SPECI FI CATI ON SUBSTRATE PROCESSI NG METHOD [ Techni cal Field] [0001] The
present invention relates to a substrate processing nethod in which
the sanme processing is perforned in parallel with each other in at

| east two processing chanbers and, when the nunber of substrates that
have been processed in each of the processing chanbers has reached a
predet er mi ned nunber, recovery processing is perforned in order to
recover the state of each of the processing chanbers. [Background

Art] [0002] As a processing appagpreseioaT®eNf ormng filmformng
processi ng on substrates, there 1s known, as showmn in FIG 1, a

sputtering apparatus 100 equi pped with: a transfer chanber T, a
transfer robot 1 having_two robot hands 12a, 12b which are housed in

t he transfer chanber T; SM'E%TE(FJ&OP&S@EJ%}M%TOQ B and two film

form ng chanbers C, D which serve as processing chanbers, all being
di sposed in a manner to enclose the transfer chanber T. [0003]In the
above- men{Tgnat:s3 WdlHEr i ng apparatus 100, substrates

[0001] The present invention relates to a substrate processing method
in which the same processing is performed in parallel with each other in at
least two processing chambers and, when the number of substrates that
have been processed in each of the processing chambers has reached a
predetermined number, recovery processing is performed in order to recover

the state of each of the processing chambers.

[Background Art]

[0002] As a processing apparatus for performing film forming
processing on substrates, there is known, as shown in FIG. 1, a sputtering
apparatus 100 equipped with: a transfer chamber T5 a transfer robot 1
having two robot hands 12a, 12b which are housed in the transfer chamber
T; and two load-lock chambers A, B and two film forming chambers C, D
which serve as processing chambers, all being disposed in a manner to
enclose the transfer chamber T.

[0003] In the above-mentioned sputtering apparatus 100, substrates
which are handled by the unit of a lot (e.g., 25 substrates) and which are
housed inside substrate containers 4 placed in position on a loading port 3,
are alternately charged by a robot 30 into the load-lock chambers A, B, and
the charged substrates arve respectively transferred to the film forming
chambers C, D by the tramsfer robot 1. Then, the same film forming
processing is performed on the substrates in parallel with each other in the
two film forming chambers C, D.

[0004] When the same processing is performed on the substrates in



whi ch are handled by the unit of a lot (e.g., 25 substrates) and

whi ch are housed inside substrate containers 4 placed in position on
a loading port 3, are alternately charged by a robot 30 into the

| oad-1 ock chanbers A, B, and the charged substrates are respectively
transferred to the filmformng chanbers C, D by the transfer robot
1. Then, the same filmformng processing is perforned on the
substrates in parallel with each other in the two filmformng
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Prior Ar .
[Prio 'bro[():%gsueraeqh] any one of the film forming chambers has reached a

predetermined number (12 substrates), the dummy sputtering processing is
started in said one of the film forming chambers. When the number of the
substrates processed in the other of the film forming chambers has reached

a predetermined number (13 substrates), the dummy sputtering processing



[ Pat ent Docunent] [O0006] Patent Docunment 1: JP-A-2004-128210 [ Sunmmary
of the Invention] [Problens to be Sol ved by the Invention] [00071ln
vi ew of the above points, this invention has a problemof providing a
substrate processing nethod in an arrangenent in which substrates are
alternately transferred to at | east two processing chanbers so as to
perform in parallel to each other, the sanme processing to each of
the substrates and al so the recovery processing of the processing

chanbers 8 shaty®en said ends bl e HIOE ESThing dRIIRGsbeADghizaRatl ¢ of
I nprovi ng the throughput when the recovery processing tinme is | onger

than the thesiheregrizeddwi duynoty spiiseriag geocdsiagnis lbngerSdian thy time
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transferr @dmmy sputtering processing will be performed in the two film forming
chambers in a manner overlapped with each other. In such a case, it will
be similar to the case in which the processing for a predetermined period of
time is interposed in both the film forming chambers between the two lots.
Therefore, this solution does not contribute to the shortening of the waiting

time.

[Prior Art Document]
[Patent Document]
[00061 Patent Document 1: JP-A-2004-128210

[Summary of the Invention]

[Problems to be Solved by the Invention]

[0007] In view of the above points, this invention has a problem of
providing a substrate processing method in an arrangement in which
substrates are alternately transferred to at least two processing chambers
so as to perform, in parallel to each other, the same processing to each of the
substrates and also the recovery processing of the processing chambers in
between, the substrate processing method being capable of improving the
throughput when the recovery processing time is longer than the time for

processing of substrates.

[Means for Solving the Problems]
[0008] In order to solve the above problems, this invention is a
substrate processing method, wherein a substrate is alternately transferred

to at least two processing chambers, same processing is performed on the



to at | east two processing chanbers, sane processing is perfornmed on
the substrate in each of the processing chanbers, recovery
processing is perfornmed to recover a state of each of the processing
chanbers when a nunber of substrates processed therein has reached a
predet er mi ned nunber, and wherein tine required for the recovery
processing is longer than tinme required for processing of substrates.
The nmet hod conprises: when the nunber of substrates processed in any
one of theupsReRsShngachasthehé hasedsdRE NAthrhbsrsPnecRieey "hRREsAHEDRY |
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[oon]In this invention, preferably the processing of substrates is
the processing to forma titaniumnitride filmon a surface of each
of the substrates by reactive sputtering using a Ti target, and the
recovery processing is a dumry sputtering in which the Ti target is
sputtered while shielding the Ti target by a shutter which prevents

the sputtered particles of the "Ii target fromgetting scattered. In

this invention, it is preferable to performthe sane processing
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Description of the awi ngs] [0013] FIG 1 isS a schematic plan view

showi ng al[8010h f or nimthiafipeestors sacanntigament mayebenhads tieatt thef titdei s

I nventi on. ) ) ) . .
for starting the recovery processing in said any one of the processing

chambers such that the recovery processing performed in said any one of the
processing chambers is finished simultaneously with the time when the
number of substrates processed in the other of the processing chambers has
reached the predetermined number. In this invention, the term
“simultaneously” does not always mean strict coincidence but, despite the
occurrence of a slight time difference corresponding to the time of moving
the above-mentioned lifter, the time of transferring the substrates, the time
of operating the shutter, and the like, the term shall be understood to
include a case in which both of the above-mentioned time are substantially
identical to each other.

