted to be a pressure of 2x10[err] Torr or so as a
sputtering pressure, and then the pressure regulation valve 8 s
fixed. The substrate 3 is set in the vacuum chanber 5 through a vacuum
at nosphere reserve chanber or a transfer chanber, etc. Thereafter, as
shown in Fig. 7, a direct current power source or a high frequency power
source 9 is turned ON at a timng T11l thereby to apply electricity to the
cathode 2. At the sane timng, the 1r3gger gas feed system7 is opened to
rai se the pressure in the vacuum chanber 5 to be higher than the
sputtering pressure, which brings about a discharge in the vacuum
chanmber 5. At a timng T12 when - 3-
the discharge is detected by a discharge detection sensor such as a
phot o- det ect &heordigmhangae ishédatenredi brhar gdischargs | detechion sensorned
ON), the trigger gas feed system 7 is closed, so that the vacuum chanber 5
is returned B§ch 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 electricity 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 vacuum chamber 5. The
trigger gas feed system 7 is closed at a timing T17 when

the discharge detection sensor such as a photo-detector



the sputtering pressure. Afilmis thus fornmed on the substrate 3. In
this case, the electricity applied to the cathode 2 reaches a set power at
a timng T13. The direct current power source or high frequency power
source 9 is turned OFF at a timng T15 when a filmformation tine

term nat es. The di scharge is stopped. The discharge detection sensor
Is turned OFF at this tinme, that is, in a state not to detect the

di scharge. Then, the substrate 3 is transferred to the reserve chanber or
transfer chanber or the like, and a fresh substrate 3 is set in the vacuum
chanber 5. After the substrates 3 are transferred, the vacuum chanber 5
Is returned to approxi mately 2x10[err] Torr as the sputtering pressure at
atimng T16, and at the timng T16, the direct current power source or
hi gh frequency power source 9 is turned ONto supply electricity to the
cathode 2. The trigger gas feed system7 is opened at the sane timng to
make the predetiretin tihige dissihangehabiser tdrned gl . t The tracuwpuchambey
pressure. As a result, a discharge is brought about in the vacuum
chanber 5. FHe consegyentdys Hafagnedstton Yhe sspubseying Rressurg BIE when

t he di schar etecti_on sensor such as a phot o-det ector
g%igm ?s 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



- 4- detects the discharge (is turned ON) The vacuum chanber is
consequently returned to the sputtering pressure and a filmis formed on
the substrate 3. The electricity applied to the cathode 2 at this tine
reaches the set power at a timng T18. The di scharge is stopped with
the direct current power source or high frequency power source 9 being
shut at a timng T20 when the filmformation tine expires. The discharge
detection sensor is turned into a state not to detect discharging (is
turned OFF). The substrate 3 is noved to the reserve chanber or transfer
chanber, etc. in the vacuum at nospherse -and a fresh substrate 3 is sent in
t he vacuum chanber 5. The above operation is repeatedly carried out

af t erwar ds. A pressure change when the substrate is exchanged to

t he reserve chanber or transfer chanber, etc. is not indicated in Fig. 7.
According to the above sputtering nethod, since the gas remains in the
tri gger gas PEagizpdt eAPRLtHAYLRTt heregsunmer gdPHesdigrsyssdénc® i 8 cfddued,
the gas is abruptly supplied at a nmonment when the trigger gas feed system
7 is openedfgrmggdon nFRgeF1 werEr@ldivor deckrasegcuiin chafigh sprassunes

necesei 1y of Sikeng WdreEt Gir dgcfanady fgreuaily” af a "lou'"spied s s
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



T4 when the vacuum chanber 5 returns to the sputtering pressure. An
interface of the filmto the substrate 3 becones thick because of the
hi gher pressure than the -5-
original sputtering pressure. Moreover, since a film formation
speed generally decreases in a high pressure state, the filmis forned
virtually at a low speed as a whole. A change in tine interval of
di scharges because of the exchange of substrates 3, etc. changes the
anount of gas stagnation in the trigger gas feed system7. That is, the
pressure in the vacuum chanber 5 riseg unstably when the trigger gas feed
system 7 is opened, thereby rendering the timng T14 instable for the
vacuum chanber 5 to return to the sputtering pressure. |In addition, the
pressure and electricity for starting the discharge vary due to a |large
pressure increase, in other words, the timng T12 starting the discharge
becomes i nsth8l eread\s qutresand othe histepa cavetage gaadur ghavge( fndn to
formation tine) varies, which .

