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APPARATUS AND METHOD FOR HIGH THROUGHPUT
SPUTTERING, Serial No. 08/121,959, filed September 15,
1993, which is a file wrapper continuation of
application Serial No. 07/681,866, filed April 4, 1991,
inventors Dennis R. Hollars, Delbert F. Waltrip, Robert
B. 2Zubeck, Josef Bonigut, Robert M. Smith, Gary L.
Payne, assigned to the assignee of the present
application.

DYNAMIC BUFFER CEAMBER, Serial No. 08/311,351,
filed September 23, 1994, inventor John Bruno, assigned
to the assignee of the present application.

APPARATUS AND METHOD FOR SPUTTERING CARBON, Serial
No. 08/311,529, filed September 23, 1994, inventors

‘Taesun E. Kim, Hyung J. Lee, Yao-Tzung R. Shih, John C.

Bruno, Robert B. Zubeck, Dennis R. Hollars, assigned to
the assignee of the present application.

Each of the aforementioned applications is hereby
specifically incorporated by reference into the present
application.
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CROSS- REFERENCE TO



APPARATUS AND METHOD FOR H GH THROUGHPUT SPUTTERI NG, Serial No.

08/121,959, filed Septenber 15, 1993, which is a file wapper

cont-i nuati on of application Serial No. 07/681,866, filed April 4,
1991, 15 i nventors Dennis R Hollars, Delbert F. Waltrip, Robert
Zubeck, Josef WOMBEWS Robert M Smith, Gary L. Payne, EBSTUSHATY,
t he assi gnee of the present appl i cation. DYNAM C BUFFER
CHAMBER, Serial No. 08/311, 351, 20 filed Septenber 23, 1994, inventor
John Bruno, assigned to the assignee of the present application.
APPARATUS AND METHOD FOR SPUTTERI NG CARBON, Seri al No. 08/311, 529,
filed Septenber 23, 1994, inventors Tagsun E. Kim Hyung J. Lee,

Yao- Tzung R Shih, John C. 25 Br uno, Robert B. Zubeck Dennis R Holl ars,
assigned to t he assignee of t [#k&d Py ! Each

of the aforenentioned apmne ainvaiftiich heuabaes to coﬁaeslimgtlduu apparatus
| ncorporated by refe[enCEaifle EBF BeBiEiting mu1fPPAYER' tATn #ims in a
sputtering process. More particularly, the inwvention
5 relates to a control system for an in-line sputtering

apparatus.

Sputtering is a well-known technique for depositing

10 uniform thin £ilms on a particular substrate.
Sputtering is performed in an evacuated chamber using an
inert gas, typically argon, with one or more substrates
remaining static during deposition, being rotated about
the target (a "planetary" system) or being transported

15 past the target (an "in-line" system). '

In addition to achieving high £ilm .deposition
rates, sputtering offers the ability to tailor £ilm
properties to a considerable extent by making minor
adjustments to process parameters.

20 Generally, prior art sputtering devices utilize
centralized control systems for controlling the
sputtering processes occurring therein. Such control
systems may comprise standard optical or electrical
metering monitored by a system operator, with direct

25 electrical or electro-mechanical switching of components
utilized in the system by the system operator or a
central control processor. Such systems have been
adequately successful for limited throughput of
sputtered substrates. However, a more comprehensive

30 system is required for higher throughput sputtering
operations. Specifically, a control system is required
which provides to the operator an extensive amount of
information concerning the ongoing process through a
relatively user-friendly environment. In addition, the
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- 2- ' __FIELD_OF _THE | NVENTI QN ' The_inventiaon.
relates to controlli ng an appar at us and et hod }‘vgr deposi ting I .
mul'til ayer. | /"B INn a sputtering process. re Y, e
inventi)c/)n Wrse ates to a control systemfor an in-Ii neﬁﬁ%

appar at us. BACKGROUND OF THE | NVENTI ON .
Sputtering is a well-known technique for depositing 10 uniform thin
films on a particular substrate. Sputtering is perforned in an

evacuat ed chanber using an inert gas, typically argon, wth one or
nore substrates remai ni ng static dUr# ng deposition, being rotated

about the téﬁgf{ﬂh (%sntgén"f‘g@}sﬁfge Y e?fﬁ%rt%ﬂ( gﬁtgﬁ%iﬁggdg{‘%ﬁr’%ﬂg%%%vi ng

past the target (an ] ] _ r ot :
hi gh fil m deposiiRoferies apg: da pazalleldi wheylef qrecassarybito tgontaralai | or

film propegtresy adpdct OBitiRS fﬁ?aﬂt%&tiﬁgt sPUtERK! NBuPEREY, it is

adj ustnments to p r [S. nerally, prior art
sputtering devi céggg?%ﬁ%e@geig‘:fude within such a ¢°né/r°1 system the

5 capability to preset a whole series of operating
parameters to facilitate rapid set-up of the system for
processes employing myriad sputtering conditions.

In general, an in-line sputtering apparatus is

described in Applicants’ co-pending application Serial

10 No. 08/121,959, the parent of which (Serial No.

07/681,866) was published under the Patent Cooperation

Treaty as 1International Application Serial No.
PCT/US92/00722.

In application Serial No. 08/121,959, a control

15 system is described wherein a central processing unit is

utilized in conjunction with a programmable 1logic

controller to centrally coordinate the motion and

deposition processes in the in-line sputtering device.

The in-line sputtering system described in

20 Applicants’ co-pending application generally includes a

number of process chambers, for sputtering a multi-layer

coating onto a plurality of substrates carried in a

pallet. The pallets are trémsported through the system

using a transport mechanism which includes a plurality

25 of motors and transport stages, each motor contreolling

the transport speed at each stage so that the speed of

a particular pallet may be varied as it is processed

through the system. Isolation doors separate each of

the process chambers and are generally under the control

30 of the control system. A heating subsystem is utilized

to increase the temperature of the substrates prior to

Sputtering. The heating improves the deposition

characteristics of the sputtered films onto the

substrates. A pumping system is utilized to evacuate



centralized control systens for controlling the Sputtering

processes occurring therein. Such control systens may conprise
standard optical or eI ectri cal nmetering nonitored by a system
operator, wt i r el ectrical or electronechani cal W f
conponent s hwg zed in the system by the system operato QW
centsral control processor. Such systens have been adequatel y
successful for Ilimted throughput of sputtered substrates.
However, a nore conprehensive 30 systemis required for higher

t hr oughput sputtering operations. Specifically, a control systemis
required whi ch provides to the operator 4an extensi ve anount of

i nformati on concer ni the ongoi rocess t hr ou rel gtivel
user-friendly envir g &gg'{"gﬁ presqsurwbg'iéihz 3‘ range

PCT/ US96/ 03729 of about 1 x 107 - 1 x 10'“‘ Torrdwhich is suitable for
enabling sputtering operations. A network of valves is
utilized between the mechanical and/or turbo pumps from

5 the process chambers. Control of the position and flow
rates for each of the valves can be automated and
directed by the control system.

In a high throughput sputtering apparatus described
in co-pending application Serial No. 08/121,959, a

10 control system which is comprehensive and which operates
at a short recycle time is necessary to ensure high
throughput of the system. Thia is necessary to
coordinate all the components of the various subsystems
which must operate in conjunction with each other to

15 provide high output for the system.

A further desirable aspect of the system with as
many chambers as that described in Applicants’ co-
pending application Serial No. 08/121,959 is for an
expandable, modular control system which allows for

20 changes in the mechanics and the use of the processing
chambers. For example, 1f one is desirous of adding yet
another process chamber to the system, it is desirable
that the control system might be easily adapted to
insext the addition of control algorithms for

25 controlling the particular processes.

SUMMARY OF THE INVENTION

The invention comprises a control system for a film
deposition apparatus having a plurality of processing

30 chambers. The control system includes a plurality of
control processors, each of the plurality of processors
including a memory, being coupled to a subset of the
plurality of chambers and controlling processing in said
subset of the plurality of chambers. Each processor



control system nust adequately automate functions both In series and

in parallel where necessary to_control every aspect of the sputtering
system Further, 1t is desirable to include within such a control
systemthe 5 capability to preset a whole series % ngaﬁ;%blng

par anet er SWOPSR¥3F| i t ate rapid set-up of the system for processes
enpl oyi ng nyriad sputtering conditions. In general, an in-line
spattering apparatus is described in Applicants' co-pending
application Serial 10 No. 08/121,959, the parent of which (Serial
No. 07/ 681, 866) was published under the Patent Cooperation

Treaty as International Application Serial5No. PCT/ US92/ 00722.

I'n application Serial No. 08/121,959, a contr ol é(ie éste s descrl bed
wherein a centrainﬁlﬁéegsﬁngdﬂﬁﬁtsFE“Ct“reutPF?‘Z qni Wth a

pragramaebl e | Oghaving eeftighratidm odada altgr c camiti naphlraileltxmt iath and
deposi tion processes n.the i sputt é}%‘%ﬁ ce.

in-1ine sputter}oﬁ §§/’s?%m Q%Jn%rl s }Xél | c%r#les de%os:g%ﬁ]g
appl i cati on geneappayatws| ma¥s Q?H\Prisemﬂ?oein'olf ng oBRakt ching
sputtering asnmul hhvliayean i eoaid.nguordapﬁtpleuaal wiyhotheupitral by

d
o T o ot Sepinpettds HsbAE  BREed 08" 5 b ey o

hr,
% not ors and
transport stagesepubpub randr sorpumpinghgsystemh@ tReRALHRY s§|§é"98"ata‘each

stage so that th%r&ﬁﬁﬁér@f system? £l td Gputiterdngeyasnyoherodr sgstem, it is
Processed ! U hOS o2y SE gt ent SOl AN ARG A P1uaR TG B£5B6B1 Clon
10 sensors. Bach said system cooperates to process a
plurality of substrates as the substrates pass from the
input end to the output end. A network hub, coupled to
the control processors, may also be provided.

In a second aspect, the system includes a facility

15 for determining the position of the substrate in the
system. The transport system of the .deposition
apparatus includes hardware position sensors which
indicate the presence or absence of a substrate at said
sensor. The facility determines the position of

20 substrates when the output of one or more of the
hardware sensors is unavailable. The facility
determines substrate position based on the output of one
or more other sensors which provide a known position of
the substrate and the rate of movement of the substrate

25 at each transport stage of the system.

The present invention thus provides a highly
modular and flexible control system with distributed
processing to increase processing efficiency.

Another advantage of the present invention is that

30 it provides a control system for a deposition apparatus
which utilizes a plurality of different processors, each
processor being dedicated to control a particular

. portion of the machine, rather than a particular
subgystem of the machine.



t he process chanbers and are generally under the control 30 of the
control system A heating subsystemis utilized to increase the
tenperature of the substrates prior to sputtering. The heating

i nproves the deposition characteristics of the sputtered filns_onto
t he subst WX92963% nunping systemis utilized to evacuat e ¥CTU
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-4- t he process chanbers t-o a pressure which is in a range of
about 1 x 10[err] - 1 x 10[err] Torr which is suitable for enabl i ng
sputtering operations. A network of valves is utilized between the
nmechani cal and/or turbo punps from 5 t he précess chanbers. Control of
the position and fl ow rates_for each of the valves can be automated
and directed by the ggﬁ“qqgthgyspgﬁantage of the invention is that the

control system allows software overriding of hardware
data input such that, upon failure of a given hardware
component, a software notification will be made to the
5 system operator to allow the system operator to choose
between replacing the hardware component upon failure,
or overriding the input signal from the hardware
component until repair can be made at a later time.

10 N DXSCRIPIION O His DRAW] NS

The invention will be better understood by
reference to the figures of the drawings wherein 1like
numbers denote like parts throughout and wherein:

Figure 1 is a top view of a sputtering apparatus

15 suitable for use with the present invention.

Figure 2 is a side view of the apparatus shown in
Figure 1.

Figure 3 is a block diagram of the hardware
processor network which is suitable for wuse in

20 controlling an in-line sputtering system in accordance
with the teachings of the present invention.

Figure 4 is a block diagram of the general
structure of the control software utilized in
conjunction with the control hardware shown in Figure 3.

25 Figure 5 is a representation of a configuration
table utilized by the software of the present invention
to store the configuration of each chamber utilized in
the sputtering apparatus.

Figure 6 is a'representation of a dynamic status

30 table for a given chamber N, which is used to manage the
state of the chamber during processing of substrates in
the sputtering apparatus.

Figure 7 is a flow diagram of the functional
control zroutines utilized in a £first processor,



In a high throughput sputtering apparatus described I n co-pendi ng
application Serial No. 08/121,959, a 10 control systemwhich is

conpr ehensi ve and whi ch operates at a short recycle tine is necessary
to ensure high t hroughput of the system This is _necessar to
coor di nat e M8 conponents of the various subsystens m“fﬁﬁf’ﬁ‘ﬂ’%ust
operate in conjunction with each other to 15 provi de high output for the
system A further desirable aspect of the systemwth as

many chanbers as that described in Applicants, co- pendi ng application
Serial No. 08/121,959 is for an expandabl e, nodul ar control system
whi ch allows for 20 changes in the mechahits and the use of the

processi ng chanbers. For exa Ie]: i.f one is desi Eous gf addi ng yet
Bnot her process BRRRSEROF oAy nEoSGRRHAL he SRRATALS shown in Riguf

control system nigB{ bIr :ecordammtnmtich the preseatisimventiom. addition of
control algorithns cont rol let t I gl r

SUWARY COF THE | NVE ?i}lgé 8' 2 é)T %Bﬁnv&e&%f on cggp?{hsegsegﬁégﬁ )
system for a fil fPRtrol jEpwkines, Wdazed,s byay@ng S2CPRdr aPFPgessor,
processing 3®  piagesser HBH,heinorihe! comeiel isytefiesof WHe aprésent
control processogg eg'é?gnof the plurality of processors I ncl udi ng a
menory, being coup?’e 0 a subset of the plurality of chanbers and
control | i ng processi nfignreaidd is a ghpwerdiggmam: pfurthe t fusetiomaders.

Each processor control routines utilized by a third processor,
processor C, in accordance with the present invention.

10 Figure 10 is a flow diagram of the functional
control ryoutines utilized by a fourth processor,
processor D, in accordance with the present invention.

Figure 11 is a £flow diagram of the functional
control routines wutilized by a fifth processor,

15 processor E, in accordance with the present invention.

Figure 12 is a flow diagram of the functional
control routines utilized by a sixth and seventh
processors, processors G and H, respectively, in
accordance with the present invention.

20 Figure 13 is a flow diagram of the functional
control routines utilized by an eighth processor,
processor J, in accordance with the present invention.

Figure 14 is a flow diagram of the control routine
controlling the vacuum gauge commands.

25 Figure 15 is a flow chart of the control routine
controlling the vacuum gauge communication.

Figure 16 is a flow diagram of the turbo pump
permissive conditions of the control system of the
present invention.

30 Figure 17 is a flow diagram of the automated turbo
pump control routine for the turbo pump system in the
apparatus shown in Figures 1-2.
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-5- I ncl udes a data structure, provided in said nenory, havi ng
configuration data for said plurality of processi ng chanbers.

General ly, ng@ﬂ&ﬁQQEEOSition apparatus may conprise a%éﬁﬁé%ﬂ§”9
Sputtering havi ng an i nput end, an output end, W e
plurality of processing chanbers between the input end and the

out put end, a punping system a heating system a transport system
and a sputtering gas control system the transport systemincluding a
plurality of position 10 sensors. Each said system cooperates to
process a plurality of substrates as-t®e-substrates pass fromthe

nput ond Lo Lhe out pul eSBireladt il A AR B Yhe naraveld G2ALGY
scanning loop utilized in accordance with the system of
the present invention.

Figures 19A and 19B are flow diagrams of an encoder

5 version and timer version, respectively, of the
substrate position sensor software override control
routines for the input position sensor at the input of
a given chamber.

Figures 20A and 20B are flow diagrams of an encoder

10 version and timer wversion, respectively, of the
substrate position sensor software override routine for
the position sensor at the midpoint of a given chamber.

Figures 21A and 21B are flow diagrams of an encoder
version and timer version, respectively, of the

15 substrate position sensor software override control
routine for the position sensor at the output.of a given
chamber.

Figure 22 is a flow chart of the control routine
for controlling substrate processing in the load lock

20 chamber.

Figure 23 1is a flow chart of the steps for
controlling the process in the socak heating chamber in
accordance with the present invention.

Figure 24 is a flow chart of the process steps for

25 controlling transport of substrates in the process in
the first chamber, the load lock chamber, of the
apparatus shown in Figures 1-2.

Figure 25 is a flow chart of the process steps for

correcting the location of a substrate in the load lock
3o chamber in the control system of the present invention.

Figure 26 is a flow chart showing the process steps
for controlling the process in the pass-by heating
chamber of the apparatus in Figs. 1-2 in accordance with
the present invention.



In a second aspect, the systemincludes a facility 15 for determ ning
the position of the substrate in the system _ The fransport system

of _ the deposition apparatus includes hardware position sensors

whi ch éag*gete t he presence or absence of a substra; ,ﬁ% ?

sensor. R cility determnes the position of substrat es when
the output of one or nore of the har dwar e sensors I s unavail abl e.
The facility det erm nes substrate position based on the output of
one or nore other sensors which provide a known position of t he
substrate and the rate of novenent of the substrate 25 at each transport
stage of the system The prese “invention thus provides a

Bf 82'%5. ng t ”"dﬁ;@s?igrq%uﬁ%g %ﬁ fhafy Hrtistly &iziﬁﬁb%e%‘%mam age
e3chrome sieposdsd.c adyromd trf
gepgs?t Pgﬁszggalréﬁ&t[:erlng \éﬂhﬁi}eﬁt'bfzeéhél péyséin? Yoo i f Yirident >

processors, each rocessor being dedicated to control a particul ar
portion of the MM ather than a particul ar subsyst em of the
nmachi ne. 5 Figure 28 is a flow chart showing the process steps

for controlling the processing in a buffer chamber
between the magnetic sputtering chamber and the carbon
deposition chamber in accordance with the apparatus
shown in Figures 1-2.

10 Figure 29 is a flow chart showing the process steps
for controlling the processing in a carbon deposition
chamber of the system of the present invention.

Figure 30 is a flow chart showing the process steps
for controlling a first output buffer in accordance with

15 the system of the present invention.

Figure 31 is a flow chart showing the process steps
for controlling a second output chamber in accordance
with the system of the present invention.

Figure 32 is a flow chart showing the process steps

20 for controlling an exit lock chamber in accordance with
the system of the present invention.

The invention will be described herein with respect

25 to controlling an in-line apparatus and method for
applying multilayer thin films to a substrate. The
invention is particularly useful in controlling such an
apparatus in accordance with the teachings of
application Serial No. 08/121,959, as such apparatus is

30 capable of applying the multilayer coatings to a
substrate within a time frame of less than five minutes.
However, it should be understood that the control

system described herein is not limited to in-line
systems, nor to systems using sputtering as a method of



WO 96/ 29635 PCT/ US96/ 03729

Yet anot her advantage of the invention is that the

control system

al l ews software overriding of hardware data i nput such that, upon
failure of a g@gi&g&gr dwar e conponent, a software noti WW |
ystem operator to allow the system oper rto choose

be made to th
bet ween repl aci ng the hardware conponent upon failure,

or overriding

the input signal fromthe hardware conponent until repair can be nade
at a later tine. 10 BRI EF DESCRI PTI ON OF E DRAW NGS

The invention will be better understood by reference to the figures
of the drawi ngs wherein |ike nunmber s “ddfofe | i ke parts throughout and
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disclosed in application Serial No. 08/121,959 utilizes
matched hardware component elements to process multiple
large single sheet or pallet transported discrete
substrates in a continuous, variable speed, sputtering
process wherein each substrate has a start-to-finish
process time which is relatively constant. The control
system described therein optimizes processing by
simultaneously controlling a vacuum pump system, a
transport system, a heating system, and a power supply
system which provides power to sputtering cathode
targets, as the system moves pallets through a series of
substantially isclated, non-crosscontaminating
sputtering steps. .

An exemplary deposition apparatus 100, similar to
that disclosed in application Serial No. 08/121,959 is
shown in PFigures 1 and 2. In general, the steps
involved in depositing £films on a substrate by
sputtering include providing substrates in an evacuated
system wherein chambers of the sputtering system are
maintained at a pressure of approximately 1x10°7-9x1077
Torr and backfilled with a suitable sputtering gas, such
as argon; heating the substrates to a temperature
conducive to optimal film deposition; and sputtering the
films to be deposited on the substrates.

The electronic control system for deposition
apparatus 100 provides one or more system operators with
the means to comprehensively and efficiently control
production throughput, applied sputtering power, and
other sputtering apparatus parameters. The electronic
control system is preferably programmable to allow a
plurality of different operating parameter settings to



20 controlling an in-line sputtering systemin accordance wth the

teachings_of the present inventian Figure 4.is_a block diagram
of the general structure of the control software utilized in

conj uncti 3@%&3 he control hardware shown in Figure 3. Fi gure
5is a re%&g lon of a configuration tabl e utillzégsﬁv”¥ e
software of the present invention to store the configuration of each
chanber utilized in t he sputtering apparat us. Figure 6 is
a representation of a dynamc status 30 table for a given chanber N
which is used to nmanage the state of the chanber during processing of
substrates in the sputtering apparatds: Figure 7 is a flow

di agram of the inGo?Rd) sox pact® 8B EAL LEHIdIRTy bbb ASdd' il ddelith

PCT/ US96/ 03729 of the sputtering process. Thus, the electronic control

system generally performs two major functions:

(1) monitoring deposition apparatus 100 by reading data

5 input from the hardware of deposition apparatus 100, and

providing status data to the system operator; and

(2) controlling the sputtering process by automatically

generating control signals to deposition apparatus 100.

As used herein, the term "substrate" generally

10 refers to a disk substrate to which magnetic and coating

- £films are applied and the term "pallet" refers to a disk

carrier, such as those disclosed in application Serial

No. 08/121,959. As such, a number of substrates may be

transported on a pallet and a number of pallets

is transported through the system. However, it should be

understoocd that the terms "substrate®™ and "pallet”

should not be read as limiting the use of the invention

described herein to a pallet. carrying nmultiple

substrates. The invention, and apparatus 100, may, for

20 example, be utilized to process a single sheet, planar

substrate, such as glass, with films being applied
directly thereto.

Deposition apparatus 100, used to apply a single or
multilayer £film to one or more substrates, will be

25 discussed with reference to Figures 1 and 2.

Generally, substrates are provided through multiple
sputtering chambers 8, 10, and 15 in apparatus 100 at a
rate of speed ranging from about 3-6 feet/minute, in an
evacuated environment after having been heated by socak

30 heater chamber 4 and passby heater chamber 5. The
apparatus may transport substrates at speeds from 0-12
feet per minute.

While the deposition apparatus 100 described in
application Serial No. 08/121,95% includes seventeen



-7- processor A, to control the apparatus shown in Figures 1-2,

I n accordance with the present invention. Figure 8 is a flow
di agram of the functional control routines utilized by a second
processor, 5 processor B, in the control system of the pr egﬁ%

I nventi on. 9 ‘*igure 9 is a flow diagram of the functi 896103729
control routines utilized by a third processor, processor G,
accordance with the present invention. 10 Figure 10 is a fl ow

di agram of the functional control routines utilized by a fourth
processor, processor D, in accordance with the present invention.
Figure 11 is a flow diagramof the functi onall2 - control routines
utilized by a fifth processor 15 processor E, in accordance with the

present invention. (17) chambgx madules,; §PBaFPBWd}%%r%ﬂﬁld¥d°ﬁ13°f GREEP8Eal
control routines utmddules generallyxtomprised ©fvewdbhbasic typemzesprosess

processors G and = i v n CCC%a%ﬁ{‘C t R9mRhgSeNt
i nventi on. glurgz %&h Sg'y?fog/ | agrarﬁaof func itn%nal 182

contr ol rout| nes utiq Sti8R- ei ght h processor, processor J, in
accordance withsthe prese:ablaaﬂontloeors are 1ocaﬁimlre>eh4véeh a gpe@dfic

di agram of the contr roII| he VacUWR g e ,GO nds.
25 Figure 15%&8 | ‘oW c]hart o%ot & &on f’o roh'?él:nle{B 151 140785

controlling the vac®M 3Zugts cothuit 25 deposition apparatus 100 as shown
in Figure 1. The doors may comprise slit values which

are pneumatically operated by the control system to
10 enable seguential process flow of substrates and
isolation for specific processes occurring in each
chamber.
In apparatus 100 shown in Figures 1-2, load lock
chamber 1 functions as an isolation chamber between the
15 ambient, sputtering environment and chambers 2-17 of
deposition apparatus 100. Load lock chamber 1 is
repeatedly evacuated tc a pressure of approximately 50
Mtorr and vented to ambient atmospheric conditions.
Generally, deposition within apparatus 100 takes place
20 in an evacuated environment and chambers 2-17 are
evacuated to the pressure of approximately 107 Torr,
before argon gas is allowed to flow into the chambers to
achieve a suitable sputtering pressure.
Chamber 2 serves as an entrance buffer between load
25 lock chamber 1 and the internal sputtering environment
in chambers 3-17; chamber 3 is a second buffer chamber
which may optionally be used to provide a dry or wet
etch to the substrates before further processing.
Chamber 4 serves as a soak heating chamber for
30 increasing the substrate temperature to optimize £film
deposition. Substrates are moved into chamber 4, which
includes eight banks of quartz lamp heating elements,



Figure 16 is a flow diagramof the turbo punp . per m ssive conditions

of the control systemof the present jinvention. 30. Figure 17._.
is a flow diagram of the automated turbo punp control routine for the
turbo pu emin the apparatus shown in Figures_1- WO
96/ 29625WW%M PP PCT/ US96/ 037£é"ﬁ’59"“3”’

Figure 18 is a flow chart of the hardware sensor scanni ng | oop
utilized in accordance with the system of the present invention.
Figures | 9A and 19B are flow di agrans of an-encoder 5 version and

timer version, respectively, of the substrate position sensor
software override control routines ¥¥dr-the input position sensor at

the input of four banks mounted to each outer door, and remain idle

therein for a period of time prior to further
processing.

Passby heating chamber 5 includes a heating

5 assembly comprising additional banks of quartz lamp
heating elements, five mounted to each outer door of the
chamber. Substrates pass through chamber 5 and are
heated while in motion therethrough. Both soak heater
4 and passby heating chamber 5 are designed to insure

10 uniform substrate temperature prior to f£ilm deposition.

Three coating modules -- chromium deposition
chamber 8, magnetic deposition chamber 10, and carbon
deposition chamber 15 -- having dimensions roughly equal
to those of load lock chamber 1, may be utilized to

s sputter single or multilayer films on a substrate
passing through apparatus 100. Four pairs of sputtering
cathodes are mounted, four magnetrons per door, on the
doors of each chamber 8, 10, and 15, respectively.
Target materials are mounted to the sputtering cathodes; -

20 gas manifolds, and shielding are also attached to the
outer doors of chambers 8, 10, and 15. Mounting these
components to the doors facilitates target changes and
chamber maintenance. Further, conduits (not shown) for
power, cooling, and process gas lines are provided in

25 the outer doors of the chambers.

Chamber 9 is a buffer chamber between chambers 8
and 10, and may optionally include a second bank of
pass-by heaters.

Chanber 13 may comprise a dynamic buffer chamber to

30 provide complete isolation between magnetic deposition
chamber 10 and carbon deposition chamber 15 (as
discussed in co-pending application Serial No.

1 08/311,351). Cooling panels utilizing circulating
coolant may be provided in chamber 14 to cool the



a given chanber. Fi gures 20A and 20B are flow di agrans of an
encoder_ 10 version and timer version, respectively, _of the
substrate position sensor software override routine for t he position

sensor at the g dpoi of a given chanber. Figures 21A and 21B
are fIOM/diagrgkgggﬁa n encoder version and timer veFSH ﬁamn7
respectively, of the 15 substrate position sensor software override
cont rol routine for the position sensor at the output of a given
chanber . Figure 22 is a flow chart of the control routine

for controlling substrate processing in the load | ock 20 chanber .

Figure 23 is a flom/chart of the steps for - 14 'controlling the process in

t he soak heating cha r nce W|th resent invention.
Hlgure 54 15 o f1 owidat rof thHe Perellli car' roplds-Earigin  cponytion

transport of substr gresess ﬁ.hecbambesslSn t he f| rst chamber, the | oad
| ock chanber, of the M@%u‘l&s':?.g“éﬁ& ﬂ92acz(')er er(?tvlir?ed

Fi gure 25 is a flow chart of thelcéﬂoig teps

| ocation of a subst % ¢fS¢Reld gpticgl tobuEERT; 2 -t heEBXbht

system of the pbBesemiodulemnti®). 19 provide &i puffe?s ares Ebowaﬁiaﬁ.tate
showi ng the process J%ﬁﬁ‘q’% trQlli Ce8%m N by
heat i ng chanber lhe a &'tlgggl nBtl gggbﬁéga%é)accordar%%tgggﬁg

the present inventi @Pparatus o to exit lock chamb 20 and further
isolates the sputtering process from the external

environment.
10 Exit lock chamber 20 is essentially identical to

load lock chamber 1 and operates in reverse pumping
order, allowing substrates to be transferred from the
evacuated environment of sputtering apparatus 100, to
the ambient external environment.

15 Apparatus 100 incorporates a highly efficient, high
capacity vacuum pump system. The vacuum pump system
must furnish and maintain an evacuated environment at
about 1-9x107 Torr to ensure substantially unobstructed
paths between the bombarding species and the target

20 surface, and between dislodged target species and the
substrates.

The vacuum pump system comprises a combination of
five turbo-molecular pumps with mechanical and blower
pumps for backing. The mechanical pumping system is set

- 25 up with multiple mechanical pump and Dblower
combinations. Three pumps are needed at all times for
the entrance lock, exit lock and turbo-pump backing.
Two pumps may be held in reserve. In addition, base
pressure punp down and water vapor pumping are expedited

30 using cryogenic coils and a Polycold® refrigeration
generator. Two cryogenic coils or "top hats" per
circuit are used. The vacuum system alsc features a
network of valves. Chamber vent valves are used to vent
the internal environment of sputtering apparatus 100 to
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-9- Figure 27 is a flow chart show ng the process.steps

for controlling the chrome deposition in the chrom um

sputtering

chanber of the system of the present i nvention. 5 ' e 28
Is a flow ch‘KPP"é?&M ng the process steps for controlms@?gﬂg
processing in a buffer chanber bet ween the magnetic sputtering
chanber and the carbon deposition chanber in accordance with the
appar at us shown in Figures 1-2. 10 Figure 29 is a flow chart
showi ng the process steps for controlling the processing in a carbon

deposi tion

chanber of the system of &8Re-present invention.