[0011] In this invention, preferably the processing of substrates is the
processing to form a titanium nitride film on a surface of each of the
substrates by reactive sputtering using a Ti target, and the recovery
processing is a dummy sputtering in which the Ti target is sputtered while
shielding the Ti target by a shutter which prevents the sputtered particles
of the Ti target from getting scattered. In this invention, it is preferable to

perform the same processing operations in the two processing chambers.

[Effect of the Invention]



FIG 2 is a schematic sectional view showing a filmform ng chanber C
of FIG 1. FIG 3(a) is a schematic diagramto explain the substrate
processi ng nmet hod according to this enbodinment, and FIG 3(b) is a
schematic diagramto explain the substrate processing nethod
according to the prior art. FIG 4(a) is a schematic diagramto
explain the waiting tinme in the substrate processing nethod accordi ng
to the enbodi nent of this invention, and FIG 4(b) is a schematic
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processing chanmbers C, 13, all of which are disposed so as to enclose
t he transtese phogessimgTof buibstzatehuis porfameahgetly tihanet b thelpabeeating S
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the transter, hRaDeke ki bR dr920 i ARK O ATRENH%E can be moved out
(discharged) right after the completion of the processing, no waiting time
occurs. As a result, the waiting time can be effectively shortened while
performing the recovery processing, whereby the throughput can be

improved.

[Brief Description of the Drawings]

[0013]

FIG. 1 is a schematic plan view showing a film forming apparatus according
to one embodiment of this invention.

FIG. 2 is a schematic sectional view showing a film forming chamber C of
FIG. 1.

FIG. 3(a) is a schematic diagram to explain the substrate processing method
according to this embodiment, and FIG. 3(b) is a schematic diagram to
explain the substrate processing method according to the prior art.

FIG. 4(a) is a schematic diagram to explain the waiting time in the
substrate processing method according to the embodiment of this invention,
and FIG. 4() is a schematic diagram to explain the waiting time in the

conventional substrate processing method (prior art).

[Embodiments for Carrying Out the Invention]

[0014]



B as well as between the transfer chanber T and the filmformng
chanbers C, 13, there are respectively interposed isolation valves 2.
Since the construction of the transfer chanber T and the | oad-I ock
chanbers A, B is known, a detailed description thereof will be
omtted. [00171Cl ose to the | oad-1ock chanbers A, B of the sputtering
apparatus 100, there is disposed a |loading port 3. This |oading port
3 is made up of a known nechani smfor nounting thereon a plurality of

substrate ¥ [o] Ione ( ; Ren i d :
Fops) 4, et PGSR GRCRAL Sefbinalihh o SRR O PRDLIBIATR 6L this.

chanber s Anvéhthon.t he unit of a lot (e.g., 25 substrates) that is
housed in eacf] of the substrate housing containers 4. [00181The
transfer tOBBR 1 foPIGs hsbpwsa sepitering gpaaratievidchds aueaxamude of a
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and t el eseopragwifdry rohwtabl éwoalvadrloclT ¢hbindeis gt Benddofweddin dbrmingse
robot arns

Ha, 11b, there is respectively gonnegt a,.ropot. hand
12a, 12b SRR iR HRich SEE: Aa OGS, TRHTRES 13 Wi &0 PF TAICh) Btced
on the ro f L | t he: r 1
of the forT oy o8 Ee i oBERM, the el LhARBEDS, | 1014 WRASHE sk,
charged i shet tthe bobetrdieekSchhaieds ifto Bhedbabdodleshagibeye! X, B are
transferred to the filmform ng chanbers C,_ D. (a) In a state in

whi ch t he tyansiersed dosthgsfilmt forming charmbprs Ko P dsomenmsdofi the tepmsfer

unpr ocessegﬁégpstrate in the | oad-lock chanber A is noved out by the
robot han§ : (b) The processed substrate that is held by the

robot hanfodids i s NB¥Rfbdn iR thhARsfbPB8HaMBEK TCHRIMR! 10Ad-lock chambers A,

B as well as between the transfer chamber T and the film forming chambers
C, D, there are respectively interposed isolation valves 2. Since the
construction of the transfer chamber T and the load-lock chambers A, B is
known, a detailed description thereof will be omitted.

[0017] Close to the load-lock chambers A, B of the sputtering
apparatus 100, there is disposed a loading port 3. This loading port 3 is
made up of a known mechanism for mounting thereon a plurality of
substrate housing containers (e.g., Front Opening Unified Pods, FOUPs) 4,
and a robot 30 which charges substrates into the load-lock chambers A, B by
the unit of a lot (e.g., 25 substrates) that is housed in each of the substrate
housing containers 4.

[o018] The transfer robot 1 for transferring the substrates S between
the load-lock chambers A, B and the film forming chambers C, D is an
articulated robot of a known construction, and is provided with’ robot arms
11a, 11b as operating parts; and a plurality of motors 10 as driving means
for driving the robot arms 1la, 11b in a rotatable and telescopically movable

manner. To the front end of each of these robot arms 1la, 11b, there is



(c) The substrate that has been processed in the filmform ng chanber

Cis noved out by the robot hand 12a. (d) An unprocessed substrate
that is held by the robot hand 12b is noved into the filmformng
chanber C. (e) An unprocessed substrate in the | oad-1ock chanber B

i's nmoved out by the robot hand 12b. (O The processed substrate that
I's held by the robot hand 12a is noved into the | oad-lock chanber B.
(g) The substrate that has been processed in the filmform ng chanber
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construct Itgg transfer robot 1 of the following operations (a) — (), the substrates S
alternately charged into the load-lock chambers A, B can be respectively
transferred to the film forming chambers C, D.

(a) In a state in which the processed substrate is held by the robot hand
12a, an unprocessed substrate in the load-lock chamber A is moved out by
the robot hand 12b.

(b) The processed substrate that is held by the robot hand 12a is moved
into the load-lock chamber A.