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 wvacuum
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



| eads to an instable filmthickness. Besides, the film quality at the

interface is instable. The conventional sputtering nethod has many

i ssues as above. In the case of sputtering to optical disks or
the like, filnms have been forned in a short time, nanely, in wunits of
seconds. The aforenentioned change in film quality and film

t hi ckness causes defective products and |owers a yield. For exanple, if
t he absol ute value of the thickness of the filmis unstable, the

refl ectance may nake unstable to cause the signal strength to vary and
thus the disk characteristics is |asty and stored information can not

- 6- 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 film is formed in a case where the initial pressure

Is too high, the adhesive force of the film my be weaken and the

refractive | hudggonty das atlved seystehahgedncreasehdigh flow hertel dfi | Enent

nmet hod or the like is executed in many
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 chaﬁber 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.



cases to trigger the discharge, the nethod requires a filanment mechani sm
a power source for a filanment current and the |like, making facilities
conplicate and expensive. SUMVARY OF THE | NVENTI ON An obj ect of
the present invention is to provide a sputtering nethod and a sputtering
apparatus using triggering of a discharge gas, whereby a pressure in a
vacuum chanber before a discharge is started is Kept constant at al
times, so that a tine for the vacuum chanber to return to a sputtering
pressure 1is reduced, thereby to greatly stabilize a filmthickness and
film quality and inprove a filmforsregi-on speed. I n
acconplishing these and other aspects, according to a first aspect of
the present invention, there is provided a sputtering nethod in which, on
occasion of a sputtering discharge, a flowrate of a discharge gas is
increased to raise a vacuum chanmber to be higher than a sputtering
pressure, the nethod cégpprsing: ®penmtngfeurth aspect of the present
-7-
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 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



trigger gas feed systemto increase the flowrate of the discharge gas to
rai se the vacuum chanber to be higher than the sputtering pressure before
the discharge is started; closing the trigger gas feed system

instant aneously when the discharge is brought about, thereby setting the
vacuum chanber at the sputtering pressure; and opening the trigger gas
feed systemagain after the discharge is finished. According to a
second aspect of the present invention, there is provided a sputtering

met hod according to the first aspect, wherein the trigger gas feed system
I's opened again after the discharge-is finished, and kept opened until a
next discharge is started. According to a third aspect of the
present invention, there is provided a sputtering nethod according to the
first or second aspect, wherein in opening the trigger gas feed systemto
increase the flowrate of the discharge gas to raise the vacuum chanber to
be hi gher th&fteahdhgudischargerpover esouneet disgdarrngss Meedingtead ps
opened to increase the flow rate of the djscharge gas before the discharge
i s detect ed, iRSEas@ngrUsdomBenhEheddierhryge | &5 xought ahmrtn cl osing
the trigger gas feed ystem, the trigger ,gas feed systemis, closed after
the discharge is det efCERFAEt e o iﬁ§g§§taﬁ§88§ y RhentPRe PEESEREr ge

I's brought a@ﬁ%&antion, 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.



-8-

According to a fourth aspect of the present invention,

there is provided a sputtering nethod according to the first or second
aspect, wherein in opening the trigger gas feed systemto increase the

f{owrate of the

i ncrease the flowrate of the discharge gas before a power value of a

di scharge power source reaches a predeterm ned val ue not

di scharge gas to rai se the vacuum chanber to be higher
than the sputtering pressure, the trigger gas feed systemis opened to

| arger than a

di scharge power value, instead of before the discharge is started; and in

closing the trigger gas feed system- the-trigger gas feed

when the power of the discharge power source reaches the predeterm ned

val ue not

the discharge is brought about.
the present € .
the first or second asPEEPTdipdr & @R opdd

I nvention, there is provided a sputtering nethod according
hﬁg t3gpect of the present

invention, there is provided a sputtering apparatus
according 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 systeﬁ 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

systemis cl osed

| arger than the discharge power, instead of instantaneously when
According to a fifth aspect of

to



t¥igger gas feed systemto increase the flowrate of the

rai se the vacuum chanber to be higher than the sputtering pressure, the
trigger gas feed systemis opened to increase the flowrate of the

dt scharge gas before a discharge power source is turned ON, instead of
before the discharge is started; and in closing the trigger gas feed

system

-0-

I nst ant aneously when the discharge is brought about.

the trigger gas feed systemis cl osed

after the di scharge power source is turned ON, instead of

a sixth aspect of the present inventiaan,.- there is provided a sputtering
apparatus for formng a filmby sputtering wherein, on occasion of a

sputtering discharge, a flowrate of a discharge gas is increased to raise

a vacuum chanber to be higher than a sputtering pressure, the apparatus

conprising: a trigger gas feed systemfor supplying the discharge gas into

t he

vacuum

96T ; thaga hheodilsshageei @owan c mefanizspanineously when

openlng/clos%%% of, the trigger gas_feed 5X§ten1 so as to

discharge i1s brought abou

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 started is always constant.