Figure 30 is a flow chart sho

i N he ocess steps or controlling a
first output buff3H% rdgﬂ‘&%q Hgav_es ind'fhe11ne valVls PabiSte

10

5

20

25

30

the mechanical pumps from sputtering apparatus 100. The
valves allow apparatus 100 to be divided into five
separate pumping sections, such that each individual
section can be vented and pumped down as desired, to
facilitate maintenance of apparatus 100. High vacuum
valves allow controlled pump-down deposition apparatus
100 f£rom atmospheric pressure. Foreline valves isolate
one or more of the five mechanical pumps from the
pumping system conduits, allowing flexibility in the
number of mechanical pumps operating at a given time.
The valves may be arranged such that any one pump can be
coupled tc pump any given section of apparatus 100 and
any one mechanical pump/blower can replace any other
mechanical pump/blower that is shut down without
disrupting processing. )

A transport system suitable for use with apparatus
100 utilizes a plurality of individually powered
transport platforms. Each transport platform may be
individually controlled with respect to motion and speed
by controlling a motor assembly (not shown) associated
with each platform. Hence, the transport speed of each
individual platform can be controlled at varying rates
separate and apart from the speed of other platforms.

Bach transport platform is provided with proximity

sensors at the input, midpoint and output of the stage
(not shown) which provide pallet position signals to the
electronic control system of the present invention.
This allows the electronic control system and the system
operator to identify the location of each and every
substrate in deposition apparatus 100 and along return
path 50 at any given time. Three such proximity sensors
per transport platform are provided for each of the
platforms used in conjunction with deposition apparatus



15 the system of the present invention. Figure 31 is a flow

chart_show ng the process steps for controlling a second out put
chamber in accordance with the system of the present invention.
Figure 32 is a_flow chart showi ng the process steps 20 for é%{nlsllzgg an
exit |ock chanW@P2M33ccordance with the system of the g?’g/?

i nvention. DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

The invention will be described herein with respect 25 to controlling an
i n-1ine apparatus and net hod for applying multilayer thin films to a
Ssubstrate. The invention is particularly useful in controlling such
an apparatus in accordance wth thelteachi ngs of

application Serial Nao. 08/1 959, as such a r 30 abl, e
applying the multi AQPer coéﬁ?ﬁ §s BERPUES 2 s&gﬁ’}"%\#ie% tHr n € H’B’PPFarre
of less than five m(mm), midpoint H(SEN MID) ; axiddutpnt U(SEN OUTYdoEhat
the control Mo R bedn*&%he'ééds%ﬂ%ré}-}i(?ésedatalbﬂtéi”%utput

systens, nor to systens u5|ng sgutterlng as
signal ndicate the presence or absence of a

5 substrate at the sensor‘s position. In the event a
‘hardware sensor fails, a unique aspect of the control
system "replaces" the hardware sensor with a "soft"
sensor, which allows processing to continue without
interruption until a convenient time to effect repairs

10 on the hardware sensor.

The transport system also includes a plurality of
transport stages, each being approximately equivalent in
length to the length of a chamber, and one motor per
stage, which drives pallets through the system.

15 Additional position sensors (not shown) are
provided on a return path 50 which circulates pallets
from the output of apparatus 100 (at chamber 20) to the
input of apparatus 100 (at chamber 1).

A gas flow control system includes valves and valve

20 controls for the sputtering gas (for example, argon),
which is supplied to apparatus 100 to create a
sputtering environment in the deposition chambers. In
conjunction with gas flow control system, gas pressure
is monitored as a component of the internal system

25 pressure in apparatus 100 through a series capacitance
manometers.

Power supplies are provided to generate sputtering
from the magnetron cathode assemblies in chambers 8, 10,
and 15.

30 Circulating coolant fluid, such as water, is
provided to heaters, sputtering shields, and sputtering
cathodes to maintain temperatures within acceptable
operating levels during production and to prevent rapid
deterioration of these system components. A coolant
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- 10 - film deposition, but could be utilized with other var i ous
types of processing systens. The conprehensive in-line sputtering
system disclosed in application Serial No. 08/121, 95

mat ched deHﬁQFE&Eonponent el ements to process multiple 8CH%# g§5|ngle
sheet or pallet transported discrete substrates in a continuous,

vari abl e speed, sputtering process wherein each substrate has a
start-to-finish process time which is relatively constant. The control
10 system described therein optimzes processing by

si nul t aneousl y controlllng a vacuuntpunp YYstem a transport system a
heati ng system and a po su ystem whi ch p to

Sput tering cat hGFEEED et e Feniae e et RoEhe' o

series of 15 wdudtamtti eﬂd y the i smcﬂwlt system c ands c conzxohst i the
Sputtering ste X bt | veg 100, simlar
P 9 pl%ﬁn/cl se st:§91a§ SETESH Fil‘i%lwt b&%g??gl 959 <

to t hat di osed I .n appll cat i on shown
in-Figures 1 and 2. A8 Shewpedn Figuge §teE§eZE°nt’r'% MATO¥BESsi t i ng
films on § swoniprilses by network of processors A-B, G, H, and J,

coupled to a hub. Each processor may comprise a 32-bit
microprocessor with intelligent, distributed I/O bricks.
Data I/0 of each such processor is handled directly by
each processor linked directly to hardware of sputtering
10 apparatus 100. Because the bricks are linked to their
own microprocessor, these I/0O bricks can be programmed
to operate without a host computer. At the local
processor level (processors A-E, G, H and J), the bricks
can perform, for example, PID loop control, counting,
15 latching, timing, analog alarming, and thermo couple
linearization. As such, the control system of the
present invention achieves reaction times on the order
of one millisecond. Each processor A-E, G, H, and J may
comprise an OPTO-22 "Mistic" model 200 processor and
20 includes a high speed local I/0 interface and four
gserial communication ports, including ARCNET, utilized
in the present system. The processors are linked by an
ARCNET network interface, such as that manufactured by
Contemporary Control Systems, Inc., of Downers Grove,
25 Illinois.

A multi-tasking operating system for use with the
model 200 Mistic sub-processors is provided, and is
available from OPTO 22. The control system is
progranmed utilizing the "Cyrano" control language (also

30 available from OPTO 22), a control language written
using sequential flowcharts, such as those shown in
Figures 14-31. Each sub-processor includes its own
integrated communications hardware, and hardware
protocol, also available from OPTO 22, utilized for




sputtering include providing substrates in an evacuated system
wherein chanbers of the sputtering systemare mai ntai ned at a
pressure of approximtely IxlO[err]-9x10[err] Torr and backfilled

with a suitable spu ring gas, such 25 as argon; heating %@w&;ﬁat es
to a tenperat Wlne&'z%’g conduci ve to optimal filmdeposition; E’

sputtering the films to be deposited on the substrates.

The el ectronic control systemfor deposition apparatus 100 provides
one or nore systemoperators with 30 the neans to conprehensively and

efficiently control production throughput, applied sputtering power,
and ot her sputtering apparatus paranetet8. ~The el ectronic

control System | b elhSHoL UpRLAINED) Sodch Ul Wy, papBhdicbh! Y dlen

PCT/ US96/ 03729 of the sub-processors comprises dlpeer of another sub-
processor, and thus can commnicate directly with any of
the other sub-processors, via the hub.

s The hub comprises a model SY401600-12C processor
provided by Contemporary Control Systems, Inc., of
Downers Grove, Illinois.

A unique aspect of the present invention is the
fact that each of the processors A-E, G, H, and J is

10 utilized on a specific physical area (or subset of
chambers) of apparatus 100, rather than specific
functional areas (e.g. pumping, sputtering, etc.)
performed by apparatus 100. In Applicants’
aforementioned application Serial No. 08/121,959, a

15 significantly different control system is utilized which
utilizes a central processor and a programmable logic
controller to direct all the functions of the sputtering
apparatus. In contrast, in the control system of the
present invention, each processor A-E, G, H, and J runs

20 a physical section of the manufacturing process.
Generally, six of the processors direct substrate
transport and processing, while two direct system
preparation and status.

Figure 4 shows an overview of the software for

25 controlling sputtering apparatus 100. As shown in
Figure 4, input and output from the hardware of the
apparatus 100 is moved to and from the processors in the
form of intelligent, diatributed I/0 bricks 410. These
I/0 bricks can comprise blocks of information which are

30 supplied by the hardware such as the position sensors,
heaters, and sputtering power supplies. I/O bricks 410
pass to the control level of the software from the
hardware in the apparatus 100 wvia input/output scanner
420 and a sensor scanner 430. I/0 scanner 420



be stored for each of the adjustably controlled el enents of the

sputtering praocess_  Thus, the electronic contral system generally .
performs two major functions (1) rnonitoring deposition apparatus
100 by reaw 9@& i nput fromthe hardware of dep03| Wﬂ at us
100, and &%g Vi di ng status data to the system operator an (2)
controlling the sputtering process by automatically generating control
signals to deposition apparatus 100. As used herein, the term
"substrate"” generally 10 refers to a disk substrate to which nagnetic and
coating : films are applied and the term”pallet” refers to a disk
carrier, such as those disclosed in appTl%%t‘l on Seri al No

08/ 121, 959. As SﬁChl g KeLgpeitl rat be ' tra rted on a
Ilelg{/vle\e/ter ?nidt asﬂgme":ﬁife‘%ﬁt iitqragt ande tlﬁl;)m%st r Seaboand
"pallet” Sdiﬁhhérnﬂio b@xéﬁfﬂs &%ﬂu‘tm&bﬁgpf@&i&? dHtéé%%z‘anﬁQt&ton -
et Ton. o ShsrRe. el o, praPh  dotpbrely by femmind catidho LoEE. |
process a sbngl awhmn;pl;dtasarthe scamdrstiewed oficthessgEawarey ahdfil ns
being applied  incllies@ |prddiidil! ?ﬁdayemicat%ﬁﬁsh%g BeagnIhy° 109

mto one or nore rates,

used to apply a si
will be 25 ?P@ggé’&tﬁ‘f:ﬁo?ef%%n’&yto Figures 1 and 2.
General |y, substrat edtarcher contledlt levedh mdutines are aspandgedi ig

charmbers 8, 10, yaidukoebP SRRAFIRUS £dfik fins” (and utilized on specific
10 processors, as described@ below) such as transport
functions 460, substrate process functions 480, and
water control functions 480. Each functional routine

- operates in automated or manual mode and interprets
input level data from I/O scanner 420 and sensor scanner

15 430, and forwards control instructions in the form of a
request 495 through permissive loops 450. The
permissive loops comprise system state conditions which
prohibit hardware actions having adverse consequences on

the sputtering operation and process. If the request

20 does not violate a system permissive condition', the
request is forwarded to I/O scanner 420 and on to the
system hardware in the form of I/O bricks 410. If the
command violates a system permissive, an alarm monitor

490 outputs an alarm to the man-machine interface (MMI)

25 300. Requests are also generated by man-machine
interface 300. MMI 300 may comprise a personal computer

with any number of input/output hardware options.

Figure 5 shows a configuration table which is

utilized by the control system of the present invention

30 to recognize the hardware configuration of particular
chambers in the system. Apparatus 100 includes 20
chambers, with the process control being handled by one

of four processors, B, C, D, or E. The configuration
table stores, for each chamber: the presence or absence




rate of speed ranging fromabout 3-6 feet/mnute, in an evacuat ed
environnment after having been heated by soak 30 heat er chanber 4 and

passby heater chanber 5. The apparatus may transport substrates at
speeds from0-12 feet per mnute. Wil e the

appar atus 100 YOM62Ry i n application Serial No. 08/12¥$§@§h%h2£udes
sevént een WO 96/ 29635

PCT/ US96/ 03729 - 12 - (17) chanber
nodul es, apparatus 100 incl udes 20 chamnber nodul es general |y
conprised of two basic types: process nodul es and punpi ng nodul es,
each having simlar construction. 5~ 20 - |solation doors are
Ilgcaaid 12et ween S%%%tfwltgnt valvcerlarrr:bo%r hquul efve,’ l%igt? va4duuni valve, ghelo’

presence or absence of an output door (DRO} or an input
door (DRI); and whether the chamber is a static chamber
(generally, a process function chamber wherein a pallet

s is to stop for processing), a dynamic process chamber
(generally, a process chamber in which the processing
therein requires the pallet maintain a single speed), or
is an "adjacent" chamber (being "adjacent® to a dynamic
chamber). As shown in Figure 5, processor B controls

10 the processes for chambers 1-4, processor C for chambers
5-8, processor D for chambers 9-12, and processor E for
chambers 13-20.

Figure 6 shows a dynamic status map used by the

control system of the present invention (as described

15 Dbelow) to track the status of the various components of
apparatus 100. A map is maintained for each chamber.
Figure 6 shows the map table for chamber N; separate
chambers are maintained for chambers N+1, N+2,... etc.
The control routines query and update the status of each

20 map, when a reguest 495 is generated with respect to a
given chamber N, N+1, N+2, etc.

The initial maps for each chamber are stored in the
random access memory ©Of each processor B-E at system
initialization. Each processor can be provided with up

25 to 4 megabytes of memory, although one megabyte is
suitable for use in the control system of the present
invention. As shown in Figure 6, the information is
stored as follows: bit 0 indicates the status of
whether a pallet/substrate is waiting at the input of a

30 chamber N by querying the sensor in chamber N-1; bit 1
indicates whether a load request has been made for a
pallet to be loaded into chamber N; bit 2 indicates
whether a stop request has been made; bit 3 indicates
whether a pallet is waiting at the ocutput of chamber N;



and 17, 18, 19, 20 of deposition apparatus 100 as shown in Figure 1.
The doars may conprise slit val ues which __are pneunmntically operated_ by

the control systemto 10 enabl e sequential process flow of

substr at ey %m i solation for specific processes OCF‘fUhﬁW each
()
ocC

chanber . I n apparatus 100 shown in Figures 1-2," Toa

chanber 1 functions as an isolation chanber between the 15 anbi ent,
sputtering environnment and chanbers 2-17 of deposi ti on apparatus 100.
Load | ock chanber 1 is repeatedly evacuated to a pressure of

approxi mately 50 Morr and vented tgQ_anbi ent atnospheric conditions.
Cenerally, deposition wthin apparat us~18® fakes pl ace 20 I n an evacuat ed

envi ronnment an - r d r re of
approxi mat el y %bi['g%r’j‘ ]E{B%ré?ng thé {teaf%lrse oaf‘re %gﬁugég ?é%m%a‘e %ﬁ)‘ %ow into
t he chanbers tchas beenppade £oxm aspridet cin Enl; o Aurindicates
Chanmber 2 serveghéicon@itibhade G tEdisth@ovepen! 6AE Lput | sde ciprer 1 and

Second buter - CHbrenbez R G B Lhascacen she BBRIEESRR O 2 TEHREE 2 o7y
or wet 5 etth operhtheutstputt cdodref MRO) 9f ehambercdssbig 7 and
Chamber 4 servegs;@Sgaatedlenapilel Hit@ W the' i8But BBELCANG it
substrate tenperature to optim.ze fiJm epQsition. Substrates are
noved into cha ‘é‘?rﬂ,rﬁ\ﬁ“’c‘%”’ely' i"r#cl%@g’eé'i S'rit%d'&m?sr}d’fd%ﬁetaz tl(i':fnp
heati ng el enentstatus of whether a process is currently active in
chamber N; bit 10 indicates whether a process request
10 for chamber N has been made; bit 11 indicates the status
- of whether chamber N is at atmospheric pressure; bits
12, 13, and 14 indicate the low-vacuum, mid-vacuum, and
high-vacuum valve states of chamber N; bit 15 is
reserved; bit 16 indicates the roughing valve partial
15 permissive status; bit 17 indicates the status of the
vent valve portal permissive; bits 18 and 19 comprise a
2-bit pair which identify the particular operational
mode of chamber N; bits 20 and 21 are open. and closed
limit switches for the chamber N input door (DRI); bits
20 22 and 23 are open and c¢losed 1limit switches,
respectively, for the chamber N output door (DRO); bits
24-26 chart the status of three position sensors in each
chamber which detect the pallet position at the input
(SEN_INP), midpoint (SEN MID), and output (SEN_OUT) of
25 chamber N; and bit 27 indicates the state of the high-
vacuum valve closed limit switch.

The particular functions controlled by each sub-
processor A-E, G, H, and J will be described with
reference to Figures 7-13, with examples of specific

30 control routines represented in Figures 7-13 shown in
Figures 14-32. It will be hereafter recognized that the
software utilized with the described embodiment of the
present invention is a modular system and instructional
routines can be 1locaded and called by different
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- 13 - . four banks nmounted to each outer door, and remain idle

therein for a period of tine prior to further pr ocessi ng.

Passby heatin 5 includes a heating 5 assenbly co S

addi ti onal baﬁﬂé quartz | anmp heati ng el enents, five zggﬁﬁgﬁﬂfgseach
out éer door of the chanber. Substrates pass through chanber 5 and are
heated while in notion therethrough. Both soak heater 4 and passby
heati ng chanber 5 are designed to insure 10 uni form substrate tenperature
prior to filmdeposition. Three coating nodul es -- chrom um
deposi tion chanber 8, nmagnetic deposirigﬁ Chanber 10, and carbon

] e cpnanoe Bhoagadd, POrALEE "k e UGN Wihcr oty oF, | REp)
films on a substrareference numerals used in the figures represent common
functional blocks present among various processors; as
designated by the reference letter £ollowing the
5 numeral, while the functions of the routine are similar,
there may be minor differences in each routine resulting
from differences in the hardware of apparatus 100 being
controlled.

Figure 7 is a flow diagram of the functional

10 processes implemented by processor A. Shown in Figure
7 are the three basic levels of operation briefly
described with reference to Figure 4. The power
initialization level (blocks 702/704), the parallel
scanning and hardware control 1level blocks, and the

15 machine run level 730,732,734.

At power up 702a, configuration information is
available to each processor. The system initialization,
shown in block 704a, includes the steps of restoring the
non-volatile RAM (NOVRAM) of each processor,

20 initializing the software pointers, initializing the
error functional routines, and configuring processor
communication ports. After block 704a, the vacuum gauge
controller (VGC) block 710, RC motor scanner 722,
permissive loop 720a, I/0 scanner 750a, air knife

25 control 792, return conveyor 794, communication control
740, and error check 745, are initialized.

Block 710 dinitializes vacuum gauge control
functions which comprise vacuum gauge command controller
loop 712 and vacuum gauge communications controller 714.

30 Communication control loop 714 directs control input to
the various vacuum gauge communication ports, and checks
for errors in any communications to the vacuum gauges.
Vacuum gauge command control loop 712 sets the status of



passi ng through apparatus 100. Four pairs of sputtering cat hodes are
nount ed, four nagnetrons per door, on the doors of each chanber 8, 10,
and 15, respectively. Target materials are nounted to the sputtering

cat hodes; 20 as mani folds, and shielding are al so attag@g@ %ﬂe

out er doorg’ Bnbers 8, 10, and 15. Mounting these ﬁ%@ﬁ ts to
the doors facilitates target changes and chanber mai ntenance. Further,
conduits (not shown) for power, cooling, and process gas lines are
provi ded in 25 the outer doors of the chanbers. Chanber 9 is a
buf fer chanber between chanbers 8 and 10, and may optionally include a
second bank of pass- by heaters. - 23 - Chanber 13 may conprise a

dynam ¢ buffer chanber tog rovi de_conpl ete isolation between magnet iC
Goposi tion - GREANES She anbats 4 b5AslE o e, S aRpErands  Fen

di scussed in congrollitle: vaguumcpumps. Seri al : 08/311 351).
Coo 10 penl s U144 59 gy 688 Gkl T Bt tha

PCT/ US96/ 03729 vacuum gauge command controller 1400 (Fig. 14) and

5 communications control 1500 (Fig. 15) for the wvacuum

gauge control assigned to processor A. As shown in

Pigure 14, after system initialization at 1402, a check

is made at step 1406 to see if a command directed to the

vacuum gauges has been requested. The next command

10 (1408) number is run (at step 1410) until completed

{step 1412). The reply length is stored in buffer 1422

{REPLY_LEN). At 1424, a determination is made as to

whether a display of the command must occur, the result

of block 1424 is true, and the routine proceeds through

15 a decision query tree which first determines the first

character in the command string at the. variable

GET_1ST CHAR at step 1426. At decision block 1426, the

value stored in GET_1ST CHAR is queried to determine

whether it is an alpha or numeric character. At block

20 1442 4if the character is not numeric, routine 1430

proceeds to determine which alpha-type character is

present in the command and stores it in address blocks

142 through 147 respectively. An error routine counter

1470 is then checked to determine if a maximum number of

25 errors has been reached. 1If the character is numeric,

routine 1400 tests for an error in block 1444 and

whether the command is positive or negative at blocks

1446 and 1448. A check for a vacuum gauge command is

made at step 1447, and if the command is not a gauge

30 command, the command is routed to address BLOCK_151. If

a gauge command is present, a scale check is made at

step 1445, and if the scale exceeds a threshold, it is

zeroed at step 1443, A floating point conversion is

made at step 1452, and if no overflow is detected (step




- 14 - pall et, thus providing a "cold carbon"” deposition process

I n chanber 15. Two exit buffer nodules 18 and 19 are provi ded and
are-essentially identical to buffer 2. Exit buffer 5 nodul es 18, 19
provi de a buff to facilitate removal of pallets :
substrates @ tering apparatus 100 to exit |ock Eﬁ&ﬁ%’é@% and
further | sol ates the sputtering process fromthe external

envi ronnment. 10 Exit lock chanber 20 is essentially identical to

| oad | ock chanber 1 and operates in reverse punping order, allow ng
substrates to be transferred fromthe evacuat ed environnment of
sputtering apparatus 100, to the anbi ent "eX‘t ernal environnent.

P Gystem The. vabdaa) puihes, Somand FOHERL " £f %ﬁgﬁaaaa%%i#aﬁﬂ@m
evacuat ed envi r onneSTORE_] MP VAGDOIETQREQMVACF] otr STOBECRMVAC in sub-
substantial | y unobstpueiad 1454.pahhéiﬂ@§:w:§&&im&r6@ '&ﬂe&ﬂﬁchﬁétﬁég

;BESE?;?EE 20 sur%ce and Eﬁ?ﬂV\een di sl o ged tarf speci (%t-ﬂ'&n e

s the output of the display query at step 1424 is false,

the command is parsed and checked by poly-cold pump sub-

routine 1430, and the state bit of one of the poly-cold
pumps set according to whether the pump is operating or

not. SET BIT 1 - SET _BIT 6 are set or cleared. The

10 output of timer loop 1460 and parse loop 1430 is

provided to TIE_PT 1 which loops to interpret the next

command at step 1407. A check is made at block 1405 to

determine whether the last command has been reached,

whether an error has occurred (block 1403) and any

15 faults are cleared at step 1409.

Figure 15 describes communication control. of vacuum

gauge commands by VGC communication control block 1500

which checks the command string for errors. When

communication with a vacuum gauge is required (as

20 represented at input block 1502), a request for a vacuum

communications port "REQUEST VAC_PORT" is made at step

1504. If the request is valid (step 1506), and the

buffer is not empty (step 1508), the input buffer is

cleared (step 1510). If the buffer is empty, the vacuum

25 command send bit is enabled (step 1512). Next, a query

to determine whether alphabetic characters are present

" in the command string (step 1514). If so, the character

variable GET_CHARACTER is queried and a determination is

made as to whether the character is an alphabetic

30 character or a numeric character (steps 1517, 1518). In

either instance, alphanumeric characters are appended to

the variable APPEND CHARACTER (step 1522). If the count

of characters in APPEND CHARACTER is greater than 15

{step 1524), the routine exits (step 1526) and the



five turbo-nol ecul ar punps wi th nechani cal and bl ower punps for

backi ng. punping systemis set 25 __up wth multiple

mechani cal punp and bl ower conbi nati ons. Three punps are needed
at all ti the entrance lock, exit |lock and turpg. cki ng.
Two punpsnﬁévkﬁgﬂﬁeld in reserve. In addition, base '%ﬁé; %Egggunp
down and water vapor punping are expedited 30 using cryogenic coils and a

Pol ycol d[err] refrigeration gener at or. Two cryogenic coils or "top
hat s" per circuit are used. The vacuum system al so features a
networ k of val ves. Chanber vent valves are used to vent t he internal
envi ronnment of sputtering apparatus 100 %> - WO 96/ 29635

. - - her e.
Roughi ng. val ves=ETPUER, COINT yyziahle, ig sec at dep 1526, LGRS
count of characters is less than 15, the character is
checked to see if it is a new character (step 1528) and
if so, it is stored in the variable GET_NEW_CHAR (step
5 1540). If it is not a new character, a timer time-out
may occur (step 1530) and the routine exits (step 1550).
Once the variable is stored in the variable
GET_NEW_CHAR, the routine loops to the APPEND CHARACTER
variable or routine exits.

10 Also shown in Figure 7 is permissive loop 720a.
The system permissives, as stated above, are control
conditions which act as system fail-safes by inhibiting
improper commands from being executed by the system
control routines which would be detrimental to apparatus

15 100. As shown in loop 720a, processor A uses the
following permissive loops: mechanical pump isolation
valve permissives; mechanical pump pump control
permissives; poly-cold compressor control permissives;
poly-cold fluid control permissives; poly-cold

20 defrosting control permissives; turbo-pump foreline
valve permissives; turbo-pump pump control permissives;
turbo-pump nitrogen control permissives; and wvacuum
condition permissives. It should be noted that the
particular permissive loops used by each processor will

25 vary depending upon which section of apparatus 100, and
hence which specific hardware, that processor controls.

An example of one of the permissive loops, the
turbo pump control permissive loop 1600, shown in
permissive loop block 750a, is shown in Figure 16. The

30 routine consists of a series of decision fault blocks
1610, 1620, 1630, 1640, 1650, 1660, 1670, 11680, and
1690, which interrogate and initialize the following
values for the turbo pumps: temperature (1610), pump
faults (1620), alarms (1630), water failure (1640), idie



t he nechani cal punps from sputtering apparatus 100. The val ves al | ow
apparatus 100 to be divided into five separate punpi ng sections, such
t hat each individual 5 section can be vented and punped down as desired,

to facilitate maintenance of apparatus 100. H gh vacuum val ves
al 1 ow control I'W@9PR down deposi tion appar at us 100 froﬂmm ic

preSsure. Foreline valves isolate one or nore of the five mechani cal
punps fromthe 10 punpi ng system conduits, allowing flexibility in the
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-be arranged such that any one punp can be coupled to punp any given
-section of apparatus 100 and any one -m@6hani cal punp/ bl ower can

repl ace any ot her 15 nechanlcah qp/b ower that, is shut down
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10 status of the turbo pump. Pointers to the turbo pump
configuration table, which initializes wvalues in each
variable (for example TB CFG 01 at 1611) are established
at system initialization.

An exemplary decision loop, 1610, begins by setting

15 an initial temperature value at INIT DATA TEMP at step
1609. At decision block 1611, the turbo pump
configuration variable TP_CFG 01 is queried and if this
index has been set to true, the data temperature is set
at step 1612 in SET DATA TEMP, and the next data

20  temperature value obtained at step 1613 (SET_DATA_TEMP).
Routine 1610 waits for completion by looping from step
1615. If TP_CFG_01 is not true, at step 1614, the turbo
pump is set inactive (SET_TP_INACTIVE).

Similar operations are performed at routines 1620,

25 1630, 1640, 1650, 1660, 1670, 1680, and 1690. Loop 1620
queries and sets the turbo pump faults (TP_FAULT) and
fault permissive (TP_FAULT PERMISSIVE); loop 1630
queries and sets the turbo pump alarms (TP_ALARM); loop
1640 gqueries and sets the water flow alarms

30 (TP_H,0_FAIL); loop 1650 sets the idle alarms; loop 1660
checks the global permissive states; loop 1670 checks
the turbo pump acceleration parameters; and loop 1680
checks the vacuum alarms on the turbo pumps. Loop 1690



30 operator to identify the |ocation of each and every substrate in

deposition apparatus 100 and al ang return path 50 at_any given time.
Three such proximty sensors per transport platformare provided for
each of t | atfornms used in conjunction with deposi}d rat us
WO 96/ 2063509629638 PCT/ US96/ o%ﬁﬁ%

- 16 - 100. These sensors are identified at the input
(SEN_INP), m dpoint (SEN M D), and output (SEN _QOUT) of t he chamber
Rach sensor provides a digital output signal to indicate the presence
or absence of a 5 substrate at the sensor's position. In the event a
har dware sensor fails, a unique aspect(ﬁ7the control system

“repl aces” t he % nt | %ﬁiﬁ?hégfap%ﬁfcﬁ é Og.écessed Via sci%cis\i’n Cglglc:JcOV\B

processing to
165%.

It should be noted by one of average skill in the
. art that similar permissive routines may be utilized by
5 the other processors utilized in the present invention

to control deposition apparatus 100.

Returning to Figure 7, an input-output (I/0)
scanner 750a includes a mode control block 725 which
allows a system operator to select automated run mode

10 730, manual run mode 732, or service mode 734.