() The substrate that has been processed in the film forming chamber
C is moved out by the robot hand 12a.

(d) An unprocessed substrate that is held by the robot hand 12b is
moved into the film forming chamber C.

() An unprocessed substrate in the load-lock chamber B is moved out
by the robot hand 12b.

(f) The processed substrate that is held by the robot hand 12a is moved
into the load-lock chamber B.

(20 The substrate that has been processed in the film forming chamber
D is moved out by the robot hand 12a.

(h) An unprocessed substrate that is held by the robot hand 12b is
moved into the film forming chamber D.

[0019] The film forming chambers C, D have the same construction
and are arranged to perform the same film forming processing. These film
forming chambers C, D are sputtering chambers in which TiN films are
formed on the surfaces of the substrates, e.g., by reactive sputtering.

[0020] With reference to FIG. 2, a description will now be made of the
construction of the film forming chamber C as a representative example.

At the bottom of the film forming chamber C, there is disposed a stage 21 on



and are arranged to performthe sane filmform ng processing. These
filmformng chanbers C, D are sputtering chanbers in which TiN filns
are fornmed on the surfaces of the substrates, e.g., by reactive
sputtering. [00201Wth reference to FIG 2, a description will now be
made of the construction of the filmform ng chanber C as a
representative exanple. At the bottomof the filmform ng chanber C,
there is disposed a stage 21 on which a substrate Sis placed in
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of the grounded filmform ng chanber C there is connected one end of
a gas pi p&atgriairsuchy foroexanap n@sg‘%atlﬂéh@%epi Pa pearyurface side of the

i i it . 1 I { I t
SO Tat T of byl b dE 2ao ERCis' HeBddh 3 HRhel it 2N Bt 8L
an Ar supglagnetidfidd ih0f3ad b8thd @puttefivicdfntri® &4 bt 2rdesigd Gllasher

C, there is provi ded a s_hutter 29 which is novable in the horizontal
di r ect i ondemsity sambe obéained in the nsighjerkdodofitherspuTierirg getfa@cof thei s

Shutter 28 Ls. LBT SHENL Lhc SBU 68120 PALLLCLES, o, Sty EEAS 20

which is fixed to the upper surface of the rotary disc 27a, and a plurality of
magnets 27¢ which are disposed on the lower surface of the rotary disc 27a.
[0022] In addition, to the side wall of the grounded film forming
chamber C, there is connected one end of a gas pipe 28. The opposite end of
the gas pipe 28 is in communication with a gas source through a mass flow
controller (not illustrated). The gas source is, for example, an N2 supply
source and an Ar supply source.
[(0023] Further, inside the film forming chamber C, there is provided a
shutter 29 which is movable in the horizontal direction in a space between
the stage 21 and the Ti target 26. This shutter 29 is to prevent the
sputtered particles of the Ti target 26 from scattering to the stage 21.



[ 0024] According to the above-nenti oned arrangenent of the film

form ng chanmber C, by controlling the pressure inside the film
formng chanber C to a predeterm ned pressure while supplying the
reaction gas fromthe gas pipe 28 into the filmform ng chanber C,
and by supplying electric power fromthe cathode power supply 25 to
t he cathode electrode 24, a TiN filmcan be forned on the surface of
the substrate S that is disposed on the stage 21. The filmform ng
condi tion the Ti Lo . . T] '

For m ng OE%QTHL ons] %ﬁtﬁ%cthe ?ﬂ"g"ﬁ%&éﬁg’r" yeﬁeq%%%}"’?xga%%@%@ﬂ; o‘%ﬁrﬂfEI ggig%ll n
t he react femigasciambr fE,oby raherollifgAthé |pressiateinsid? the @l dhening
75% Sputtering pressure: 0.1 Pa Processing time: 80 seconds (= 10
seconds f@hamgeé-(“r o 18 gEedeteoninedopngssursgr Whilensunplyingthe nepction gass
Lagbgfng %Jotm tthgegas[ Ig)i%%%ﬁn%ea%er 'ﬁEn%dfo%%?ﬁ/ge ’ch\allmmtbgra(rl], &IIIIJ:](f ?rasslfpﬁlynirfghe

electric power from the cathode power supply 25 to the cathode electrode 24,
a TiN film can be formed on the surface of the substrate S that is disposed
on the stage 21. The film forming conditions of the TiN film are, e.g., as
follows.

[0025]  [TiN Film Forming Conditions]

Sputtering power: 12 kW

Ratio of nitrogen gas in the reaction gas (= Nz flow rate / (Ar flow rate + Nz
flow rate)): 75%

Sputtering pressure: 0.1 Pa

Processing time: 80 seconds (= 10 seconds for move-in time + 60 seconds for
film forming + 10 seconds for move-out time)

[0026] As described above, with an increase in the number of
substrates to be processed in the processing chambers C, D, the number of
particles to be accumulated on the surfaces of the substrates during film
forming processing will increase. When the number of substrates that
have been processed in the film forming chambers C, D has reached a
predetermined number, it is necessary to shield the Ti target 26 with the
shutter 29 and to perform dummy sputtering processing in which the Ti
target is sputtered, thereby recovering the state of the film forming
chambers C, D. The dummy sputtering conditions are, for example, as
follows.

00271 [Dummy Sputtering Processing Conditions]

Sputtering power: 12 kW

Ratio of nitrogen gas in the reaction gas (= N2 flow rate / (Ax flow rate + Ne

flow rate)): 90%
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.Substrates to be processed in the processing chanbers C, D, the
nunber of particles to be accunmul ated on the surfaces of the
substrates during filmformng processing wll increase. Wen the
nunber of substrates that have been processed in the filmformng
chanbers C, D has reached a predeterm ned nunber, it is necessary to
shield the Ti target 26 with the shutter 29 and to perform dumy
sputtering processing in which the Ti target is sputtered, thereby

recoveri nghReersiabfesfiyd: e Pu! m form ng chanbers C, D. The dummy
sputtering pté}o%ndlt %ns? ar ebe# or exanple, as follows. [0027][ Dunmy