Moreover, since the pressure of the wvacuum 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

di scharge gas to

According to



open the trigger gas feed systemso as to increase the flow rate of the

di scharge gas to raise the vacuum chanber to be higher than the sputtering
pressure before the discharge is started, close the trigger gas feed
systemto return the vacuum chanber to the sputtering pressure

I nstant aneously when the discharge is brought about, and open the trigger -
gas feed systemagain after the discharge is finished. Accor di ng
to a seventh aspect of the present invention, there is provided a
sputtering apparatus according to the sixth aspect, wherein the control
device opens the trigger gas feed syspem again after the discharge is
finished and keeps the trigger gas feed systemin an opened state until a
next di scharge is started. - 10 -
According to an eighth aspect of the present invention, there is
provided a sputtering apparatus according to the sixth or seventh,

whi ch is furshertepedvithatrehivt ta dtabhbize theespusterdéngopdesrsuis ectti ng

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;



the discharge in the vacuum chanber, whereby the control device opens the
trigger gas feed systemso as to increase the flowrate of the discharge
gas to raise the vacuum chanber to be higher than the sputtering pressure
before the discharge is detected, not before the discharge is started,
and closes the trigger gas feed systemafter the discharge detection
sensor detects the discharge, not instantaneously when the discharge is
br ought about . According to a ninth aspect of the present

i nventi on, there is provided a sputtering apparatus according to
the sixth or seventh, wherein the centy3ol- device receives a power val ue of
a di scharge power source and opens the trigger gas feed systemso as to
increase the flowrate of the discharge gas to raise the vacuum chanber
to be higher than the sputtering pressure before the power value of the
di scharge power source input thereto reaches a predeterm ned val ue not

| arger than a di schar g&¥gowd isv @l wehemet lseidrerene ofi sehappariasust £ored,
and closes the trigger gas feed system when_the power value of the

di schar ge po/@feSHiEE r2acPRetEHelnT ediREid nelcvar dingiotte 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



| arger than the discharge power, not instantaneously when the discharge is
br ought about. According to a tenth aspect of the present
invention, there is provided a sputtering apparatus according to the
sixth or seventh, wherein the control device opens the trigger gas feed
systemso as to increase the flowrate of the discharge gas to raise the
vacuum chanber to be higher than the sputtering pressure before the

di scharge power source is turned ON, not before the discharge is started,
and closes the trigger gas feed systemafter the discharge power source is
turned ON, not instantaneously when tilge -di scharge is brought about.
According to the present invention, since the trigger gas feed systemis
fundanmental | y kept opened except during the discharge, the gas is not |eft
inthe trigger gas feed system and accordingly the pressure in the vacuum
chanber before the discharge is started is always constant. Nbreover,

since the pre3saFteedi 2hgagateedm evaherr fouf dnereppdndi SbRafdow gagearated
with the trig as feed system being opened is reduced to be close to a
| owest limt *gmsgheﬁ er%? e§§§r EherRbYt ite InFyRASH nthe Ph’és§]é?§?t anj rtdhe
pressure is shortened bove, the t|n1n the start of

the di schar g3 aFPRPDEH F%bb%b;g?gﬁer than ‘the spgtterlng 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.



stabilize the filmformation time, and the tine for the vacuum chanmber to

return to the sputtering pressure is - 12
- shortened thereby to stabilize the sputtering pressure on the film
fsor mati on occasi on. Accordingly, the film thickness and filmaquality

are stabilized. Furthernore, the quality of the filmat the interface to

the substrate is stabilized, a thickness of the filmfornmed by the higher
pressure than the sputtering pressure is decreased, and the filmfornmation
speed is inproved. BRI EF DESCRI PTI ON OF THE DRAW NGS These and
ot her aspects and features of the present invention wll beconme clear from
the following description taken in conjunction with the preferred

enbodi ments thereof with reference to the acconpanyi ng draw ngs, in which:
Fig. 1 is a schematic diagramof an apparatus for executing a sputtering
met hod according to a first enbodinment of the present invention;

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.