In general, I/O scanner 750a scans multiple bricks
of I/O information generated by the various hardware
components of the system and processes command requests
to the hardware. The I/O scanner 750a triggers an error

is timer 776 which is coupled to an alarm monitor block
770, including a mode error scanner 772, which checks
for command errors in requests to implement auto mode
730a, manual mode 732a, and service mode 734a. If any
errors are detected, the output of the error timer

20 signals an alarm monitor 770. Alarm monitor 770 checks
for errors in: the mechanical pumps for external alarms,
low water circulation or a wviolation of a global
permissive; the mechanical pump isoclation valves for a
position failure or violation of a global permissive;

25 turbo pump foreline values for position or a violation
of global permissives; the turbo pumps for an external
pump alarm, low water circulation idle fault,
accelerations fault, high foreline valve pressure, or a
global permissive lockout; and whether a position sensor

30 has failed. Once the error is detected, the status of
the queried hardware is saved and mode error scanner 772
checks for errors in each mode set-up, and enables auto
mode testing routine 774. If a mode error is detected,
an alarm is generated by alarm monitor 770.



interruption until a convenient tinme to effect repairs 10 on the hardware
sensqQr.. The-transport systemalso includes a plurality of
transport stages, each being approximately equivalent in |l ength to the

| ength of a cham)&h,afgnd one notor per stage, which driv Bﬁ“lﬁ
t hrough the system Addi tional position sensors ?’Fg S tg)%n)

are’ provided on a return path 50 which circulates pallets from

t he out put of apparatus 100 (at chanber 20) to the i nput of apparatus
100 (at chanber 1). A gas flow control systemincludes val ves and
val ve 20 controls for the sputtering gas (for exanple, argon), whi ch
I's supplied to apparatus 100 to create a "~ 2 sputtering environnent in the

deposi ti on chanbers. as.f gas
pressure i s noni tor RS corrponenw{eﬁ ﬁyn{)gér%néa ﬁe%y%%
pressure in appar ammt%mcﬁ@rﬁ@ syaten d9Paci Mmevacuum prenaratdon.
Power supplies are dﬁd)bbdﬂdcéébﬁrﬂfﬁt@hs@ﬂ:héﬁ 8 automati® Bz W'l ron

catoce sssort [ss LSl a. rouciglf, ), S ohen sruSeie, ",
shi el ds, and sﬁuttahcngl in blockt f3des wtqavncuum prepasatiion dhackhi733
acceptabl e OFF:{(ﬁtdd& e he8UikhREnPESHEES] %&?&1 Grd @it SheHari@and
deterioration of these Syl fSIPISahee, HighVatium mechanical pump
control modules, high vacuum mechanical pump isolation
valve configuration, high vacuum turbo pump foreline
10 valve control, and high vacuum turbo pump poly-cold pump
control (1700 shown in Figure 17).
Figure 17 represents the start turbo-pump, pump
control (START HIVAC TP_PC CONTROL) loop found in block
733. With reference to Figure 17, after initialization
15 at step 1702, the turbo pump poly-cold index block
(tp_pc_ind) is set equal to one (step 1710). . At block
1712, a test of whether the turbo pumps have been
configured is made, and if the turbo pumps do need to be
configured, the turbo pump pump-contrel index is
20 incremented at block 1718 (at block 1790}. If the turbo
pumps require configuring, a request is made at block:
1714 to start the turbo pump (TP_PC_REQ=T). At block
1716, the routine waits for a response, and at block
1719, the routine checks whether the increment count is
25 less than or equal to 20. If not, the index is set to
1 at block 1720, and a series of pump configuration
checks is made. A preliminary general configuration
check is made at block 1722, If configuration is
necessary, at block 1724 the "STATUS=5" query determines
30 if the turbo pump is at normal speed. If so, the
stat_ready variable is incremented (block 1750) and the
configuration index is incremented (block 1760). If the
configuration index remains less than or egual to 20,
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-17 - control sub-systemmmnitors the tenperature |evel of the —
coolant in the coolant systemand controls the open/ cl ose states of
cool ant flvg ol val ves. As shown in Fi gureﬁéﬂéﬁ&’ pgnt rol
system har conprises a network of processors A- and J,
coupled to a hub. Each processor may conprise a 32-bit m cr opr ocessor
with intelligent, distributed I/0O bricks. Data |/ O of each such
processor is handled directly by each processor linked directly to
har dwar e of sputtering 10 apparatus 100. Because the bricks are |inked
to their own m croprocessor t hes@9 O bricks can be programmed

(probesors a &1, ey §8"Beg 120 Ko omed s the. rarfip RorELsmmp o.
PID | oop contrOF, tbaumrm pu®s. | atching, timng, analog alarmng, and
therno couple A check is made at step 1726 (STAT 1) to determine
if an external pump alarm was generated. A query is
5 made at step 1730 ("STATUS_3")} for an idle fault. A
check for a low water fault is made at block 1728. A
foreline pressure check is made at step 1736 (STAT_ 7)
and for .the global permissive is made at block 1728
("STATUS_8").
10 If step 1780 indicates that the turbo pumps are
ready, the tp_index is set egqual to 1 (step 1782). Step
1784 checks once again whether the turbo pump is ready,
and if so, the pump number is incremented at step 1786,
and the index is incremented at step 1788. Step 1790
15 checks to determine if the index is less than 21, and
steps 1792, 1794 and 1796 enable the automated. start of
the turbo pumps.
Returning to Figure 7, as shown therein, a service
mode 734 is also provided which disables vacuum
20 preparation of the system and allows selective shut-down
of pumping in individual chambers (assuming chamber
isolation is achieved).
Utilities routines, shown in block 760, represent
control routines directed to specific functions and thus
25 different routines, are assigned to each processor. 2as
shown in block 760, the routines available to processor
A may be utilized to close all turbo pump foreline
valves, open the turbo pump foreline valves, restore the
non-volatile random access memory in processor A, start
30 all turbo pumps, and stop all turbo pumps.

' Also shown in Figure 7 are an air knife control 792
and return conveyor control 794. An air knife is
positioned at a location just prior to chamber 1 of
system 100. Generally, apparatus 100 is maintained in
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BEBhace Uit cadll gL Cme asd A6 18
utilized to isolate the substrate loading area
environment and the enviromment which is maintained
about the apparatus. ,

Return conveyor control routine 794 controls the
return conveyor 50 carrying pallets returning to chamber
1 after substrates have been removed from the pallets
after processing at chamber 20.

Communications control 740 is also initialized
after power up and constantly controls the interaction
between processor A and the ARCNET system. The
communications control routine initializes a 1listen
module 742 and a talk module 744. Listen module 742
continuously checks network communications traffic and
evaluates both the address and length of communications
received by processor A. Errors.‘n the comminications
stream can be brought to the attention of the system
operator. Talk module 744 controls communications
between processor A and the system hardware, and other
processors in the control system.

Finally, an error check module 745a and exrror
handler 748a are provided. The error check routine 745a
looks for I/O errors which may arise from bad serial
ports, command send time outs, bad table indexes, math
overflows, un-real numbers, divide by zero errors, and
bus errors.

Error handler 748a is flagged when an error is
returned by error check routine 745a. The error is used
to flag the failed I/0 brick.. The routine sets a flag
to indicate that a brick has failed to respond. The
brick is identified by a bit set in the wvariable
BRICK_STATUS as well as a -1 set in a variable table.

i on
200
sent
of
em
i's

22),
hose

| so
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routines generally executed by processor B.

Processor B controls the processing of substrates
in chambers 1 through 4. Chambers 1 through 4 comprise,
respectively, load lock chamber 1, buffer chamber 2,
etching chamber 3, and soak heater chamber 4. Processor
B also controls the heater set-up of a pre-heating
process in chamber 9, prior to the magnetic sputtering
chamber.

After power up of the control system at block 702b,
initialization routine 705b restores the non-volatile
memory, variables, pointers and error tables. As shown
in Figures 8-13, the processors use similar program
routines, the specifics of which will not be described
in detail herein. Where similarities between control
blocks exist, 1like zreference numerals are used
throughout the figures, with the processor specific
letter designation changing accordingly. As such, many
functional blocks in Figure 8 are similar to those in
Figure 7.

For example, shown in Figure 8 is communication
control 740b including listen routine 742b and talk
routine 744b, which are substantially equivalent to
those set forth with respect to the A processor, but (as
will be readily recognized by one of average skill in
the art) configured to operate with the I/0O to and from
the system’s B processor.

One routine not utilized by processor A is a sensor
scanner 820b. Scanner 820b is redquired for processor B



preparation and status. Figure 4 shows an overview of the
software for 25 controlling sputtering apparatus 100. As shown in
Figure 4, input and output fromthe hardware of the apparatus 100 is

noved to and from processors in the formof intell igeﬂg?”mﬂ
di stributed |/%338f'%§§§ 410. These I /O bricks can conpri sé ocC 7§9of
i nformati on which are 30 supplied by the hardware such as the position

sensors, heaters, and sputtering power supplies. I/0O bricks 410
pass to the control |evel of the software fromthe hardware in the
apparatus 100 vi a i nput/out put scanner 420 and a sensor scanner
430. |/ O scanner 420 WO 96/ 2963532 -

R T hartRaiBteTACh ¥ith. fubarrate positicn semsord"TH"eadh"S

chamber to allow the control system and the system
operator to cptimize substrate processing. As discussed
above, each chamber includes three sensors, at the input
5 (INP), midpoint (MID) and output (OUT) of the chamber.
Figure 18 shows the sensor scamner routine utilized
by processor B. Similar routines are used by processors
B-E, although for different chambers. The input sensor
is positioned close to the input door, with respect to
10 the direction of pallet motion (from chamber 1 to
chamber 20), the midpoint sensor is positioned midway
between the input and the output, and the output sensor
is positioned at the exit door of the chamber. Prior to
scanning the chambers, the scanner routine priority is
is set at step 1810. As shown in Figure 18, sensor scanner
820b scans the sensors in chambers 1, 2, 3, and 4 at
steps 1811-1814, respectively. Each scanning step 1811-
1814 comprises reading a brick of data to determine if
the state of the input, midpoint, and output sensors
20 have changed. If any of the input sensor values have
not changed (block 1820), a timer for the pallet for
each midpoint sensor is set (set_4 MID) to a two-second
duration at step 1825, and the wvalues of the input
gengors during this particular scan are saved at step
25 1830. On the next scan, if the input sensor values have
changed (block 1820), a check to determine if the
midpoint timer is expired will be made at decision block
1835, If the timer has expired, at step 1840, the
values for the four midpoint sensors in the given
30 chambers are set to equal the values of the four input
gsensors in each of the chambers, and the values for the
four input sensors during a given scan are saved at step
1830. If the timer has not expired, the routine loops

at step 1845 and returns to step 1810.



punp val ves, doors, notors, and turbo punps. Sensor scanner 430
queries input fromposition detectors_ heat sensors, .and door state .
sensors. A comuni cations block 5 440 conpl etes the scanner | evel of the
softmare,v?g includes a protocol and communi cati onsp&fiddknssNNi NY
and correctirontacility. At the control level, routines are
arvanged in bl ocks for specified functions (and utilized on specific
10 processors, as described below such as transport functions
460, substrate process functions 480, and wat er control functions 480.
Each functional routine operates in_ automated or nmanual node and

i nterprets I nput | evel data from’ P® Scanner 420 and sensor scanner 15

+ 430, and forwards cgglt‘;ﬁlr} b@jbég&&é&ﬁ#&pe& %ne%og . e{,&g&’@ét 495

through permi ssive™ I'Gops perm sSi Ve f‘(s)o%s conpri se
system st at e c&RdPEeRfhI8AG.cA825, 183%hiand 1P40nwshe failure @f\tRR) adverse

ggnseguencest On_ardwtaréhesé&tiﬁ eldahg Béer&éﬁﬁa&}éh pltﬂfﬁ&ﬁe | éoh¥eol G?U?St
oes not violate . a s em pern ssive condition e request is
forwarded to Ifﬁlgéﬁﬁﬁér %’?O QH'EE offt TR oper%% emarjd’ﬁﬂgree  the form
of I/0 bri%ks pesitidn dfea pallebnhesed wpomndiere Shet palpetnsbenl®, an
alarm noni tor pe amPlovetPidingNthe apFebénédcolty BRI hat@dace (M)

25 300. Reqguests are also generated by man-nmachine i nterface
300. mM 300 rrﬂgn rise a personal conputer wi th any nunber of

i nput / out put har dwaAftept ithes. initial valmeguhave sheer ®saved)i gtheaition
table which i sgeannif§i 168 dedit idifa199" gcahsS ¥ArBHERT thE©1868 SERbwA NVenti on
10 in Pigure 18 to check the status of chambers and

substrates passing through the system.

A motor permissives routine shown at block 815 is
utilized by processor B to control pallet motion in
deposition apparatus 100. The motor permissives

15 routine, like all other system permissives, is a set of
conditions governing motor actions based on pallet
location in a given chamber and in the system, and
control speed for the motors operating to move the
pallets through the chambers. The lcad speed monitor

20 routine governs the 1load-in speed of pallets into
apparatus 100.

An I/O scanner and door 'control_ permissives block
750b is provided which functions in a manner similar to
the I/0 scanner used with respect to Processor A. The

25 door permissives are utilized to control chamber door
states with respect to substrate processing. Block 750b
includes an I/0 mapper 828b which maps and stores the
location of the state of the chamber doors, the input,
midpoint, and output sensors, and the open/closed state

30 of the high vacuum valves state into the non-volatile
random access memory at step 823b.

Processor B also utilizes an I/0 and permissive
block 720b, which includes a recipe parameter collection
routine which selects parameters used on the hardware of




30 to recognize the hardware configuration of particul ar

the system Appar atus 100 i ncl udes 20 chanbers, with the process
control being handl ed by one of four processors, B, C, D, or E. The
configuration | e stores, for each chanber: the presen nce
WO 96/ 29635 WO serded¥’ PCT/ US96/ 03725&’%"'?’%

- 20 - of a vent valve, roughing valve, high vacuum val ve; the
presence or absence of an output door (DRO or an input door (DRI);
and whet her the chanber is a static chanber (generally, a process
functi on chanber wherein a pallet 5 S tq stop for processing), a
dynam ¢ process chanber (generally, 3ﬁr6cess chanber in which the

processing
s an "adj acent
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four chambers of the system; a system monitor routine;
an error check routine 824b which enables an input-
output error handler loop 830 which accepts I/0O error
signals 832 and functions in a manner equivalent to
routines 745a and 748a in processor A; vacuum valve
permissives routines 826b which enable a heater command
controller 816b and heater communication controller
818b, and vacuum gauge condition command controller 712b
and VGC communications control 714b; a load speed
monitor routine which acts as a permissive with respect
to the transport speeds of chamber 1; and permissives
routines for the roughing valves, venting valves, and
high vacuum valves.

Also included is a "HOT MAG" (hot magnetic)
sputtering process test 828 to determine whether the
second passby heater, provided in chamber 9, is to be
used to heat the pallet prior to deposition of the
magnetic £ilm layer. If not, the chamber 9 heater
permissives disable heater power in chamber 9 at step
892b. If so, the heater 9 permissives are enabled and
allow procéss loop 9 (block 890) to control the heaters
in chamber 9. A mode control 725b allows a choice
between the autc mode 730b, manual mode 732b, or service
mode 734b. '

Permigssive loop 720b initializes the error scan
timer 776b, which provides an error time out for
permissives 720b. A timer expiration initializes the
alarm monitor block 770b, which includes a mode error
scanner 772b, a power supply error scanner, door error
scanner, motor and sensor error scanner, and heater
error scanner.

In the automated processing mode 730b,
initialization step 880b includes routines for setting

chanmbers in



chanber). As shown in Figure 5, processor B controls 10 t he processes for

chanmhers 1-4_ processor C for chanmhers 5-8 processor D for chanbers
9-12, and processor B for chanbers 13- 20. Figure 6 shows a
dynami c st,@éw used by the control system of thep@f/gsisrpnvention
(as descri below) to track the status of the various conponents of
apparatus 100. A map is maintai ned for each chanber. Figure 6 shows
the map table for chanber N, separate chanbers are maintained for
chanbers N+1, N+2,... etc. The control routines query and update the
status of each 20 map, when a request %95 I's generated with respect to a
gi ven chanber N, N+1, N+2 etc. The initial maps for each chanber
are stored in {l f o] at
system i ni Fi a?azaﬁ | on gmg?%%ggs%%r?gge pr ovi g@%ﬁwﬁ%ﬁlgw to
4" megabyt es of PO¥RSry, aR4 hobBFO Dehgabhee dgh vacuum jpvalyes. use in

the control Symwahhaewneseep 880b beginst the. thAansport mbnktenre 6,

the information_i, ored 0 | t at us of
whet her a pal | E‘Pkgiﬁlff i?nl é%v\&??néggigtm?ﬁe P{rié Eﬂa%oﬂf&q gbﬁét%pﬁgé N by
queryi ng tBe sheaser n:ognaqbeprmss b{RROC 9) 99q:n@1 Paldet\krapking | oad
request has beeipyn¥ed®lbe’ 870 in EdahhSiida:ivh | @adRd tid 0 pakargeaeN, bit 2

I ha e a1 GoupEnIEEErib CRoR SRR i, SHRORAR: 1gPbh deblUbed! o
and 864, controlling movement of the substrates through
chambers 1-4, and a transport controller 866b.

10 A unigue feature of the control system of the
present invention is the incorporation of a substrate
position detection system which allows for hardware
faults in the substrate position sensors, thus allowing
the balance of the control system to continue operation

15 until a convenient time for repair of the hardware is
established. This feature is represented in Figures 8-
11 as the transport monitor control loops (883b, 885b in
Figure 8) and the soft sensor control loops (884b, 886D,
in Figure 8). Two separate checks are simultaneocusly

20 run on the pallet position: one encoder-based, the
other time-based. In the encoder-based loops 883b,
884b, the position of the pallet is determined relative
to the values provided by encoders measuring rotation of
each transport stage motor to which an encoder is

25 coupled. In the timer-based loops 885b, 886b, the
position of the pallet is determined based on a
calculated speed of the pallet relative to the known
motor speed setpoints. It should be understood that
either system would be suitable for use in the control

30 gsystem of the present invention in a manner suitable to
allow continued operation of apparatus 100 in the event
of a hardware failure.

As shown in Figure 8, two transport monitor and
soft sensor routines, one encoder-based, the other
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- 21 - bit 4 indicates the status of whether an unl oad request

has® been nade for a pallet in chanber N, bit 5 indicates the condition
of a request tvg ﬂﬁf’?# he i nput door (DRI) of chanber N;O%ﬁ"s?%?

i ndi cates the 8 on of a request 5 to open the output door of
chanmber N, bit 7 and bit 8 are enable bits for the input door and

out put door, respectively, of chanmber N, bit 9 indicates the

"status of whether a process is currently active in chanber N, bit 10
-1 ndi cates whether a process request 10 for chanmber N has been nade; bit
11 indicates the status of whether cHa®fer N is at atnospheric

P g vacuum val ve 5i88E:08pedi ape, uRBarTe® ndtr Whd ueiRedR, i e "

i ndi cates the roughnsgangese khe i Dbﬂisimpenﬁ s8i \paldiest utn tihe 1 syst:em

indicates the statya1gtivd®o the hardware position sensors. However, it
should be understood that either system could be used

5 alone. '

Transport monitor routines 883b, 885b check each of
the motors controlling the motion in individual chambers
1 through 4 to monitor for problems. The transport
monitor checks the load sequence in a series of four

10 load steps, and determines whether a problem with each
individual motor is present based upon whether the step
of motion has been completed within a given time window
or encoder relationship. If not, a motor problem fault
is generated. The transport moniteor can alsc start the

15 software position sensor override routines B84b, 886b
(hereafter "soft sensor routines®).

Soft sensor control routines 884D, 886b will be
described with reference to Figures 19A-B through 21A-B.
In conjunction with the sensor scanner 820, the soft

20 sensor routines allow for the system operator to
override mechanical failures in the hardware position
sensors and continue processing, while tracking the
position of pallets moving through the chamber with a
faulty hardware sensor through software.

25 Figures 19A-B, 20A-B, and 21A-B represent the
routines for the input, midpoint, and output sensor
loops of the soft sensors for a given chamber. Routines
19a, 19B; 20A, 20B; and 21A, 21B, run in parallel to
monitor the input, midpoint and output sensors of the

30 individual chambers. As shown in Figures 19A and 19B,
the input soft sensor routines 1900a, 1900b are
initialized at step 1910a, 1910b, respectively. The
processing hardware shown in Figure 3 allows for
execution prioritization of routines by processors;



vent valve portal perm ssive; bits 18 and 19 conprise a 2-bit pair

which identify the particul ar operational nmode _of chanber N hits 20
<(51n.d )21 gre open and cl osed limt switches for the chanber N input door
DRI its 20 22 and 23 are open and closed
respect i veV9 %P8 ( he chamber N output door (DRO): bItS %m%yo%@&chart
the status of three position sensors in each chanber which detect: the
pall et position at the input (SEN_INP), mdpoint (SEN M D), and out put
( SENQUT) of 25 chanber N, and bit 27 indicates the state of the high-
vacuum val ve closed limt swtch. The particular functions
controll ed by each sub- processor "A3E G H, and J will be descri bed

W th reference to Fi gures f eci.fic 30 contr ol
routines repr esﬁﬂ‘c‘%d i %3’7& glﬁo ?%%Y 1'lgi 65 e SRR FORG " | |
be hereafter resenpowddophis séte to tensocnvmspa;te' bfzodewtohtede Ascri bed

enbodi ment of tgQgeng 19PEESCROLE veea 3 %.M”i?& SYS R by
%degf

i nstructional routi nes can and caI di fferent
WD .96/ 29635 installing a  value "8 ugé8%37 gcation

5 (soft_ind). The step index is ret:urned at steps 1914a,
1914b. When the system is initialized, no pallets will
be moving through the system, thus at decision steps
1920a, 1920b and 1930a, 1930b, no pallets will be
loading or unloading on the particular input .sensor.

10 Thus, decision blocks 1940a, 1940b are executed as the
values in decision blocks 1920 and 1330 for the load-in
and unload processes of a given chamber will be
initially false. Decision blocks 1940a, 1940b check the
status of the "waiting-out" (WTO) bit from the status

15 table shown in Figure 6 to determine whether a pallet is
waiting on the ocutput of the given chamber. In the
encoder version 1900a, if the output is false, a check
ig made to determine the status of the "waiting-in"
(WTI) bit. If the test of the Wr0 bit at step 1940a

20 returns true, the input sensor value is set to TRUE and
the soft sensor index is incremented at step 1955a. 1In
the timer version of the soft sensor loop, if the test
at step 1940b indicates that there is no pallet waiting
at the output of the chamber (as will be the case at

25 initialization), the input sensor (sen_inp) value is set
to false at step 1942, the load time value is set at
step 1944 and the unload time value is set at step 1946,
and the soft sensor index is incremented at step 1955b.
In routine 1900b, if the WTO bit is true at step 1940b,

30 the input sensor is set to TRUE. In both cases, if
there are additional soft sensors, steps 1960a, 1960b
cause a return to step 1955a, 1955b, which increments
the index and loops to steps 1914a, 1914b, respectively.



- 22 - processors. Thus, in the foll ow ng description, comobn
ref erence nunerals used in the figures represent conmon functi onal
bl otks present anbng vari ous processors; as desi gnated by the

reference | et ow ng the 5 nuneral, while the functi é}%’"
routine are sﬁﬁh’g{ﬁ% there may be mnor differences in eﬁ.@ﬁu 'ne
resul ting fromdifferences in the hardware of apparatus 100 bei ng
controll ed. Figure 7 is a flow diagram of the functional 10
processes inplemented by processor A Shown in Figure 7 are the three

basic I evel s of operation briefly described with reference to Figure
4. The power initialization | eveI (blXkcks 702/ 704), the parallel

scanni ng and hardware cg‘?trol | e e P! ocks, .and ﬁge % ina % ru IeveI
730, 732, 734. B“‘c‘%‘ﬁ‘l‘?‘g‘;u  Bfen {BTRAEF A
avail able to each pa&&etsmillThe y;il:éngl tiot bel lpadedninto t:hehohamberbl ock

704a, includes thetﬁbefémﬁt I 91556a 192?&9%‘1‘1‘ Hel t2ue¥ My sHEVRAM

of each processor, Itia ing e_software pointers
initializing the A ot?P0Rs, EhE LREPAST IFTRE FRE R sor
communi cat i on port givéht motorods fekd ahesuepuusngaugud at step 1923,

determines whether the load in process step number 1 has
been activated. If so, the input sensor value is set to
true at step 1926a; if not, the input sensor value is
set to false at step 1927. In soft sensor timer routine
10 1900b, the current load time is retrieved at step 1922.
If the load time is determined to be equal to zero at
step 1924, the input sensor is set to true at step
1926b, indicating that the pallet will have entered the
chamber and the soft index is then incremented at step
15 1955b. If the time is not equal to zero at step 1924,
the soft index is immediately incremented. If an unload
process is occurring in the given chamber, steps 1920a,
1920b will be false, and, at steps 19304, 1930b,
respectively, the routine determines if an unload
20 procedure is underway. In sensor routine 1500a, the
encoder value is retrieved at step 1932a. At step 1933,
the routine checks whether encoder step 3 is completed.
If s0, the input sensor is set to false (1936a), while
if not, the value is set to true (1938a). Again, the
25 soft sensor index is incremented at step 1955a. In the
timer routine 1900b, the unload time is retrieved at
step 1932b. If the time is determined to be zero at
step 1934, the sensor input is set to false at step
1936b. If the time is indicated as being equal to
30 anything other than zero, at step 1938b, the input
sensor value is set to true. The soft index is then
incremented at step 1955b. If no additional input soft
sensors are detected at steps 1960a, 1960b, a check is
made to see whether a service regquest is made at steps



controller (V&) block 710, RC notor scanner 722, perm ssive | oop
720a, |/ O scanner 750a, air knife 25  control 792 .return conveyar 794,
comuni cati on contr ol 740, and error check 745, are initialized.

Bl ock 71@(!!1 hidobdedl | Zzes vacuum gauge control func%#m stdhsh
conprise Vv 2 gauge command control |l er | oop 712 and vacuum gauge
coimmuni cations controller 714. 30 Conmuni cation control |oop 714 directs
control input to t he vari ous vacuum gauge communi cation ports, and
checks for errors in any comunications to the vacuum gauges.

Vacuum gauge conmand control |oop 712 sets the status of

96/ 29635 . - 3% - pCT/ US96/ 03729
-c oﬁ? r;)I t he Vgﬁ% I'guhggzgt' atiH téﬂé ei‘o?;%iﬁgOr?ex(i%m@gdihéunsetr%ice
routine at step 1964. Next, when steps 1966a, 1966b
determine the midpoint sensor routines are ready, the
routines. exit to the <routines 2000a, 2000Db,
5 respectively, for the midpoint soft sensor.

Thus, for faulty input sensors, a value is assigned
to the sensor status variable (SEN_INP) in the absence
of a hardware assignment of that variable.

As shown in Figures 20A, 20B, the midpoint soft

10 sensor control loops 2000a, 2000b are similar to that
set forth in Figures 19A, 19B, respectively. Thus,
similar reference numerals are used to indicate similar
control steps.

Again, steps 2020a, 2020b; 2030a, 2030b; and 2040a,

15 2040b determine whether a loading condition in the
system is being activated, whether an unload .from the
chamber is being conducted, or whether there is a pallet
waiting at the output of the chamber.

At initialization, the system will be in neither a

20 load-in nor unlocad mode and routines 2000a, 2000b will
start at steps 1940a, 1940b. If the WTO bit is true,
steps 2040a, 2040b direct that the midpoint sensor value
be set to true {steps 2062a, 2062b). In routine 2000a,
if the WIO bit is false, the WII bit is queried, and if

25 true, the midpoint sensor value set false at step 2045a.
In routine 2000b, if the WTO bit is false, the midpoint
sensor (SEN _MID) value is set to false at step 2060. If
a load-in is being conducted (steps 2020a, 2020b return
true), the state of the input sensor (SEN_INP) is

30 queried at steps 2021a, 2021b. In routine 2000a, if the
value is false, the value of the midpoint sensor is set
to false at step 2031a, and the soft index incremented.
In routine 2000b, the midpoint sensor value is set to
false, a timer is set at step 2032, and the soft index




Figures 14 and 15 show t he pf ocess flow for the vacuum gauge comrand
controller 1400 (Fig. 14) and 5 communi cations control 1500 (Fig. 15) for
t he vacuum gauge control assigned to processor A As shown in

Fi gure 14, af eminitialization at 1402, a check rﬁ%%‘s

step 1406 to ?Zé’% command directed to the vacuum gauges een

r eduest ed. The next conmand 10 (1408) nunber is run (at step 1410)

until conpl eted (step 1412). The reply length is stored in buffer 1422
(REPLY_LEN). At 1424, a determination is nmade as to whet her a di spl ay
of the command nust occur, the result of block 1424 is true, and the

routine proceeds through 15 a deci sion quﬁ9y tree whi ch f| rst determ nes
the first chayacter |nthe d tr| it abl

GET_1ST_CHAR at st’reﬁ)ct}’ e@%ﬁ 5? 4@’6 Eﬂe afqpeo%'t dfed in
GET_1ST CHAR i s qtjehe ednputdaeasm:neralue ishetiee i(20R3adp acmhaemodanmrl c
character. At bl oGjg Ailg,fﬁ{.né&]ea@hgé t86235 EOE:h&EiEeHaﬁe ragutd 1430
proceeds to determ ne a- ﬁgi?acter [ esent d?
conmand and st or es2943 |ﬁ°£§ﬁe€5§”@ %@eg er enﬁﬁﬁefh’?ﬁ%ﬁgl? 1!157 ?M&F{ ely.
An error rout ishe cI)ﬂraosr the midgoint sddsor vadoecdst seteterorwe atf step
maxi mum nunber of 88° FAndiceed€aE6 Eal obf i eé}@rssﬁfa 'S 1n

nuneri c, routl ne ai40 tests an error 444 and

whet her the commrFPYEns2PPPRe tf thedraine af Lhsc §P“t sensoy ifFrueis. A
check for a vacuunagaatep 202nbpdthe timer nadeexiristvved a¥dstepnzin2d, tdrsd

%Eg&”i‘;ls ”IO]E a 9aNgevathe £2VHRLinel® ieOFERAatSataY! £624 Caidl £ he
timer value is zero, the midpoint sensor value is set to
true at step 2026b.

If an unload condition is determined at steps
2030a, 2030b, the value of the input sensor is queried
to determine whether it is true at steps 2043a, 2043Db,

15 respectively. If, in routine 2000a, the input sensor
value is true, the encoder value is read at step 2051,
a query is made at step 2053 to determine whether the
encoder is at step 4 at step 2053 and if so, the
midpoint sensor value is set to false at step 2054a. If
20 the encoder value has not reached step 4, the midpoint
sensor is set to true at step 2046a. In routine 2000b,
if the value is true, the unload timer is retrieved at
step 2042, the timer is initialized at step 2044, and
the value of the midpoint sensor is set to true at step
25 2046. Subsequently, at step 2055b, the soft index is
incremented. If, at step 2043b, the input sensor
(SEN_INP) is false, the timer value is retrieved at step
2050, the value of the timer is gqueried at step 2052 and
if the timer is equal to zero, the midpoint sensor value
30 is set to false at step 2054b. If the timex value is
other than zero, the soft index is incremented at step
2055b. In both loops, steps 2065a, 2065b check for
additional sensors, and when ready (steps 2066a, 2066b),
the routine 2000a, 2000b exit to the encoder and timer-



a gauge command is present, a scale check is nade at step 1445, and if
the scale exceeds a threshold, it is. zeroed at step 1443. A floating _

pai nt conversion is made at step 1452, and if no overflow is detected
(step 6/ 29635 _
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command routed to variabl es STORETP VAC, STORE MPVAC, STORE_TM VAC, or
STORE- RM VAC i n sub- routine 1454. A timer sub-routine 1460 checks
whet her t he command has requested nechanical punp 4 (MP_4). If 5
the output of the display query at step 1424 is fal se, the command is
parsed and checked by pol y-cold punp sub#l - routine 1430, and the state
bit of one of the | y-col d unps. set_according t et her e punp is
operating or tbaseﬁgtgu%t_ﬁqii-é_)e% BreRtE efg so&"%@&rg&&gﬁe
respectively.

As shown in Figures 21A, 21B, the control routines

2100a, 2100b for the sensors at the output of a chamber

5 are substantially identical to routines 2000a, and

2000b, respectively, set forth in Figures 20A, 20B,

except that sensor variables and encoder step Qqueries

change where appropriate. Thus, for each chamber 1-20,

upon failure of one or more hardware position sensors,

10 the soft sensor routines can provide substitute sensor
values for the balance of the routines in the system.

Returning to Figure 8, also enabled when the auto

mode is selected at step 730b, are the chamber 1 process

routine (PROC-1) 860, chamber 2 process routine (PROC-2)

15 862, and chamber 4 process routine (PROC-4) 864 which

control the chamber door state and the venting of the

process chambers 1, 2, and 4, respectively. As shown in

Figure 8, the first process chamber includes a soft

rough and soft wvent routines 861A and 861B. Process

20 chamber 1 is the load lock chamber to the apparatus 100.