Sput t er i ngPrBeaxshgsting: 2d0dedondes] Sputtering power: 12 kWRati o of
nitrogen i.n the reactijon gassé N2f|owrate/ gAr flowrate + N2
flow rat ei@ 02809, SPlith seferepcsrtosEift.e3, @ desqiption galsnawy beimade 2f@

vade ot égglﬁ%lrfﬂrea%wg%%%é%é?ﬁb@%#%@ﬁ%&%aﬁlﬁs‘”B?%‘nfe.%t” The J8
The refer @%@eﬂamg@d $n UBRHiditel dMRw hEW B1a2RQYW HAWLFRBE SF Rhe Yhst u&t es

of the first lot and the second |ot are the substrates that are under
processi ngmdnt]:teh@cﬁntﬂ oif arenthegsudistraies shad, afd. uwhderrpBeesing id wké fidini on

j[ ﬁeom ﬁtsf ?q:xg;lrltghc ers EpHSt ! eIr | ﬁﬂ'}pr Oﬁl S%ll'arilzgont (1:)8 2&1&5& f0 rtggddulﬁfn%r ©

sputtering processing to be performed before the first lot.

[0029] As described above, by operating the transfer robot 1, it is
possible to transfer the 1st, the 2nd, and subsequent substrates in the first
lot that have been alternately charged into the two load-lock chambers A, B
into the two film forming chambers C, D respectively, thereby performing
the same film forming processing in parallel with each other in these two
film forming chambers C, D (see FIG. 3).

[0030] It is to be noted here that, in the conventional substrate
processing method as shown in FIG. 3(b), when the film forming processing
for the 24th substrate of the first lot in the film forming chamber D has been
finished, in other words, when the number of substrates that have been
processed in the processing chamber D has reached a predetermined
number (12 substrates that is one half of 25 substrates), dummy sputtering
processing is started in the film forming chamber D. Then, when the
number of substrates that have been processed in the film forming chamber
C has reached a predetermined number (13 substrates), dummy sputtering
processing in the film forming chamber C is started. At this time, since the
time required for dummy sputtering processing is longer than the time
required for processing substrates in the film forming chambers C, D, the
dummy sputtering processing will be performed in a manner overlapped

with each other in the two film forming chambers C, D. In such a case,

since the same film forming processing is performed in the two film forming
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[ 0029] As descri bed above, by operating the transfer robot 1, it is
possible to transfer the 1st, the 2nd, and subsequent substrates in
the first ot that have been alternately charged into the two

| oad-1 ock chanbers A, Binto the two filmform ng chanbers C, D
respectively, thereby performng the sanme filmform ng processing in
parallel with each other in these two filmform ng chanbers C, D (see
FIG 3). [00301llt is to be noted here that, in the conventi onal

substrate img g i , f
Formi ng pracoders CIDTE! 1afaRa SEARALE oEhes bplohd i RReL M didllny
fil mfor nmspgtiehmpbeiocéishes theednédgticabedill iba sthblaf tyvelidlsascwheihichea
nunber of substrates that have been processed in the processing

chanber Dleng timesefimgcesspnivanasf etwiebeithe igtssubstrates that is
one hal f substfates),, du utterin rogessing iS started in
the film g@?ﬁﬁng cha_#o(’ﬁ %%) b?rﬂmd%ﬁ%ﬁ ﬁ'ﬁ'@ %’Ufﬁd’e&ﬁﬁfsaé’g%sfﬁfnatfg’ém’t%t
have been p%éé%ﬁﬁx%ig peidrited i Mok 28 4E e CRBBRE with Rash HARENRAIR two

pr edet er mi ned r (13 substrates), dummy sputtering processing In
t he fil m ffdmmfognaizachembers €,sDariredasdit e.ghi thet iphBcessingc midént the
required for_ dupmmy sputtering processing is |onger than the tine
requi red fepdlackcehamberssdpd atlenseh thap the| processing dlep drpthe fikm D,

the d t epi ' i || f d j
over | apped i A RED PR Meb iR Ep B LOHE bR 1B sojow
such a cagg, teicaase td arasd@Btehidifirde0 S GRERGEED 1Y thinRKERIIFE dtHen

the two filmformng chanbers C, Din parallel wth each other
bef or e andubstretestdaanotirymsyas vefr right pfter élss corgpletive wahs guoessimg

will be simlar.to jhe.case in whigh_a |ong tinme of processing i
ber f or med theiRo Bl FEmIGE Sharthsia] it T svhoabS NBItGs RERG QoAU

t he sane fcb j

x{tﬂfﬂm @g@&&%@%ﬁ&%@n&&&mga Ginlof! egeggf}agf sIDEL dRRed

h
wi th each otflee I'n two film ng c ers n case, e.dg.,

t he proce&sndgof waitng tinid)andaaanboikpriverthethrohghBut.s | onger than the
processin t'r]e inthe filmform ng chanbers C, D, or in case the
speed of P33l ansf erOn ot others hagd, o dke t Bihshusde processing method

rate-detern ni;ng ste botil eneck) Ln.transportatiqn, the substrates
cannot be %%389%39 E]i"" h?mh?(ﬁgf‘er{%h@% (I;!%‘ﬁi)llgf g’_i')tt’lo%f _“fq'ﬁ@ ﬁpﬁc’é’égﬁ%ﬁﬁ ?’ﬁ
the film kapsthRthsC BRAPHVeChebh WHRESRY YR ddyGbred B8 MeCHIR ffing
conventional substrate processing nethod cannot effectively shorten
t hi s ki ndcbémbeig i hgs t temehednd qaedeterminedvautnber,t Rtvommglyp wouttering
[ 0032] On the other, hand, in_ the substraIte pr ocessij nghrret hod
processing is pertormed in advance. In the example shown in FIG. 8(a),
when the number of substrates that have been processed in the film forming
chamber C has reached a predetermined number (11 substrates), dummy
sputtering processing is started in the film forming chamber C.
{0033] It is to be noted here that the time of starting the dummy
sputtering processing in the film forming chamber C can be determined
such that the dummy sputtering processing in the film forming chamber C
is finished at the same time as the finishing of the film forming processing
of the 25th substrate of the first lot in the film forming chamber D.
Specifically, since the processing time of the dummy sputtering processing
corresponds to the processing time of three substrates, the number of

