mAFER*DROCESSING MACHI NE VACUUM FRONT END METHOD AND APPARATUS
The present invention relates to the processi ng of wafers such as
sem conductor wafers, 5 and, nore particularly, to pre and post
processi ng handling and treatnent of wafers in a vacuum

bet ween wafer cassette nodules and a multistation waf er processing
machi ne. .- Backaround of the Invention: 10 In the
processi ng of sem conduct or wafers, processes such as sputter
coating processes for the deposition of films, such as filns of

al um num are enpl oyed. Such processes are often carried out in
machi nes such as, for exanple, that disclosed in U S. Patent No.
4,909, 695, assigned to the assignee of thE”bresent appllcatlon

and expressly i ncor porated by reference heifhis eplaced
machi nes, wafers are individually introduced from ‘ﬂ“g
at mosphere, through a | oadl ock onto one 20 of a fer

hol ders in a vertically di sposed ci rcul ar plate and t hen noved
by rotating the plate about a hotizontal axis, |ndex

't sequentially through 3 RlMEHid %uRkrwe vacoun FronT =MD
METHOD AND APPARATUS

-

The present invention relates to the
processing of wafers such as semiconductor wafers,
5 and, more particularly, to pre and post processing
handling and treatment of wafers in a vacuum
between wafer cassette modules and a multistation
wafer procéssing machine.
Background of the Invention:

10 In the processing of semiconductor wafers,
processes such as sputter coating processes for the
deposition of films, such as films of aluminum, are
employed. Such processes are often carried out in
machines such as, for example, that disclosed in

15 Ug.s. Patent No. 4,909,695, assigned to the assignee
of the present application, and expressly
incorporated by reference herein. 1In such
machines, wafers are individually introduced from
an external atmosphere, through a loadlock onto one

20 of a plurality of wafer holders in a vertically
dispoéed circular plate, and then moved, by
rotating the plate about a horizontal axis, to

index it sequentially through a plurality of



-2- processing stations in which a series of process
steps are perforned carried out. Such steps my -————-in¢clude, for

exanpl e, sputter etching and sputter coatThiGhék BRABecilkcpae t hose

that result in 5 application of an al um numc fers.
Typi cal ly, throughput for such a machine is nmm]ummumml\mt han one
m nute per wafer for deposition of a one al um num
In introducing the wafers fromthe 10 = 2 ~external at mosphere, inevitably

some particul ate Oé °°essr1m%n?€ 1_Thlecrnﬁc91[11t"g;}pp_clglag| QQrieS or}t Eggdeggﬁdl into the

i nt er nal VIiTO fhe processi ng nachi ne

I nt roducti on of sugtlgp_ A-aNp et rneanost i e oliel al $uch steps mayprevent ed or
at |east kept at a mninum as each 15 particle or contam nant can

result in a defectinglude, for exajweeesmrtﬁelreeMEnqm shutterduce t he
ulti mat e val ue of the Further, in such

a processi ng machi ﬁ%at"trﬁ’eSteps suc aﬁe?‘?%srerré'ﬂété BesuE iRt al preheatl ng or

degassing g0 appEftdtioflest ré}blaqummmofat%eptmeb%agsﬂ ornmed in
t he | oadl ock of the machi ne, and provi sion herefore has been

made by a backpl aneypietldy,i throughput fot leuchppamatchinediiscl osed in the
patent incorporated above. In the |oadl ock chanber -after being
25 i nt r oducedSH PN BOERt EhaMIONGt HHYHif PEX ¥ater for degassi ng

to drive off materd¥6§§§£10§0gktQ%nﬂﬁmﬁgron film of alunminum.

In introducing the wafers from the
10 external atmosphere, inevitably some particulate or
other contamination is introduced into the internal
environment of the processing machine. Ideally,
introduction of such contaminants should be totally
prevented or at least kept at a minimum, as each
15 particle or contaminant can result in a defective
device on the wafer and thus reduce the ultimate
value of the wafer.
Further, in such a processing machine, the
performance of an initial preheating or degassing
20 step is desirable. Such a step may be performed in
the loadlock of the machine, and provision
therefore has been made by a backplane heater in
the apparatus disclosed in the patent incorporated
above. In the loadlock chamber after being
25 introduced from the external atmosphere, such
degassing to drive off water vapor from the wafer

is of limited effectiveness. Unremoved gases are a



'is of limted effectiveness. Unrenpoved gases are a

- 3- potential process contam nant that canm atso-—— -~ —adversely
affect the quality of a deposited film This Sheet Has Bedit Replagedc €SSi ng_ of

a wafer to produce conpl et ed seniconduct Ives nor e

5 processes than are perforned in nachines type
referred to above. Sone processes are pertorne , and ot hers
after, introduction of the waf&r3 Tnto such a machine. The

transporting goter&flawﬂ{,%éeé;ewﬁ%m%@ gRse AfdeRikgsul ts in 10

contam nation or terioration of the wafers exposure to
atnosphere. Wth wadwsrselgabfeot tthe quality oftatwépdﬁitteﬂngﬂne.n (Tiw
films, for exanple, their exposure to anbi ent atnosphere before
or after a subseaﬁemr%&ﬂﬁ@ WA ¥AAPT IR Pé‘k’?g@‘h to contact 15

and affect the TiWiil ausin t u change,
I ntroduci ng st ress P %TSW% n% % ée%lces mvoj‘l]'selsnﬁmfﬁe filmto

fracture ang fl akeprocesses than are perféfhéd"@.npﬁ@Gl?ﬁféé"'ng{:h&"af ers
descri bed above, there is a need to increase the throughput 20

of the wafer proceSzpﬂgf%fqerrpﬁem ,aboyet | c3dme [pyocesses are equi pnent of the

vertical carrousel e des ri_bed ' t he patent incorporated
above, and to redu88¥§ gef°re' %rﬁ%e%r‘#ﬁﬁf:na NG PR r ocess

performed in the wéfﬁ%saﬁﬁﬁéfgdéi a_fachine. The transpb@tiﬂfbconnnnly
assi gned and copendi ng U S. Patent application’S
07/ 701, 800, of wafers between machines often results in
10 contamination or deterioration of the wafers by
exposure to atmosphere. With wafers coated with
titanium-tungsten (TiW) £films, for example, their
exposure to ambient atmosphere before or after a
subsequent coating cycle allows oxygen to contact
15 and affect the TiWw film, causing metallurgical
change, introducing stress in the TiW film, or
causing the film to fracture and flake.
In the processing of wafers described
above, tﬁere is a need to increase the throughput
20 of the wafer processing equipment, particularly
equipment of the vertical carrousel type described
in the patent incorporated above, and to reduce and
remove contaminants from the process performed in
the apparatus.
25 In the commonly assigned and copending
U.S. Patent application Ser. No. 07/701,800,

entitled WAFER PROCESSING CLUSTER TOOL BATCH



rentitl ed WAFER PROCESSI NG CLUSTER TOCOL BATCH
-4- PREHEATI NG AND DEGASSI NG METHOD AND APPARATUS, = "expressty-—

i ncorporated herein by reference, further needs™ Bean d .
processing handling and treating of wafers, and aci ng of
processi ng equi pnent with standard wafer cassette set forth.