Figure 22 shows an overview of the routine for

controlling the chamber 1 processes "PROC-1" 2200 which

comprises repeatedly pumping down (to wvacuum) and

venting (to atmosphere) chamber 1 to move pallets from

25 the ambient pressure into the evacuated sputtering

apparatus. After initialization at step 2202, a query

is made at step 2204 to determine whether chamber 1 is

empty. If chamber 1 is empty, the input and output

doors are closed@ at steps 2206 and 2208. If the chamber

30 is not empty, and after the input and output doors are

closed, at step 2210 the enable bits from the status

table shown in Pigure 6 are read. Again, a

determination is made at step 2212 as to whether chamber

1 is empty. If chamber 1 is empty, the process bit is



10 out put of tinmer [oop 1460 and parse |oop 1430 is provided to

TI EPT1 which | oops to interpret the next command at step 1407. A
check is made at bl ock 1405 to det erm ne whether the |last command has
been reached, wo%gz»%et her an error has occurred (bl ock 1403)p@rgkogbsras!©
faults are cleared at step 14009. Figure 15 descri bes

communi cation control of vacuum gauge conmmands by VGC commruni cati on
control bl ock 1500 which checks the conmand string for errors.
When comuni cation with a vacuum gauge is required (as 20
represented at |nput bl ock 1502), a request for a vacuum

communi cations port "REQUEST VAC PORT" is etk at step 1504. If the

t lid 0 he 08
e puct ot (B dP0fLepaadalc any. o DULLEY 1% NRlaLTEL) o 4&%?9’15 o
vacuum 25 corrrrand'h%hﬁrbltthq s"-%l‘g@’( s%%p%‘&!?l?d REx Btep RAk

det erm ne whet her dnpagbedi the tambeer $s cdrtaliliedscthe chambér vidit dengasd

quer Pﬁd(ztnﬁpaliéi‘)eﬂ#%a%"o#%é 5308 "8 'a query'$BRaF FhcobRR, 2620, Ps an
al phabetic 30 5 chmnerw@mme Previons: chambep s (ins this $a@pe. then
ei ther instance, aljpadnsReisr hay anigtys are gﬁgeﬁg@@li&g)s chambé:h@.sViBtam e
APPEND_CHARACTER (ste %%% gh%ooouqt c%grac%g %
APPENDCHARACTER i s egP@ Y e 0B AR sPEﬁ“fgzﬂf Gern@ SRErY
(step 1526) and theade at step 2224 to determine whether a soft-vent
request has been made (SV_2), and if so, a signal is
10 output to initiate a soft vent chamber purge at step
2226. If the previous chamber is empty, the routine
loops checks the next load step at step 2236. If, at
step 2216, chamber input is enabled, a query at step
2230 determines whether the input door is closed and the
15 routine loops to start via service query 2275. If the
input door is not closed, at step 2232, the input door
is closed. If the input door is closed, then a check to
determine whether the output door is closed at step 2234
occurs. If the output door is closed, then a query is
20 made at step 2240 to determine whether a soft vent of
the chamber is required and if so, at step 2241, the
soft vent is initiated until completed after step 2243
when the vent is enabled at step 2245. If the output
door is not closed, a query is made at step 2236 to
25 determine whether the next pallet is to be loaded. If
the next pallet is not to be loaded, the output door is
closed at step 2238. If the next load is waiting, the
routine returns to step 2210.
If chamber 1 is not empty, as a result of its query
30 at step 2212, a determination is made at step 2242 as to
whether the chamber is full. If the chamber is not
full, the process bit is cleared at step 2244. If the
chamber is full, at step 2246, the process bit is set.
Again, a query is made as to whether the input door is
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-_25 - EXIT OVFR COUNT variable is set at step 1526. 1f the
count of characters is less than 15, the character is checked to see

if it is racter (step 1528) and if so, it i r g@%n t he
vari abl e w%R(step 5 1540). If it is not a n%vﬁéﬁgﬁa er, a
tiser time-out may occur (step 1530) and the routine exits (step
1550) . Once the wvariable is stored in the variable

GET_NEW CHAR, the routine | oops to the APPEND CHARACTER vari abl e or
routine exits. 10 Al 'so shown in Figure 7 is pernissive | oop 720a.
The system permi ssives, as stated above,43are control condi ti ons which

il - iphipiti ' s frombein
o S VoL om EbbeBthES sbpl AUAPL! 8 poc HIPGRSL BRSSO N
apparatus 15 akostep 2850shawauery |ispateOat step @254r a8 tocwhether
fol I owi ng pernmasgote hearsisTeefaitéd] aMiMif ¥,26 Plrge is enabled
at step 2253. TIf the input door is closed, a query is
5 made as to whether the output door is enabled at step
2252. If the output door is enabled, the roughing
routine is turned off at step 2254 and a determination
is made at step 2256 as to whether the next pallet is
ready. If the next pallet is ready, the output door is
10 opened at step 2258. If the next pallet is not ready,
the routine loops back to step 2210. If, at step 2252,
the output door is not enabled, a decision is made at
step 2260 to determine whether the output door is
closed. If the output door is closed at step 2260, a
15 test to determine whether a soft rough pumpdown of the
chamber is required at step 2262. If a soft. rough is
required, a soft rough is initiated at step 2261, and
continues until done at step 2263. If the soft rough is.
not required at step 2262, or when done at step 2263,
20 roughing of the chamber is invoked at step 2265. If the
output door is not closed at step 2260, at step 2264, a
query as to whether a next pallet is available for
loading is made. If so, the system loops back to step
2210. If the next pallet is not available for loading
25 at step 2264, at 2266, the output door is closed. Thus,
in this manner, the load lock in chamber 1 is controlled
relative to the sensing of the pallet at the input and
the output doors.
Control of chamber 2 by the routine represented at
3o block 862 (PROC-2) as shown in Figure 8 is conducted in
a similar manner.
The routine controlling chamber 4 (PROC-4), shown
at block 864, controls a soak heating process in chamber
4. The soak heater process step comprises allowing the




val ve perm ssives; nechani cal punp punp control per m ssi ves; poly-cold

conpressor control perm ssives,._. pol y-col d fluid control

perm ssi ves; pol y-col d 20 defrosting control perm ssives; turbo-punp
foreline ié%ﬁﬁgernissives; t urbo- punp punp control per rgs ;

t ur bo- punp nit ontrol perm ssives; and vacuum condition

perm ssi ves. It should be noted that the particul ar perm ssive | oops
used by each processor will 25 vary dependi ng upon which section of
apparatus 100, and hence whi ch specific hardware, that processor
control s. An exanpl e of one of the pernissive | oops, the

turbo punp control perm ssive |oop 1600, shiof# perm ssive | oop

bl ock 750a, is shown Fi n S of
deci si on faul bl ooRatlet €6 (el 33F %%3@*%%%5 EpiBRSE 13 Phadyt Hd

and 1690, whi cfiremtther beatingnelements | for a prefstesmingd periqéques
for the turbo punpstiﬁ@nperature (1610), punp faults (1620), alarns
éég?BQQGrggsggfallure (¥ﬁ$0%£ f process for 2k4 963% ({PROC-4) is shown

5 in Figure 23. After initialization at step 2302, the
routine allows for an auto (2503), manual (2305) or
service mode (2309) operation. In auto mode, the status
of the chamber is read from the status table shown in
Figure 5 at step 2304. A query is then made to

10 determine whether a pallet is present in the chamber at
step 2306. If a pallet is present, the soak timer is
set at step 2308, the soak heating is begun at step
2310, and a flag is set at step 2312. The PROC-4
routine at step 2314 maintains FLAG 1 at step 2312 until

15 the heat timer has completed and the pallet proceeding
through the system during a given process is heated to
the process temperature as a result of the timed
exposure in the chamber. Once completed at step 2314
the loop returns to the manual query step 2370 and, if

20 in auto mode, returns via steps 2309 and 2303 to a
status read at step 2304.

If a pallet is not present in the system at step
2306, at step 2320, the status of the timer is queried.
If the timer is complete, at step 2322, the soak heating

25 ends, the output door chamber 20 of chamber 3 is closed
at step 2324, and FLAG 2 is set at step 2326. When this
routine is complete, if in auto mode the routine returns
to step 2304 via steps 2309 and 2303 which will be
false. Step 2330 checks for door closure sensors, and

30 if the doors are closed, the gas valves controlling the
process gases used in apparatus 100 are opened, the gas
set point table is set at step 2334, and FLAG 3 is set
at step 2336. At step 2340, a query is made to
determine whether chamber 4 is empty. If chamber 4 is



- 26 - failure (1650), global permssives (1660), punp

acceleration (1670), vacuum (1680), and a service exit (1690) Fach
decision fault block is simlar in that t he perm ssive variables for
each fault_are s based 5 upon a query to the confi gurgti ) able for
the fault w095195$5ti nterest. For exanple, step 1611 in IooW?’?a

query to variable TP_CFG 01 (turbo-punp configuration 01) in an
integer table initialized on start-up of the control system which
cont ai ns one conponent of the 10 status of the turbo punp. Pointers to
the turbo punp configuration table, which initializes values in each
variable (for exanple TB _CPG 01 at 161I)4§ré est abl i shed at system

initialization. An e Ci Sl Psol , [ y
setting 15 ane??ﬁ¥ﬁzﬁhetgﬁgggétﬂﬁéé%%hé% 5?33QF%§§m&$L$%§p §ﬁ9§¥%§P

1609. At deed3RQ.ofheppyskemiguaries (whetherhsd ppliipt is presgntyumiti on
variable TP_CFrGRd bystien)i 28daid nb Pallet is | &fad 0 true,

he d { t step. 1612 | #%Tér%i?a%ﬁlvrhp d the
e oLt SPer Skl Sk SChiag de Bhtst B Shen 4T s PSR
Routine 161 wareguested capdetibnsdy foppehgatr bamercfis set B3l mted
TP_CFG 01 is nojajgle, aRtgidpe 2334 16t NR1tY6R0zat ion PHFTLRE Sihed AT Ve
(SET—TP—lNACTlvggébled. a true result at step 2352 initializes the door
open 3 variable at step 2354, and exits at step 2356.
If initialization fails at step 2352, a time-out step

10 2358 will return the routine to the connection point
after clearing the preheat set at step 2362. Finally,
at step 2360, the chamber 3 open sensors are queried to
determine whether chamber 3’s doors are open. At this
point, the routine checks the integer table data to

15 determmine whether the door open and door closed sensors
are active, and whether the input and output sensors on
chamber 4 (SEN_INP, SEN OUT) are active. If so, the
routine exits, if not, the routine returns back to step
2304 if in automatic mode.

20 If a manual mode operation is selected (step 2305),
the routine proceeds to step 2307 where, if no pallet is
detected in the chamber, a status read is conducted at
step 2404, and the process steps described above are
implemented. If no pallet is present in the chamber at

25 step 2307, the routine proceeds to step 2370 which again
checks to determine whether manual operation is desired.
If manual operation is desired at step 2370, another
pallet check is made at step 2372, and, if no pallet is
present in the chamber, at step 2374 a test is made to

30 determine whether the routine is in a test mode. If the
routine is in a test mode, the chamber 3 output door bit
is set to closed at step 2376. If the routine is not in
a test mode, at step 2378, a test to determine whether
the gas backfill has been prepared in the apparatus 100



Sim|ar operations are perfornmed at routines 1620, 25 1630, 1640, 1650,

1660, 1670, 1680, and 1690. Loop 1620 queries and sets the turbo punp
faalts (TP_FAULT) and fault perm ssive (TP_FAULT_PERM SSI VE); | oop
1630 queries and sets the turbo punp alarns (TP ALARM; 37 1640
queries and YRPBE o ater flow alarns 30 (TP Herr] O 91378%op
1650 sets the idle alarns; | oop 1660 checks the gl obal perm ssive
states; |oop 1670 checks the turbo punp accel erati on paraneters; and
| oop 1680 checks the vacuum al arns on the turbo punps. Loop 1690
WD 96/ 29635 PCT/ US96/ 03729

C - 27 - is a service | oop which is acte$8ed via deci sion bl ock
1656, 't oM B DL b O"Ge Ol 508980 Kbt 'rddly, "G step

2384, a check is made to see whether the test to the

system is to be terminated and if so, the gas is shut

down at step 2386. If the gas is ready, the gas status

5 bit is set to ON at step 2380, and the heater setpoints

are set at step 2382. The routine loops back to step

2309 and the auto/manual /service loop comprised of steps
2303, 2305, and 2309.

In Figure 8, the magnetic sputter chamber pre-

10 heater control process (PROC 9) is shown at block 890.
Process 9 at block 890 is utilized to pre-heat a pallet,
prior to magnetic layer deposition, with the pallet
continuing in motion between chambers 8 through 10.
Thus, PROC-9 routine sets the heaters to a high power

i5 set-point for a period of time while the substrate is in
the chamber, and sets the heaters to a low power set-
point as the pallet moves through the chamber, to ensure
even heating. The PROC-9 process control enables a low
power heater routine 892 and a high power heater

20 routine 894b, which are enabled by a heater command
control 896b functioning with a heater communication
control 898b.

Briefly, heater controller 890 interprets the
heater low power 892b and high power 894 commands

25 through the heater communication control. Heater
command controller 896 ensures that the setpoints in
blocks 892b and 894b have been reached by checking the
heating setpoints against known heating times and the
outputs of hardware heat sensors.

30 Also shown in Figure 8 are pallet tracker 870 and
bar code communications control 872 routine blocks. In
conjunction with apparatus 100, each pallet may be
utilized repeatedly to carry substrates through
apparatus 100 and a number of pallets will be in use at



art that simlar perm ssive routines may be utilized by 5 t he ot her

processors utilized in the present invention to control depositiaon
apparatus 100. Returning to Figure 7, an input-output (I/0)
scanner 75988%%8 a node control block 725 which % system
operator t automated run node 10 730, manual run node , or
servi ce node 734. In general, |/O scanner 750a scans nultiple
bri cks of I/Oinformation generated by the various hardware
conponents of the system and processes comrand requests to the

har dware. The 1/ 0O scanner 750a triggers an error 15 timer 776 which is
coupled to an alarm nonitor bl ock -70,- including a node error scanner

772, whi ch checks for co nd,errors in reguest Ienent aut o
mode 730a a'“ﬁ’aﬁag?nnﬁ{i? ABome in process, .s ﬁﬂ%?"%@%a errors
are detected, thednguumlpaded; handrsunetomemn torapka |50 Yan e!laaaetsoni tor
770. Al arm nonigjeRje &M*&ﬁhﬁer 1 tfoorcrﬁ.ﬁbﬂiszbnanhhﬁr@%%?:‘ﬁéh RTDS for

external al arns circulation or a violation Q
or i Sai ve! t NEHREEREONAoERR FEbEER | SRR S0 or Kepeated,yae o
failure or5violtie orpalletsyl oatimer nthei vdepasxtionlr bprpoepsf omé.[l.ilne

val ues for posi t Lo - 'ﬂ\‘}.l r t ur bo
punps for an eﬁe‘ﬁ?ﬁrﬂ% Catls@ boPuila 1|1€ c’:sjvat er 1"E::l*%ricu asttl éiﬁ;&?;iaul t,
ﬂ\gﬂ@& gharack fo

ar m
accel erations fEagmeelyes:, 9‘%‘&84‘%

perm ssive | oclpametarxfudtetdwamm:qms:ﬂ iprocesss aunsQ Thesel ahamdes Once
the error is d t% t&ﬁrﬁéﬂd&dof for iWevg*q_gtg_gngar q_\gar esys%eﬁlaved and

node error scanner ) .
10 processing (such as heating temperature and time

changes, and transport speed changes); after a number of
uses, the pallet may be cleaned and refurbished. In
order to track the usage of each specific pallet in the
system, each pallet may be provided with a bar code,
15 identification number and a bar code scanner (not shown)
is provided to read the bar code in a fashion well known
to one of average skill in the art. The control system
of the present invention can maintain data on each of
the particular pallets in use based on the pallet’s bar
20 code identification number, and make minor adjustments
to the system’s operating parameters to compensate for
minor changes in the pallet throughout the pallet’s
useful lifetime. The bar code communication control 872
interprets the bar code read commands and provides bar
25 code ID’s to pallet tracker control 870. Pallet tracker
control 870 reads the bar code, determinhes the number of

uses which the pallet has made, and records the uses.
Figure 8 also shows a "ready"” transport system
block 866b which enables the chamber transport control
30 loops 870 and the transport position correction loops
872. As noted, the hardware components of the transport
system include a number of transport stages, each having
a motor which powers substrate movement at each stage.
In the control system of the present invention, the



checks for errors in each node set-up, and enables auto node testing

routine 774. If a node error is detected, an alarmis generated by

al arm noni tor 770. WD 96/ 29635

PCT/ US96/ 03729 - 28 - in
function handlgcf’ﬂ\}“ﬂ?ocessor A is vacuum preparation of ’Fﬁ’é’%@?‘g?n

100. Auto vacuum preparation can be accessed through either an
automatic or manually enabl ed manner via routines 730, 732,

respectively, 5 shown in block 733. Auto vacuum preparation bl ock 733
~includes routines which control high vacuum rrechanl cal punp isol ation
~closure, high vacuum nechani cal punp A8r 6| nodul es, high vacuum

rechantcal burp 1 SOLlLG0 e VEHUC SO0 QU oL ISR kg b P
motors, an "input" motor and an. "output" motor. It
should be understood, however, that a single motor per
stage is in use and this arbitrary logical division is

5 purely a design choice.
Ready transport control routine 880 determines
whether a position correction is required for pallets in
a given chamber, and for pallets moving in other
chambers at the same time. A transport control test 868
10 is first made to determine whether transport of a pallet
in the system is OK. If correctiomn is reguired in
chamber N, the position of pallets moving elsewhere in
apparatus 100 may also be affected. Transport control
routine 860 checks chambers N+l, N-1 and N-2 and selects
15 between the ' chamber 1-4 position control routines
represented at block 870, and the correction location
control routines shown at block 892 are invoked.
A typical transfer routine (such as those present
in block 872) is shown in Figure 24, in this case for
20 chamber 1. After initialization at step 2402, a check
to see if a service exit is desired at step 2405, and a
read of the configuration table at step 2403, a
determination is made at step 2404 as to whether a stop-
bit on the motors has been enabled. If a stop-bit has
25 not been enabled, the load-in condition at step 2406 is
not checked since the input motor for the chamber will
already be on. Steps 2408 and 2410 govern setting and
clearing of the WAIT-IN flag at steps 2415-2420,
respectively, based upon whether the chamber
30 configuration is static, adjacent or dynamic. At step
2406, if a load-in condition is not detected,
determination is made as to whether the chamber is a
static chamber (step 2408) and if so, then if the
chamber is empty, (i.e., the input, midpoint, and output



control (1700 shown in Figure 17). Figure 17 represents the start

t ur bo- punp, _punp control (START H VAC TP_PC CONTRQL) loop found in
bl ock 733. Wth reference to Figure 17, after initialization 15 at

step 1702, _.the turbo punp poly-cold index bI ock (tp_pc. IS, set
equal to oﬁom 1710).. At block 1712, a test of W@"ﬁ’e turbo

punps have been configured is made, and if the turbo punps do need to
be configured, the turbo punp punp-control index is 20 i ncrenment ed
at block 1718 (at block 1790). |If the turbo punps require
configuring, a request is nade at bl ock 1714 to start the turbo punp
(TP_PC REQT). At block 1716 the-r&ttne waits for a response, and at
bl ock 1719, the routi ne ch gp&/ntilher t he i ncrement courlé[is 25

| ess than or edfifRqr$ A¥e fal RdeRtpPUt Jptqr, sensor) ig Ofy.ock

1720, and a serti@waﬁ.tpﬂn'pﬂmfﬂsgueatabmtep 24&Beck1;f'tshérm1mmbeﬁr is

fprellmnary ge | gefiifd O t C 2 | f
~configuration :}?@s neéce;gstgréy, 24[)‘18' %%‘;ﬁ %E é%AfBM&er%ff

~ deternmines 30 adjaqent  ghaweetinp &hea| chypeer is) fempty: gad
statready ®ari ailvading)c therwaid- ﬁhl ﬁmkg 1¥®0gettnd ITthethe chan®eli der ation

X 1 e SR SA1BLRE o "SPHamdd, Yien ontyCERL! SHpR ' AbhddBha' oI NS

midpoint sensors must be vacant for the wait-in flag to

be set at step 2419. .Once the wait-in flags are set,

the load-in conditions 1 and 2 are set at steps 2430 and

10 2432, respectively, for a WAIT IN or LOAD at the current

chamber, and a WAIT OUT or unload of the previous
chamber.

At step 2433, if the 1load conditions are

established, at steps 2434 and 2436, the configuration

18 of the chamber is checked to determine whether an input

door is present. If the query at step 2438 is false,

the input motor in the chamber is turned on at step

2440. If not, after a check for an OFF condition of the

input motor at step 2441, each sensor input stage is

20 queried at steps 2442, 2444, 2446, and 2448 until the

pallet enters the chamber and the motor is shut off at

step 2450, and the routine checks the status of the

unioad bit at step 2455. The routine then runs through

an unload sequence, beginning at step 2460. If an

25 unload condition is not present, as determined at step

2460, steps 2462 through 2468 determine whether there is

a waiting pallet at the output of all chambers (step

2462) or dynamic chamber S5 (step 2464) to set the wait

out flag, and set unload conditions 1 and 2 at steps

30 2470 and 2472. If unload condition 1 (a pallet waiting

at the current chamber output)} and condition 2 (a pallet

loading into the next chamber) are true, in a manner

similar to steps 2434 through 2450, the configuration is

checked at steps 2474-2478, an unload check made at step
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of- the turbo punps.

det er m ne

PCT/ US96/ 03729

1770 returns to step 1720 to continue the status queries

A check is made at step 1726 (STAT_1) to

i f an _external punp alarm was generated. A qu

at step 1730

fault is nade at bl ock 1728. A

1736 (STAT_7)

made

, 3") for an idle fault. A check fora 1l ow water

and for the global perm ssive is made at bl ock 1728

foreline pressure check is made at step

("STATUS_8"). 10 _ If step 1780 indicates that the turbo punps are
ready, the tpindex is set equal to 1 (step 1782). Step 1784 checks
once agai n whether the turbo punp is ready,50 - and if so, the punp number

is incremented at ste 86 and the index.is.increnented st g
1788. Step 1790 1548 hg&%??tid‘%eﬁbe@r %%’B‘H“Fr’]t HOtOR)ax AL BED 12%25'2%% and
1794 ame 1898temable wiot aim omex cOFBt apandiftion, ame unload

steps 1792,
punps.

10

15

20

25

30

RESS 1t b THEK 3% MmadeS t3 Wt B Wheh e iditput
gsensor is off at step 2483. If this condition is true,
at step 2484, the "output" motor will be turned off; if
not, the wait out bit is cleared. At the end of the
unload loop, the motor status will be recorded at step
2489. If the motors are in fact off, as determined at
step 2490, the bits will be reset at steps 2491. If
both logical motors are on (step 2492), bits 1 and 4 are
set (step 2493). The routine will exit to chamber 2.
If both logical motors are not on (2492 is false), a
load check is made at step 2494 and the load bit set
accordingly.

The routines controlling pallet movement shown in
block 872 and in other chambers of the system are
similar to that shown in Figure 24 for chamber 1.

The correct location routines represented at 872 in
Figure 8 are implemented if ready transport control 868b
determines that the pallets in apparatus 100 are out of
position.

Figure 25 shows an example of one of the correct
location routines 2500 represented in block 892, for
chamber no. 1. Correct location routine 2500 is similar
to the chamber 1 transport routine 2400 shown in Figure
24. After initialization of step 2502, the
configuration bits are read at step 2504 and if a stop
bit is present at step 2506, the motors are shut off at
steps 2508 and 2510. If a stop bit is not present, the
routine checks the status of whether the chamber is in
a load-in mode at step 2512 and if so, load condition 1
and load condition 2 are retrieved at steps 2514 and
2516. This requires that the present chamber be in a
wait-in or LOAD state, and a wait-out or LOAD state is



node 734 is al so provided which disables vacuum 20 preparation of the

system and allows selective shut-down of punping in individual ...
chanbers (assum ng chanber isolation is achi eved) Uilities
routi nes, shown in block 760, represent control routia6seds ted to
specific fHAPBIS and thus 25 different routines, are assigned to each
processor. As shown in block 760, the routines available to processor
A may be utilized to close all turbo punp foreline val ves, open the
turbo punp foreline valves, restore the non-vol atil e random access
menory in processor A, start 30 all turbo punps, and stop all turbo
pugps Al so shown in Fi gure‘75é-re an air knife control 792

and return conveyor contro 794. ajr _knife Rasi ed at a

| ocation just BFP8EDto ighk Prf"afm Fem ?O@uegné"?sal"hf‘fé1 %‘bar at us

100 is maint ai sedpi26518 to deté¥midie AMetber the load condition bit is
PCT/ US96/ 037295et. 1f so, the wait-in flag is set and load conditions
1 and 2 are returned at steps 2514 and 2516. If the
5 load condition 1 is false, the logical "input” motor is
turned off at step 2523. If load condition 1 is true
and load condition 2 is true, at steps 2522 and 2524,
the routine then checks for the presence of a pallet at
the current chamber input at step 2526 and at the
10 previous chamber output 'at step 2528. If either
condition at 2526 or 2528 is true, the logical "input"®
motor is shut off. If load condition 1 is true and load
condition 2 is false, and the system is loading, as
checked at step 2530, the midpoint sensor is checked at
15 step 2532, the output sensor is checked at step 2534,
the load conditions are checked at step 2536, until the
load conditions indicate that the pallet is in the
correct position and the input motor is shut off at step
2538. If the system is not loading at step 2530, the
20 input motor is turned on at step 2540. Subsequently,
the unload bit is retrieved and checked at steps 2542
and 2550. The unload control steps following step 2550

are similar to the load steps set forth above.
If an unload condition is determined at step 2550,
25 unload conditions 1 and 2 are set at steps 2570 and
2572, respectively. If an unload condition is not found
at step 2550, a waiting-out condition bit is checked at
step 2564, and the wait-out flags are set and cleared at
steps 2566 and 2568, respectively, based on the result
30 of step 2564. The unload condition is again checked at
step 2574 and if the unload condition returns false, the
logical ®output" motor is turned off. If the unload
condition output is true, the presence of an output door
on the given chamber is checked at steps 2576 and 2578.



- 30 - a clean room environnent, and substrates are | oaded onto

pallets for processing by automated |oad robots in a separ at e,

adj acent cl ean room The air knife is utilized to isolate the
substrate Ioad| area 5 envi ronment and the environnent 729

mai nt ai ned t he appar at us. Ret urn conveyor contro
routine 794 controls t he return conveyor 50 carrying pallets returning
t o chanber 1 after substrates have been renoved fromthe pallets 10
after processing at chanber 20. Communi cations control 740 is
also initialized after power up and constantly controls the

I nteraction between processor A and- BRe- ARCNET systen1 The

conmuni cations control routine initi Z€s a Ilste e 74 d a
tal k modul e 744, 1f s2BOHERYF 9993 i’ Pregt nabu ?/35 41 2§<taéb
conmuni cations tra2$8¢ toddeterminelifitass undicading dddteseocewy. IeI@t&p-of

communications = apl&GH &gasb& eaeess&araé\-h eI Nlofpiebe LRANTHTEAA NS
stream can be broug t attention syst Tal k
nodul e 744 cont r ol SouRkekRd kR iAde at sten S84, Pﬁg]eégoF°A E% {O'%"%%/]st em

: E?r d}/\?re, and ot he‘gutputprmw blu aanetep m.em
pr gsi dga. a'rI]'h:r re(r); o(r: gﬁé%%%#lﬁl Zéé %iap'omﬁtof% o%égésﬁﬁmﬁf%%p may
arise frombad ser&g8.
At step 2590, the status of the motors is checked
again, and if the logical motors are off, bits 1 and 4

10 are re-set at step 2591. If the logical moctors are not
off, the load status is checked at step 2592 and the
loading bit set or cleared depending on the output of
steps 2592, 2593.

Tt should be readily recognized that the flow path

15 of the "unload" steps of correct location are designed
to provide the pallet location correction in the system
relative to the chamber process in a manner similar to
the load condition. Chamber correction routines for
other chambers in the system are similar.

20 Returning to Figure 8, a manual operation mode,
shown at block 732b, allows the system operator to
manually control throttling of the high vacuum valves at
830b, and to manually invcke the heater ramp-up process
for chamber 9 at block 890, the pallet tracker routines

25 870, the control routines processes for chambers 1, 2,
and 4 at blocks 860, 862, and 864, and the transport
control system 866. Where applicable, interaction of
the manual control with loops 890, 870, 2200, 862, 2406
and 2500 has been discussed above.

30 A service mode 734b includes a stop process 842,
allows the system operator to open the high vacuum
valves, turn off the heater power, and the sputtering
gas supply at block 843b, and includes a transport



ports, conmmand send tinme outs, bad table indexes, math overfl ows,

un-real nunbers., divide by zerq errors, and______bus errors
Er.ror handler 748a is flagged when an error is 30 returned by error check

routine 745a. The error is used to flag the failed I | The
routine seV'® g to indicate that a brick has fai *gggg%&?gpond.
The brick is identified by a bit set in the variable BRI CK STATUS

as well as a -1 set in a variable table. WD 96/ 29635
PCT/ US96/ 03729 - 31 - A

RE_ENABLE BRI CK attenpts to re-establish comuni cations with
a brick that was di sabl ed due to a - 53 me-out error. Error handl er 748a

ogs the current o) Fdline BRSNS a1ldh fof movehohld of “BRLP'

pallets through the system during the service loop.
A number of utility routines 860 for closing the
high vacuum valves, turning off heater power in chamber
5 9, managing the pallet data, initializing the printer,
dispersing the parameters of the recipe for applying
films to the pallet, restoring the non-volatile random
access memory, securing the system, monitoring the
system, and establishing the auto, manual, or service.

10 modes may also be implemented by processor B.

Figure 9 is a block diagram representing the
control routines executed by processor C to control
processing in apparatus 100 in chambers 5§ through 8. As
utilized in the apparatus 100, chamber 5 is the "pass-

15 by" heater chamber, and chamber 8 is the chrome
deposition chamber. As will be understood by reference
to Figure 8, several of the functional loops which are
used by processor C are equivalent to those used by
processors A and B.