substrates that have not been processed yet in the first lot becomes three.
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according to the enbodi nent of this invention, when the nunber of
substrates that have been processed in any one of the filmformng
chanbers has reached a predeterm ned nunber, dunmy sputtering
processing is perforned in advance. In the exanple shown in FIG
3(a), when the nunber of substrates that have been processed in the
filmform ng chanber C has reached a predeterm ned nunber (11
substrates), dumy sputtering processing is started in the film

formng c er, C..[0033].1t is to.be ngted, her hat .t td f

Start] v CREOE dhtnfntpe i Srrgt el s Pt ibeb G it dRniteit idla

C can be gRERT Thi®EdS UE tHeh&llmt RS otihB¥h SRYEE &1 NHe PARRESP | PRttcdidde

filmformng chanber Cis finished at the sane tine as the finishing

of the filproéessmigny ptated dindheofilh horSnd chabderafe Atcdriling ito hid ot
fically, .since the processing

ipthefilmforMn Qh nber ‘D gtggég
time 8]: Eﬁé’-‘%l‘lﬁﬁ%e pa{g Aty the 110 G%Grégmmf&efﬁg H?P%ﬁ?é'élﬂegg
br oceased o FRERES chdnlBer TR dfniy BAAALTS phlBbsiiB iR g RIACC

pr ocessi ndoBhirghtthazdisdr Dubfbeaterted. the first ot has been finished
in the fil.mfqrmng chanber C, the dummy sputtering processing is

started i 093 fi | nWilenilwemon spbideriGe paoeessdignts bang esfoarednigethent |
ri ght aft t he f.inishi he, d tter,i cessing in, the
(1T £ or i ERmingcbamity & hamstt e SR, 50 B8 BRSO the,
formng c i Y, i .
procesgi nlgm. iggﬁ%:ea:?ﬁg?%]%r or'réﬁe%gﬂfgo 'F%%Q%fb%\nﬁ?fo g?}ﬁ?ng cfﬁgﬁngléé E%Iﬂtgﬁlg 50
23rd, thea2dbhperforth the fibi formibhgtprateasingl tAethis tsde,| Bhcatleere is no

transferred only to the other. D of the filmform ng chanbers so as to
per f or m t meedjof fakingrintg qepsidesalion) thexpreagpeing statessinqide file fermingno

need of tgki ' Iyd Lon th SSi st at PNt film
noed of ¢ AkhRbol 2 GLAOSSHIGEACARN LNE AL LT NG T BT AR SOl e
first |ot pasvdndmest the fidh fob@ihd cHhMPERDNGightabar filishihbf @hd ENm
finishing of the filmformng processing. There is thus no waiting

ti me that fehomgdpweessing.scThaeus (hwst e wedting thine rthhat shohbldotherwise

[ 0035] When t he filéllﬁm form,n protgﬁasi ng of the 25th substrate of the
first |ot ORSH PR PRESRERRLMeYRd. i 'm forming chanber D, dumy
sputterin cessi L.Seist i i lm f 1 D

descri bedg(z)a 05\;e, i fﬁ?ﬁg ’ u%ﬁggrfﬁéﬁﬁég%ro gggil}%lgglt}?]gtaﬁ%%tlel %fl]%
form ng clfasblt hesibed: ifitiisheiinaghet filen S nE ichBmdSr 1) luinh ly Spub@riafs
the filmformng processing of the 25th substrate of the first lot in

the fil m Papeespigednstided Dy the Shsffermutg ehambemhBt r dsdleseriberbabovenif

f or ni h Ch ible..T ile. the d ter

b oceasi ndbt Sumu aE BT B e TG R P FIP OPHRIAG CHEnbe Cob Bryahedsy
the 2nd, apqh¢ @Em%rﬂm_%%ssﬁ}{eaﬁ%hﬁig bHerSELR r@%n%%g @’ibléeés@gﬂéf &l 88th

only to the filmform ng chanber to perfo m f or m ng

processi ngubsteai® of th¢ fivst dot imehe shilne dfotrhirge chamber Mk ettantfet adi thg

into consideration the_ processi ng states in the filmfaorm ng chanber
g

D, the 1sfubsimatededhedftn foraming ghamber (abecomss noseible c ohpn, gthile e
roved out @bl iLe" Bl G ShE R bofag 'sUhlorlbb®n "idl Btk Gothice"®
chamber D, the 1st, the 2nd, and the 3rd substrates of the second lot are

transferred only to the film forming chamber C to perform the film forming
processing therein. At this time, since there is no need of taking into
consideration the processing states in the film forming chamber D, the 1st,
the 2nd, and the 3rd substrates of the second lot are moved out of the film

forming chamber C right after finishing of the film forming processing.
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There is_ thus no waiting tine that should otherw se occur in the
conventional nethod. [0036] Thereafter, when the dummy sputtering
processing in the filmform ng chanber D has been finished, alternate
transfer of substrates between the two filmformng chanbers C, Dis
resunmed. In other words, the 4th substrate and subsequent substrates
of the second lot are alternately transferred to the filmform ng
chanbers C, D, and the sane filmform ng processing is performed in

parall el whl.h, eachy gt hgy b{éﬁﬁlgg e?‘ri%%)én £rQk "LAG 6 N AR ocBur [ ROJERAS

descri bed "her éi nabove, T n difrent, Tn case the tirme required

for dummy cepiddtRnalendthegessi ng i s longer than the tinme required for
pr ocessi nz in_the filmformng chanbers C, D, when the nunber of
0

subst r at e§0@3Ht havEhdéreefieprwbes the dummpephibtenngoprocersginhibler fitnhas
reached the predetermn number (11, substrates), . du sputierin
processi ngo’ﬁngmgh P ?ﬁ'ﬁgrl?ﬁsn e%aﬁ’&’éi‘e% peesy twn%aﬁeéﬁ Ta %so,
during th | | | ﬁﬁg i Nl

t he substf%g%‘}éés%aﬁgg %JF%‘?@ eﬁ#?é%%ﬁpgﬁ{bg% %Iﬁﬁogn oréﬁ?néﬁcﬁg%gﬁgs’to

per form t bee f #thm fudstiang phACeabidavehbesidisiratdhest takt esconlde 16irans
sputtering_processing has been_finished in the filmform ng chanber