In such cassette nodules, wafers are horizontally-eriented 1n a vertical
stack in a plastic rack, and the nodul es re each’ sealed to a port of a

transfer nodul e and t eni port. The

punpi ng of one sﬁ%&gg g%ﬁ)§§?%§y€&é8@gl‘%n§r%%t ﬁggﬂ{%ﬂﬁ'm’ nutes. Such
nodul es nmay al so bggsealad %&&»ﬁpa&ef:ea%ar&hosyokéﬂé@eaw, afudthByed from
machi ne to rmachi ne. here is a particular need to efficiently
and effectively i mesdsaderwateramt poetsprareseing gramdlingaand cul arly of the
vertical carrousel type, with such cassette nodules in a way that wll
optim ze the use ofFeHeMGHLLE HREFRfrnPRB, for the inteyFagingofy,5 (i scl oses a
vacuum transfer ch hav L RE; Casertdankapd R chahss, a radially
ext endabl erggwaf er t?gﬁgsesrﬂ%r magéél“%}‘t r eat ment stations. conpr |ts% ng an

aligning station afnédwlewmfaae sptifrthng Istsichotassetdaombdules, An
obj ective of the present .
wafers are horizontally oriented in a vertical

stack in a plastic rack, and the modules are each
sealed to a port of a transfer module and pumped to

10 a vacuum before opening the port. The pumping of
ocne such module typically takes mofe than ten
minutes. Such modules may also be sealed with
wafers enclosed therein and moved from machine to
machine.

15 There is a particular need to efficiently
and effectively interface wafer processing
equipment, particularly of the vertical carrousel
type, with such cassette modules in a way that will
optimize the use of the coating machine.

20 Summary of the Invention:

A primary objective of the present
invention is to provide a wafer processing machine,
particularly a serial or sequential vertical wafer
processing machine, for example of the carrousel

25 type, with vacuum front end unit or module that is
capable of for rapidly transferring wafers to and

from a single access port of the vertical



+-4a-, invention is to provide a wafer processing machine, particularly a
serial or sequential vertical wafer processi ngﬂmchiﬂe— for- exarrple of the

carrousel type, with vacuum front end unit or Thischti¢eCHds cegapabl e of
for rapidly transferring wafers to and froma s ort of the
verti cal . -5- E'ﬂ&ﬁ,ﬂ ‘ﬁachl ne from
and to nultiple wafer seal able cassette nodul es, those in

which in which the wafers are horizont aI‘I ? d| sposed whi | e mai nt ai ni ng
i sol ation of the vva;.g‘r:ésss romgter;}% a f 1? ‘Eag{eby m ni m zi ng
cont ani nat i on. P ng ;g ﬁgr j ecf"i E Bt€ t1RF%5r esent

invention to provi dgafaytd RasBeetd aRiREE, Pul-tiestariy edid®Nincapability,
particularly for the preheating or dega35| ng of wafers prior to

processing in the appehairuwhisgt the waferpozte hmrdgestahly cool i ng of the
wafers to expedite their _retycrn to, a gassetfe nodule A transfer

modul e for a waf er GPFBRERD lr'lrﬁcrf'ﬁ’rfgalﬁé(ﬁn’gs%}a\’f'&eﬂu?ﬁfcméfe’é'ﬁere| n and
a loading agd unl gadhngyshalah OBehdkrilzeV Bid KREIBIOREA RIS AY & NO! der

| ocated therein for holding a wafer in a verti
contamination.

It is a further objective of the present
invention to provide a wafer pretreatment and post
treatment capability, particularly for the

10 ' preheating or degassing of wafers prior to
processing in the apparatus and for the ﬁost
‘processing cooling of the wafers to expedite their
return to a cassette nmodule.

According to the principles of the present

15 invention, a vertical sequential wafer processing
machine is provided with a vaéuum front end module
having ports connecting to an inlet port 6f the
apparatus and to a cassette loadlock port at which
wafers are horizontally disposed. The module is

20 preferably provided with a pair of inlet/outlet
ports for connecting to a pair of standérd wafer
cassette modules that are sealable and evocable so
as to serve as loadlocks for the front end module,
which can be maiﬁtained at a vacuum pressure level

25 and of the same atmosphere of the processing

- apparatus.

In the preferred embodiment of the




-orientation, in accordance with the invention, conprises the nodule having
a vacuumtransfer chanber therein, a plurality—-ef-treatwent-stations
di sposed in the transfer chanber, a |oading andmiiySheseisBden@plhced

communi cating between the transfer chanber and t unl oadi‘ng
station of the wafer processing nmachine, and, t ﬁu e | oadl ock
chanbers, each containing neans for supporting a ¢ hori zontal |y

di sposed wafers in a vertical stack theregin, and having an interior
sel ectively connectable through a seal abl e port

- 5a - to the tradaventicimnbbe, vahameifponthend agdwkntfunciionhas i ncl ude a
waf er aligning station having neans thereat for _establishj Qg/ar ot ati onal

and eccentrical al RgRR@RRPBT Bodyks é’rn_dpSET"ﬁ’dﬁeﬁhFﬁ%Jr’éeﬁ ro fer
preheating stati on o 0a¥tdlo MAERhLAGHYIRG DRk tRRECH rtatBEEL COOIINg

station having wafer cooling nean eréat, and a wafer uprighting station
i ncl udi ng means t hebeat 4 ofixedt aki®icart iwaéeteridadleatadisd 1fyofremr ryi ng t he
waf er through the |oading and unl oadi ng port between a horizontal
orientationSin the theapsi®er OH&Rpeed 1'o-tR1DERS &FRNSBPTRMOMEBN in a hol der

in the | oadi ng and a‘{-%%é‘d{ﬂ% a§c&§2%9$nao{pﬁépﬁ%\ﬁ;s%r§r g{é%gﬁ%?r’ng machi ne, and

wherein a transfer -armi S provi which is

operabl e to pick upnivaies d WaFeraadigitpgsstativh Waf @émbidied a recei ving
position at each of the treatnent stations and in each of the |oadl ock

chanbers and to t renebkstingfdngassinamehchobing [rtatden; \angy aposi ti ons.
uprighting station. Each of these stations '