20 One 4distinction of the routines utilized by
processor C relative to processor B is that permissive
loop 720¢ includes additional permissive routines for
the sputtering hardware in chamber 8, including cathode
power supply permissives, and bias power supply

25 permissives. (The bias power supplies are utiliged to
provide an AC bias to the pallets carrying the
substrates during deposition. The process whereby an AC
bias is provided to a pallet moving through an apparatus
in accordance with the present invention is described in

30 PCT Publication No. PCT/USS2/00722.

As shown at block 980, the automatic mode
initialized step 980 includes not only the heater timer
set step, the heater low power set routine and the high
vacuum valve throttle routines (which are utilized in




5 "CURRENT_ERROR MESSAGE" and in a brick error table. Figure 8
I's an_overview flow di agram of the control routines generally executed
by *pr ocessor B. Processor B controls the processing of substrates

i n chanbers 1 4. Chanbers 1 through 4 conprise, 10 ly,
| oad | ock char?% Pgw"buffer chanmber 2, et chi ng chanber 3, angﬁﬁbﬁg
hedt er chanber 4. Processor B al so controls the heater set-up of a
pre-heating process in chanber 9, prior to the nmagnetic sputtering
chanber. 15 After power up of the control systemat block 702b,

initialization routine 705b restores the non volatlle menory,
vari abl es, pointers and error tabl es. As shotth |n Figures 8-13, the

processors use sim]lar r gut,i_n the |f|c whi

not be described 2&%9Y s& t | |“h§P‘é“'H “\/\%é‘lbb‘ @i F\Aﬁ@%’?‘(? roI
bl ocks exist, |iRReow pbwernodtialisation mtiaeeand a spmmwgﬂngt gase
figures, with the @%ﬁﬁﬂiﬁi&a&ﬂﬁﬁ'fkﬁutine 'ettehﬂ@&anaaatiaa CBEBﬁ'”Qeo

accordingly. As su

|
to those in 25  Fidfrivares procedaingOBtepn, $25° thid, rither grpgegs; dn |

comuni cation 8§ chamibyenr! 5440 step mm,g anctehamrl aeaE4§hepna7oaI as
routi ne 744b, whic e b nt 2 o] elgendor!
with respect to thg'e} r%%e?g%r ﬁ%d f; as 30 ec'r eadi | §‘é‘rfgctosgnl zed by

one of average ski [foutdnes att?@"ar i Gon??%‘bﬁé’dl tsasﬁpe"i‘ tHFAEPOLLO t o
and from t he meatwdls dygremcats@66c, all being equivalent to those

set forth with respect to Figure 8 and processor B, but
10 with minor variations to accommodate chambers 5 through
8.

Figure 26 shows the process control routine 990
used to control processing in chamber § of the apparatus
of the present invention. Chamber 5 is the "pass-by"

15 heater chamber which completes heating of pallets
exiting soak heater chamber 4, and is designed to heat
pallets as they move through the chamber. After an auto
mode check at step 2603, at initialization 2602, routine
990 starts at block 2604 and proceeds with a check to

20 see if the chamber doors are closed at step 2608. If
the doors are closed, the gas delay is set at step 2610
and the entrance door to chamber 5 is opened at step
2612. If the chamber doors are not open, the system
checks to see if a new pallet is being entered into the

25 chamber at step 2614. If a new pallet is being entered,
a process delay is set at step 2616, the pre-heat time
is retrieved from the recipe parameter settings, pre-
heating begins at step 2618, the pre-heat flag is set at
step 2620, and pre-heating of the pallet is completed at

30 loop 2622 until completed. If at step 2614, a new
pallet is not being entered into the chamber, the system
checks at step 2624 to determine whether the pallet has
passed the door input to chamber 5. If the pallet has
passed this step, the input door is closed at step 2626.



One routine not utilized by processor Ais a sensor scanner 820b.

Scanner_820b is required for processor B WD .96/ 29635
PCT/ US96/ 03729 - 32 - to interact

Wi th substrate position sensors in each chanber to 2;ontrol
syst em andVQ #2935t em operator to optinize substrate processing. As
disscussed ~above, each chanber includes three sensors, at the input 5
(INP), mdpoint (MD) and output (OUT) of the chanber. Figure 18
shows the sensor scanner routine utilized by processor B. Simlar
routi nes are used by processors B-E, although for different chanbers.
The i nput sensor I s positioned C|tﬁ§§tT)the | nput door, with respect

L) e’ e oo 8RS ok 5L aTB5) onbl 8 SUAT¥ae! ¥ o parilE™
is found in the system as a result of the query at step
2628. If the pallet heating time is complete at step
2630, the heaters are set to idle at step 2632, the pre-

5 heat flag is cleared at step 2634 and the process waits
for the next pallet by returning to the start at step
2604. If the preheat time has not completed at step
2630, a step query is made at 2865 and if true, the
routine moves to an incremental step passby heat

10 process, similar to the routine shown in Figure 26. The
step heat process allows incremental power levels of the
heaters of chamber 5. If not, the process returns to
step 2608.

If a manual mode is selected, the result of step

15 2603 will be false, and a manual mode check will be made
at step 2640. If manuval mode is selected, at step 2642,
a determination will be made whether output door 3 is
closed at step 2642. If door 3 is closed, the gas delay
will be initiated at step 2646, and the input door of

20 chamber 5 will be opened at step 2648. The routine will
return to step 2603 via service query block 2660. If
the output door of chamber 3 is not closed at step 2642,
the result of query at step 2644 will be true, and the
input door of chamwber 5 will be closed at step 2650.

25 Shown in Figure 27 is process routine 2700 for
chamber 8, used in apparatus 100 to deposit a chrome
layer onto substrates. Routine 2700 is a timing loop
for activating and deactivating the sputtering cathodes
to a high power mode when a pallet is passing through

30 chamber 8. At process initialization at step 2702, the
position of a pallet in chamber 7 is queried at step
2704. If a pallet is present in chamber 7, a first
high-power timer is set at step 2706, and the high-power
gsetting of the power supplies coupled to cathodes A and




between the input and the output, and the output sensor I s positioned
at the exit door of the chanber. Prior to scanni ng the chanbers, the
scdnner routine priority is 15 set at step 1810. As shown in Figure 18,
sensor scanner 820b scans the sensors in chanbers 1, 2, t

st eps 1811-18fH9’W§§ﬁ%ctively. Each scanning step 1811- %%qﬁggﬂﬁﬁgises
reading a brick of data to determne if the state of the input,

m dpoi nt, and out put sensors 20 have changed. |If any of the input sensor
val ues have not changed (block 1820), a tinmer for the patlet for

each m dpoint sensor is set (set_4 MD) to a two-second duration at
step 1825, and the val ues of the input - S%entsors during this particul ar

scan are saved at gtep 2 1830, .On,the t scan, |f t i_nput_ sensor
val ues have cﬁarﬁg’eo" k 8859 ?‘ngt%%‘fogﬁePtFﬁi Hgoﬁf‘ thTe€S the
mdpoint tiner is papiletdini bh pesikiion @s deatesult iofothe quergSsn. stép the
timer has expired, 29&05tﬁﬁe1§%§on&|€imer £oildatholies EN&nfOH" ifl! gﬂ&hﬁé?

s of the, Tour

sensors in the given,30 ~ chanbers_are set to eqijal t he val ue [
i nput sensor s 8i #8884 a% StEP 2MfnARd thy hHigh-powers sefrppiat bit
four input sensorsigusetcat stefer27Adan are saved at step 1830. If the

fs'tggrlgig not expired, jpegigdt bge! O98S cathoadh Al GRalH AU Ud'Sa 1O
result of the timer having expired or the positions
queries at steps 2704 and 2710 being false, the A and B
setpoints are idled and the power is returned to a low

10 power setpoint at step 2718. The same is true at steps
2720 and 2722 for cathodes C and D. If the CD cathodes
are not idle, a timer checks for a timeocut fault at step
2730, which will set the CD setpoints at idle. A
gervice block exit 2740 is provided.

i5 Like processors A and B, processor C includes a
utilities set 960 of functional routines which allow the
operator to manually set the high power of the cathodes
(CAT_HI POW), set the lower power of the cathodes
(CAT_LO_POW), close the high vacuum valves, disperse the

20 recipe parameters, and set the automatic, manual, and
service modes as shown at functional block 96€0.

Figure 10 shows the control routines processed by
processor D controlling processing in chambers 9-12 of
apparatus 100. The control routines shown in Figure 10

25 for processor D are similar to those shown in Figures 8
and 9 for processors B and C, respectively. Again, the
permigsgsives loop 7204 is slightly different since
processor D is controlling chambers 9 through 12 of the
system, which include the magmetic layer sputtering

30 process in chamber 10, but do not include any heating
process chambers. As a result, there are no heater
permissives in loop 7204 as no control over heaters is
required. Initialization functional block 980 is
somewhat different in that only a 1low power
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- 33_- As will be discussed below,_if an error .is detected

i n* steps 1820, 1825, 1835, and 1840, the failure of the har dwar e
sensor can_be overridden by the control routines, I ystem
oper at or c&'r?ﬂ‘ﬁmj the 5 position of a pallet based upoﬂ“ Re pal | et
shoul d be and overriding the presence of a faulty hardware

sensor. After the initial values have been saved, the

scanning | oop continually scans through the | oop shown 10 in Figure 18 to
check the status of chanbers and substrates passing through the
system A notor permnissives ro8¥ine shown at block 815 is
utilized by processor , B tp co tro paIIet notion in deposj ti

apparatus ~100.initigd ‘H’e MFOB?VHEPI‘F“P%&%Q'I g‘Fher

system perm ssis;na;teu:&ng gaes)fmust b&mutnbdoon, gancérthechight vacanm ons
based on pal | elyaryes kRER!HO LHdbeE1E4Y °Tn HiHEICM pPOCedd ddtit-D1S18Rp AN

control speed for ors operating._t
. for the process in chamber 10, PROC -10, is shown at

5 block 1090. As should be readily recognized, all the
other functional blocks shown in Figure 10 are
equivalent to those in Figures 8 and 9. The process
loop for the magnetic sputtering occurring in chamber 10
is identical to that shown in Figure 27, including the

10 timing for chamber 10 is a function of the position of
the pallet in chamber 7.

Figure 11 is a flow diagram representing control
routines which are processed by processor E to govern
substrate movement and process flow in chambers 13-20.

15 Processor E controls twice as many chambers as
processors B, C, and D, and thus additional routines are
utilized by processor E. For example, two separate
sensor scanner blocks 820e-1 and 820e-2, and two
separate motor permissives blocks 815e-1 and 815e-2 are

20 utilized by processor E. Again, permissives loop 720e
is slightly different than those provided for processors
B, C, and D.

Alarm control loop 770e includes an argon pressure
measurement routine and a gas pressure erxor scanner

25 routine. Again, the routines controlled by processor E
allow the system operator’s choice between automatic,
manual, and service modes. In the automatic mode, the
initialization block 880e initializes the low power of
the sputtering cathodes, turns the gas control valves

30 off, and throttles the high wvacuum wvalves. The
initialization step enables processing loops "PROC-13"
for chamber 13 at step 2800, "PROC-15 CARBON" for carbon
chamber 15 at step 2900, and an exit lock procedure for
charbers 18, 19, and 20 at steps 3000, 3100, and 3200,



pal l ets through the chanbers. The | oad speed nonitor 20 routi ne governs
the load-in speed of pallets into appar at us 100. ~ An1/0O
scanner and door control perm ssives bl ock 750b is provided which

functions in a manner simlar to the I/O scanner used with res eﬁ; to
Processor A TW299%635 501 permissives are utilized to controic'aﬂi’ﬁﬁi\ door

states with respect to substrate processing. Bl ock 750b I ncl udes an
|/ O mapper 828b which maps and stores the | ocation of the state of the
chanber doors, the input, m dpoi nt, and output sensors, and the
open/ cl osed state 30 of the high vacuumval ves state into the

non-vol atil e random access nmenory at -stS# -823b. Processor B
also utilizes an 1/ 0O and perm ssive bl ock 720b,. which inclydes a

reci pe parameter cSPPREEHLFPLY. The LrARSRATE CREERY S6be a#epeigcagée%n

t he hardware of twice tMe Gumd@i3of functional blocks since the chamber

PCT/ US96/ 03729 controllers 870e-1 and 870e-2 are doubled, as are the
location correction controller 872e-1 and 872e-2.

5 Figure 28 shows the process routine for providing
a process isolation buffer chamber by controlling
chamber isolation doors in chamber 13. Chamber 13
comprises a buffer chamber which provides total
isoclation between the pressure status of chambers 1

10 through 12 from chambers 14 through 20. The specific
uses and advantages of such a chamber are described in
co-pending patent application Serial No. 08/311,351.
After initialization at step 2802, initially, a check is
made at step 2801 to determine that the manufacturing

15 process is running. If auto mode is selected (step
2803), the status of the stop and process bit is checked
in step 2804. A first decision step 2805 determines
whether a speed slow-down in the chamber is necessary,.
and if so0, a speed change  occurs at step 2807.

20 Thereafter, step 2806 queries whether a pallet has
arrived in the chamber. If a pallet has arrived at step
2808, the input door to chamber 13 is closed and a query
made at step 2809 as to whether the non-slowdown speed
may be re-initialized. If so, the o0ld speed is returned

25 at step 2811, and if not, the flags are cleared at step
2813. If no pallet has arrived, step 2810 determines
whether the chamber doors are closed, and if the doors
are closed, the gas flow to the chamber is set at step
2812 and the stabilization timer is initialized at step

30 2814. If the doors are not closed, a pallet may be
ready to exit the chamber at step 2816. If this is
true, the output chamber door is opened at step 2818 and
the chamber 14 output door is opened and the chamber
flag cleared.



- 34 - apparatus 100 used in preparing substrates in the first

four chanbers of_the system a systemnonitaor routine,;
reuti ne B24b whi ch enabl es an i nput - out put error

an_error . check

handl er | oop 830

whi ch accepts I/g error 5 signals 832 and functions in

equi val ent

7
val routi nes 745a and 748a in processor A vacuun13alve
per m ssives routi nes 826b which enable a heater comrand

controll er

816b and heater communi cation control]er 828b, and vacuum gauge
condition conmand controller 712b 10 and VGC conmuni cations control 714b;
a | oad speed nmonitor routine which acts as a permi ssive with respect

to the transport speeds of chanber 1; -aR8 pernlsS|ves

routi nes for the

roughi ng val ves, vep val i.gh vacuu | ve

Al'so included is }a ke :’\(i\?f‘ hB‘Ptrﬁ&ﬁg‘g exit s"&ﬁ %ﬁm;%e ocess
test 828 to deseepn Bam,hqube'd.eshuhetherswoidngammplheamviquo Ried in
champer 9, Ratiber 14 af.»&dtaobae%fcﬂﬁﬁeaakbeboaw Qr ﬂaqm;%% ti@n of the
magneti c f|In1 ayer [ f not, cha heat 5 Ssi ves

di sabl e heat er%&mmbe abber 19" éP'sggﬁ gﬁ \‘Fagg niuer?i%%t er

perm ssi ves areiaeabbndthedpalleteid<quqniedeas Bbep zsﬁmlocxf8ﬁhereo

control the he el

choi ce
node 734b.

10

15

20

25

. 30

ween tﬁe aut o rode . manua
determine whether a trigger should be set, and

the trigger is set at step 2846. If no cooling is to be
used at step 2840, the clear_stop bit at chamber 14 bit
is set at step 2849, and the routine proceeds to step
2820. If no trigger is to be set at step 2844, a query
is made as to whether the pallet should be stopped at
step 2845. If the pallet should be stopped, the stop
bit at chamber 14 is set at step 2847. If cooling is to
occur (step 2840=TRUB) and the timer is to be
initialized in chamber 14, at step 2848, the routine
queries whether the pallet is in chamber 13, and if so,
at step 2850, queries whether the output door for
chamber 13 is open. If the output door is open, the
chamber 14 stop bit is cleared at step 2852. If the
output door to chamber 13 is not open, a calculation
window is checked at step 2854, and if the window is OK
at step 2856, the stop at chamber 14 is cleared at step
2849. If the window is not OK, at step 2858 a chamber
14 dwell fault is initiated.

At step 2820 a check is made to determine whether
the pallet has cleared chamber 13. If the pallet has
cleared the chamber at step 2820, the output door is
closed (step 2822) and if there is no pallet in the
chamber as queried at step 2824, the output door is also
closed at step 2822. A second door guery is made at
step 2826, and if the doors are in fact closed, the gas
flow out bit is set at step 2828, and the timer for gas
flow is set at step 2830. If the chamber is empty as a

"lae%ha”Qer ck h"‘h%%éoakr% 558214'0:\!6 a

node ferV|ce 25



Perm ssive |oop 720b initializes the error scan timer 776b, which

provides an error tinme out _for perm ssives 720b. A tinmer expiration
inftializes the al arm noni tor bl ock 770b, which includes a node error
30 scanner 772b ower supply error scanner, door error USRAMRS"
not or and senéﬂp’gﬁﬁﬁg scanner, and heater error scanner.rCT SHS In
t he aut omat ed processi ng node 730Db, initialization step 880b

i ncludes routines for setting WO 96/ 29635

PCT/ US96/ 03729 - 35 - t he heater
enabl e switches, enabling the heaters at |ow power, and throttling the
hi gh vacuum val ves. “Initialization stép‘%SUb begi ns the transport
monitor ini i g gqh of Ang' §ReBPZhe P FIRINEL C18PE ! BbbEY1s

opened at steps 2831 and the process re-set at step
2836. A check is made at step 2838 for a second pallet.
If the chamber is not empty, and no second pallet is

5 approaching the system, the result of the decision step
at step 2838 will return the loop to step 2860-2.

If a manual operation mode is selected, block 2803
will be false and block 2860-1 will be true. At block
2861, a test will be made to determine whether a pallet

10 is present in chamber 13. If there is a pallet in
chamber 13, the stop in process bit is checked at step
2804 and the routine proceeds through' the above-
described steps. If no pallet is present in chamber 13,
a second test for a manual operation mode is made at
15 step 2860-2 and if manual operation mode is in fact
desired, a second pallet check is made at step .2862. 1If
no pallet is present in the chamber, a test at step 2864
determines whether the testing sequence is on. If the
testing sequence is on, the input door to chamber 13 is
20 closed at step 2866. If the testing sequence is not on,
a check to determine whether both doors of chamber 13
are closed is made at step 2868. If both doors are
closed, the input gas is set at step 2870 and the timer
for the input gas is set at step 2872. If both doors
25 are not closed a check is made to determine whether the
pallet is ready to exit chamber 13 at step 2874. If so,
at step 2876, the output door to chamber 13 is opened.
If the pallet is not ready to exit chamber 13, a query
as to whether the system test is off is made at step
30 2878. If the test is completed, the output door to
chamber 13 is closed at step 2880. If the test is not
completed, a second check to determine whether the doors
are closed is made at step 2882 and if so, a gas release
is set at step 2883 and a timer to implement the cutput



5 heater control process (PROC 9) 890, a pallet tracking controller
870 in comunication with the bar code _communi cat i ons controller 872,
process | oops 860, 862, and 864, controlling novenent of the
substrates_through chanbers 1-4, and a transport coq?ﬁﬁth&WQQGb. 10
A uni que e of the control systemof the present 1Tnvention is the
| ncorporation of a substrate position detection system which all ows
for hardware faults in the substrate position sensors, thus allow ng

t he bal ance of the control systemto continue operation 15 until a
convenient tinme for repair of the hardware is established. This
feature is represented in Figures 8- ~ 61 11 as the transport nonitor

trol | 8 885h, Fi trol
Coops (884b, cabnthe 6aS 18 e, ar gd3slk, oz, B8R NooRg Rl A 1O
si mul t aneousl yc]ZﬁBedran steme2paR) e@ pohEGkoriS made &OcoiRterING], t he
other time-basgge an 3§n£9df§ f@aﬁﬂﬂ ﬂdi:oﬁﬁx &%ﬁﬂt palle@%@,sﬂéﬁ?

position of the 8? eterm ne r €] ati he_ val ues_provi ded
by encoders ned88%+ ng ﬁfot%ﬂ'l ofhapber 138, nP’t“énQBBFF ?F&ﬂ‘earﬁ)t R 6 whi ch
an encodersis 2886. coupl ed. In the tinmer-based | oops 885b, 886b, the

posi Ui on of the palietodey dgbe! hretledid Sl sl vo dereBhbib dmginpeed o

the pallet relative

not ar s. |t should be
under st ood t ha® ©0ld garheR RLQAGeSH v&ﬁnd&%@egu{ipa Pgsggveﬁgepm %8 control
30 syst em of chixtbér asent Thig erilloenable cooling panedb| stidbized inml | ow

]? ginf iupged oper gl L ile0f L2RBHE! 4G 1\t ed? (B £V&Sa carbofif pRob@ss Ve ©
10 desired at step 2895, a test is made at step 2897 to
determine whether the switch is on. If the switch is
OK, the cold carbon process is initiated at step 2898.
If not, at step 2896, the switch is aborted.
A service loop is accessible at step 2890. Before
15 a service exit at step 2892, the system checks at step
2891 to determine whether a speed swap was enabled by
routine 2800, and the speed is restored at step 2893 if
the speed swap occurred.
Figure 29 shows a flow diagram of the control
20 routine for the processing in chamber 15, initialized in
apparatus to deposit a carbon overcoat layer on a disk
substrate.
After initialization at step 2902, and the running
query loop represented by steps 2905 and 2907, the
25 status of the carbon chamber is retrieved at step 2904.
A query is made to determine if a pallet is to be loaded
intoc the chamber at step 2906. If a pallet is to be
loaded, a load flag is set at step 2908 and the routine
loops back to the status check step 2904. If no load is
30 to be made, a query is made at step 2910 to ensure the
load is empty, and the load flag cleared at step 2912.
If the number of pallets moving into the chamber is
greater than 1, as tested at step 2913, and the power
supplies coupled to the carbon cathodes are not on high




As shown in Figure 8 two transport nonitor and soft sensor routines,

one encoder-based, the other ... WO 96/ 29635

PCT/ US96/ 03729 - 36 - timer-based,
are used to track override, in sone i nst ances, the ?l?n} 7@‘ a
pallet in the‘@VEpgﬁg relative to the hardware position SOrs.
However, it shoul d be understood that either systemcould be used 5
al one. Transport nonitor routines 883b, 885b check each of

the motors controlling the notion in individual chanbers 1 through 4
to nonitor for problens. The transport nonitor checks the | oad
sequence in a series of four | oad step§2 and determ nes whether a

propemwi th each o oyer (4 tvéﬁ“basluqm Yhe' 21BRCRERE PESEo RN AR S
steps 2916 and 2918. If step 2914 is false or after the
high power setpoints of cathodes C and D are set, a test
to determine whether a negative load 2930 count was

5 returned, and if so, a minimum count is set at step
2932. (A pallet count is maintained when each pallet is
loaded into the system; steps 2930, 2932 act as a fail-
safe in the event pallets are removed from the system
manually and the counter does not reflect an accurate

10 count of actual pallets in the system.) If no pallet is
present, the result of step 2920 will be true and step
2922 will set the cathode supplies to low power at steps
2924 and 2926. The system then loops to a service exit
at steps 2940, 2942 and a next ready step loop at steps
15 2944 and 2946.
Figures 30, 31, and 32 show flow diagrams of the
control routines for the exit buffer chambers 18 and 19,
and the exit lock in chamber 20. As shown in Figure 20,
the exit buffer process begins upon initialization at
20 step 3002 with a determination of whether an auto mode
is run at step 3020. If so, a query of whether the
chamber is empty is made at step 3006. If a chamber is
not empty, it means a pallet has arrived in the chamber
and this is detected at step 3010. In either case, if
25 the pallet has arrived, the input door is closed at step
3008. If a pallet has not arrived, a check is made to
determine whether the pallet has cleared the chamber at
step 3012, If a pallet has cleared the chamber, the
input door to the chamber is opened at step 3014. If
30 not, the routine proceeds to the next ready query 3040
and start 3042.
A manual mode is provided at step 3022 which first
initiates a query to determine whether a pallet is
present in the chamber at step 3024. If no pallet is



of notion has been conpleted within a given tinme w ndow or encoder
relationship. If not. a notor problemfault is generated.—Fhe—
transport nonitor can also start the 15 software position sensor override

routi nes 884b 6b (hereafter "soft sensor routine Sof t
sensor coMPY2PBuLi nes 884b, 886b will be descri be?&ﬂu 9“?:gf”erence to
Ficgures 19A-B t hrough 21A-B. In conjunction with the sensor scanner
820, the soft 20 sensor routines allow for the systemoperator to
override mechanical failures in the hardware position sensors and
conti nue processing, while tracking the position of pallets noving

t hrough the chanber with a faulty far dwar e sensor t hrough software. 25

Figures 19A-B, 20A- nd B represent .th t he

i nput, i dpoi Rresent gﬂt ﬁ Eé?f@?ﬁ alo‘I“I FSpds oﬁa?ﬁ o%lééensorsofor a

gi ven chanber. dmmvvhethenm isoBecespary R, open the\ input doqy

parallel to r%dm%ag?hhe tf'pé’é tHe R ﬁnepeaéauatsewprmza‘ the 30
chanber s

i ndi vi dual

re 19A and 1 ut soft
sensor routi nesE 1%%a°1’§ e‘g‘ d%q &Phﬁﬁ%?‘%‘?e 1?1%‘} jr%glob
respective y. madéeat stepocsy ngohaiai:mﬁnshomethanfu g@msissallla)ws for

execution prigpdid el hon Qg rHIAANCSeHY MRS ENYS to chamber 18 is
closed at step 3029. A service loop is provided at step
3030 which allows choice of a service exit at step 3032.
Figure 31 is similar to Figure 30 and like
10 reference numerals indicate 1like steps. After
initialization at step 3102, a check of the transport
status is made at step 3104. At step 3111, a query is
made to determine if the chamber is prepared to load a
pallet as a result of a query at step 3110 which
15 indicates that a pallet has not arrived in the chamber.
If in fact the chamber is prepared tc load a pallet, the
query at step 3112 is made to determine if a pallet has
cleared the chamber, and the 1routine queries
instructions to open chamber 9 input door at step 3114

20 or head to service loop 3130.

As shown in PFigure 32, the exit lock control
process utilized in chamber 20 is a pump down and
venting control routine similar to process 1 shown in
Figure 22. After initialization at step 3202, a running

25 query is made at step 3205. If the process is not
running, a query is made at step 3204 to determine if
the chamber is empty. If the chamber is empty, the
input door is shut at step 3206, and the exit door is
shut at step 3208. If the chamber is not empty, or once

30 chamber 20’s output door is closed at step 3208, the run
flag is set at step 3209. Subsequently, the enable bits
are checked at step 3210. Again, a query is made to
determine if chamber 20 is empty at step 3212. If
chamber 20 is empty, step 3214 is used to determine if
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- 37 .- thus, at step 1910, the priority of the given soft sensor
|l oop is set to ten, on a scale of one to ten. At steps 1912a, 1912b,

t he soft inde .tialized by - installing a value of t he
I ndex | ocati ﬁ#&?&s(soft_l nd). The step index is returned Pﬁ'@"e’%@’
1914a, 1914b. When the systemis initialized, no pallets wll be
novi ng through the system thus at decision steps 1920a, 1920b and
1930a, 1930b, no pallets wll be | oadi ng or unl oadi ng on the

particul ar i nput sensor. 10 Thus, deC|5|on bl ocks 1940a, 1940b are
executed as the values in deC|S|on bt o8 s~ 1920 and 1930 for the

{07! "oeci o onnihREeB B85 5, Yenfielt 5 iyt e e appacill * 1
"waiting-out" (WIQOOI t Ifr son tthe skatichs £0F theagkit shufifex rig-i mpraets ato
det erm ne whet her éi;egalabsk | SIf the \ﬁm@%ghaa hBé Bééﬂufeﬂvé&‘efﬁﬁ’%e
chanber. In the oder ver si ut put fal se,
check is rrad@‘:ﬁ?@&c %Pn %&5?‘38 8‘P°Lrhé’ \ﬁ&aﬂ%ﬁﬁ' 2@y at gtep
5 3218, a query is made to determine whether the imput
door is enabled. If the input door is enabled at step
3220, the roughing pumps are turned off, and a query is
made to determine whether a pallet is waiting at the
output of the previous chamber {chamber 19 at step
10 3222). If a pallet is waiting at chamber 19, the input
door is opened at step 3224, and the routine loops back
to step 3210. If the input door is not enabled, a query
is made at step 3230 to determine if the input door is
closed. If the input door is not closed, it is closed
15 at step 3232. If the input door is closed, a query is
made to determine whether the output door is closed at
step 3234. If the output door is closed, the roughing
pumps are turned on at step 3236. If the output door is
not closed, a query is made to determine whether there
20 is a next pallet to be lcaded into the chamber at step
3238. If =0, the routine loops back to start. If a
pallet is not ready to be loaded into the chamber at
step 3240, the output door of chamber 20 is closed. 1If
chamber 20 is not empty, the results of the query at
25 step 3242 would be true, and a confirmation query that
a pallet is present in chamber 20 made at step 3244,
results in the exit buffer latch being set at step 3246.
If a pallet is not present or once the latch is set, a
query is made at step 3248 to determine whether the
30 input door is closed. If the input door is not closed,
it is closed at step 3250. At step 3252, a query is
made to determine whether the output of the chamber is
enabled. If so, the vent is turned off at step 3254,
and a gquery is made at step 3254 to determine whether a



(W) bit.

| nput sensor value is set to TRUE and the soft sensor index js
i Acremented at step 1955a. In the tiner version of the soft sensor

| oop, if at step 1940b indicates that ther
op, W}f%&#he out . SCTiUSISHR

wai ting

step 1942, the load tinme value is set at

If the test of the WIO bit at step 1940a 20 returns true,

t he

| et

put of the chanber (as will be the case at 25
initialization), the input sensor (sen inp) value is set to fal se at

step 1944 and the unload tine

value is set at step 1946, and the soft sensor index is increnented at
step 1955b. In routine 1900b, if the WIO bit is true at step 1940b, 30
t he i nput sensor Is set to TRUE Iﬁtﬁﬁﬁ'cases,if there are
addi ti onal

1955a, 1955b,

b, PhATEh T, dei TRl ot ehE 4R 2r o pRTIRE Sl Sabbied 17,2

1914b, respecﬂFv@hﬁ input of\mngﬁggggg at step 3256, the outpu:
PCT/ US96/ 03728c0or is enabled and the system loops back to step 321C.

10

15

20

25

30

If, as a result of step 3252, output is not enabled, a:
step 3258, a query is made to determine whether ths
output door is closed. If the output door is closed
the vent is turned on at step 3260 and the chamber vents
up to atmosphere to allow output from the chamber to bs
enabled. If the output door is not closed, the routins
waits for a next pallet to be loaded into the chamber a:
step 3262. If the next load is waiting, the output doo:z
is closed at step 3264.

Processors G and H handle the servo control loops
and the automatic robot loaders which are utilized t:
load subgstrates into pallets prior to the pallets bein:
submitted into apparatus 100 for sputtering.

As shown in Figure 12, processors G and H havs
essentially identical control routines for controllin:
the load and unload robots, respectively. As shown i-
Figure 12, the main difference for the control routines
utilized with respect to processors G and H is in ths
robot control, servo loops, and indexers which ar:z
initialized in the automatic run mode at block 730G.
For example, processor G controls robots 3, &, and 7
through the use of servo loops 1283, 1295, and 1287
handshake loops 1283, 1285, and 1297, and indexe:
‘routines 1272 and 1278. Indexer routines 1272 and 127:
allow for the pallets to be rotated about the horizonta.
axis at the center of the pallet.