C, dunmy 8&Herratebnhiranstrseditpghesilam doyraing ehambersi Ok cind the etmeber
D. Also, ' the ti unt.il ot d tteri ' '

Fini shed D RERT RHGRIP RS RENEEP L Ra e B L B P B Rim
transferr ednoRbhbmbehef IJ.m form ng chamber C to thereby performthe
filmformng processing therein. According to this arrangenent,

during thé&oas wheks tesribednhersinzboes, ingthis endsdinenti so badenidne time
perfornmed, the iting time can be effe_cti‘vgly shortened., As a ,
resul t, tﬁ%qwmfﬁggr%wﬁe'aﬁptﬂéemﬁwamsmm eRgBvEnag; the Haegegnied: o

G 4 anleseidBlanahhl dify 5,0 oLOR LT B0 Ol bl e BRI

Suppose t € processing me-requrr ~The™’l oad-1 ock™chanber's
A, B is | giBstiatedaihat Neavr B6&S Procsbedren rd@ufilrefobming chamber C has

reached the predetermined number (11 substrates), dummy sputtering
processing in the film forming chamber C is started in advance. Also,
during the time until the dummy sputtering processing is finished, the
substrates are transferred only to the film forming chamber D to perform
the film forming processing therein. Then, after the dummy sputtering
processing has been finished in the film forming chamber C, dummy
sputtering processing is started in the film forming chamber D. Also,
during the time until the dummy sputtering processing is finished in the
film forming chamber D, the substrates are transferred only to the film
forming chamber C to thereby perform the film forming processing therein.
According to this arrangement, during the time when the dummy sputtering
processing is being performed, the waiting time can be effectively shortened.
As a result, the throughput can be improved.

[0038] Now, with reference to FIG. 4, a description will be made of the
effect of this embodiment. Suppose that the processing time required in

the load-lock chambers A, B is longer than the processing time required in
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the filmformng chanbers C, D. In other words, when the sane film
formng processing is performed in two filmformng chanbers C, Din
parallel with each other, the processing in the | oad-|1ock chanbers A,
B wll becone a rate-determning step (bottleneck). In this case, the
substrates are not noved out right after the filmform ng processing
has been finished in the |oad-Iock chanbers C, D, thereby giving rise
to waiting tinme. For exanple, suppose that the processing tine

required iRe tdien fihdddLERLR yros! ST j sead t
the processing tine reggu%egeﬁ t he I(I)Igdqtpgic‘:ﬁv%ﬁg’nbers 21‘6 %les? ?%%1
seconds. Themingt hencassihgnig perfernpel innsve @st fameing tharbbeene, I in

seconds (= 120 seconds / 2 - 80 seconds / 2). [00391lIf the .
convent i oRaralieleith saghthers ke pyocwesingdnithe dpptileck ehamebersi.sB ryiHd

Chanber o BE0G A PTG SRUNLE S0 REREAD"STA Bpid Fase) 4f% s biuritbs
other as §ROWt ifbvelGuididht aftdy {HY SInt 8S5@nin@PrbcdAeh 2R hEAD ShisHea Of

the first ot is noved out fromthe filmform ng chanber C right
aft er t heird ithenlbad-hiakgchppmobassCnd, Hhsrdbyepivingivshetd. wAiing time. For

consequence, although there occurs no wajting tine, the remaining
subst r at e§*HiPPIe nPHPRoES ﬁ@@&&ﬁsuﬁr%wg ﬁgn?meﬁvpgﬁrﬁm_@h% ilFbdranie D
r g_ht af t @flaﬂa@@ &ﬁb?‘i??{gﬁ'ge@nd%yQ%\&%ﬁ&?%h@?&&@&% fﬂiféﬂ'e%%éﬁireﬁr-iﬁrt%gy
giving riseto the’ wai rng tine! "Accordi ngly, SVeR Tt

convent i otwld-kuksshaailerprAQCBSisi TRD B&ohasl | Bhappilicedaingd hins 38€ dne
which a plurality of lots are processed in succession, the waiting

time canneubgisateiwikbeapae 2 penonds e 120keconds / 2hed seewadapd. cannot
be i nprov 004011 hi s enbodi nent, on the other ha as shown in
PG a2 Oy spdf P FEVEPUCEEL PHESFRES ProGePOT R RhhbaiPTed b
i s perforgRdet Bhid BRANSKT si&%ti&xeﬂhk%ﬂﬁﬂaﬂﬁ&t&@ﬁgp%&%gmgl h agdkihon.
during the time when the dunmy sputtering processing Is belng

per f or mredfarmingehainitene G, I} will be menfprmediner maGner b3dxlapieel withneach
form ng prqQcessing that is performed in the other of the filmformng
chanbers Eﬁ(‘%)afwﬁ ?W%éBoﬂ%}a‘l{b&t el Blris raape PR)Y sthep25thnshgteate of the
during th iIe S j . cessi i.$. bhej ng

per f or medtr¥g i A2 B STV Bt TR OE sHAERY v el o ol |
wait for fdignihbnh:1%0édin®thakeechi fifishedm AS Peoeamente, | AMthdRH thdhe

form ng chanbers D (C). As a result, the 23rd - th substrates of
t he firstotweswolwaibimerowedthmneriziomg substrates ssll myt bhandred ditdreht