10 includes a wafer receiving position in approximate
horizontal alignment with a plane of the transfer
arm so that the érm can deliver wafers to and
receive them from each station by rotation of the
arm about the axis and extending and retracting the

15 arm and raising the arm above and lowering the arm
below the plane. Each of the cassettes is also
positioned so as to be similarly accessible by the
transfer arm. The transfer arm is preferably of a
frogleg type, having a pair of hinged two section

20 extendable members linked together, such as
disclosed in U.S. Patents Nos. 4,666,366, 4,730,976
and 4,909,701,

The arm has two vertical positions
including a raised and a lowered position. At the

25 lowered position, the arm moves into and out of
slots of the cassette modules to load and unload

wafers therefrom. Racks in the cassette modules



*The .transfer nodul e preferably takes the formof a vacuumfront end nodul e
for a vertical sequential wafer processing machimne,—the—rnodul-e-having
ports connecting to an inlet port of the appa¥hisSheetHasBetnReplageassett e

| oadl ock port at which wafers are horizontally. ; - dule is
preferably provided with a pair of inlet/outlet ﬂ!Fthi ng to a
pair of standard wafer cassette nodules that are seala evocabl e so
as to serve as |oadl ocks for the front end wodul e,

- 5b- whi ch can be nmaintained at a vacuum pressure |l evel and of the sane
at mosphere of the PP¥REXNHFLABPET Arggent each of the, wagerpref erred
enbodi nent of the

i nvention, the vac&S%d%rrl%nstlogﬁdﬂrlr%ﬁﬂfeSF%Jen%ttllvgrllg Jé%.-lme with t'g"ilsr ansport
nodul e and cont ai nYowbeé@idrmApbebeion. At the wadBsed Alosat38ADSY having an
armthat is rotatable about a fixed axis and is extendable
radially from 5 the ame, Hhesarmjoyesstd aid framt bize tathesport nodul e

e g on, “atabiBrat thi Rladlitb Pouicion vasers Jost® "9 2 M
above the wafer receiving positions of the stations
that are in approximate horizontal alignment with
the lowered position of the arm, so that the arm
can load and unload wafers to and from the

10 station's receiving positions by respective
downward and upward movement between the two
vertical positions of the arm.

The aligning station preferably includes a
non-contacting sensor, such as an LED and CCD array

15 combination spaced respectively above and below the
wafer receiving position at which a wafer is placed
by the arm onto a rotatable support made of, for
example, set of pins or a support table. Tﬁe table
rotates and the sensor detects the position of the

20 edge of a wafer supported thereon with respect to
an axis of rotation thereof and as a function of
angular position. Detected wafer edge position
data is processed by a microprocessor to determine
the effective center of the wafer and the location

25 of a fiducial mark such as a reference notch or
.flat on the wafer edge. Information thereby

generated by the microprocessor is used to control



.preheat i ng/ degassi ng and cooling station, and an uprighting
station. Each of these stations 10 I ncl udes—a wafer—recerving—
position in approximte hori zontal ali nrﬁntShdesBeen of the

transfer armso that the armcan deli ver

receive themfrom each station by rotation of the out the
axi s and exteéending and retracting the 15 armand ral e arm
above and lowering the arm bel ow tshe pl ane. Each of the cassettes
is al so positioned so as to be simlarly accessible by the
transfer arm The t thestrangfen RIR FRRATIBFY Yﬁl?a"a is referred tepreg type,

havi ng a pair of hi nog %g ers |inked

t oget her, such as geﬂ‘o sclklgsé chlchmsééltents 4, 666, 366,

4, 730, 976 ﬁ%ﬁtﬂoﬁgﬂ J:Obccentrlcn.ty mzsallgnmenfhesq’rlrﬂﬁhhas t wo

vert I cal positions including a raised and a | owered position. At

the 25 | oner ecchpowafenn, wrtemeratmm@g the ;amhd isuin f
slots of the cassette m)duies to | oad and. un

oad,
therefrom R&cks in BURSIERLE AW SaRFREsd iRe°81entea 1ocat i Hﬁg%

vertically to preseng S%Qgtg_ p_g Lhe waf er hol di ng sl ots thereof
sel ectively in line vmth th | owered arm position. At the raised
posi tion of the ar rr'rhe kpreaueatmawl Goam';lncj reyatiibe ot her 5

stations of the nodule to %oleon vvafersg above the wafer
recei ving positions R¥efgrabiyaingyges a su P°rt noveable between a

heating position above the wafer receiving position
10 and a cooling position below the wafer receiving
position. At the heating position, the wafer is
heated by a set of radiant lamps positioned at the
'top of the station and at the cooling position the
wafer is cooled by, for example, vacuum clamping
15 the wafer to a cooled surface at the bottom of the
station. _
The uprighting station preferably includes
a wafer support platen at the receiving position of
the uprighting station. The plaﬁen is carried on
20 one end of a wafer uprighting arm that is pivotally
supported at other end about a horizontal pivot
axis. The pivot axis is generally parallel to the
vertical plane of a holder of the processing
apparatiis. The arm is generally centered on a
25 vertical plane perpendicular to and through the
center of the holder at an inlet/outlet port of the

processing apparatus, so that, by 90° rotation of



.that are in approximte horizontal alignment with t he | ower ed

position of the arm so that the arm can Toad and unload wafers to

and fromthe 10 station's receiving posi b@qdve -
downward and upward novenent between the two p03|tions of
the arm The aligning stati o cI udes a

non- cont acti ng sensor, such as an LED and CCD array 15 conbi nati on
spaced respectively above and below the- 2 = waf er receiving position

at which a wafer ont% a. ro a abl e support

| a by the
made of, for ' $n' a’é‘?('arﬁﬂe plagen deyBPﬁgd °F 8uPPOr® bl e. The table

rotates and the Seqsgh: dgiffd:tihicoRfitiakobn Ur Wh8 réfeiving edge of a vafer
supported thereon wth respect an axis of rot atlon t her eof and,

as ‘a function of position mwhaupmmngmtmtmtemMCauge position
data is processed by a m croprocessor to dete the effective
center of the waf ecTapgtRREC) Atathgrholsigr in t"’&ﬁ ‘é‘lFFﬁ?}b‘?lzﬁt REFk such as a

eference nglch of e tne procddsihgClbddlact! Crmidlgeaclhf HdiRbgn ther eby

generated by the m cropro essor t he

transfer armto perdiangingahedrs,r eheh r&d cdi@pasor a vacuumachud®l,t a pi ck-up”,
whi ch conpensates for any rotational or eccentricity msalignnent,
so that t eorwhpddingrevater ubhdder Blaten mnthﬁ it cgn Be

precisely known Cent er %d Qvgeé)r{ It%'?—zt ﬁolc&eorc%tfl gﬂe apparatus and the

receiving position of the uprighting station.