Fig. 2is atimng chart in a sputtering process of the sputtering nethod

in the first enbodi nent of Fig. 1; Fig. 3 1s a schematic diagram
of an apparatus for executing a sputtering nmethod according to a second
enbodi nent of the present invention; Fig. 4 is a schematic

di agram of an apparatus for executing a sputtering nethod according to a
third enbodinent of the present invention; ,
- 13 - Fig. 5is a schematic diagramof an apparatus for
executing a sputtering nethod according to a fourth enbodinment of the
present invention; Fig. 6-ig6a-schematic di agram of an apparatus
for executing a conventional sputtering nethod; and Fig. 7is a
timng chart of a sputtering process in the sputtering nethod of Fig. 6.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bef ore the
description of the present invention roceeds, it is to be noted that |ike
parts are designated 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.g., 9x10 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 power 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 wvacuum

chamber to the sputtering pressure, whereby a film is



by like reference nunerals throughout the acconpanying draw ngs.
Enbodi nents of the present invention will be described with reference to

t he draw ngs. An apparatus for executing a sputtering nmethod in
a first enmbodi ment of the present invention is shown in Figs. 1 and 2.
The apparatus according to the first enbodinent increases a flow rate of
a discharge gas in sputtering discharge thereby to increase a pressure in
a vacuum chanber to be higher than a sputtering pressure, whereby a

di scharge is brought about to forma filmfor an optical disk (for
exanple, filmfor recording in CD o BDYD- or magnetic filmetc., for 5
seconds etc.) by sputtering (denoted as "triggering of a discharge gas"

herei nbelow). In the sputtering apparatus, before the discharge is
- 14 - started, a gas feed systemfor increasing the flowrate of the
di scharge gas thereby to increase the pressure in the

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



vacuum chanber to be higher than the sputtering pressure (referred to as
"a trigger gas feed systent below) is always opened. The trigger gas
feed system is closed instantaneously when the discharge is given rise
to, whereby the vacuum chanber is returned to the sputtering pressure.
Upon conpl etion of the discharge, the trigger gas feed systemis opened
again, which is nmaintained until another discharge is started. Accor di ng
tothis first enbodinment, since the pressure before the discharge is
started is kept constant at all tines to shorten a time for the vacuum
chanber to return to the sputtering-pggssure, a filmthickness and film
quality are greatly stabilized and further a filmformation speed is

I mproved. The above first enbodinment will be described nore in
detail with reference to Figs. 1 and 2. Fig. 1 shows the
sputtering apparatus in the first enbodinent. Fig. 2 is atimng chart

of procedureshei nspuspering i pyepsuress i A thHdwapper athus fdheedpuidt ethsag

apparatus is schematically constructed the sane as depicted in conjunction

with the priéubstratend .t hékteftthis thiansanthe peacuumi ¢hamizexiess gnatedned t he

sane reference nunerals, the description of which will be omtted here.
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



-.15 - A large difference of the apparatus of the first
enbodi nrent fromthe conventional one is that a control device 100 is
provi ded for controlling opening/closing of the trigger gas feed system?7
based on whether a discharge detection sensor 101 such as a phot o-detector
detects the discharge (is turned ON or OFF). More specifically, when
the di scharge detection sensor 101 is in a state not to detect a
di scharge, the control device 100 keeps open the trigger gas feed system?7
before the discharge is started, thereby increasing the flowrate of the
di scharge gas and raising the pressuqg Ln the vacuum chanber 5 to be
hi gher than the sputtering pressure. Further, the control device brings
the trigger gas feed system7 into a closed state when the discharge
detection sensor 101 detects the discharge or inmmedi ately when the
di scharge is generated, thereby returning the vacuum chanber 5 to the
sputtering [mhessdischafige dentactoxitingley opedstaheedlr igjgaysgasohsednt.
system 7 agai n when the discharge is finished, that is, when the discharge
det ecti on serfdaicel Che ressyge tio gbeevacunhecihnpbaydr ebafidret hbecsharbd
device also maintains the opened state until the discharge detection
sensor 101 ©f 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 thickness and
film quality stable. For example, although the stability
of the thickness is 15-6% 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



detects the discharge again, i.e., when the discharge is started again.
The control device 100 operates in this manner.