Robot 3 control loop routine 1293 is general::
described as follows. Robot control loop 1293 fire:
tests to see if the robot is active, and if no:
provides an activation initialization for the particula:
robot. Next, the routine establishes the position c:



- 38 - If a "load-in" procedure has been initialized, a
pallet_wll be waiting to be | oaded into the chanber, the result of
steps 1920a, 1920b will be true. In soft sensor encoder routine 1900a,

t he encoder v ab given notor is read at step 1921’!?& 5??0 ep
1923, det%k‘g whet her the load in process step nunber g 31%

been activated. If so, the input sensor value is set to true at step
1926a; if not, the input sensor value is set to false at step 1927. In
soft sensor timer routine 10 1900b, the current load tine is retrieved at
step 1922. If the load tinme is determned to be equal to zero at

step 1924, the input sensor is set to true &6 step 1926b, indicating

that the pallet wil] haye.epgtered the h r, and _the soft jnd S
t hen i ncrement ed a@%t’é’é’%g"‘égg%kfm'l Pnf"hgnﬁn‘jf)éj!’?sn €e g?tti)"?i% at
step 1924, t harmofto i mdekartingnpdisitdbn.i ncTheexvbot |Yoastingn!
process is occurri ' e5gi %En;ﬁ%%xeﬁ gﬁsl Raa 0 ind be
fal se, and, at steﬁgcjigg%g a19 0] resp%c |ve? isr?bs}:gag:lgﬁelﬁd’“ e

, , e
deternmines if an u %ﬁﬁdZGnt%r%dBFél?E'uﬁd‘grvﬁ?ﬁgiQ% 1233 o 19cks: iana
1900a, the 5 eminlicks theecclamp alependidgatpen arhel poddtidh of ephd %l

ot s < Ser PR SRR, L 52
to true (1938a). Agai FReHBeDE® 1Qops ehsbhe| Regktianing @fethe wokok: ep
1955a. In the arhibEved ont ancowdide lobpingl vedirstanli substraces dimt
the pallet from top to bottom, row by row. In one
10 embodiment of the control system, different robots are
utilized to load different rows of an individual pallet,
thus each pallet is loaded by more than one robot and
each robot loads only specific horizontal rows of
substrates into the pallet.
is Finally, transport loop 1266 positions the pallet
relative to the load robots to synchronize the loading
sequence such that a pallet is positioned adjacent to
the load (or unload) robot when a substrate is to be
loaded into a particular row.

20 Figure 13 shows processor J which handles the
global alarm and error loops to the man-machine
interface.

As shown in Figure 13, an elementary permissive

block is included in a sensor scanner routine 1350, an

25 alarm histbry routine is maintained, and a power supply

air alarm routine 1316 is provided for the man-machine
interface.

As a result of the distributed control functions of

each of the processors utilized in the control system of

30 the present invention, the system functions much more

efficiently, and is able to handle much greater

processing power distributed across a network. By

utilizing processors which control different areas of

the system, the processing of each of the substrates can



step 1932b. If the time is determined to be zero at step 1934, the
sensor_input is set to false at_step 19360 1f the tife—is-i-ndicated
as being equal to 30 anyt hing other than zero, at step 1938b, the input

sensor value_ j et to true. The soft index is then lt'qudﬁgpgﬂg_@d at
step 19553‘.’0?4”%% addi tional input soft sensors are detected at steps
1960a, 1960b, a check is made to see whether a service request is nmade

at steps WO 96/ 29635
PCT/ US96103729 - 39 - 1962a, 1962b,

and the routines exit to the service routine at step 1964. Next, when
steps 1966a, 1966b det erm ne the‘nﬁ?lp'oi nt sensor routines are ready,

e et vorst S il dg e, e tfifech iy, HAE° ene’ WBuonpdRO0E che
system can be increased. In addition, developmental
time for additional systems is produced since redundancy
in the programming of the functional blocks may be

s utilized for portions of the system having similar
functions.

Moreover, software control over hardware-centered
functions is allowed in the system of the present
invention to give the system operator the option of

10 overriding the hardware air signals if the operator
determines that the air signal is a result of a faulty
piece of hardware. This reduces system downtime, and
allows the operator to determine when is a more
efficient time to replace defective component parts in

15 the system.

The many features and advantages of the present
invention will be readily apparent to one of average
skill in the art. Such features and advantages are
intended to include all modifications and variations

20 which will be readily obvious to one of average skill.
All such modifications are intended to be within the
scope of the invention as described herein and as
defined in the attached claims.




Thus, for faulty input sensors, a value is assigned to the sensor

status variable (SEN_INP) in the absence of a hardware assi gnnment of

t hat vari abl e. As shown in Figures 20A, 20B, the m dpoint soft 10
sensor control 000a, 2000b are simlar to tgﬁ£=1 s '
Figures 19A, é&ﬁﬁg pectively. THUS s sHESP HABIEEEN <:feren§‘ec§4ﬁ%é@g|z£ are
used to indicate simlar contrd StGM$PLACED Agai n, steps 2020a,
2020b; 2030a, 2030b; and 2040a, 15 ] et her a Toading |
condition in the systemis being activated, whether anhiish@edasiHe8iRebR&d -
chanber is being conducted, or whether there is a pallet

t he out put of the chanber. At ini®Balization, the mmgmwmuﬂ
in neither a 20 | oad-in nor unload node out i nes 2000a

start at steps 1940a, 1940b. If the WO b et ue, st eps 2040a,
2040b direct that Whest nisipladmededsor val ue be set to true (steps

2062a, 2062b). In routiqe ZQOOa, cont;rolf s?@r%equgft a Sfﬁ.%sed?ﬁélﬁt%n bi t

is queried, and if 25 true ensor_ val ueq?gt fal’se at step

2045a. I'n ro&???e‘%tﬂ)bhaﬁ-ns hé rBH‘ ¥s of; REeCe fhampers,
sensor (SEN_M8SD) vedmperissimget to faI se at step 2060. If a Ioad inis

bei ng conducted (steps 20

i nput sensor ( SENI NP) a2 égﬁra rol %%é!i’éaso béé&fn rou
2000a, if the s?mFﬁEB%ﬁ’ ue"?‘%ﬁ ILEEL W Gpo?‘ﬂ!“’%’éns&eir‘!s set
to false at step Me@nﬁothesﬁbﬁétlaﬂethenplem&@d of chanidersutan®

2000b, the m dpoi NgoRENSinéf igtodessifl 1R said subset of the plurality
10 of chambers; and
a data structure provided in said memory including
configuration data for each of said plurality of
processing chambers.

15 2. The control system of claim 1 wherein said
apparatus includes deposition processing hardware to
deposit films on a plurality of substrates passing
through said plurality of processing chambers, said
processing hardware being arranged into subsystems, said

20 subsystems including a pumping system, a heating system,
a transport system, and a sputtering gas control system;

wherein each of said plurality of processors
controls a portion of said subsystems as the plurality
of substrates are processed.

25

3. The contrel system of claim 2 furtherxr
including a network coupling the plurality of processors
and including a network hub, said hub and said plurality
of control processors being coupled to the network such

30 that each of said plurality of processors and said hub
are in communication with all processors coupled to the
network.

A 0 B



false, a tiner is S%,s@heesmaemem cednd the soft index WD 96/ 29635
PCI/US96/ 03729 | - 40 - is_then _
i ncrenmented at step ZBMHU!“ mh ine 2000a, if t he i nput sensor val ue
is true ( 61’%‘3& vaI ue is returned at st check

made at st 2025 to det erﬂm ne

r step I's conpleted. 5
| f so, the m dpoint sensor val H%’%ﬁﬁlﬁbﬂ$ﬁuéN step 2026a, and if
not, set to false at step 2031 | REPLACERout 2000b, if the val ue of
the input sensor is true at step 20ZIb, the tiner is retrieved at step
2022, and the value in the tiner is read at step 2024 and if the 10
timer value is zero, the m dpoint sensoP®value is set to true at step

2026b. If4.an leoagogé)zno' téj(r)s én? oft g.rl.n}.meg W z:[e‘i > said
apparatus processes a plurality of substrates which are
transported through the apparatus via the transport
system, the transport system including a plurality of
5 transport stages, said transport stage including a
plurality of position sensors with each said stage
having at least one sensor providing an output which
indicate the presence or absence of a substrate at the
position sensor, and at least a subset of said plurality
10 of control processors communicate with said sensors to
establish the position of the substrate in . the
deposition apparatus.

5. The control system of claim 4 wherein the

15 control system includes control routines for enabling

continued operation of the deposition apparatus when a

failure is detected in at least one of the position

sensors, such that the position of the substrate is

indicated to the control system by the control routines

20 and the position of the substrate can be determined
based on the output of the functioning processors.

6. The control system of claim 5 further
including at least one encoder provided with each
25 transport stage, providing data on the rotation of
wheels supporting each substrate at each said stage,
wherein said control routines utilize the encoder data

to determine the position of a substrate.

30 7. The control system of claim 5 wherein said
control routines include timing means for determining
the position of the substrate based on a rate movement
of the substrate in the system.

WA



2030a, 2030b, the

val ue of the input sensor

IS queried to determ ne

whether it is true at steps.2043a, 2043b, 15 respectively. If, in

réuti ne 2000a, the input sensor value is true, the encoder value is

read at step 5‘95 a query i s pmde-a ep 2053 to det errq'%” her

t he encodat t step 4 at stlegH?OBRAEANY, 0 he m-_dpol nt
sénsor value is set to false at st 20548:p) 4 2%(53‘:5’\{ e encoder val ue has

not reached step 4, the nidpoint SERSOE—+-SS. () tr ueThis Skettdas Bépn Bgplaced
I n routine 2000b, if the value is true, the unload ti'rrezl Im Tﬁlnuﬁl .
at step 2042, the tinmer is initialized at step 2044, an :
val ue of the midpoint sensor is set to trte?@t-step 25 2046. "
Subsequently, at step 2055b, . the soft. index is i ncrenent.ed. | f . at
step 2043b, the input ensaPe CMtY‘gEﬂyﬁ%H 0% 5?'@%‘,“ fh‘g’ﬁ?f’é’r A, 85 <
retrieved at step said processons opexatefin paraliel to ppecess zequests 2052
and I f the ti

set to fal se at st
the soft index is

2065a, 2065b @heck for

2066a, 2066b),

10

15

20

25

30

f55m | @ CqQisdr { andel @atd Narfutyeutputen

Spoeifian,

E?d?]mVaéw Him s

If the tinmer value is ot her than zero,

grppretus. 2055b. In both |oops, steps
addi ti onal sensors, and when ready (steps

theg rouipme ool 2806Fefi* b il £NeRAELiA"tre B -
control system includes a scanner level of routines for
interpreting the output of the apparatus hardware, a
permissives level of routines, and a control level
routines, the permissive level interacting with the
control level to allow or inhibit control level requests
from initiating control functions in the apparatus.

10. The control system of claim 1 wherein the
deposition apparatus includes twenty processing
chambers, and a -first control processor .controls

processing in a subset comprising chambers 1-4, a second
control processor controls processing in a subset
comprising chambers 4-8, a third control processor
controls processing in a subset comprising chambers 9-
12, and a fourth control processor controls processing
in a subset comprising chambers 13-20.

11. The control system of claim 1 wherein each
processor includes means for reading the output of the
sensor to determine whether a substrate is positioned at
the location of the sensor; and

means for determining the position of the substrate
at a given sensor when the output of said given sensor
igs unavailable, said means determining said position
based on the output o©of one or more other sensors
providing and actual known position of the substrate and
a rate of movement of the substrate at each transport
stage of the system, and for outputting a signal.

A



WO 96/ 29635 PCT/ US96/ 03729

- 41 - based output soft-sensor contraol_loops 2100a, 2100h,
respectlvely As shown in Figures 21A 21B, the control routines
2100a, 21(@8 he sensors at the output of a chanber

substanti a entical to routi Thl@@:;&T ey L

set forth in Fi gures 20A, 20B, BEEEN$Or

encoder step queries change{wher eREBLAGER at e. Thuﬁlé(h(?sr ?hasSB f‘?ﬂer
1- 20, upon failure of one or WOre haroware pos t|on t he
soft sensor routines can provide substitute sensor :

bal ance of the routines in the system-~ 7 Ret ur ni ng to F| gure 8,

al so enabl ed when t t t he
chanber 1 process ES l%%?lﬁgnf%lﬁt% ﬁ‘gﬁ f% g?%'? i ne
(PROC-2) 15 $SanspedtcBtager incpudessthreet SAUSOFR(PREY) pseqemins\

control the Chenaﬁbeﬂooan&teae mékhd tﬁﬂ&i&ﬁdmamghene posﬂﬁﬂéﬁﬁﬁgChanberS

1, 2, and 4, pecti v As sho first process

chanber i ncl ud ? g%o?‘fbgtrate dagoﬂw%ﬁ%‘tcfg’ﬁ Rﬁgcggﬁﬁ &ant 861B.

Process 5 enable other control routines operating in the system to
function.

13. The control system of claim 11 wherein the
means for determining is selectively enabled and
10 disabled by the system operator.

14. The control system of claim 2 wherein each
processor includes
means for reading the output of the sensor to
15 determine whether a substrate is positioned at the
location of the sensor; and
means for determining the position of the suhstra.te
at a given sensor when the output of said given sensor
is unavailable, said means determining said position
20 based on the output of one or more other sensors
providing and data provided by at least one encoder
associated with at least one of the sensors.

15. A control system for a f£film deposition
25 apparatus, the apparatus processing including a
plurality of substrates which are transported through
the apparatus via a transport system, the transport
system including a plurality of transport stages, each
said stage having at least one sensor providing an
30 output, the system including:
means for reading the output of each sensor to
determine whether a substrate is positioned at the
location of the sensor; and

AR



20 chanber 1 is the |load | ock chanber to the apparatus 100.

Fi gure 22 shows an overviewof the routine for controlling the chanber
1 “processes "PROC-1" 2200 which conpri ses repeatedly punping down (to
vacuum and w ing (to atnosphere) chanber 1 to nove p =

the anbi ent pressure-into the evac alll_ﬁggm TTT appar

initialization at step 2202, a quejy er ﬁéé’%mjtep 2204to nﬁ eRlace
whet her chanber 1 is enpty. Lf_cha s e y, the |n A
out put doors are closed at steps 2206 and 2208. |If the cha HI‘
not enpty, and after the input and out put doors are closed

2210 the enable bits fromthe status -tdBle shown in Fi gure 6 are
read. Again, a dete i on.is_ma p_22 et her
chanber 1 is enpty*e¥Pe /Y n%%q' qdpé‘ngng‘ﬁ? %&iﬁpoﬁ'ésgg?)l "9‘?¥] ate

WO 96/ 29635 at a given sensor when the outppCTefSS®idgiven sensor

is unavailable, said means determining said position
based on the output of at least one functioning sensor

5 providing an actual known position of the substrate and
the rate of movement of the substrate at each transport
stage of the system.

16. The control system of claim 15 wherein each

10 transport stage includes three sensors per processing
chamber, and the means for determining the positioning

of the substrate provides an ocutput to the processors to
enable other control routines operating in the system to

function.
15
17. The control system of claim 16 wherein said
sensors are provided at the input, midpoint and endpoint
of each of said plurality of transport stages.
20 18. The control system of claim 15 wherein the

means for determining is selectively enabled and
disabled by the system operator.

19. The control system of claim 15 wherein the
25 means for determining includes
a plurality of control processors, each of the
plurality of processors including a memory, being
coupled to a subset of the plurality of chambers, and
controlling processing in said subset of the plurality
30 of chambers; and '
a data structure provided in said memory including
configuration data for each of said plurality of
processing chambers.

(LI



- 42 - set at step 2214, and a query is nmade to determ ne
\Anm_er_t_he_t_aput_d.o.ar_l_&enabl ed_at step 2216 1f input to the
chanber is enabled, the chanber vent is set of f at step 2218 and a

gquery is d step 2220 to 5 determine whether the ' hanber
(in this g&s’%”?% | oad-i n alfjeq)is SETPLAS BEfENt e mm%ﬂ—r—s

not enpty, the input door i openadPaACEbep 22}p2, géﬁgfnawe rr?ace% at

step 2224 to determ ne whether a gliest

(SV_2), and if so, a signal is 10 output toinitiate a

purge at step 2226. If the preV|ous chanber s enp

| oops checks the next | oad step at step?2236. at ' step 2216,

chanber input is e at_s 0 S her the
I nput door is clos g'hﬁté’%fgr\élr 83?“"??8‘ Pgoﬁ:&%ﬁﬂ' vﬁe?eg.gsg Vice query
2275. |f the pluraltimyut 0ﬂo<prqqgsnorsc|mdcouplgde;tczzsgceive itheut door

i s cl osed. p d [ ed h c etgeyg ne
whet her the ou‘%‘j%dﬂ] ot Eﬁé s°exfddi8 and E\Fhé’réili? ha&.& means € £

door | osed at ste e out put
door is cl oseo‘i ?@F‘Q’%ezf’ Judes, é F%ﬂ%’%?tn%t‘étbe 29 %%e?gr Ig‘r?e whet her
a soft vers ofsubstratecrebatibee m; they xiated ofinthef sybgtxatetaayd Thel, the

isgf ten\eltglntedI Zt I%%% tahe out Lﬁ?v&it erdiéfpu gzﬁgt cl os\é\/ndenat gﬁe\rlsnt[ S
made at step 2236 to 25 determ ne whether the next pallet is to be
| oaded. |If t Iz neXthep addmtirals sysitemo dfe dladded9 twherainpgaidbor is
plurality of processors are coupled to receive the
10 output of the sensor, and wherein said means for
determining further includes an encoder associated with
each of said transport stages, said means determining
the position of the substrate relative to data provided
by said encoder.
15
22. An apparatus for controlling an. in-line
sputtering machine having an input end, an cutput end,
a plurality of processing chambers between the input end
and the output end, a pumping system, a heating system,
20 a transport system, and a sputtering gas control system,
the transport system including a plurality of position
sensors, each said system cooperating to process a
plurality of substrates as the substrates pass from the
input end to the output end, comprising:
25 a network, including a network hub; and
a plurality of processors including non-volatile
storage means for storing configuration data for said
system, coupled to the hub and network, each of said
plurality of processors being coupled to a subset of the
30 plurality of chambers and controlling a portion of said
subsystems of the sputtering machine relative to said
subset, such that each said processor controls
processing in a subset of said chambers of the
sputtering apparatus, at least one of said processors

WL



cl osed at step 2238. If the next load is waiting, the routine returns

to step 2210. If chanber 1 is not enpty, as a result of its query
30 at step 2212, a determination is nade at step 2242 as to whet her
t he chanber | f the chanber 6 full, the gggﬁﬁéﬁmgh; IS
cl eared at stéﬁﬁggbfw If the chg FE=shep 224
process bit is set. Again, a qug 1 et her the input
door is WO 96/ 29635 - This Sheet Has Been Replaced
PCT/ US96/ 03729 leﬁm I‘ﬂ
2248. If not, the input door is closed at step 2250
at step 2251 as to mhether a soft vem:?%;reqU|red and a pur
i s enabl ed i 28 % If the input door is closed, a query is

- made as to mhether a Sﬁ %ut door is enabled at step

means for reading the output of said sensors
to determine whether a substrate is positioned at
the sensor; and
5 means for determining the position of the
substrate at a given sensor when the cutput of one
of said sensors is unavailable, said means
determining said position based on the output of at
least one functioning sensor providing an actual
10 known position of the substrate and the rate of
movement of the substrate at each transport stage
of the system, and for outputting a signal.

23. The control system of claim 22 wherein each of
is said plurality of processors controls a portion of said
systems as the plurality of substrates are processed.

24. The control system of claim 22 wherein said

plurality of position sensors indicate the presence or

20 absence of a substrate at the position sensors, and a

subset of said plurality of processors communicate with

each said sensor to establish the position of the
substrate in the deposition apparatus.

25 25. The control system of claim 24 wherein the
control system includes control routines for enabling
continued operation of the deposition apparatus when a
failure is detected in at least one of the position
sensors, such that the position of the substrate is

30 indicated to the control system by the control routines
and the position of the substrate can be determined
based on the output of the functioning processors.

(I



2252. | f the output door is enabled, the roughing routine is turned

of. .erm nation i s_nmade at step 2256 as taq

whet her the next pallet is " ready. |If the next pallet is ready, the

out put do,%)*é%%g opened at stgp 2258 Lf_the next paH:ﬁus 379t ready,
[ ba

the routi ck to step 2RKys kbesat stmEN2252,
I § not enabled, a decision is e at pgpLACHEp 22 to determ ne Wneth

t he out put door is cl osed. i s closed laced
a 15 test to determ ne whether a soft rough punpdown of the

Is required at step 2262. If a soft rough is required, al
initiated at step 2261 and cont 'né@s-until done at step 2263 If the

soft rough is Lequi 6 e 2263, 20
roughi ng of the ch ﬁ% é]%?ﬁ}%é‘ aéf%téﬁ %56§iaX$f E?hgﬂ%rgkno %%ut door
is not closed emn:g:tqipsyssem includes @canner levelieef reutineshdiorer a next
pallet is avai iﬁ@é%féﬁing thé Oéﬁt 'éf”%ﬁ@ a'pba&ﬁtubh%a%)d&hﬁ@ ! QOIOS back
to step 2210 f, the next 1 P& I s, not avail a Ie fgr {Loaflrég

step 2264, at Pegkies utpved (9 ?;“H“b%%’d and, @ ¢ rranner

t he | oad I%ock rmt::hm;erthei spemissdwbed.evel intaracﬂeing) whthsdhe ng of
the pallet at tigeidiPUievd to a1lde & ator or cdrtiidiol of

hamb 2 by t t d at 30 bl a% h
Doy ar bty ot oo il

control ling chapgeeratug .PROC-4), shown at bl ock 864, controls a soak
heating process in chanber

10 27. A control system for a film deposition
apparatus having a plurality of processing chambers,
comprising:

a network hub;
a plurality of control processors, communicating
15 via the hub, each of said plurality of processors
including non-volatile memory and being coupled to a
subset of the plurality of chambers and controlling
processing in said subset of the plurality of chambers;
and
20 a data structure provided in said non-volatile
memory including configuration data for each of said
plurality of processing chambers.

28. The control system of claim 27 wherein said
25 apparatus processes a plurality of substrates, each of
said processing chambers includes a transport apparatus
and at least ocne sensor associated with the transport
apparatus, each transport apparatus for transporting one
of said plurality of substrates through said chamber.
30
29. The contrel system of claim 28 including an
encoder associated with each transport apparatus, and
the control system includes means for determining the

* [+ L M s *



4. The soak heater process step conprises allow ng the WD 96/ 29635

PCT/ US96/ 03729 - 44 - pallet to
remain in the process chanber to "soaomthe heati ng el ements
for a predete riod of ti re—¢ ntr%cﬁ?@% for
chanber 4 (PR@WSI‘]OV\H 5 in Fljgure : tiallizatron a

step 2302, the routine all ows forFaom—ati anual (2305) or
service node (2309) operation. In auto node, the status of the chanber
is read fromthe status table shown in Figure 5 at step 2304. A
query is then nmade to 10 determ ne whether_a pallet is present in the
chanber at step 2306. If a pallet is br?e%e‘nt the soak tiner is

set at step 2308, thei%?.olx(z hgétlgg L&E@Q@eatrﬁa%ve to a transport

apparatus based on the encoder.

30. The control system of claim 28 including means

5 for determining the position of a substrate relative to

the apparatus based on a rate of movement of the
substrate.
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2310, and a flag is set at step 2312.

2314 _maintai ns_ FLAG 1 at

ahd the pal | et proceeding

heated to WO

exposure in thé chanber.

step 2312 until

The PROC-4

15 _the heat tiner
t hrough the systemduring a given process is
process tenperature as a result of the
Once conpleted at step 2314

routine at step

has conpleted

s
e 1 oop returns

to the manual query step 2370 and, ifi2% in auto node, returns via steps
2309 and 2303 to a status readgat step 2304. If a pallet
is not present in_the systemat sieg 2306, at step 2820, the status
of the timer is qUeried. A If the tlimer is conplete, at step 2322, the
soak heating 25 ends,| Afle]out put dqor| chanber_20 o er 3 is closed
at step 2324, and} FLAG ig set at—shep 2326‘:‘"\&61‘!‘ routine is
conplete, if in 1Lt_o i é e u=eTjRrTet ur ns 23®1 via steps
2309 and 2303 whikh w l}IS g;;;| Step 7830 ks|jor or closure
sensors, and 30 I f the—doors are osled, the “gas ontrglling the
process gases usefl in apparatus 10Qedr e opened, the LBt poi nt
table is set at sfep 2334, and F &';.: ils set™—+— tepl| 73362 * At step
2340, a query is frade to det erff™je whet her ch 2 is egpty. If
chanber 4 is Q:E‘ - 5 ...ug_l,g
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WO 96/ 29635 PCT/ US96/ 03729
-.A45 - enpty, the no-gas, daor-open flag 2342 js set. At step

2350, the system queries whether a pallet is present in the system
and if no&gw s present, the no-gas, door - open %@5 et. At
step 2344, eat may be 5 requested and, if so, a fmer is
met at step 2346. At step 2352, pfarnitialization of the tinmer is
enabled, a true result at step 2352 initializes the door open 3

vari able at step 2354, and exits at step 2356. If initialization fails
at step 2352, a time-out step 10 2358 will return the routine to the
connecti on poi nt after clearing the preheat set at step 2362. Finally,
at step 2360, the chanber 3 open sensors are queried to determ ne

whet her chanber 3's doors are open. At this poi nt, the routine checks
the integer table data to 15 determ ne whether the door open and door

cl osed sensors are active, and whether the input and output sensors on
chanber 4 (SENI NP, SEN QUT) are active. If so, the routine exits, if
not, the routine returns back to step 2304 if in automatic node.
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20 I f a manual node operation is selected (step 2305), t he

routi ne proceeds ta_step 2307 where, 1if no pallet is detected in the
chanber, a status read is conducted at step 2404, and the process
steps des 'ggg%?fove are i npl emented. If no pallet | ﬁagﬂg in the
chanber aﬁ&é ep 2307, the routine proceeds to step 2§§BE£ I'ch™ agai n
checks to determ ne whet her nmanual opgegtion is desired. I f manual
operation is desired at step 2370, another pal |l et check is nade at
step 2372, and, if no pallet is present in the chanber, at step 2374 a
test is nmade to 30 determ ne whether the routine is in a test node. |If
t he routine is in a test node, the chamber 3 output door bit g is
set to closed at step 2376. If the routine is not in a test noap, at
step 2378, a test to determ ne whet her t he gas backfill has beeh
prepared. in the apparatus 100 WD 96/ 29635 or
PCT/ US96/ 03729 o w
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- 46 - is made at step 2378. If the gas is not ready, at step

2384, a check is nmade to see whether _the test to the systemis to be
termnated and if so, the gas is shut ~down at step 2386. If the gas is
r eady, th%v(gmgsatus 5 bit is set to ON at step 2380, rE4980FRst er
set poi nts are set at step 2382. The routine | oops back to step
2309 and the auto/ manual / service | oog/agnpri sed of steps 2303, 2305,
and 2309. In Figure 8, the nagnetic sputter chanber pre- 10
heater control process (PROC 9) is shown at bl ock 890. Process 9 at
bl ock 890 A-s—ttitizod—to—pre—heat—a—pattets pH-or—t-o—Fagref i ¢ | ayer
deposi ti ophf = n ARG continuiing|1 i npt{orf betwhegn ghanbers 8
t hrough 1] == Th PROG- 9| rqutj nge detls thd heater|s tola thi ph power 15
set - poi nt & @31 Qfﬁ' othi 1B t Nes kbR st e | isd b hew| cu| 2 he chanber,
and sets {hE hdhtems| Do o o] R wekNet| 23| M| NN i FHP [ e Nl Bt moves
t hrough th ah qr D dnspur evgn heatijng Theg PROC- 9 p§pcess
control eppid =m SR o eR—FptHHe— A htah—a— power
heater 20|} & od{irje 89:£b, whi ¢h lag B ¢gdbl Eg by a héat er | cq n
control 89bBf Umctli ohi mg jwifhla lheht ér |co nifcarion bl 898b.
Briefly, heaterflcgntiolll gr B90 ijnt er&retst e hdat er |l o bwer 892b
and hi gh ppifer |[3e4 &b dst 2% | thrudgh |t hd®| heatler| ®¢c@®m®u ht i on
control . Ratier coanmpnd congr ol ller} 896 lensures| t hat] thelsetpoints in
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bl ocks 892b and 894b have been reached by checking the heat i ng
set pm_an_aga.l_nst.n.omn_hgatl ng tines and t

Sénsors. Al so shown in Figure 8 are paIIet tracker 870 and

bar code c ions control 872 routine blocks. In i on

W th appar:iwggé%g%t each pallet may be utilized repe%‘f-lg@#}w 0 carry
substrates through apparatus 10g§sand a nunber of pallets will be in
use at MD 96/ 29635

PCT/ US96/ 03729 - 47 - any given tine
(sone in process, sone being | oaded, sone bei ng unl oaded, and sone on
return track 50). Pallets nove from chanber 1 to chanber 20 and are
returned to chanber 1 via the return conveyor 50. Repeated use of 5
the pallets . . DD :

_STATUS[n] COMMENTS

bit
| bit Waiting IN IN (WTI)
bit Load Request
bit Stop Request
bit Waiting OUT (WTO)
bit Unload request
bit Open (1) / Close (0) DRI Request
bit Open (1) / Close (0) DRO Request
bit Enable to open DRI
bit Encble to open DRO
bit Process bit

bit Atmosphere Pressure
bit Low Vacuum
bit Mid Vacuum
bit High Vacuum

[ bit Rough Valve portial permissive
bit Vent Vaive portial permissive
. bit 18 Mode bit

bit 19 Mode bit

bit 20 DRI Open limit switch
bit 21 DRI Close limit switch
bit 22 DRO Open limit switch
bit 23 DRO closed limit switch

0
1
2
3
4
5
6
7
8
9
| bit 10 "Pause Request bit
1
12
13
14
15
16
7

bit 24 SEN INP : Chﬁﬂtber
bit 25 SEN MID =S
| _bit 26 SEN OUT ]
i HiVoc Closed limit switch :>h
| bit 27 iVac it swite ' : cﬂlﬁ“
chamber N