10 In operation, the apparatus equipped with
the vacuum front end according to the principals of
the present invention provides advantages of
efficiency and reduced contamination of the wafers
being processed. Wafers are presented to ohe of

15 the inlet/outlet ports of the module in a first
sealed cassette, isolated from the surrounding
atmosphere. While wafers in a second cassette
module are being processed, the first cassette is
evacuated, whereby the processing time of the

20 equipment is not interrupted during such pumpdown.
Wafers may be loaded and unloaded to and from the
cassette throﬁgh a load lock door therein, or the
entire cassette modules may be sealed and |
exchanged, with the wafers sealea therein, so the

25 wafers can be transported between machines without
exposure to ambient atmosphere.

once the first cassette is evacuated, a




Fespect to the arm The preheating and cooling station
preferably includes a support npveabl e between a "~~~ ———heating—positi on
above the wafer receiving position 10 and'l'lassi@e Has BpetpReplatddon bel o

t he wafer receiving position. At the he t he waf er
S heated by a set 'of radiant | anps posi

top of the station and at the cooling position the

cool ed by, for exanple, vacuum cl anpi ng 16 - the wafer to a cooI ed
surface at the bottomof the ati The
upri ghting station Ht% «?FEBT’?/“ el ﬁﬂ%%ette and m“”&"-’wéﬁe?l’%‘lﬁﬁpéﬂﬁ pl aten at
the receiving positiy 9bvator withintfife WREL Y The platen is
carried on 20 one end of a wafer upright |nga I's pivotally
supported at ot her mreseabsutha wadersomdilvighably to a transﬁé&l s. The pivot
axis is generally parallel to the vertical plane of a holder of

the processing p°51t1°8p]5%¥*'a’ﬁ§§1¥m]e’-?d\eﬁl 8 %MF?nmmaad on a 25

vertical plape perp u center of the
hol der at an inl et/%t S &%e%& %%g#{'&?%%htﬁg trarn5§§§sFﬁ‘6 ar%’% atus, so

that, by 90[err] rO&ﬁﬁle&ﬂeﬁ&s and removes the wafer at the transfer ~J- (he
arm the platen is noved froma horizontal wafer supporting orlentatlon at

t he receiving posm‘?ﬁiﬂ'—l&!‘ bherefmacghnd riyost the orrgsetievand i tain
orientation at the holder in_the inl e#/outlet ort of the processing

appar atus. The pl.at&hS5cl ﬁﬂ'é%te a&ﬁp MPTe FAsPLgR Fhgsvafenator a vacuum

chuck, the receiving position at the aligning station.

10 When the alignment data is collected by the sensor
of the aligner, the arm picks up the wafer from the
aligner, properly aligned by arm movements
responsive to the alignment data, and similarly
places the aligned wéfer at the receiving position

15 of the preheating and cooling station on a support.
The support then lifts the wafer and the lamps are
energized, thereby degassing the wafer. From the
preheating station, the wafer is then similarly
moved by the transfer arm to the platen of the

20 uprighting station, to which it is clamped and then
tilted to a vertical orientation at which it is
placed in the holder at the of in the inlet/outlet
port of the processing apparatus.

“This wafer is then carried to the first

25 processing station of the processing apparatus by

rotation of an index plate therein that carries the

holder. This rotation brings a processed wafer



-for holding a wafer to the platen so that it can be noved between the
hol der of the apparatus and the receiving position_of. the_uprighti ng

station. I n operation, the apparatus W'Sﬂ&?ﬁu m nodul e

provi des advantages of efficiency and reduced co he wafers.
A nmet hod of handling and processing wafers, in t he
i nvention, preferably proceeds as foll ows. V\afe ed to one of
the inlet/outlet ports of the nodule in-aifi+st seal ed cassette i sol at ed
fromthe surrounding atnosphere. Wile wafers in a second cassette nodule
are being processe(t;t'omh‘eh#llraﬁt ghakian within Khe PEPERESIAFer eby t he

processing tine of th U|p | S, nQ d during such punpdown.
Wafers may be Ioad&lj’pﬁﬁﬁt 1’85 egh omgng/f’?%% Tr%cassette t hr ough a | oad

| ock door ‘therein, or the s kBeCasit/oatl®e Wyt BRYtH®e seal ed and
exchanged, with the wafers seal ed t herei n, so the wafers can be

transport ed bet weerpnveehsins appaatuas, @(MQBP%SQQ) vakBY eift rdckedpher e.
Once the first cassette I S evacuat ed,
REPLACENVENT SSHEET P by the platen in lts vertical or1entattﬁ? and gat e

between the casset tg and Mgl R eate@PEHeH nd3R¥zontal oriehddiGheyat or within
the cassette sequentially presents the wafers individually to a

transfer pere treegivixid iposlityomlofythd upridhtihgrstzdribal pl ane

where it is picked up by the transfer arm and
transferred to the preheating and cooling station.