- 16 - The operation of the sputtering apparatus using the
control device 100 will be described. The vacuum chanber 5 is

vacuum zed to a degree of vacuum of 10[err]Torr by the vacuum di scharge
punp 4. Then, argon gas is fed into the vacuum chanber 5 via the gas

feed system 6 and, the interior of the vacuum chanber is adjusted to be
approximately the sputtering pressure, nanely, 2x10[err]Torr by the

pressure regulation valve 8. Theggpressure regulation valve 8 is
fixed at this time. The trigger gas feed system7 is opened under the
control of the control device 100. A flowrate of the argon gas is fixed

to achieve a limt pressure for bringing about an initial discharge,
e.g., 9x10[err] Torr as shown in Fig. 2. The argon gas is introduced in
t he vacuum chéhbedlike nig hisedtahethd fimwbst eabedimeatseals idn tdveamslal USE
chanber 5 through a vacuum
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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at nosphere reserve chanber, transfer chanber or the |ike. Subsequently, a
direct current power source or high frequency power source 9 is turned ON
at atimng Tl as indicated in Fig. 2, applying electricity to the cathode
2 thereby bringing about a discharge. At a timng T2 when the discharge
detection sensor 101 such as a photo-detector or the |ike detects the

di scharge (when the sensor is turned ON), the trigger gas feed system?7 is
cl osed under the control of the control device 100 to return the vacuum
chanber to the sputtering pressure, whereby a filmis

- 17 - formed on the substrate_. g3 - At this tinme, the vacuum
chanber 5 returns to the sputtering pressure at a timng T4 and the power
applied to the cathode 2 reaches a set power at a timng T3. The direct
current power source or high frequency power source 9 is turned OFF at a
timng T5 when a film formation tine term nates. The discharge is
stopped. The di schargaldhteghi @ stertdmer 104 abtt Hinsttalied 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



-— T

conmes not to detect the discharge (is turned OFF). At the sane timng T5,
the trigger gas feed system 7 is opened under the control of the control
device 100. The substrate 3 in the vacuum chanber 5 is transferred to the
vacuum at nosphere reserve chanber, transfer chanber or the like fromin
t he vacuum chanber 5. On the other hand, a fresh substrate 3 is set in
t he vacuum chanber 5 fromthe vacuum atnosphere reserve or transfer
chanmber or the like. After the substrates 3 are transferred and the vacuum
chamber 5 is raised to the limt pressure 9x10[err] Torr or so inspiring
an initial discharge, the direct curremst -power source or high frequency
power source 9 is turned ONto apply the electricity to the cathode 2 at a
timng T6, resulting in the generation of a next discharge. At a timng
T7 when the discharge detection sensor 101 such as a photo-detector or
the like detects the discharge (is turned ON), the trigger gas feed system
7 is closed mhatkexohlr ¢indfbetreeem otiheol t xhns fzr 16Banber el t and eledkch t he
vacuum chanber to - 18 -
reaction chamber 5, 20, 21. The second, third reaction
chamber 20, 21 is in the same structure 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, in 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,



the sputtering pressure. Afilmis thus fornmed on the substrate 3. At
this time, the vacuum chanber is returned to the sputtering pressure at a
timng T9 and the power applied to the cathode 2 reaches the set power at
@timng T8. At a timng T10 when the filmformation tine ends, the
direct current power source or high frequency power source 9 is turned
OFF, with the discharge stopped. The discharge detection sensor 101 is
turned OFF at this tine into a state not detecting the discharge. At the
sanme timng T10, the trigger gas feed system 7 is opened under the control
by the control device 100, and the subpstrate 3 in the vacuum chanber 5 is
carried to the vacuum at nosphere reserve chanber or transfer chanber

etc., while a fresh substrate 3 is sent out and set in the vacuum chamnber
5 through the vacuum atnosphere reserve or transfer chanber, etc. A

sequence of operations is repeated thereafter. In Fig. 2, a pressure
change becaub@léinghéhéx@ﬁaﬁgéréf1ns§b§tva€é§m|ﬁhambereb@fqnechhmbetant
transfer chanmber, etc, s not jndicated As descri bed

her ei nabove, ©f &dor @i Feharde ?%@aY%r€§€ﬁFaﬂﬁven@k6#°”@ﬁé theygeregaureced
system 7 is kept _opened at all tines except dyrin the di scharge under the

control by tHB cEREr oV2gBYNc SRR het %l i%%*na Fﬁ& fhege sng%ﬁtlBheof

gas in the (lgger,0as.feed SUoLemh’s s JiSneh" $E°ULEladd ey aSE L ChgTPer
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