STATUS TABLE

FIG. 6
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eventual ly cause a build-up of material on the pallets t hensel ves,
changi ng the physical characteristics of the— pallet abtter—anurber—of

process runs. These changes may be conpensated for in variations in
system 10 EW@ ssing (such as heating tenperature pgiissée’®
changes, we sport speed changes); after a nunber of uses, the
pall et may be cl eaned and refurbished. In order to track the usage of
each specific pallet in the sysé}e{? each pallet nay be provided with a
bar code, 15 i dentification nunber ‘ahd a bar code scanner (not shown)
is provided to read thegbar cod® in a fashion wel§&RImwn c—ane of
average skill in the arg. The ntrol §ystem toﬁgt ¢ pnINNt i on
can naintain data on eael of t Rartigul ar palge ' s%ba% on
the pallet's bar 20 paddsical v &Hat Mnandnbgr=lafid {
adj ust nent s to the e N ametled br
m nor changes in the p gt o] [ Iet'sg l§me.
The bar code conmuni caffi O tir tler prets t he code ad
comands and provi des b code | Il & g .
Pal l et tracker™ copt r eads| Rl ;14 QORE, = Rhber
of uses whi,ch theyp FrS—RraEle | reg¢ords 2 H L
Figure 8 al so @ows a -aRspotiad SEAStlem I SB
enabl es the cl‘@ber tri ntrol R lteqds g7, 4 & 59 T8
position correction | op 8)72. ot ed, |tthe tha:!cware 033 Bs| of
the transport Sys an {r anSport st %eg% o havi ng
a notor which powers smﬁl‘r‘a'r'e—wvvm each '%Age >°o§"‘:
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t he

i nventi on,

system of the present

In the contro
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apparatus 100 may al so be affected. Transport control
checks chanbers N+l , N1 and N-2_and_sel ect
14 position control routines represented at block 870, and the

correction_location control routines shown at bl ock B8gusdsRsz2eVoked.
A typi cal WPREH routine (such as t-hose present in block 872) is

shown in Figure 24, in this case for 20 chanber 1. After initialization

routi ne 860

at step 2402, a check to see if a service exit is desired at step
2405, and a read of the configur®t4’on table at step 2403, a
determnation is magelat step 2404 as tp bit on the

not ors has been enags. | f S™NQP- bi t abt®d, the

| oad-in condition aj+s e iQput notor
for the chanber wil S , Oy dgver setting
and cfearing o 3- 2 =
respectively, badell '

static, adjgcent =
not detecteN, N

nfiglﬁ?ration S
Y OO ;
nation i s &l

eRis a
static chan@er (step 2408 &Y so, ; r“‘is%rrpty,
(i.e., the {fnput, mdpoint,%n.ﬁj_(uq%
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- 49 - -Sensors are fal se),_and the output nptor sensor-is on,

the wait-in flag is set at step 2415. If the chanber is not static, at
step 2408, Qs?g nber is a dynamc or adj acent chan%fmsﬁ@g,'f t he
chanber isw%rrp ygsgnd 5 unl oading, the wait-in flag is set. | tz%e
chanber is

not adj acent or dyna®@4? then only the input sensor and
m dpoi nt sensors mnmust be vacant for the wait-in flag to be set at step
2419. Once the wait-in flags are set,

%conditions 1 and 2
are set at a;'fé'p?gﬂfimand 10 2432, r a WVAIT_IN or LOAD at
the curren# —1¢e8h er, a qﬁe previ ous
chanber. ©Blo3S step} 2433, o ondi tions__are
est abl i she® %gﬁeﬁ 2434 dnd 243 | ig on 15 f the chamber
I s-checked 4 p tarﬁ e whefher an Tnpye— df Q‘presen . If the query
at step 243 j.s,_f.a.lge, t hg—t 174 g& Rirber i ¢ turned on at
step 2_211?-,‘ notl, aftqr g ch ? tion off the
i nput ot ofs ht stepf2441, eqch |sen |§) ta

S o N
03 =23 §
zz2z| ¢fB = 218 B
18822 § =R =8 N
§ a-a = &( \ S EO B
O T W
T33wo
- &80 rS ! Eg‘w" w0 8
<< Wil L e = o
soox | |3 Y. 2 24 12 i~
— |8 SEYnydaes |6 <
NE dhaoneet e 2
NE BE AU EE. ||
—\ HwulS O MM -2 =
S loo zlw EOo=H= 3*% o
B jomt- il Waw S0 8 ezl
R ™= <|S o Wi a®?|n
g'\kaga o @206 0 Mo & tét—u
o -3 <l
= - o Eo0r-< EE it
E-Ol-8IE N 2 Z2> EIE
—t 2 Sls <« TOoOQ WM ZL
o EE\-J‘ CFEFaOE>x 53 - p
o _
L = 4 ) &
5 ﬁéz._ s2xlI8 8 2
Oz = a H Q |t
2z = <ﬂ <[ |_.§
L S2|= <
W UL e
EERRESIN
o)
w0z = § ()
45) R
o) w=] P R
txg ok .
—ea ng 8
B -0z W
3| =& — R
x o
=zg8] =L §
. 128 =M X I
) D 8
S RL =1 MM
B 8 (&) =N
ng o] )R
S —/

SUBSTITUTE SHEET (RULE 26)



20 gqueried at steps 2442, 2444, 2446, and 2448 until the
enters the chanber and the notor_jis shut off_at .step 2450,.—and the
routi ne checks the status of the unl oad bit at step 2455. The routine
t hen runsaﬁgééﬁﬁﬁs an unl oad sequence, beginning at Siéihﬁ%%ﬁﬂgs If an
25 unl o lon is not present, as determ ned at step 460,

steps 2462 through 2468 determ ne whether there is a waiting pallet at

the output of all chanbers (step 462) or dynam c chanber 5 (step
2464) to set the wait out fleuﬁOI d set unload conditions 1 and 2 at
steps 30 2470 and 2472. If unload copei-+teg 1 (a pallet vgiting at
the current chanber|is ' 32 pall ep IQadi ng into the
next chanber) are t el 4 t hr ough

2450, the configurafgo an unl oad check
made at step 77,

PCT/ US96/ 03729
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- 50 - 2480 (flagging the "output” notor). At step 2482, if t he

systemis not in an OFF conditian, an unl oad conpl eti on _check is nmade.
to determ ne when the output sensor is off at step 2483. If this
condition | 5 at step 2484, the "output" notor W?k.&. 56/ ned of f;
i f no@%&easwait out bit is cleared. At the end of t emg Jl’JHI:?| oad
| oop, the notor status will be recorded at step 2489. If the notors
~are in fact off, as determ ned at i}‘gf 2490, the bits will be reset at
steps 2491. If 10 bot h | ogi cal mot o} e on (step 2492), bits 1 and 4
are set (step 2493). The routine wll exit er 2. I f both
| ogi cal noter on (2492 is fal check i s nade at
step 2494 a th_gﬂoad bit se : ‘ X The routines
control ling ISE movenent |shown i > and i n ot her chanbers
of the syst oz simljar to tegRqt = i Lot e 24 fop—ctramber 1.
The correct &N rputinds r epr e¥ent g ' Figure 8 are
i mpl emrent ed,® fready tfansport gcontrol J&8 § X nes that the
pallets in 2 'igws 100 are ouf of Figure 25
shows an exehple of @n¢ of the torregt routine$ 2500
representedsah 392, fof oI rrect | ogation routine
2500 is simlhp g the chapber 1 transport routine 2400|shown in
Fi gure 219-‘=3 er gpRlalization of step 2508 t he
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configuration bits are read at step 2504 and if a stop bit is present
at_step 2506, the nptors are shut _off at steps 2508 and 2510 f &

stop bit is not present, the 30 routi ne checks the status of whether the

chanber is_in a load-in node at step 2512 and if so, slospgi tion 1
and | oad CBRAM¥Hh 2 are retrieved at steps 2514 and Pé@?% %?lgs

requires that the present chanber be 12743

wait-in or LOAD state, and a
wait-out or LOAD state is WD 96/ 29635
PCT/ US96/ 03729 - 51 - esent in the
previ ous chanber. Aldidry i Qe whet her
the | oad condition Wi If s sy set and | oad
condi tions 1_qrjoc) :Itzlf>s If the 5
| oad condition 1 is [ £ r__ S
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turned of f at step 2523. If load condition 1 is true and | oad
condition 2 is true, at steps 2522 and 2524, the routine then checks

for the presence of a pallet at the current chanber input at step 2526
and at the 10 revi ous chanber output at step 2528. '
condi ti on V@ or 2528 is true, the logical "input" Péﬂ?%%@#ﬁgs shut
off. If load condition 1 is true and | oad condition 2 is fal se, and
the systemis | oading, as checked at step 2530, the m dpoint sensor is
checked at 15 step 2532, the out gdf43ensor is checked at step 2534,
the | oad conditions are checked at step 2536, {4 hg | oad
conditions indicate that the pallfe ' pgQsi tion and the
i nput not or 4 at step ot | oadi ng at
step 2530, fhe _?,§ i nputy notor | bsequent |y,
t he unl oad.. ié( retrije®ed and and-25508 The
unl oad conf8io aéps f ¢l ~ow ng steﬁégo s | 0 t§ | oad st eps
set forth ElogSts ., IRan ju L ORety ' at gfep
2550, 25 &dn|qad dndiftionsf and § & e| st ST P52 BEpRY %2572,
respectiveP - wbuarpsunlfoad cgndi tfiop is hogy |f 0 p 2550, a
wai ti ng- ouw [cHHBR i@n Hit i aclkgt—a , he wai¥= out
flags are &gt and dReared 4 ?668@‘2%8}'& pe¢tively, based
on the resdft 30 af dqtep|28 <AL i{_ﬁifﬁgm e8| n checked at
step 2574 FELf thee uil oag Ursz=fal Ze %,_n: ' _
"out put" notpeis t dd of gg’:%"(ﬂ%ﬂ & utput is true,
the presence & ¢an BEdut dodr s <2 §°§§§§§§8
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I's checked at steps 2576 and 2578.

on the given chamnber
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steps 2592, 2593. It should be readily recogni zed that the flow
path 15 of the "unload" steps of correct ' j d to

provi de the pallet |ocation correction in the system relative to the

chamber p 35? a manner simlar to the | oad condidygdensraéhanber
correctionw‘?ou Imes for ot her chanbers in the systemare simlar. 20

Returning to Figure 8, a manual operation node, shown at bl ock 732b,
all ows the system operator to manual Iy control throttling of the high
vacuum val ves at 830b, and to ﬁaﬁﬁélly i nvoke the hg ranp- up
process for chanmber 9 at bl ock 890, the pallet tracke outines 25
870, the c rol routines processes for chamqgrs 1, 2, gnd 4 at bl ocks

860, 862, and 864, and the transport LAy ol Wer e
appl i cabl e, i nt er gettor—of tre—rren aB q 890, 870,
2200, 862, %06 % and 2580 R 8 A service
nmode 734b igtl udeq a {tog)p®oc Qprraf§r to
open t he hiLSh vacuygm 5% | vels é and] t
sputtering oz & rp‘i}b t ol t
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cantrol routine 844bh to allow f or—nmovenent s of t-he

pal |l ets through the system during the service | oop.

utility r '
heat er poa¥§
printer,

films to the pallet,

hanber 5

manual , or service 10

by processor Cto conttol

860 for closing the

hi gh vacuum va
9, managi ng the pallet data,
di spersing the paranetk®s4Df the recipe for applying
restoring the non-volatile random
securing the system nonitoring >
nmodes mak
Figure 9 is a block diagramrepré

A nunber of
-hy ng of f
initraltzing the

access nenory,

system _and establishing the auto,
b | npl enent ed by processor B.

control
us 1

routi nes execut ed
in chanbers 5

t hrough 8. As utilizedfp “Yaey 5 is the "pass-
15- by" heater chanber, 4 Ti) deposi tion
chanber. As will be underst gure 8, several of
the functional |oops which 3 & € equivalent to
t hose used by pr ocessorfs A‘s inction of the
routines wutilized by =
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processor Crelative to processor B is that perm ssive | oop 720c

includes additional permssive routines for the sputtering hardware in

chanber 8, including cathode
supply 25

power supply perm ssives, and bias power

LSsives. (The bias power supplies are utili gﬂw
provi de anwﬁgg’%ﬂraﬁ to the pallets carrying the subst?ét’é . %-}r}?ng
deposition. The process whereby an AQ7/47 bias is provided to a pallet

novi ng t hrough an appar at us

i n accordance with the present invention

I's described in 30 PCT Publication No. P S92/ 00722. As shown
at bl ock 980, the automatic node AT zed step 980 includes not
only the heater tiner Set S| heat er | ow power set rqutine and
t he high vacuum vajve throttl e Jlouti 3 Whi ch arfﬁﬁGJi eﬁ4in
WD 96/ 29635 F PCT/ US96/ 03729
~ 54 - ND_ERR?
! 1405
< ust
M7
NEXT D 0
1402 1 HM'\ ‘ F 1406
INIT LOOPBACK CHND_ON?
- T i
COMMAND_#
1410
RUN_COMMAND
1412
< oone?
T 1422
REPLY_LEN
gl . U
GET_ST.CHAR @ [
e E F
LB (< posy ST |-< D> [T 5
1444 T F ] T
TBL0CK-136 @ BT
1 T
BLOCK-135 | SET_BIT_1
2 F !
BL0CK=151 PC2_ON? | CLR_BIT_2
T
SET_BIT.2
| F
I PC3_ON? | CLR_BIT.3
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processor B as shown in Figure 8), but also a cathode | ow power
initialization routine andaspuu_e_u_n_g_gas —dinitialization—routi-ne— -
Imitializat | on step 980 activates processing steps for the chanber
process i amber 5 at step 990, and chanber 8 at sty 3796

well as t e? Sport nonitor 882c, the soft sensor routi nes at 883c,
884c, 885c and 886¢c, and the transpdlBV“ control system at 866c, all
bei ng equival ent to those set forth with respect to Figure 8 and
processor B, but 10 wth minor variations to acconmopdate chanbers 5
through QQ [~ ~FYWe 26 SNOWS THE Process controlroutine 990

used to corol processing in chanber 5 of the apparatuk af the
present invents ¢ ' '
conpl et es heal i

) =Thr A FZANLNET ALY = aT=F=1
Y

or pdarrets EXTTTTIg |SO0dK Nneatjern

desi gned t§Dheht pal | ets E&]they nove ough tHe
aut o de} at step Jgdp, at initijad) zation |24
starts at ock |[4 and procedgs with a ch&k to 20

doors are_gloskd tep 2608. f th@lors arg d
Is set at step 3 and thped entrance dger to chdani

step : | f] t he chanberf doors are ndgt open, tihe
to see if is beinglentered inta the 25 q
| f anew-p-a-l—l-et-' g _ente a prgeess del ay
t he pre-hea..-;I ~ i ©,
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Is retrieved fromthe reci pe paraneter settings, pre- heati ng begi ns

at_step 2618 the pre-heat flag i.s_set at _step 2620, and_pre-heating .

of the pallet is conpleted at 30 | oop 2622 until conpl et ed. If at step
2614, a ne allet is not being entered into the cha system
‘checks at ?@%H“§§§4 to determ ne whether the pallet has Ig%ﬁqﬁééghfthe
door input to chanber 5. If the pall etigyay passed this step, the input
door is closed at step 2626. WD 96/ 29653

PCT/ US96/ 03729 - 55 - The i nput door

is also cl ose

i f al | et Is found in the systemas a
result of the] qugxy_ ’/’iﬁgg

P 28. If the pallet heating time is
conpl ete at sfe ®&¥§%0 't he ters are set to A 46@ at step 2632, the
pre- 5 heat flag i cleareq/é{ tep 2634 and thé process waits

REQUEST_VAC_PORT

1506
T

1510
[

REQ_OKAY? CLEAR_INPUT_BUFF

/'!5!5

GET_CHARACTER SEND_VAC_COMMAND

1517

ALPA~CHAR?
F

1518

Zr1535

EXIT-NO_ANSWER

NUMERIC?

/453?

APPEND_CHARACTER

- BUMP_RETRIES

T 1500

EXIT-OVER_COUNT GET_NEW_CHAR EXIT-TIME_OUT

1542

C_RETURN?

T /' 1552

EXTT—NORMAL FIG. 15
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for the next pallet by returning to the start at step 2604. If the
preheat tine has not conpleted at _step 2630, a step query js nmade at

2865 and if true, the routine noves to an increnental step passby
heat 10  Rio% simlar to the routine shown in Figureﬁgg step
heat process allows increnental power |evels of the SUEPESTY chanber
5. If not, the process returns to step 2608. I f a manua
node is selected, the result of ste 0%2 2603 will be false, and a nmanual
node check will be nade ~at steg | f manual node is sel ected, at
step 2642, {809 det erpm e made whet her f?put!ﬁﬂnor 3 |s
closed at step=2642. |f| door 3 is cloped, the gas d
initiated at step 2646, door of 20 chanber 5 wi || be opened
at step 2648 THe Toutlne wl return to step 2603 via seryice query
bl ock 2660.1 |f t OuT D ‘Tﬁiﬁ bf chanber 3 is not «<losed ht step
2642, the result HDATAL ep 2644 will be true, and th
i nput door bf chanber crosed at step 2650. 2¥614 Shown in
Figure 27 ip process routine 2¢00 foufi! chamber 8/ used in apparatus 100
to deposit h chrone I gg sfubst r at} O is ptimng
| oop fbr dctrvating & rvating t odeF to a
hi gh power hodgq when a pall et Ys paspifff@d t hroug 8.: At
process initialfization he position of a pgallet in
chanber 7 i5 queried at DAT, . If apallet is presgnt n chanber
7, a first |} hi gh- po r #’ s t at step 2706, and the high-pomer
i
/265 1610
! NEXT_DATA_TEMP y/
_ IEISF
]
! DONE_01?
\ rfw
1 ;
INIT_TP_FAULT
RESET_TP_FAULT ;
% TP_FAULT_PERM
F
DONE.02?
\ '
INIT_TP_ALARM
A
TP_CF6-03? i
l ‘ 10 F16 168
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setting of the power supplies coupled to cathodes A and WO 96/ 29635

PGH-US96/03 20— - 56 - _Bin chanmber 8
is initialized at step 2708. If the pallet is on position as a
result of tvw@ofhoessy I n step 2710, the second timer foq t hodes C and
D in chanber 8 is set at step 2712, and the high- pome#agﬁ?ﬂﬁ%’lz?\t bit 5
Is set at step 2714. At step 2716, if cathodes A and B are idle
as a result of the tinmer having Eﬁ){,red or the positions gueries
at steps 2704 and 2710 being fal se, ? e Aand B setpointe are idled

and the power iﬁ”?‘egﬂrn dtoalow 10 power setpoint at step 2718 The
pt st eps

sanme is trué 2720 athodes C and D. I{ the CD
cat hodes are not ifle, a tilmedRESARIRPROTECT|a tinEd, fAHH af step
LATOHEDT > —{ TP _ALARN_PERW
P Tone 033 T NEXT_TPALARN
T
i N
INIT_TP_H20_FAIL 1630
|
]
)
RESET_TP_H20__TWR

READ_TP_HZ0_TIR F

[]
|
|
SET_H20_FAIL ;
{
1
FTONE_04 NEXT_TP_H20_FATL ;
] /' 1650
T 1
! — 1650 i :
{ [ INIT_IDLE FAT — | —[INIT_TP_VAC_FALL
]
i
! 3
' ! “cro-087 > |
! _ 1
tuEck v 5 e v el
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2730, which will set the CD setpoints at idle. A service bl ock exit

2740—tsprovided—5 Li ke processors_A _and B, processor C includes a
utilities set 960 of functional routines which allowthe operator to
manual | y sewobbgees gh power of the cat hodes (CAT HI -P%?Mhe
| ower power of the cathodes (CAT_LO POW, close the h
val ves, disperse the 20 reci pe paraneters, and set the automatic, nanual,
and servi ce nodes as shown at fLﬂf{td'b.,onal bl ock 960. Fi gure
10 shows the control routines processed by processor D controlling
processing in chanbers 9-12 of apparatus 100. The contf-el-—reat+res
shown in Figure 10 25 for processor D are simlar to thode shown in
Figures 8 &3 and 9 for processors B and C, respectiv%. Agai n, the
per m ssi ve&EI oop 720d is slightly different since ogessor Dis
control ling chanbers 9 through 12 of the system wh~ch include the
magnetic | gyer repattertng--36-—--process--r~ehardey 10, but do not include
any heati ng ) _process chambers. _As a result! there ard no heater
per mi ssi vedgd ni| oop 720d as no cpntrol fover heat ers is required.
Initializationj]f ional bl dek] 980 is somewhat different in
that only a ._‘.";l
2
=, 8
o L
ot 1 <
] i 2
1
i
a }
[ -~
= 2 B
L 2 ! =
= S o 8] |
|i---l &l " d‘
[ |
2 5 BE

10 FI6 168
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WD 96/ 29635 PCT/ US96/ 03729
- 57 - initialization for the cathodes—must be |inpl erented—the—-
Sputtering gases nmust be turned on, and the high vacuum

val ves nust be
throttled I ngl e process control | oop for the pr ok/zTaganber
10, PROC- 1U; 71 hown at 5 bl ock 1090. As should be readily recognized,
all the ot her functional blocks shown in Figure 10 are equi val ent
to those in Figures 8 and 9. The PL3Gg$s | oop for the nagnetic
sputtering occurring in chanber 10 is identical to that shown in

Fi gure 2%Fy=ttrct-rdrng=ttre—to———tTTmTor for -cthenmer

TO"TS @ Tunction ot ithe
posi tion of ttepgttet r 7. FLogure 11Lis_d F'ow
di agram repr ti nes whjii c \ (hcessor
E to govern nd procefss 0. 15
Processor E anbers a and D,
and t hus addi utilize =)
exanpl e, twg ner bl opks » E and two
separate not -1 and B1 b
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20 utilized by processor E. Again, permssives |oop 720e S

sl i-ghtly—different—than-those prOMLded_ior processors B _C and D
Alarm control | oop 770e includes an argon pressure neasurenent routine
and a gas Qigdsmédss error scanner 25 routine. Again,
cqontrol l ed by progessor E al l ow t he systen1operator s cﬂgF@QE%%tmeen
automati c, manual , and service nodes. In the automati c node, the
initialization block 880e initialize tgg | ow power of the sputtering
cat hodes, turns the gas control valv off, and throttles the high
vacuum val ves. The initialization step enaPLes-processing | oops
" PROC- 13" for chanber 13 at step 2800, "PROC- 13-CPRBON' for carbon
chanber 15 at step 2900 and an exit | ock procees=e &0 chanbers 18,
19, and 20 at steps—S086—S106 NE,QSAZ%BS
PCT/ US96/ 08§29 =
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- 58 - respectively. The transport control 866e al so includes
twice the numher of functional blacks since the chanher cantrol lers

870e-1 and 870e-2 are doubl ed, as are the | ocati on correction
controller al.and 872e-2. 5 Figure 28 shows th outi ne
far provi d?ﬁ’;’%ﬁgés a process isolation buffer chanber by ?82{"?%@3?’% '
chamber isolation doors in chamber 125/47Chanber 13 conprises a buffer
chanber whi ch provides total i sol ati on between the pressure status of
chambers 1 10 through 12 from chanbers 14 through 20. The specific

uses and advant ages of such a chanber are described in co- pendi ng
patent application Serial No. 08/311, 351. After initialization at step
2802, initially, a check is made at step 2801 to determ ne that the
manufacturing 15 process is running. 1f auto npde js selected (step
2803), the $tatus of the stop and process bit is chgcked in step P804.
A first decision step 2805 determ nes whet her fa\ speed sl ow-down ip the
chanber is phecessary, and if so, a speed chapfoe Qccurs at step 2897.
20 . Thereatter, step 2806 queries whether a pal efe arrived In
the chanber} If a pallet has arrived at step Jjoor jJto
chanber 13 iIs closed and a query made at ) as to whether fhe
non- sl owdo speed may be re-initialized. the old speeq is
returned 25 at step 2811, and if not, the flp d cl eared at stlep
2813. If n¢ pallet has arrived, step 2810 detp
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whet her the chanber doors are closed, and if the doors are_closed, t he

gas_flow to the chanher s set at step 2812 and the stabilization——
timer is initialized at step 30 2814. If the doors are not closed, a
pal l et nma ready to exit the chamber at step 2816pepmddsndfdss iS
true, the&ﬁ?ﬁff’schanber door is opened at step 2818 and t he chanber
14 output door is opened and the chapbes? flag cl eared. WO
96/ 29635 PCT/ US96/ 03729
-59 - If the pallet is not ready to exit the chanber, step
2840 queries whether coolijpg panels provided In chanber 14 are to be
utilized to cool a paR@et,Bs it |, Xits chamber 33. If so, the chanber
14 durational rest 5 Qti for §hp pEIIet is queried at step 2842. |If
t here ‘,‘\u_
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Is no time set, a check is made at step 2844 to determ ne whether a

trigger should he set and if so,—___the trigger is set..at step 2846 |f

no cooling is to be used at step 2840, the clearstop bit at chanber 14
bit 10 iﬁoﬁ%&i’% step 2849, and the routine proceeds t opak 2820.
If no trigger 0 be set at step 2844, a query S na e o whet her
the pallet should be stopped at 2FBAEp 2845. If the pallet shoul d be

st opped, the stop bit at chanber 14 is set at step 2847. If cooling is
to 15 occur (step 2840-TRUE) and the tinmer is to bsg

initialized in chanber 14, at step 2848, the routine Q
the pallet is in chanber 13, and if so, at step 2850,

t he out put door for chanber 13 is open. |If the outpu i s open,
t he 20 chanber 14 stop bit is e'g?'ep at step 2852. If t out put
door to chanber 13 is not open, chl cpl ation W ndow i s (:l:l cked at
step 2854, and if the windowis K]kl at step 2856, the st t chanber
14 is cleared at step 2849 If e Wi ndow i s not CK, Jgp 2858 a
chanmber 25 14 dwel | faul t =S~ Bt pe- At ste PO a check is
made to deter ne whet her the D et {has cl eared cha If the
pal | et has § cl eared thefjchanber ﬁ 3¢ @20 the outp S
cl osed (step 22) and if there is po Pﬁ et &n t he 30 chagfmyer \as queri ed
at step 2824, Y{he output dopr is al be- clpsed at step=g Aysecond
door query is de at 5t ep 26 —anulif & doors a cl osed
t he gas fl owout bi® iFSAset 5t ep 12848] apd the ti
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flowis set at step 2830. If the chanber is enpty as a WO 96/ 29635
PCI/US96/ 03729 _ - 60 - result of the
query at step 2832, the input door is opened at steps 2831 and the
process reg; gh!gi step 2836. A check is nmade at ste 95;;]9; a second
pal | et. wa e chanber is not enpty, and no second palle |sz%
approaching the system the result of the decision step at step 2838
will return the |loop to step 2860-2., /47 | f a manual operation node
i's sel ected, block 2803 will beVal'se and bl ock 2860-1 will be true.
At bl ock 2861, a tasf w Il be gade to determ ne whe r a pallet 10
Is present in chanmber 13./A If there& s a pallet in chanber 13, the
stop in process bit is ¢ ked lat. B&epP 2804 and the r¢utine proceeds
through the &ove- g1
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described steps. If no pallet is present in chanber 13, a second test
for_a mapual operation mnde is nmade.at 15 _step 2860-2 and if nanual

operation node is in fact desired, a second pallet check is nade at
step . 286 no pallet is present in the chanber, %km step
2864 %ﬁg?&Fﬁﬁ%es whet her the testing sequence is on. ?Fhﬁ e $hs

testing sequence is on, the input doggsg chanber 13 is 20 cl osed at step

2866. |If the testing sequence is not on, a check to determ ne whet her
bot h doors of chanber 13 ggf e closed is nade at step 2868. I f both
doors are closed, the ingdt gas is set at step 2870 and the timer

for the input gas is set at sﬁ%p 2842. |If both doors 25 are not closed a

check is made to erm ne mhethy | pallet is ready to exit chanber
13 at step 4. [ SO, at , the output door to chanber 13
i s.opened. €y |Nfhe pal fet—=fmt ' er 13, a ry
as to whether the systemtlst is qg Is nmade at step 30 287 %%} t he
test is co ted, the output dog chanber 13 i 4 clos & 4t ep
2880. If th est is not cor ed, a second check |to det®r friga
whet her the Meors giif €] cl osed is made at step 2882 gnd if $e| @ |gas
rel ease is set at $tep 28%? and a tiner to inplenenqt the ou pet
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WO 96/ 29635 PCT/ US96/ 03729

- 61 - of the gas is set at step 2884.__1f both doors are-not
cl osed at step 2882, a check is made to determ ne whet her chanber 13
I's ready fvgr [hput pallet at step 2885. If so, ¢ 3739 S | nput
doors open Q 5 2886. At step 2895, a check 1s nmade to
det er mi ne whet her a cold carbon process is desired in subsequent
process chanber 15. This will &n | e cooling panels utilized in
chanber 14 to be activated. If a cd carbon process is 10 desired at
step 2895, a test is nmade at step 2897 to determ ne whether the switch
ison. If the switch &8 TR, the cold carbon proceds is initiated at
step 2898. 1 f no&, 296, the switch is abqrted. A
service loop is esy mP 2890. Before 15 ajlservice exit at step
2892, the sygqtem&heck ,‘_ 2891 to determ ne |whether a speed swap
was enabl ed N rof 24dnd the speed is restlored at step 2893 if
the speed s occurr ey - Figure 29 shows a fllow di ggranjof the -
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20 routine for the processing in chanber 15, initialized in

apparatus to deposit.-a carbon overcoat |ayer—an._a disk substrate

After initialization at step 2902, and the running query | oop
representeggg%?aﬁfps 2905 and 2907, the 25 status of th hamber
Is retrieved at” step 2904. A query is made to determne 1T a pallet is
to be | oaded into the chanber a@1/dt7ep 2906. If a pallet is to be

| oaded, a load flag is set at step 2908 and the routine | oops back to

the status check step 2904. If no load is 30 to be nade, a query is nade
at step 2910 to ensure the sa |l oad is enpty, and the load flag cleared at

. Step 2912. I f the nunbeerf—ﬁq |l ets noving into the cha S
greater than 1, as tested at %ifthQlS, and t he power su i es coupl ed
to the carbon cathodes are not™~qdngdh| gh WO 96/ 29635 L
PCT/ US96/ 03729 c=>. g E.
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- 62 - power (step 2914), the high power setpoints are set at

steps 2916 and 2918  1f step 2914 is false acrafter the high power .._—_
setpoints of cathodes C and D are set, a test to determ' ne whet her a
negative | count was 5 returned, and if so, Hﬁ?@mﬁ? S
set at stegbhﬁ“:;iégg (A pallet count is nmaintained V\,hen ea # S
| oaded into the system steps 2930, 3293% act as a fail- safe in the
event pallets are renoved fromthe system manual |y and the counter
does not reflect an accurate 10 count of actual pallets in the system)
If no pallet is present, the result of step 2920 will be true and step
2922 will set the cathode supplies to | ow power at steps 2924 and
2926. The systemthen |oops to a sggHIge 834t at steps 2940, 2942 and
a next ready stép | ood at steps 15 2944 and 2946. Fi gdr es| 30,
31,. and 32 show|fl ow i agrans of the control routynes fpr t _
buf fer chanbers {18 an and the exit |ock in chanberj 20. own
in Figure 30, th t buffer process begins upon{initipliz t 20
step 3002 with 4 deter{ni@ati on of whether an auto node s ru t-§ tep
3020. If so, alquery jof whether the chanber is ehpty—ts—rrade tep
3006. If a chanfjer is} gy not enpty, it nmeans a pallet has arrived|rn it he
chanber and this etected at step 3010. | h i f t he
pal l et has arriVed, thte put door is closd 3008 | f || et
has not arrived,| a chekk is nade to
@ g
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determ ne whether the pallet has cleared the chanber at step 3012. If
a_pallet has cleared the chanber,_the ' :

input door to the chanberis
opened at step 3014. If 30 not, the routine proceeds to the next ready

query 304 d start 3042. A manual nopde iﬁ:ﬂﬁ@%ﬁiﬂﬂ at step
3022 whi C%,?I rs initiates a query to determ ne whether a pallet is
present in the chanber at step 3024. If no pallet is WO 96/ 29635
PCT/ US96/ 03729 - 63 - present in the
chanber, a query is nmade at step 3028344 determ ne whether it is
necessary to qpeEm the input door of chanber 18. If so, the door is
opened at stef53928. If the opening of the door is not required, a

check is 5 Mede at pp 3027 to determ ne whether closing is
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necessary, and if so, the input door to chanber 18 is closed at step
3029. A service loop is provided_at_step . .