10 At the preheating and cooling station, the
proceséed wafer is lowered to the cooling position
at which it is vacuum clamped onto a cooled suppert
and rapidly cooled to a temperature at which it can
be placed into a standard plastic wafer supporting

15 rack in a cassette module, for example the first
cassette, to which it is then directly transferred

by the transfer arm.
During the processing of wafers from, end

reloading wafers to, the first cassette, the second

20, cassette is exchanged to bring a fresh set of
unprocessed wafers to the apparatus, and the second
cassette is pumped to the vacuum level of the
module. The gate to the first cassette is then
closed and the gate to the second cassette is

25 opened. Also, the movements of wafers incident to
the exchange of processed and unprocessed wafers at

the input/output port of the machine, and the pre



‘5 . of the Iowered position of the transfer arm The arm
extends and renoves the wafer at the transfer T ——posi-ti-on-by---

retracting fromthe cassette and then ranfm«tn&ta'-a&ﬁ&g! | ower s

to place the wafer at t he receiving posit ni ng
station. 10 When the alignment data is colle sor

of the aligner, the arm picks up the wafer fromth gner,
properly aligned by arm novenents - 12 -respon5| ve to the alignnent
data, and simlarly waf er at the recei ving

é‘p aces the allg
position 15 8Pt RRSHIRAPEEEE TS arFE2EBoT rﬁ‘?ﬁ&f‘r orfkss Rl 3tPport .
The support then | 'dﬁ}x‘i.-in&h& ﬁ(@h@.ﬁe%‘ﬁoéé&% Lggns vﬁ':tﬁoHeateladr é:tf:?ﬁé gi zed,

thereby degassing the wafer. Fro I'n I"on, t he
wafeér is then sim lnachyne or other Dosedtbprodesdingnsine. armto the platen
of the 20 uprighting station, to which it is clanped and then
tilted to a vertical orientHq 6AmAingHicPhapd procedure °ut15medced in the

hol der at tlge of i rlbtbbg bP&@fde%ﬁ%’:sangaﬁsetr elffl?)ﬁ rpcoagld I::o% n roceSSI ng

appar at us. en carrred totne first 25

processing station thiroufRpiE GEE wAESSs AP RhAt BSridhsel type watekOtation of an
I ndex plate therein that carries the hol der. This rotation
brlngs a processedEﬂ&F@FSlng apparatus, while retaining the wafers in - 11 -

fromthe | ast statlon n the roce aratus into the

inlet/outlet port. oebfl fedokfnBES ﬁ%lﬁntgﬁef??ﬁ @tn}b&ﬁg et port of the

atmosphere. It also provides for effective and

10 efficient preheating and post processing cooling of
the wafers, alignment of the wafers to prevent
damage thereof, and change of attitude, between
horizontal and vertical, to interface with
corresponding equipment.

15 These and other objectives and advantages
of the present invention will be apparent from the
following detailed description of the drawings in
which: .

Brief Description of the Drawings:

20 Fig. 1 is an isometric diagram of a
vertical processing sequential carrousel type wafer
processing apparatus equipped with a vacuum front
end module according to principals of the present
invention.

25 _ Fig. 2 is a top plan view taken along the
line 2-2 of Fig. 1 illustrating the apparatus of
Fig. 1. |



processi ng apparatus, a processed wafer is picked 5 up by the platen

inits vertical orientation and | ower ed-and-rotated to a __

hori zontal orientation at t he receiving LN, of the uprighting
stati on, where it is picked up by the t'rlﬂp et 13 ced
transferred to the preheating and cooling statifon]m l t he
preheating and cooling station, the pro lowered to
the cooling position at which #tii s vacuum cl anped onto a cool ed
support and rapi dlly cooled to a tenperature at which it can

be placed into a standard pl i 8 imfecidapprass fgctional diagramk in a
cassette nodule, for S . cass e towhich it is
then directly transfc'é:(ra ?ggp‘gfehteg%lﬁé}%{?ltlﬁg ﬁaatr%so erg§a§ﬁn% apparatus

During the processi rg pigwef afakehr STonAftlle line 3-3 ofei-ﬂﬁdizr.lg wafers to,
the first cassette, the second 20. cassette is exchanged to bring a
fresh set of - awingsar at us, and the second
cassette is punped to the v m_lLevel qf, the nodul e. The gate to
the first caSsette is then Feteiring bl %§gﬁ'a’r1cf"’tdr1§'gﬁt‘éaqe5the second

cassette is 25 proeB8sfsy apphsftud N® WBVEIRMtTaRbave{fr s incident to
t he exchange of processed and unprocessed wafers at t he

i nput / out put port ofincledesachicasrrousel ttypepvafer processing machine
- 12 - and post grocessi ng treatnment thereof, takes place

during a machi ne pr dceSSU¢HRFE WARNR UfA R froRt (676 module 12. The

machine 11 is, for example, of the type described

g-a, RS

10 in U.S. Patent No. 4,909,695, referred to above,
and incorporated by reference herein. The machine
disclosed in this patent is modified to eliminate
the wafer handling front end disclosed in the
patent in Figs. 4 through 15B thereof, which is

15 replaced with the module 12 described herein. The
loadlock door of the machine disclosed in this
patent has also been removed to form an
inlet/outlet port 13, which connects to a
corresponding machine interface port 14 of the

20 module 12, and permanently communicating the vacuum
atmosphére of the interior 15 of the module 12 with
that of that of the main chamber 16 of the
processing apparatus 1l1. This permanent connection
is practical with the machine of the patent in that

25 each of the processing stations therein is
separately isolatable from the main chamber 16.

Without such separate isolation feature, other



machine or other |oss of processing tine. The conbi nati on

and procedure outlined 5 above prOV|des for fast éTT’crent and

cont i nuous t hroughput of wafers to

processi ng apparatus, while retaining the mafers [ clean

at nosphere isol ated from anbi ent atnDsp OV|des for
effective and 10 ef ficient preheat'n post proceSS|ng cool of
the wafers, "alignnent of the wafers to pr damage thereof and

change of attitude, 4OEidGRR1A be pref&%aze&tﬁlevaﬂé 4R brgBbesddd [ ! er f ace

wth correspondl ng equi pnment. ese and ot her

obj ectives and advawitgis the apparatafs tflremmmaqatimg/e:mtamlmﬂﬁs be
apparent fromthe fol |l ow Qﬁsdet ail ed description of the draw ngs
in whi ch: into the mpdple cription of the Drawings: 20

Fig. 1 is an isonetric diag ﬁ’@ Qbafre 12 is e%u é?gﬁ"?ﬁl'h Rr gggss(a ng

sequential carrousel type wa SI'ng apparatus equi pped

with a vacuug front housing 17 wamdnnmtﬂz@vaae@rvmmgtw ®igsketpal s of the
pr esent i nvention. 25 Fig. 2 is atop plan view

t aken al ong the loading |dnde uploadingripgrts 18, ddlvstrated he d§mpar at us of
Fig. 1.