- 19 - t he di scharge is accordingly maintained al ways constant. Since
the pressure in the vacuum chanber 5 before the start of the discharge
with the trigger gas feed system 7 opened is reduced to a value close to
tshe lowest limt pressure required for the generation of the discharge,
the tine to return to the sputtering pressure is shortened. In
consequence, the timng T2 starting the discharge is stabilized,
thereby stabilizing the filmformation tine, and the short tinme for the
vacuum chanber to return to the sputtering pressure stabilizes the
sputtering pressure at the filmformii on occasion, making the film
thickness and filmaquality stable. For exanple, although the stability

of the thickness is 5-6%or less in the conventional nethod, the stability
of the thickness is 3%or less in the enbodinent. Furthernore, the
quality of the filmat the interface to the substrate 3 is stabilized, the
t hi ckness of modd fiidamifomsnexten td baeuhidghetopdessurimaihaded twithimputheri ng

pressure is decreased, and the film
scope of the present invention as defined by the appended

claims unless they depart therefrom.



formati on speed is inproved. For exanple, although the tinme to return
to the filmformation pressure is 3 seconds in the conventional nethod,
the tine to return to the film formation pressure is 1-1.5 seconds in the
enbodi nment . A sputtering apparatus for executing a sputtering
met hod according to a second enbodi nent of the present inventionis shomn
in Fig. 3. Wile a photo-detector or

20 - the like is used in the first enbodi nent as an exanpl e of
di scharge det ectlon sensor 101 for detecting the ti l“u‘ M“t of
t he di scharge, a discharge power is . dgfected |nste

second enbodi ment. Specifically, a power value of the diréct current power
source or high frequency power source 9 is input to the control device
100, and it is judged as the timng of the discharge start when t he

I nput val ue becomes a predeterm ned value not |arger than the

di scharge povweHATther@AIMED clSxse the trigger gas feed system 7 of the

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



opened state. The predeterm ned value is determ ned based on data
obt ai ned by neasuring the power val ue beforehand when the discharge is
generated. For instance, in the timng chart of Fig. 2, 2.5kWsnaller
than the discharge power 5kWis set to be the predeterm ned val ue.
The trigger gas feed system?7 is closed by the control device 100 when
the power value is detected to be 2. 5kW The secondenbodiwenti_exerts
the sanme effect and operation as the first enbodi ne ' at the
t hi ckness of the film fornmed on the substrate 3 is IM@ ,u
A signal indicating that a discharge. pgyer source S . e
I nput to the control device 100. In this case, the trigger ga§ f ted
system 7 may be shut by the control device 100 based on the signal. This
exanple alike operates schematically the same effect.
- 21 - Al t hough a shutter is not installed between the
cat hode 2 ancctriggesubgss afeed® systtdme ifs ropgermnbodt nenireddwe tlspUlliey irgre
apparatus in the second enbodi nent is provided
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 pressure, 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



W,th a shutter 10, as shown in Fig. 3, to shut the cathode 2 fromthe
substrate 3 when the substrate 3 is transferred. The sane effect as in the

first enbodinment is achieved also in the arrangenent. In a
sputtering apparatus according to a third enbodinent in Fig. 4, a reserve
chamber or transfer chanber 11 is arranged adj acent to—the—vacuum chanber
5. A gate valve 15 is disposed at an end of th?”’; afhanber or
transfer chanber 11 adjoi ning the vacuum chanber |§ ”ﬂﬂ"’[@ﬂ gate val ve
14 is set at the other end of the chanber 11. "n thew afy Ment, the

gate valve 14 is opened/cl osed when_t Substrate 3 is transferred into
the reserve or transfer chanber fromoutside of the apparatus, while the
gate valve 15 is opened/cl osed when the substrate in the reserve or
transfer chanber 11 is sent to the vacuum chanber 5. Fig. 5
illustrates a sputtering apparatus according to a fourth enbodi nent.