PR Rl R B
substrat e e i | i . r jeng
Chanber | CPoft SnlheBCeRACH) dvilly sischfo (e ¥ERM Blyc," HcbinBROGFAP I
has been theaivediiohAbs@inrge \orogssingembthoddss@iplied o théreasel it which

manner, according to this enbodi nent, an arrangenent has been nade
that dumm$ Rpraliler ohlpippse ozesassed in supdessiond the weaitingridme mannot be

over | apped.w.t h.each other .in the fi,lmformng chamiers C . D and
Chat, dur Vol ShoksSniE v Adiebu o ot Pyl E0BURPHA s be ng
perf or medfoddo® 1| ninf HifeRhoBIRERS DnMthe! thBE bhBUTEE BB inFRACEY,! M
form ng chanber. Therefore, the waiting tinme can be effectively

shor t eneddamdny kputthriaggirpedssis@nnbfdm farmoug ¢hafibepo e Diisaterfobmed in
processing tinme in the filmfornmng chapbers C, D is 80 seconds, and
that the Prigaessy mgtiqvealapred weithpagh ofdwer.cnanpddition, duing the time

ds. : it ' b . d- by 20 6
substr at o5 et b Wy bl P SRR B TRRR PR ol od fn BRE BT i
per f or nedfdrthih 8 &hlawibels NPT tHeNEl 1k o RIS pfoceing AB4L BV et BEM¥@Yn 1 N
the exanple shown in FIG 4(a), the dummy

the other of the film forming chambers D (C) will become a rate-determining

step. In other words, during the time when the dummy sputtering
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sputtering processing in the filmform ng chanber C and the noving
out of the 25th substrate of the first lot in the filmformng
chanber D are finished at the sane tinme. Alternatively, an
arrangenent nay be made such that, depending on the dunmy sputtering
processing time, the tinme required for processing of substrates in
the filmformng chanbers C, D, and the like, the 1st substrate of
the second lot is moved into the filmformng chanber D to thereby
per f.or M t hgoddb il 9 Mdifle ARSI Ol th kel Gobot™ WRAAN A4 Qo SUUBL
sputtering processing 1s being pefformed inthe filmtformng chanber
C. [0042] IchattbersBo\Be willnkaio fed therinditivg tof thé dilfn fornfifg Pro@ssing in
processing of a TINfil mbg meags of a reactive sputtering was
exenpl i f i &be Ao fesming deambeasn@dChr cbesgpnyt, hedrde HRirapbspratesol ng
processin £ hfied as the regover tocessi r

Feapect | vaPs Bigllod SRl b BoxREant Boft TR PisroREer o B et e ey
processi NgALAnBYF {He itk FobRidd) BroROY e RAREES AnfiledC XBERLS: gifiRer
filmform ng processing and etching processing nmay be exenplified as
t he pr edetrsenionmedwaitogetisieng Simbidrlyy thel sanBriswbadratesasbthengecony Idie
exenplified _as the recovery processing. [0043] Further, in_the .
above- nenﬁ?l@ﬁ@déléﬁ%aww om fhe rpeasgBiterhanppar éﬁé@tﬁf“ﬁl therfmishing
transfer t pal . 1 ' fQr: ¥ er:s. .
Lranler b ng Wial EakARe ol Rl whah 'BG00 AOREDLRLE Bk fo ap
ot her. ThisgitiageRixh@n CRD iSO nbenrdRpl aRdrdifst e ElRise edboWitheht,t BR
filmformng processing is performed in parallel w th one another by
usi ng t hr @erangemeand fliasmteennimade htirse raimp0splubteringe processing is

above-nmenti oned odi nent s, descripti wa de . )
pert%rmegqg a manner not overlapp wQ1It11 eac rcIPher in the film forming

chambers C, D and that, during the time when the dummy sputtering
processing is being performed, the film forming processing is performed only
in one film forming chamber. Therefore, the waiting time can be effectively
shortened and the throughput can be improved. Suppose that the
processing time in the film forming chambers C, D is 80 seconds, and that
the processing time in the load-lock chambers A, B is 120 seconds. Then,
the waiting time can be shortened by 20 seconds x 6 substrates = 120
seconds during the time when dummy sputtering is performed in the two
film forming chambers C, D.

[0041] By the way, in the example shown in FIG. 4(a), the dummy
sputtering processing in the film forming chamber C and the moving out of
the 25th substrate of the first lot in the film forming chamber D are finished
at the same time. Alfernatively, an arrangement may be made such that,
depending on the dummy sputtering processing time, the time required for
processing of substrates in the film forming chambers C, D, and the like, the
1st substrate of the second lot is moved into the film forming chamber D to
thereby perform the film forming processing during the fime when the

dummy sputtering processing is being performed in the film forming
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of a case in which the throughputs of the two | oad-lock chanbers A B
are higher than the throughput of one filmform ng chanber C (D) and
are lower than the throughputs of the two filmform ng chanbers C, D,
i.e., of a case in which the throughputs of the two |oad-Iock
chanbers cause bottl enecks, thereby giving rise to waiting tine.
However, this invention can also be applied to a case in which the

t hroughput of the transfer robot 1 or the throughput of the robot 30
causes a hatiepeck, thereby giving rise to waiting time. In such a
case, the waiting time can al so be effectively shortened as descri bed
above. [0@0@&4durt her, Inn thbeabbevaentiohédnadbedibagitreie, fidm formmg
description was nmade of a case in which there was enployed the

sput t er i n@regsseing: ofsa THY fHay bigneqapoba deadibreesmiterang Waskexe

A B d fil f | t
trans?1 gr @Iﬁg or E%%é‘ifgg%rcgﬁ’\%g é'j‘r‘ﬁg‘ibeb nner%ﬁ”&?ﬁ’%gﬁ‘%@%ﬁﬁ"as
appar at us e%ﬁ:%[iﬁ'e& fadr ther r%&&}deﬂmcééﬁﬂ?d YeBSeckivanRs | erH&sb@«FE%erthE

Wi th two preprocessing chanbers "which performpreprocessing such
degassi ng ppedetermmetdlmobhsﬁmg andghp reeeesy prpckesihy aré nbtrlibdted tngthe
chanbers . In this %a substrates charged into the two

| oad- | ock atbﬁ‘é%é?%ﬂpks B a)weexm enakher il foyanag: pgcessing angdygjching

prepr OCGS@&%S&Q e “he Qﬁﬁ'ﬁt Hra?%o‘cﬁ&%iém?&eﬁ%ﬂ?td oecrzgagg And dry

alternate fer ormn a

t he subst cRa@$ngd Had smlbgﬁfaysbm@%ﬁ@hé@ag ﬂﬁe ﬁe'cbf@rgr%ﬁ%é%gmg
processing are returned to the | oad-lock chanbers A hen, if the

substrate @Q'ﬁﬁesm ngurbseh oo téxecahmrengent@oneldl embedigraritoaniarrangEned t o
the case in h t he waiti curs in the fjlmfor

chanbers &2 SDmﬂéEaWséltFFFéatﬁﬁg | Qfl‘ens'tl r?ﬁ‘*@;ﬁ"o@&%ﬁ"ﬂgﬁ%gﬁ’ﬂi’%ﬁ%
becones t n ' ned
ns desor | bodroEs, & ““hg?%%‘ﬁ’p?@éf‘#%%%@ﬁ%%?%&ﬁfﬁéE%é%ﬁ%*ﬂ ik
Char act er sdith 82e6¢ther. Drhisnnfenitivim gaw Aholierappliedtbrtat @ase in which the

film forming processing is performed in parallel with one another by using

three or more film forming chambers.