) - 13 -
Fig. 3 is a side cr828 i8¢ iChiPLGRQfhfonnected two cassette

carriers. 20, illustrated as 20a and 20b,
respectively. The cassette carriers 20 are

10 conventional cassette modules having a gate 21 that
allows for the sealing of the port 22 thereto when
cassette modules 20 are exchanged. The transport
module 12 is also provided with alqate valve 19 to
seal each of the ports 18 therein when the cassette

15 . modules 20 are changed. The port 22 of the modules
20 sealably connects to a respective one of the
ports 18 of the module 12 so that the gate valves
19 and 21 can be opened to pass wafers therethrough
while under vacuum. This is better illustrated in

20 Fig. 2.

Referring to Fig. 2, interior 15 of the
front end module 12 is illustrated surrounded by
the housiﬁg 17. The machine interface port 14 is.
an opening in the housing 17, which opening is

25 surrounded by a seal 25 that seals the housing 17
to a machine housing 26 that encloses the main

chamber 16 of the machine 11, thereby aligning the




of the preheating/cooling station of the apparatus of -Fig. 1 taken

along the line 3-3 of Fig. 2. Det ai | ed .Descri-ption.of. the.

Drawi ngs: 5 Referring to Figs. 1'l‘ﬁ\isn§he%t llaced .

processi ng apparatus 10 is illustrated that JeyCar rousel

type wafer processing nmachine 11 equi ppej mﬂmﬁﬂ H1front end
nodul e 12. The machine 11 is, for exanpl 8, descri bed
10 in U S Patent No. 4,909, 695, reherred to above, and

i ncorporated by reference herein. The machine disclosed in this

patent is nodified ¢merdingnivihtlh eche inlet/outilies paferlsh@fdtheg front end

di scl osed in the . atent in Figs. 4 through 15B thereof, which is
15 repl aced wi PPRINE Adeul e 12 described herein. The

| oadl ock door of the machi ”?ndﬁﬁélnﬁiﬁdd}&nﬁéy S6 of the maﬁlﬁfﬁﬁrhtl has al so
I nl et I'C

been renoved to form an outlet port 13, connects to a
correspondi ng machi pg amtiekkacplyay 2sldrotattdrde 2Bout a heeizdetal?, and
permanent|y communi cating the vacuum . atnosphere of the interior
15 of the noHlul e 12ayis |29, containing,zt phyralidy wpfehdadderscHimber 16 of

D ractrcal oo RETRGAR B pefble, IR et on
processi ng stati onschheimtdrengial intervalseflihdd ¢hy agid ababbe fromthe
mai n chanber 16. Wt hout such separate isolation feature, other
- 14 - _ align with a corresponding plurality of stations
31, illustrated as 3la-31d, in Fig. 1. The
10 stations 31b-31d are processing stations, such as
sputter coating and sputter etching stations, and
the station 3la is a locading and unloading station
to which access is provided by the port 14.
Because the module 12 is connected to the
15 inlet/outlet port 14 of the machine 11, an access
door 33 is provided for the servicing of the holder
30.
As illustrated in Fig. 2, the module 12
includes the two cassette modules or loadlocks
20 20a,20b, a frogleg robot arm 40, a wafer aligner
41, a preheating and cooling station 42 and an
uprighting mechanism 43.
Each of the loadlocks or cassette modules
20 includes a standard wafer elevator rack 45 in
25 which are typically carried a set of twenty-five

horizontally disposed and vertically spaced wafers

46. The racks 45 move vertically in the loadlocks



‘means woul d be preferred to prevent the processes wi thin the

appar atus from propagati ng contam nants into the nodule 12.

The nodule 12 is equipped with a closed 5 housing 17 mmlch ts
provided with two cassette | oadi ng andTMmS

illustrated as 18a and 18b, to which ar cassette
carriers 20, illustrated as 20a and 20b, The
cassette carriers 20 are 10 convent jgnal casse e nD uI havi ng a
gate 21 that allows for the sealing of the port 22 thereto when
cassette nodul es 2R&arte brihmepcl. ofhe Maﬁep@rselectlvely imkgul e 12 is al so
provided with a gate valve 1 each of the ports 18 therein
when the cassette nme trﬁﬁﬁﬂ @shﬁffﬁﬂﬁ§a&hﬁfﬁﬂﬁfer ?Eénixﬂ 88 of the
nodul es :4Ldﬂi ‘gply connects to a respective one of the

ports 18 of the nodule 12 so that the gate val ves 19 and 21 can
be opened to pass wafers th’ﬂnetﬁmegén: arm 40 incWhidscauwalfdr vacuum This is
better illustrated in 20 Referring to Fig.
2, interior 95 of tHelpper 48 at tfhteoﬁt‘dé?fdel’ffﬁﬂml%bllez higged | nembexsed
surrounded by e ce port 14 is

an opening in the hous E%Q1$anﬁt3% %%%ﬂ%%gergﬁggg%'b%Egic ounded by a

seal 25 that seal s tfndrewsaRis 56 and is movehBl@ dWmGliIpeihqusSi ng 26 that

encl oses the main chamber 16 of the machine 11, thereby aligning
t he ‘ vertical direction between a lowered pOSltlon in

the horizontal transfer plane of the module 12 and

10 a raised position slightly thereabove. The
grippers 48 are moveable radially toward and away
from the axis 50 by operation of the extendable
members 49 of the arm 40,

The wafer aligner 41 a rotatable wafer

15 support 51 formed of the upper ends of three pins
52, which lie in the horizontal transfer plane of
the module 12 and onto which a wafer is placed by
the gripper 48 of the arm 40. The aligner 41
includes a LED source 53, positioned above the

20 transfer plane, and a CCD receiver (not shown)
spaced directly below the LED 53 below the transfer
plane. On the table 51 a wafer is rotated and the
position of its edge is sensed to generate data to
be interpreted by a microprocessor to control

25 movements of the arm 40 that compensate for
rotational and off-center misalignment of the

wafer.