The sputtering apphd abpénimpstite ftrEigdrenghfeed Hystdntadd it adals S,
20, 21 in addition to the reserve chanber 11 in the periphery of a
transfer chafibewr rd€e wft bhgatdsehbyge gih8, tolxaisk6thel Fracuine rqieatser

bet ween the transfer chanber 19 and reserve
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



- 22 - chanber 11 and between the transfer chanber 19 and each
reacti on chanber 5, 20, 21. The second, third reaction chanber 20, 21

is in the sane structure as the earlier- described vacuumch 5. A
pturality of substrates 3 can be subjected t erlng in the plurallty
of reaction chanbers 5, 20, 21 at the sane ti t“negate
val ve 14 is arranged outside the reserve chanbe val ve 15,
16, 17, 18 is opened/cl osed when the substrate |s dblﬂwe ed*bet ween each
of the transfer chanber 19, reaction chanber 5, 20, 21, reserve chanber 11
and the outside of the chanber. Theregfgore, an atnosphere inside each
chanber is shut as much as possible fromthat outside the chanber, naking
it possible to nmaintain the internal atnosphere constant. Wi | e
the reserve or transfer chanber is provided in any of the foregoing
enbodi nents, the present invention can be executed w thout the reserve or
transfer chamiem the dischafijen Lar byoutthe pbesent dnd/empéemnthan thdgeerr i ed
out without the pressure regulation valve 8 although it is provided in the
f or egoi ng entgsdi feed system againAsfbedi higet @isdimargd ol nbinssdd t he
present
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 vacuum chamber to be higher than the

sputtering pressure before the power value of the discharge

power source input thereto reaches a predetermined wvalue



invention as descri bed hereinabove, in principle, the trigger gas feed
systemis opened except during the discharge. The collection or

stagnation of the gas is consequently eI|n1ngLed,Ln_Lhe—%%+gger gas feed

system e pressure
I n the vacuum chanber before the start of theLM‘ mlﬁﬁ B const ant .
Mor eover, the pressure in the vacuum chanber rge while
t he trlgger gas feed systemis opened is decreased to be as low as the
limt discharge pressure, and therefore the tinme for the vacuum chanber to
return to the sputtering pressure is speduced. Owning to this, the timng
of the start of the discharge is stabilized thereby to stabilize the film
formation tinme. At the sane tinme, the tine to return to the sputtering
pressure is shortened thereby to stabilize +the sputtering pressure at the
filmformation occasion, thus stabilizing the filmthickness and film
quality. Fumphkerlaxder qthhnt ya oflisteafgé mpawerhevalies f ace thefidie the
discharge 1is started, and closes the trigger gas feed
system when the power wvalue of the discharge power source
reaches the predetermined walue 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.



Sybstrate is stabilized, the thickness of the filmformed wth the higher

pressure than the sputtering pressure is reduced, and the filmformation

speed is inproved. The entire di scl osure of Japanese

Patent Application No. 8-226512 filed on August 28, 1996,

i ncl udi ng specification, clains, drawi ngs, and sunmary are incorporated

herein by reference in its entirety. Al t hough the present

i nvention has been fully described in connection with the preferred

enbodi ments thereof with reference to the acconpanying drawings, it is to

be noted that various changes and nngBigations are apparent to those

skilled in the art. Such changes an

24 - nmodi fABSRRAGE QF SHE DISCLOSIREt ood as i ncluded within the scope of

the present invention as defined by the appended clains unless they depart

therefrom  TITLE OF THE INVENTION: SPUTTERING METHOD AND SPUTTERING
APPARATUS

A trigger gas feed system is normally kept opened
before a discharge is started. The trigger gas feed system
is shut instantaneously, for example, when the discharge is
generated, thereby to set a wvacuum chamber at a sputtering
pressure, The trigger gas feed system is opened again
after the discharge is finished. The opened sgtate is
continued until another discharge is started. Accordingly,
the pressure in the wvacuum chamber before the discharge is
maintained always constant, and the wvacuum chamber 1is

returned to the sputtering pressure in a short time.

Figure 1.



25+% VWHAT IS CLAI MED | S: 1. A sputtering nmethod in which, on
occasion of a sputtering discharge, a flowrate of a discharge gas is
ingreased to rai se a vacuum chanber (5) to be higher than a sputtering

pr éssure, t he net hod conpri si ng: opening a trigger gas
feed system (7) to increase the f|OM/Fﬁ%e of the discharge gas to raise

t he vacuum chanber to be higher than the sputtering pressure before the
di scharge is started, : cl osi ng t he trigger gas feed
system instantaneously when the discharge is brought about, thereby
setting the vacuum chanber at the sputtering pressure; and