[0044] In the above-mentioned embodiments, a description was made
of a case in which the throughputs of the two load-lock chambers A, B are
higher than the throughput of one film forming chamber C (D) and are
lower than the throughputs of the two film forming chambers C, D, i.e., of a
case in which the throughputs of the two load-lock chambers cause
bottlenecks, thereby giving rise to waiting time. However, this invention
can also be applied to a case in which the throughput of the transfer robot 1
or the throughput of the robot 30 causes a bottleneck, thereby giving rise to
waiting time. In such a case, the waiting time can also be effectively
shortened as described above.

f0045] Further, in the above-mentioned embodiment, a description
was made of a case in which there was employed the sputtering apparatus
100 having disposed therein load-lock chambers A, B and film forming

chambers C, D in a manner to enclose the transfer chamber T. However,
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CLAI M5 1. A substrate processing nethod, wherein a substrate
is alternately transferred to at | east two processi ng chanbers,

wherei n sanme processing is perforned on the substrate in each of the
processi ng chanbers, wherein recovery processing is perfornmed to
recover a state of each of the processing chanbers when a nunber of
substrates processed therein has reached a predeterm ned nunber, and
wherein tinme required for the recovery processing is longer than tinme
required ftRerd hAGEES iohih]6fed Mt el Bty %ﬁﬁlﬁamﬁg ok QErhkthbl Srovided,
when the nunber of substrates processed in any one of the processing
chanber s lasunéddbhegransier mhadaicer T mwéth teobmreprateasingnchareerseahiohr y
pr ocessi n% iﬂ) said any one of the gracessj ng chanbers_ an during the
time unti [PeEFIREDy RISHELCHSHPE c SUEH ndS | AeEasPmEn R d0ofthe halpy, dermaisgng

hanb i i L . f
chamhers el byl S SN 052 AT 0 16 SHShatl

substr at egharged intWiBe tirh God Rk ahvnilicds @5 B Bbe hliefditdly2R¥noRered tof he
proceSS|nghChanbers has been finished, starting the recovery

processi ndghp ntwheprepraseseingt pleampberse saidgtheh andrersessad, suhstraigs t dve
time until .t he cqver rocessi ng in.the other pof the essi.n
chamber s PLernatel dipistehd; e gvo it darade figmbers o Daapdoms of
t he procesggi a r r f I i :
Substr ar eonbSaRatBRAT ok HoBR! ERfoAEH £ Thd Mud OGRS Bodhing aro
subst r at esetrrand tthehe denl/bel chuadess AN@®.i IThdre ibthesulakrdtBerocessing

processi ng chanbers has been finished.. . . 2. The substrate
processi ngFEOA oRecardiBg dion ghisolnveatianiis pppkieth to dibepeassi iy which the
det erm ni 1. d for stariing,the recove rocessi in _said any
oneof ¢ nar e LER oo il Bt Haif SnelisRE TG of SedsBuff e
per f or med thivuikiptt SRy thE q;l@f)rdc%siﬁ?o&ﬁﬁﬁbéiﬂ BORRRAS $hé DottIBhedke Ghe
simul taneously with the time when the nunber of substrates processed
in the omwtingftirméeambeefiesiive]y chartbeed abdssardmdndvehe

pr edet er m ned nunber. 3. The substrate processing nethod
according to claim1l or 2, wherein the processing of substrates is

t he proces$pLog: f i i Lt I gn a surface of each
of t he. superraptfor] SRl AL b k" 2 ¥ gt and

wher ei n t f@d4edcovery processing is a dummy sputtering in which the Ti
target is sputtered while shielding the Ti target by a shutter which
prevents t keDsput fdmelerming rhamebenf the Ti target fromgetting

scattered. g substrate
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CLAIMS

1. A substrate processing method, wherein a substrate is alternately
transferred to at least two processing chambers, wherein same processing is
performed on the substrate in each of the processing chambers, wherein
recovery processing is performed to recover a state of each of the processing
chambers when a number of substrates processed therein has reached a
predetermined number, and wherein time required for the recovery
processing is longer than time required for processing of substrates, the
method comprising:

when the number of substrates processed in any one of the processing
chambers has reached the predetermined number, starting the recovery
processing in said any one of the processing chambers and, during the time
until the recovery processing in said any one of the processing chambers is
finished, transferring substrates only to the other of the processing
chambers to thereby perform the processing of substrates;

when the recovery processing in said any one of the processing
chambers has been finished, starting the recovery processing in the other of
the processing chambers and, during the time until the recovery processing
in the other of the processing chambers is finished, transferring substrates
only to said any one of the processing chambers to thereby perform the
processing of substrates; and

resuming the alternate transferring of substrates when the recovery

processing in the other of the processing chambers has been finished.

2. The substrate processing method according to claim 1, further
comprising determining the time for starting the recovery processing in said
any one of the processing chambers such that the recovery processing
performed in said any one of the processing chambers is finished

simultaneously with the time when the number of substrates processed in
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the other of the processing chambers has reached the predetermined

number,

3. The substrate processing method according to claim 1 or 2,
wherein the processing of substrates is the processing to form a titanium
nitride film on a surface of each of the substrates by reactive sputtering
using a Ti target, and wherein the recovery processing is a dummy
sputtering in which the Ti target is sputtered while shielding the Ti target
by a shutter which prevents the sputtered particles of the Ti target from
getting scattered.
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