- 15, - opening with the inlet/outlet port 14 of the
machi ne 11. In the mai n chanber-16-of the machine_11

is an index plate 28, rotatable about a horizont al'l'hxs%heetHas s, 29, .
containing a plurality wafer holders 30,

nunber, spaced at equal © circunferenci al ﬂH’ﬁHﬂﬂaﬁi‘m he axi s
29 to - align with a correspondi ng pIurallt-y

31, illustrated as 3la-31d, in Fig. 1. Jhe -10 stations 31b-31d are
processi ng stations, such as sputter coating and sputter etching
stations, and t hEhetprehwating and gopbiry fakdanud? dadi ng st ation

to which access is_provi b ecause the nodule 12
is connected to thB®sHsl uStrgﬁ‘f?e’I’fgagfé vBaFR Bt *PRe nmchine 11, an
access de&apé%dt% eaeyé&k%ots_@ham $8LYE Bl EoOknt he hol der

30. | ustrated in Fig. 2, the nodule 12

i ncl udes the two cassmdrﬁaﬁoduaesfar plleaellﬁi}ksA ¢értically?0a, 20b, a frogleg
robot arm 40, a wafer al.igne preheatl ng and cooling

station 42 3nd an moveable waGﬁFl YIRENG ﬁ%@ﬁ@sﬁ?ﬂB orm a ring
Each of the |oadlo t des a standard
g (RARRE! 56 IDQMOER 1n an wpper KbdiRibl:

waf er el evator rac e typ carried a set of
twenty-five From hehisZ pasakiyn ditheopesbendevest icwdde spesed wafers

46. The racks 45 nove vertically in the |oadl ocks

alignment with the plane 55 to receive a wafer from
the transfer arm gripper 48, which will move into

10 the station 42 by extension of the frogleg members
49 while the transfer arm 40 is in the raised
position above the plane 55. When the gripper 48
is above the poppet 56, the arm 40 lowers the wafer
46 thereon.

15 When the wafer 46 is on its way to the
processing machine 11, the preheating and cooling
station 42 is used to heat and degas the wafer.
After processing, the wafer is cooled in the
station 42. To provide the preheating function, a

20 degassing section is provided at the top of the
station 42, which includes a bank of infrared
radiant heat lamps 58 positioned above a quartz
window 59 at the top of the station 42. For
heating of wafers 46, the poppet 56 is moved upward

25 from the plane 55 to that illustrated in Fig. 3 to

support the wafer at a degassing position 61 near

the window 59.



. -16 - 20 to bring each of the wafers selectively into
alignment with a horizontal transfer plane of the nDduIe 12
The transfer arm 40 includes a wafer

5
ext endabl e hi nged nenbers 49. The arn140 [ ut a
verti cal transfer axis 50 and is noveabl e
verti cal

direction between a | owered position in

orlzonta
‘transfer plane of the nodule 12 and 10 - l8a?ra|sed p05|t|on slightly

t her eabove. The gri rs 48 are noveable.ra a ly toward and away
fromthe axis 50 by operatlon'P fprt‘ﬂ’fég'éx?éeh(’fgﬁﬁéng functis an‘&?mg W9 of the
arm 40. section 6% i/@f vahbAN® thé BotttrAbablige Wahelion 15
support 51 forned of The upper en of three pins 52, which lie
in the horizontal tragsf emiphamclofdes platen 63t he'rm)dma@enzszang ont o whi ch
a wafer is placed by he gripper. 48 of the arm 40. The aligner 41

i ncl udes a LED sourceCQEiedpbgl??Qﬁﬁﬁﬁ AbEYEA (fhat §6°WS thr?P%FnﬁQﬁtsplane and
a CCD recelver (not s pac r I ED 53 bel ow
t he transfer tlh Q&r’n’e (nf)n "?thown abl gﬂj%%ha%% ¢ t}g QWoHIf‘ed-

a wafer 1s rotated and the
position of its edge w&ﬁmdmtﬁbgﬁmﬁt gedltd FolrOclamping a wded nt er preted

by a m croprocessor to control 25 novenments of the arm 40 that
conpensate for theretst £ororePlin i8f & -RIFHEAPNNFS AFAdAREAERDI t he
waf er .

upper surface thereof. The wafer on the ring
shaped poppet 56 is placed at the cooling position
10 65 by downward movement to a bosition where it
surrounds the platen 63. The poppet 56 is raised
and lowered by a pneumatic cylinder 66 in the base
of the station 42.
The uprighting station 43 is provided with
15 a wafer supporting platen 70 mounted to the free
| end of an uprighting lever 71 that is pivotally
supported to swing in a 90° arc about ‘a horizontai
axis 74 that is parallel to a vertical plane 75
that contains the index plate 28 of the processing
20 machine 11. The lever 71 swings from a horizontal
position at which the platen 70 has a wafer
supporting surface facing upwardly at a wafer
receiving position in the transfer plane 55 to a
vertical position at which the surface of the
25 platen 70 and a wafer thereon is transferred to or
received from the holder 30 at the port 14 of the

machine 11. In the horizontal receiving position,



- 17, - The preheating and cooling station 42 is

best illustrated in Fig. 3 which shows the ——conponents thereof
positioned relative to the hori zont al t risSheé Had BoaeRéphacedA - .
vertically 5 noveabl e waf er support table in 19

shaped poppet 56 is shown in an upper position. I!mmmnmﬂmé )
position, the poppet 56 is lowered into al he pl ane
55 to receive a wafer from t he” thPafsf er arm gripper 48, which wll
nove into 10 [ X j t nbers

49 whil e the trans’f:%ér]epal%%% 09?5149%59%6%% %g'fh?g £86m &epfr%gg%lte?oa[nmabove t he
pl ane 55. When t hewgtéPppy t48 gripper 48i&f aheverahefqoppat 466, the arm 40
| owers the wafer 46 thereon. 15 When the wafer 46
is onits way to tKee platen 70 i3 Grevided widdhichary Stiucsupeesiah i ng and
cool i ng station 42 Ls_used to_heat a the wafer.

After processing, ?ﬁeav%?q-'ero%i gﬁﬁ%eoﬁggki ﬁof‘ﬁeers Qq ggg‘%:slpsttg‘fai ‘6?1?9?2. To

provi de thespreheaphnghd YGkkeANat dts2@dge andl#@AASEOOEREL0RoES Provi ded
at the top of the station 42, which includes a bank of infrared

radi ant heat | anpsup8igissing ¢nethailrors a4 erarkowering to thenwphaney 59 at t he
top of the station _42. For heating of wafers 46, the poppet 56 is
noved upward 25 55: from the plane 55 to that illustrated in Fig. 3 to

support the wafer at a degagsl BfePASidn 88 €e MRhine 11 and ofeNEny Ndow 59.

module 12 are controlled and coordinated with by
10 software in a programmable controller 80 connected
to the operating elements of thé apparatus 10.