openi ng the trigger s feed systemagain after the discharge is finished.
2. A sputtering E’ ?bcording to claim1, wherein the trigger gas feed
systemis opened agai¥W after the discharge is finished, and kept opened
until a next discharge is started. 100 3. A Sputtering nmethod according
toclaim1l or 2, <
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wherein I n opening the trigger gas feed system (7) to increase the
flowrate of the discharge gas to raise the vacuum chanber to be higher
than the sputtering pressure, the trigger gas feed system
i 8 opened to increase the flowrate of the discharge gas before the

di scharge is detected, instead of befpge the discharge is started; and

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

t he di scharge is brought about. 4. A Sputtering method according to
claiml1 or 2, wherein in opening the trigger gas feed system (7) to
increase the flowrate of the discharge gas to raise the vacuum chanber
to be higher than the sputtering pressure, the trigger gas feed systemis

opened to inchfg ?e flowrate
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ofa t he di scharge gas before a power value of a discharge power source (9)
reaches a predeterm ned value not |arger than a discharge power val ue,
instead of before the discharge is started; and in closing the

trd gger gas feed system the trigger gas feed systemis closed when the
power of the discharge power source rgﬁfhes t he predeterm ned val ue not

| arger than the di scharge power, instead of instantaneously when the

di scharge is brought about.. 5. A sputtering nethod according to claim
1 or 2, wherein - 27 - in
opening the trigger gas feed systemto increase the. flowrate of the

di scharge gas to raise the vacuum chanber to be higher than the sputterijng
pressure, the triggE? aQ feed systemis opened to increase the flowrate
of the discharge ga ore a discharge power source is turned ON,

i nstead of before the discharge i s—30&ted; and in closing the
trigger gas feed system the|trigger

.——*——-
LLL

7 9~ -
—2
L ]
T y— |

: %
73> 10 L
T




gag feed systemis closed after the discharge power source is turned ON,
i nstead of instantaneously when the discharge is brought about. 6.
A “sputtering apparatus for forming a filmby sputtering wherein, on
oceasion of a sputtering discharge, a flowrate of a discharge gas is
increased to raise a vacuum chanber (5W6t° be hi gher than a sputtering

pressure, t he apparatus conpri sing: a trigger gas feed
system (7) for supplying the discharge gas into the vacuum chanber; and

a control device 10 which can control opening/closing of the
trigger gas feed s s 0 as to open the trigger gas feed systemso as

to increase the flow rate of the discharge gas to raise the vacuum chanber
to be higher than the sputterilff) pressure before the discharge is
started, close the trigger gas {eed systemto return the vacuum chanber to

the sputtering pressurf |i nstant finecusl vy -
28 - when t he di schprge 5 bf ought alout, and open the trigger
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gag feed systemagain after the discharge is finished. 7. A
sputtering apparatus according to claim 6, wherein the control device
opens the trigger gas feed systemagain after the discharge is finished
and keeps the trigger gas feed systemin an opened state until a next

di scharge is started. . A sputgﬁélng apparatus according to claim6
or 7, which is further prOV|ded wth i scharge detection sensor (101)
for detecting the discharge.in the vacuum chanber, whereby the contro

devi ce opens the trigger gas feed systemso as to increase the flowrate
of the discharge gas to raise the vacuum chanber to be higher than
the sputtering pressure before the discharge is detected, not before the
di scharge is started, égn é;ses the trigger gas feed systemafter the

di scharge detection s etects the dlscharge not i nstantaneously when
the discharge is brought about. FELN sputtering apparatus according
to claim6 or 7, wherein the control deMdice receives a power value of a

di scharge power source (9) and opens9#lje t1figger gas feed systemso as to
increase the flowrate of the dischargqg gag to raise the vacuum chanber to
be higher than the sputtering pressure RQefore the power value of the

di scharge power source i nput mhes—q:qfejeternined val ue
| |

ejm ; |
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-229 - not | arger than a di scharge power val ue, not before the

di scharge is started, and closes the trigger gas feed system when the
ower val ue of the discharge power source reaches the predeterm ned val ue
not | arger than the discharge power, not instantaneously when the

di scharge is brought about. 10'&9 sputtering apparatus according to
claim6 or 7, wherein the control de ge opens the trigger gas feed
system so as to increase the flowrate of the discharge gas to raise the
vacuum chanber to be higher than the sputtering pressure before the

di scharge power source (9) 1is turned ON, not before the discharge is
started, and closes_the trigger gas feed systemafter the discharge power
source is turn#ﬁ?@?&}ﬁot i nstant aneously when the discharge is brought

about .
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