service exit at step 3032. Figure 31 is simlar to Figure 30 and
i ke 10 oghéase numerals indicate like steps. ?ﬁﬁé“
initializé??%n at step 3102, a check of the transport cg a u§§|s made
at stegp 3104. At step 3111, a query 34g47 made to determne if the
chanber is prepared to |oad a pallet as a result of a query at step
3110 which 15 indicates that a pallet has not arripeued i e chanber.
If in fact the chanber is prepared to |oad a pall g .["&pe guery at step
3112 is made to determne if a pallet has cl rgg chanber, and
the routine queri%s Lostructions to apen C door at
step 3114 20 or (Rat-fo sprui = owg in Figure
32,- the exit lock cé& FF* S a punp
down and vent i ng pyide in
Figure 22. After init a Fﬁ _query is made
at step 3205. | f N ocksd is not r gy at step
3204 to determne i t N€ chanber is enpty e chanber §\8 enpty,
t he I nput doonulsh.hut at step 3206, ano | BA: ' S . Shut at
step 3208. |If the chanje enpty, er 20" Kyut put
door is closed at st ; K, run ep 32(4M
Subsequentlﬁ% the epaMg :g are ch&c . Agai T a query
is made to “M!  det Iharrber 20 i D12, | f
o
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chanber 20 is enpty, step 3214 Is used to determne if WD 96/ 29635

PCT/US96/ 03729 - - 64 - _a pal et has
been renoved at the output end of apparatus 100. If so, the latch for
the exit Rubbgioehs re-set at step 3216. If the pal | epchasssngizobeen
renoved from the area adjacent to the exit door of chanmber 20, at step
5 3218, a query is nade to determ ne whether the input door is .
enabled. If the input door is enablﬁﬁagt step 3220, the roughing punps
are turned off, and a query is e to determ ne whether a pallet is
~waiting at the out put of the previous _chanmber (chanber 19 at step 10
3222). If a pallet is waiting at chanbel SERICEIENE | nput ]_FIGdOg@S opened
at step 3 pe routine Ioo&iz back TO Step 32 1 |nput
door is &ﬂﬁ ﬁﬁ,fa G =
sotor already ON chd:erz SERVICE? e
— F &
T o f s m read_config_bits g
1) chamber is empty 2403-/ F‘ I )
2) senIN is OFF . | stop_bit >+— OAD
m”.i bt i'&m 'woitiN conditions 204 wait in conditions fir DYNAMIC
@ r ADJ) 2440 1) inp sensor OFF ond
check is there i 'Y‘W’“Q F  out notor ON (unloading)
0 poliel i chonber a
chonber is
esply
24!8-\ -
L VITR fiy | {clr_WATTIN flag | |set_flag_waitIN] Jcir_flag_woitIN|wait_in_flog_lSCotilt_in_flag_cir
upd | s a7 J Lagep
=} WaitIN or LOAD for current cham
check conf iquration A and
if there is idp door load.cond_one | WoitOUT or UNLOAD for previous
2441 i 2423332
LB condd lood_cond_two |
F NB
24«;2 TWF _ —
sen I\ inp_ot_OFF
- N _ __
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is made at step 3230 to determine if the input door is closed. If the

input _door is not closed, it is closed 15 at step 3232 If the input
door is closed, a query is made to determ ne whether the output door

S closed‘?éPﬂggx%step 3234. |If the output door is cIosedPC*M§%%ﬁ@$hing

punps are n at step 3236. If the output door is osed, a
query is nmade to determ ne whether there 20 Is a next pallet to be | oaded
into the chanber at step 3238. _If so, the routine |oops back to
start. If a pall et is not read96{87be | oaded into the chanber at

step 3240, th
not enpty, th
confirmation
3244, re
a pallet is n
step 3248 to
door is not c

g put——tgoort—ot—crranirer—2- vamae AR efper 20 is

results of the query at 3242 woul d be tyue, and a
uety that . i n chanber 20 nmpde at step
ulfs in the exjt bel Bg at step 3246. | f
t present or opce the |at [ G query ik nmade at

eterm ne whethpr the 30 i pput is closed. |f the input
osed, it |s closed at 270. At step 3252 a query

is. made o fleterm ne whether the out fBhanber is
.enabled. If sp, the vent is turned of f a} and aj query is’
made at s 254 to determ pe mhe@ﬂEﬁLg 4R
o set WATIOUT.flog olr WATTOUT._flog
E z |
- Woit OUT or UNLOAD for current
{untoad_cond_one - 2479 and
2472~ B Loading IN for next
""Imd"_:mfd't“ Turn OFF «li the motors

2474 for current chamber. {

check configuration U5

if t[tereh iszUT door OFF.INﬂ.lotcr
in chamber
out_motor_off
T OFF _OUT_motor
OUT motor

check if unloading

motor already ON Start unjouding

no

4% 2480
ON_OUT _aotor
|Out sensor is OFF
continte c#gxm:hlg:gerf o
unloading
¢Ir_WATTOUT bit OUT _notor_OFF
APy |

set_bits_td

reset_bits k4

set_loading_bit cir_load_bit

Lt FIG. 248




WO 96/ 29635

the |nput of chanber 20,

PCT/ US96/ 03729
ing atthe input. Lf a pallet is waiting at

at step 3256, the output

door i s enabl ed and

t he systemggipsssgack to step 321C If, as a result of :
[ , step 3258, a query is nade trﬁ&gﬁ@ne

Out put is not enabled, at 5

whet her the out put
the vent is turned on at

at nosphere to all ow output fromthe
out put door is not closed, the routi pe

| oaded into ch r

out put door s oseg

handl e the servo control

are utilized t:
bei ng submtted |%g}

in Figure 12, processor sfy

rouwtines for controlling

shown it

door is closed. If the output door is closed
step 3260 d% t he chanber vents up to

a?rrber to be

at step | D

1 Load

enabled. If the

waits for a next pallet to be
If the next load is waiting, the

' Processors nd

e automatic robot_l_nml.s.%lch
d ‘ paIIets prior to Us—pa'ﬁ-e&
apgarat us 1OTfor sputtering. Asgashown
daxortidbitxd essentially identifal control
reamoad and unl oad robots, respectively. As
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inp_mot_OFF

Lood_OK_switch
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20 Figure 12, the main difference for the control routines utilized

W.th respect to-processors. G and-His in the robot contreol,—servo
| oops, and indexers which are initialized in the automatic run node at

bl ock 730G 95'”@{ exanpl e, processor G controls robots 3'5':@" 25
t hr ough thew?Jse ol servo | oops 1283, 1295, and 1287 han s%%&% oops
1293, 1295, and 1297, and i ndexet 3g/mouti nes 1272 and 1278. | ndexer

routines 1272 and 1271 allow for the pallets to be rotated about the
hori zont a axis at the center of the pallet. 30 Robot 3 control
| oop routine 1293 is generally described as follows. Robot control

| oop 1293 @ rm tests to see if the roliidadi s active, and if not

provi des gerTvatron tntralization 1or the particu

the routi est abl i shes the position of
PCT/ US96/ OB729

urrent chasber.

25 VO 965@%§¥g°“ i iotors TXL

2908~ OFF_INP_aotor

ad 7258 | OFF_OUT_sotor |
set_fig WATTOUT clr_fig_ WAITOUT
i 1 J
&R oo cond_one | Woit OUT or ULOAD for current
B2~ i Loading IN for next
unlood_cond. two

check configuration

if there is OUT door
in chomber

Turn OFF
OUT motor

out_motor_off

check if unlooding

motor glready ON T F Start unloading
3 notor
F ON_OUT_zotor

ond NO lood for
next chamber

cir _WATTOUT_bit QUT_motor_OFF

L —=3 {}{

notors;on/of f 529

reset_bits_ W4
L 2agy

set_loading_bit clr_lood_bit
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- 66 - the robot loading arm and initializes the robot |oading

armtio a starting position. The robot | oading-arm I ncludes a-c¢l anp—
whi ch engages the substrates to be | oaded into the pallet, and routine
1293 | ock o35 UNnl ocks the clanp depending upon the p?ﬁ;‘,is%g, the arm
relative to the servo control |oops. The servo [oops set the
positioning of the robot arm based on a roww se | ooping to install
substrates in t he pall et fromtﬁ)h{,lo bottom row by row. 1In one 10
enbodi ment of the control system difTelr’ent robots are utilized to
| oad di ff &Rt 1§ OWs gf an i ndpv up-i—pallet, thus each pallet is
| oaded by rrere§ han Qne obot ¢at each robot |oads only specific
hori zont al ’ E' o t pallet. 15 Finally,
transport et /3 relative to the | oad robots
t o synchr == hu:é c  pallet is positioned
adj acent t affy | ro when a gubstrate is to be
| oaded i ntjq= S EMure 13 shows processor ebvvhich
handl es tﬁ Jig p"°to t hd man- nachi ne oy
I nterface. In FIgxe 13, E el emgntary perm ssive
bl ock is included]i scanner Joutine 1350, jan 25 al arm pjsstory
routine is nmainta po»e&su@ly air &larmroutine 18X6 is
provi ded for the P Ny
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i nterface. As a result of the distributed control functions of
each of the processors utilized in_the contral systemof 30 the present

i nvention, the systemfunctions nuch nore efficiently, and is able to
handl e nmuc r processi ng power distributed acr rk.
By ut ﬁ%ﬁ%’gprocessors whi ch control different areaﬁ‘Whe
system the processing of each of thesgsupstrates can WO 96/ 29635
PCT/ US96/ 03729 - 67 - be handl ed nore
efficiently and the throughput of the system can be increased. In
addi ti on, devel opnent al time for additiopal py{ﬁ I S produced since
r edundancy I n tgga,pr-%;ran’m' ng of the fict al bl ocks may be 5
utilized for portionsmeflihe systempav' g simla T
init SERVICE? SERVICE_EXIT
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functions. Mor eover, software control over hardware-centered
functi ' ' e systemof the present invention to give
the system operator the option of 10 overriding the hardware air signals
i f the opepat determnes that the air signal is ar #}&g@5 faulty
pi ece of hggﬂﬁé?g§ Thi s reduces system downtine, and ﬁ;i 3 tﬁg
operator to determne when is a nore efficient time to repl ace

def ective conponent parts in 15 the system The many features

and advant ages of the present i lddfion will be readily apparent to
one of averag 9

mes 3ng_pdvant ages afe
i ntended o ¥\ ons 20 /A\whi chwil | ke
readi |y ol such nfodNf i dgeijons @re
i nt ended [ i on {35 Dede+|idd hefein
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CLAIMS 1.

A control systemfor a film

deposition apparatus having a plurality of processing chanbers rising:

a plurality of control processors,
i ncl udi ng QY , being coupledt
and control 4?%?%%ocessing in said

each of the plurality of processors

0 a subset of the plurali hanber s,
subset of the pIuraIitak%@%%ﬁéﬁ% rs; and

a data structure provided in said negpr4z7including configuration data for

each of said plurality of processin
apparatus includes deposition proce

g chanbers; wherein said
ssi ng happmﬁmé to deposit filnms on a

plurality of substrates passing thr

SRR Lt BT erdBai o

P a transport

system an wherein
each of said P n of said
subsyst ens |a ” ty of subs S F ocessed. 2.
The control o 1 further inglogdi ng a net wor k coupl i ng
the_plural ftly of processors and including aJ/oeiwork hgb, said hub and said
plurality @f] control = CLR COHMA! STAP t p—& etwork such that each
of said p | otl processors ang—saro—fubare in ¢onmuni cation with al
processors c.uﬁ&ﬁ o~e petmork.
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3. The control systemof claim2 wherein said apparatus processes a
plurality of _substrates which are transported through the apparatus—via —
the transport system the transport systemincluding a plurali ty of
transport said transport stage including a plur aI ition
sensors vmta{?a%ég% sai d stage having at |east one sensor provi 5| ng a Ebs

out put which indicate the presence o#3@ksence of a substrate at the
position sensor, and at |east a subset of said plurality of control

processors comuni cate w ' ' =4 of the
substrate in the depositi¢n_apparatus. :
69 4. The comtrol systemof claim 3IWnege| nfthe conftriol system
~includes control routines g SRt | e
deposi ti on apparatus when e Y t he
posj tion sensors, such thj Ijnzt ¢t ed to
the control system by_the
substrate cay be det e&n’ ne nghy
processors. — N =
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5. The control systemof claim4 further including at |east one encoder
provided with each transport stage. providing_data on the ratation of
wheel s supporting each substrate at each said stage, wherein said contro
routines utilize the encoder data to determ ne the positio f aﬁﬁstrate.
6. © The cBRIBM38ystem of claim4 wherein said control r 4#&&? cl ude
timng nmeans for determning the positiggng9f the substrate based on a rate
novenent of the substrate in the system 7. The control system
of claim1l wherein each of said processors operate in parallel to process
requests froma user and data i nput/output fromthe film deposition

appar at us. . The control system of
claim 1 e control systemincludes a scanner |evel of

routines f ng the output of the apparatus hardware, a
per m ssi ves gines _and a control level of routines _1he

perm ssi ves dracting wijth the contrjol level to gllow or inhiBRit
control | eV : from functionsiin the apparﬂtus.
9. _The co S)fem of cRRi

i ncludes t

r ol
hird
9-1

pr ocessor jr ocessi ng ng? \b
control pr ssor cantrols pr{ce&si ng
2, and a fd®™th control procesog—gcntrﬁf
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20. 10. The control system of
clLaim 1 wherein each processor includes neans for reading the output of .
at | east one sensor positioned in each of said plurality of processing
chanbers t0v9 %ﬁé@&pe whet her a substrate is positioned at }#ﬁ?%ﬁﬁ L on of
t he sensor; means for determning the position o e substrate
at a given sensor when the output of 43548% gi ven sensor i s unavail abl e,
said neans determ ning said position based on the output of one or nore
ot her sensors providing and actual known position of the substrate and a
rate of novenent of the substrate at each transport stage of the system
and for outputting a signal. . 11. The control system of claim
10 wherein each transport stage includes three sensors per processing
chanber, and the neans for determ ning the positioning of the substrate

provi des an output to the processors to enable other control routines
operating in
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the systemto function. 12. The control
systemof claimi0 wherein the neans for determni ng—i-s—seleetively—-

enabl ed and di sabled by a system operator. 13.
The control of claim 3 wherein each processor I NPloeARS6/03729

. means for fg I'ng the output of the sensor to determ ne whether a substrate
S positioned at the location of tH# /4dnsor; and nmeans for

determ ning the position of the substrate at a given sensor when the optput

of said given sensor islunavail abl ¢g ppg.d gggans determ pi ng sai ¢
based on the out put dqf one or nore other sensors proyiding af
provi ded by at |easf{_ongq encoder associ ated wth at least one
sensors. ' C\ﬂ4- A contr¢l syster
deposi ti on appar at uSfy t He apparatus processing includging a pl
substrates which are trgnsported through the apparatd@s via a
system the transpo;b syistemincluding a plurality of tdansport g
each sai d stage havtrp dt | east one sensor providing an output, the syetfem
i ncl_ udi ng: o
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71 means for reading the*output of each sensor to determ ne
whether a substrate is positioned at the |ocation of the sensor; and
nmeans for determining the position of the substrate at a given sensor when
the output @f sJi ven sensor is unavailable, said nmeans pgghfbiiattond said
posi tion based on the output of at |east one functioning sensor providing
an actual known position of the subst47d#d and the rate of novement of the
substrate at each transport stage of the system wherei n each
transport stage i ncu hree sensors per processing chanber, and the
means for detern1n|§g positioning of the substrate provides an out put
to the proc ors t e other control routines operating in the system

to functi | on. ‘\R 15. The control system of
claim erei sensors are provided at the input, mdpoint and
endpoi nt of chy bl urality of transport stages. 16. The
contr ol syst§§1of 1 wherein the neans for determining is selectively
enabl ed and Wisa he system operator. 17.

The control syst 'm 14 wherein the filmdeposition
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apparatus including a plurality of process chanbers, afugk
det ermi ni ng incl udes a plurality of control pr
plurality of processors including a nenory, being cou
the plurality of chanbers, and controlling processing
the plurality of chanbers; and g data structur
menory including configuration data for each of said
processi ng chanbers. 18. The control systemn
said plurality of processors are coupled to receive the output of the
sensor, and wherein said nmeans for &&&&i ning includes deternining the
position of the substrate relative to the rate of the substrate and the
time the <slubstrate has noved. A control system for a film deposition apparatus having

72 o1 > s .0f claim 17 wherein said plurality of
procef%%??mgﬁgfB%ﬁpgggf8@%£§%3é¥§ésﬁ%§ébutput of the sensor, and wherein
sai d nmeans 4 pluratigt efraontroihgro¢essoise racafl thel plirality efimrockssomsndeding @dnempty,each

of Salbdeh:gu,;r %BS&SE ttosat g esse’l: o%%l'\g pmgﬁt% 0 eéh%rm e.'?sl,n dt poentpo(ﬂlsr{gt Ipr%rc]:essing in said

subset of the plurality of chambers; and

a data structure provided in said memory including configuration data for each of said

plurality of processing chambers; ’

wherein said apparatus includes deposition processing hardware to deposit -
" films on a plurality of substrates passing through said plurality of processing
" chambers, said processing hardware being arranged into subsystems, said
subsystems including a pumping system, a heating system, a transport system, and

a sputtering gas control system; and

wherein each of said plurality of processors controls a portion of said
subsystems as the plurality of substrates are processed.
2. The control system of claim 1 further including a
network coupling the plurality of processars and including a network hub, said hub and said
plurality of control processors being coupled to the network such that each of said plurality

of processors and said hub are in communication with all processors coupled to the network.

3. The control system of claim 2 wherein said apparatus processes a plurality of
substrates which are transported through the apparatus via the transport system, the
transport system including a plurality of transport stages, said transport stage including a
plurality of position sensors with each said stage having at least one sensor providing an
output which indicate the presence or absence of a substrate at the position sensor, and at
least a subset of said plurality of controll processars communicate with said sensors to

establish the position of the substrate in the deposition apparatus.

* C L M 1 *



Y

of the’substrate relative to data provided by said enc 'LACEMENT QI'E&T
Ah apparatus for controlling an in-line sputtering machine having an ifQpgt
end, an output end, a plurality of processing chanbers &t wgengthgeggput
end and the output end, a punping system a heating system a transport
system and a sputtering gas control systeg .the transpor 1 ]
a plurality of position sensors, each said system cooperating to processla
plurality of substrates as the substrates pass fromthe 1 nput end to the
out put end, conprising: a network, including a network hub; and

a pluralit. of Fhecewsolsystarh iodiatgjrn 3 nwherkiat theecantrol aysteme inchudiesrcostrot i ng

configuratiop data.for said appar at . coupled to the hub.and .

net wo %ft'rgéc%ro?nagﬁf’% CﬁPﬁPgﬁ t%pegq{%osr%ﬁg&g?%osggnnap%a&t&se\gg?g aaf%'@f)esést of
t he PHer’ﬂﬁéd sh et lecabtiohe o the Gositiohrsehsor8gswchpiat it poditien ol tiod ];sebs'r‘]cfhte is
punpi ng eating, transport and sputterin as ,systens of the

Ut iR ool aToteE B0 S pantaiieihsd 23 1o opaton gt e Rstdie femai o
Pr oCcegaetsRilhdd bisdd &F BSbRPut Bf theStiPBRENIAG pFoessarélanber s of the

sputtering apparatus, at |east one of said processors including
means for reading the output of said sensors to determ ne whether a

substrate g The SorftRR is%'ééﬂ?gf @fagﬁ er FBP Piudathat least one encoder ?rﬁﬁeé for

determ ning the position o _the substrate at a gi'ven sensor when
out putwigt eanfetrafspodistagee peYiding dataeavhe ratbtien obwheelasupportiog eaah skibsgrasai d -

POS! {1 bach said st ihePdln <At Qoo rollindt! #8 The OREel BEH T LEQRRASRE

provi di ng an actu

ol the su e an rate of
nov e mgusiton dfreesghsiste.at e at each transport stage of the system
and for outputting a signal. 21. The control system of claim 20

wherein each of said plurality of processors controls a portion of said
systens as 8.he plThe abhtrygl efstembst cRIMA aherdih GarRISSaRrol routines include timing

means for determining the position of the substrate based on a rate movement of the

substrate in the system.

7. The controi system of claim 1 wherein each of said processors operate in
parallel to process requests from a user and data input/output from the film depasition
apparatus.

8. The control system of claim 1  wherein the control
system includes a scanner level of routines for interpreting the output of the apparatus
hgrdware, a permissives level of routines, and a control level of routines, the permissives Ie\)el
interacting with the control level to allow or inhibit control level requests from initiating control

functions in the apparatus.

‘9, The control system of claim 1 wherein the deposition apparatus includes twenty
processing chambers, and a first control processor controls processing in a subset comprising
chambers 1-4, a second control processor controls processing in a subset comprising
chambers 4-8, a third control processor controls processing in a subset comprising chambers

9-12, and a fourth control processor controls processing in a subset comprising chambers 13-
20.

I



22. The control system of claim20 wherein said pluralpt ST T |

sénsors i ndi cate the presence or absence o RE?SEE [uéﬂe \%'JET ne
‘posi tion sensors, and a subset of said plurality of prodeg§sSors conmmuni cpt
with each said sensor to establish the position of the quistgat@ct pgghe

T

11%

~

deposi ti on apparat us. 23. Th&Ocontrol system df icl aim 22 V\,her
the control systemincludes control routines for enabli g teent+nued
operation of the deposition apparatus when a failure isidetected in at
| east one of the position sensors, such that the positi Oof the substrate
is indicatetP.to the control sysTeencogtrohgystemtafatiaimodt wheeimedch ipeoqessirt i on

Of t NG JUESS MAbRs FeLRing WS LIHLT Bt P2 ol 0hd'® QLB bodioddifinehaR o "

processors. each of sald
plurality of processing chambers to determine whether a substrate is positioned at the location
of the sensor; and

Y%
-

means for determining the position of the substrate at a given sensor when the output
of said given sensor is unavailable, said means determining said position based on the output
of one or more other sensors providing and actual known position of the substrate and a rate

of movement of the substrate at each transport stage of the system, and for outputting a
2
signal. -

11.  The control system of claim 10 wherein each transport stage includes three

sensors per processing chamber, and the means for determining the positioning of the

substrate provides an output to the processors to enable other control routines operating in
the system to function.

12. The control system of claim 10 wherein the means for

determining is selectively enabled and disabled by @ system operator.

13. The control system of claim . 3 wherein each processor
includes

means for reading the output of the sensor to determine whether a substrate is
positioned at the location of the sensor; and

means for determining the position of the substrate at a' given sensor when the output
of said given senéor is unavailable, said means determining said position based on the output

of one or more other sensors providing and data provided by at least one encoder associated
with at least one of the sensors.

14. A control system for a film deposition apparatus, the

apparatus processing including a plurality of substrates which are transported through the
apparatus via a transport system, the transport system including a plurality of transport

stages, each said stage having at least one sensor providing an output, the system including:

|



24, The control systemof claim20 wherein the co REPLA@EM@N@ SHEEDHes a
t rof--the—apparatf up

stanner |evel of routines for interpreting the outp 5
har dware, a perm ssives |evel of routines, and a cont OlQ éeﬁgﬁ m ut | nes,
or

the perm ssive level interacting with the control | évél i hhi bit
operator or control level requests from7hitiating d¢o 5 | n the
appar at us. 25. A control systemfor a fifl m deposition appératus
having a plurality of processing chanbers, conpri sithRg: a—retwor k
hub; a plurality of control processors, comrunicating via the hub,

each of sai@ephsirfal reading theputms sfreach rsensali tegdatenmine (vehather anskbstyataris
bei ng &&W%r?eﬁ Jtochg "?&%’?’ﬁ?ﬂl‘e%ﬁﬁsﬁl 5’,{&' ity of chanbers and controlling
subset o

processing In sal e plurality of chanmbers and a data
struct ure pmeansiéxl determinind therpositioaof the substrate atracdiveh sensoomfheguhatoutputdat a

for each.of. said plurality of processi chanbers,. .. 26. The
cont r bt L pEE sonsBy B healanfe. BIeRESR Al PR e posttisoshesed opi e sy o
subst r of tdeast @0 fadctivaing sehsarasovidiag el acdelr imowichasitish of theasubBeite afPMBAt US
and at | east one s%?sor associated with the tran g‘ort a$parat us, each

t r anspBte ChFpRyEens of she sybSTEale At eASh JARSPOgY stags af Meusvste®y of substrat es

through sai dygdiaiil&ich transport stage includes three sensors per processing chamber, .
and the means for determining the positionir)g of the substrate provides an output to

the processors to enable other contral routines operating in the system to function.

15. . The control system of claim 14  wherein said sensors

are provided at the input, midpoint and endpoint of each of said plurality of transport stages.

16.  The control system of claim 14 wherein the means for determining is selectively
enabled and disabled by the system operator.

17. - The control system of claim 14 wherein the film deposition
apparatus including a piurality of process chambers, and the means for determining includes
a plurality of control processors, each of the plurality of processors including a memory,
being coupled to a subset of the plurality of chambers, and controlling processing in said
subset of the plurality of chambers; and )
a data structure provided in said memory inciuding configuration data for each of said

plurality of processing chambers.

18, The control system of claim 17 wherein said plurality of processors are coupled
to receive the output of the sensor, and wherein said means for determining includes
determining the position of the substrate relative to the rate of the substrate and the time the

substrate has moved.

* c L " S *



74 . - 27. The control system of claim 26 inc
associated,with each transport apparatus, and the copn

| ddes
nmeans for determning the position of a substrate re ive b&TaW§ arjsgdort
apparatus based on the encoder. 8. 02 he
control systemof claim 26 including ns for detgrjning the padit|ion
of a substrate relative to the film deposition apparptus based on agiﬂte of
novenent of the substrate. WD 96/ 29635 '

PCT/ US96/ 03729 - 75 -
19.  The control system of claim 17 wherein said plurality of processors are coupled
to receive the output of the sensor, and wherein said means for determining further includes

an encoder associated with each of said transport stages, said means determining the position
of the substrate relative to data provided by said encoder.

20. ’ An apparatus for controlling an in-line sputtering machine
having an input end, an output end, a piurality of processing chambers between the input end
- and the output end, a pumping system, a heati'ng system, a transport system, and a sputtering
gas controt system, the transport system incruding a plurality of position sensors, each said
system cooperating to process a plurality of substrates as the substrates pass from the input
end to the output end, comprising:
a network, including a network hub; and

a plurality of processors including non-volatile storage means for storing configuration

data for said  apparatus .» coupled to the hub and network, each of said plurality of

processors being coupled to a subset of the plurality of chambers and controlling a portion of

each of said pumping, heating, transport and sputtering gas systems of the

sputtering machine relative to said subsetof chambers, such that each said processor cantrols

processing in a subset of said chambers of the sputtering apparatus, at least one of said
processors including

means for reading the output of said sensors to determine whether a substrate
is positioned at the sensor; and

means for determining the position of the substrate at a given sensor when the
output of one of said sensors is unavailable, said means determining said position
based on the output of at least one functioning sensor providing an actual known
position of the substrate and the rate of movement of the substrate at each transport
stage of the system, and for outputting a signal.

21.  The control system of claim 20 wherein each of said plurality of processors

controls a portion of said systems as the plurality of substrates are processed.

22. The control system of claim 20 wherein said plurality of position sensors

W



26. The control

mea)) J
a-scanner |evel of routines for I nterpreting the ”ﬁm e\]' iET| :
apparatus hardware, a perm ssives | evel of routingsi and a contrdl

| evel 5 routines, the permssive level interacting w{hgthaCTt 1998 cqnt
| evel to allow or inhibit operator or costyrol | evel§ requests from
initiating control functions in the appar at us. 0 2T R
control system for a filmdeposition apparatus having a plurality

processi ng chanbers,
pl ur al uhmgatafthe presende grrabsersopta substrataiat svd pesiddn senspes, iahd ahsubset ehgdid of
non-vol a

B8R Buaiin ThE R

sai d plur

coupl eQJ

sy, of oPdceBE e GRRhninare i gerf 5o
pr ocessiibafrateinSthie Heposition apparabes.pl ural ity of chanbers;

system of claim 22 wherein the

conpri si ng:

rocessors

a data structure provided in said non-volatile

configuration data for each of said

Cco

(] J

a networ k hub;

and

and 20
menory incl udi ng

des
r ol

of-
a

$uBfiardRe "

plurality of processing chanbers.

28. The con?@,ol S cBAraf syskdthnaf2ofaih 22k Marsini the 2antroPPRREMHSILBEPEEHPAS 2

plurality o

substrat es,

each of

routines for enabling continued operation of the deposition apparatus when a failure is
detected in at least one of the posmon sensors, such that the position of the substrate is
indicated to the control system by the control routines and the position of the substrate can
be determined based on the output of the functxomng processors.

24.  The control system of claim 20 wherein the control system includes a scanner
level of routines for interpreting the output of the apparatus hardware, a permissives level of
routines, and a control level routines, the permissive level interacting with the control level to

allow or inhibit operator or control level requests from initiating control functions in the
apparatus.

25. A contral system for a film deposition apparatus having a plurality of processing
chambers, comprising: '

a network hub;

a plurality of control processors, communicating via the hub, each of said plurality of
processors including non-volatile memory and being coupled to a subset of the plurality of
chambers and controlling processing in said subset of the plurality of chambers; and

a data structure provided in said non-volatile memory including configuration data for
each of said plurality of proéessing chambers.

26. The control system of claim 25 wherein said apparatus processes a plurality of
substrates, each of said processing chambers includes a transport apparatus and at least one

sensor associated with the transport apparatus, each transport apparatus for transporting one
of said plurality of substrates through said chamber.

-
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sald processi ng chanbers includes a transport appar at

one sensor, associated with the transport appar at
appar at us for transporting one of said plurality
sai d chanber. 30 29. The contr syst em of

encoder associated with each transport agﬂar atus, and
system i ncl udes neans for determning the - WO
PCT/ US96/ 03729 . - 76 -
substrate relative to a transport appar at us based

96/ 29635
posSTTTON 0f a
on the encoder.

30. The co’ol Hisscentrof systernnef2gairm 2B6uiicivgingeamencoder associated with each
transport apparatus, and the control system includes means for determining the position of

a substrate relative to a transport apparatus based on the encoder.

28. The control system of claim

26 including means for

determining the position of a substrate relative to the film deposition apparatus based on a

rate of movement of the substrate.
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¥ er m ni ng the position of a substrate relative t
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