Only one embodiment of the invention has
been herein described, but those skilled in the art
will appreciate that various additions,

15 alternatives or modifications to that described may
be employed without departing from the principles
of the present invention. Accordingly, what is

claimed is:



- 18 - To provide the cooling function, a cool I ng

section 62 is provided at the bottom of the station 2, _whi ch

i ncl udes platen 63. The platen 63 is cogle C oI in I | qU| d that

flows through ports 5 therein (not shovvn)." provi ded

wi th vacuum hol d down neans for cl anping a wafer l for

cooling in a position 65 against the uppe The

waf-ef @rkthe fAg—— shaped poppet 286-i s 'pI aced at the cooI | ng
03|t|on 65 by downward novenment to a position where it

Ltlliﬂ“ﬂl"lﬂﬁlnmmﬁn 631 THe VBEPDATO565F NS 4PBaFatuS COMPriSing:| owered by a

66 in th t 4
The upr| g'htl ng SstAtion 43 i % 8?%‘\% gggcess:hngoka[:ﬁfné tgédv}/g er 2|léaupportl ng

platen 70 nounted tractnlne cftraamer therein, ®nlurhlaby upt ivplekstgtioneer 71 that

Is pivotally ported to swing in _a 90 arc about a horizontal
axis 74 that is paF‘&FP%‘Fe *ta egBR} jPared | apmilay intervals ippyt contains the

i ndex pl at _e528 of ngt%gfepslsalngg rédd %fﬁnl;‘[%%e 2 jé l];h%| ever 71 sw ngs

froma horiZzont al 03| on a en SR waf er

support i ng surfacechasbésg, Wb@hiv’aﬁltyaow&rkstatlons 1ndlﬁ§§hc}"d"g position
in the transfer plane 55 to a vertical position at which the

surface of the 25pluralgtwntafhprocesaing a?aimorIShenéom Joadingnadderred to or

[ﬁgehgfgzgafg}trgchbgﬁé %ggg%gﬁgg,egfgn&ex plate rotatably mounégg ne 11. In

in the main chamber and having a plurality of wafer
10 holders mounted thereon at angular intervals about
the horizontal axis such that the plate rotates to
carry the holders sequentially through the
workstations and to simultaneously position each of
the holders at different ones of the workstations;
15 a transfer module having a vacuunm
transfer chamber therein, a plurality of treatment
stations disposed in the transfer chamber, and a
loading and unloading port communicating between
the transfef chamber and the loading and unloading
20 station of the wafer processing machine;
two wafer cassette loadlock chambers each
containing means for supporting a plurality of
horizontally-disposed wafers in a vertical stack
therein, and having an interior selectively
25 connectable through a sealable port to the transfer
chamber of the transfer module:;

the treatment stations including:



-19 - the platen 70 receives a wafer fromor presents a wafer to the
gripper 48 of the transfer arm40. The platen 70 i s-—provided-wth—€l anp

structure such as a set of three lock rollers 771{@8%{}&E§Eﬁ;§5 on { he

platen at its edge and hold it thereto for uprighty t 14 or
MIEI H 11 and of

| ower i ng—t-o-the- pl ane—-55:- The operation
the nodule 12 are controlled and coordinated with. n a

progra i I connected te 2he operating elenments of the :
appar am‘!ll‘mﬂﬂ“mulliuujp CLAI VB 1. . A, transf.er nodule (12)

for a wafer procesSing machi nd@ Ya%y* ﬁ&&’l‘?’r‘l’g’gas\tfg'ébﬂ% afffer (16) therein
and a | oadi ng and un} oadi ng $tati A e3+dbi{sHilg yagé@%ra,ﬁliagjq@r (16) -

having a hol der (30) | ocated therein for holding a wafer. in a verti cal
orientati ong the nodul eeédentriaaingl ignmentactilanwatfanspesitdiometier (15)
therein, a plurality of treatnment stations (41, 42, 43) disposed in the

transfer chamber (15F¥hexeat%adi ng and unl oadi ng port (14)
comuni cati ng between the transfer : .0adi ng and
% wggmg:rehg&éin%%artgﬁ? nhea (1%%

unl oadi ng station (31la) of the wafer rocessihg mac ), and, two
waf er cassette | oadl ocCkyafer heating means thereat, '

a wafer cooling station having wafer
35 cooling means thereat, and
| a wafer uprighting station including
means thereat for rotating a wafer thereat and
carry the wafer through the loading and
unloading port between a horizontal
40 orientation in transfer chamber to a vertical
orientation in a holder in the loading and
unloading station of the wafer processing
machine; and
the transfer arm in the transfér chamber
45 is operable to pickup a wafer from, and deposit the
wafer at, a receiving position at each of the
treatment stations and in each of the loadlock -
chambers and to transfer wafers among each 6f the

receiving positions.



chanbers (20a, 20b), each containing neans (45) for supporting a
plurality of horizontally disposed wafers (46) Tnma verticatr—stack
therein, and having an interior sel ectively cormﬁrm;adotl&l!eb{ Ebbda

seal abl e port (18a, | b) to the transfer chanber
t"r'""é‘aTr‘rE‘rit “Stations include a wafer aligning stat means

for establishing rotational and I gnnent
ME m ed thereat, a waf ér 2ﬁreheati ng stati on (42)
hav ng mgansy tra(ré%)ertzk&f&xﬂ%t £of Mﬁﬁrcﬁ%éé&ﬁhe‘t ion (42)

havi ng wafer cooling neans thereat (63), and a wafer uprighting
station (43) incl uchppgrahasnsha(vﬁ@a,g dlyadiiim chembert therein, rotating a wafer
thereat and for carrying the_ wafer t hrough t he | oadi n‘ggand unl oadi ng
port (14) between a9adifgy ?%ﬁ’t"&lweﬁ“érﬁ%tllaﬁ IR e VAFYIR fembRENber  (15)
to a lon in a
hol der (30) in the lfoaél\‘gng h°l eru%nga?%g&se%g%Poﬁgégl ﬁa&%‘? %ﬁ%tfv%af er

processi ng machi ne if :hl)vgrﬁﬂda]/\hﬁﬁehﬂaﬂldx{ LA Rohprising: (40) is provided in
the transfer chanber (15) which is operable to pick up a wafer from and
deposit the wafer at, a receﬁwafﬂjmmp%ﬂﬁﬁif ghaghexy of the treatnent

stations (41, 43) and I n each cha ens 2 and to
transfer wafers anong each B %41 e| V1 r?ga%ié‘gm?l ons {, Q%r

transfer nodule as ﬁi\?dﬁm.dabauﬁjaﬁlv@r%mcam;@ ithén WnRAEEBRLeS at i Ons
(41-43) are disposed approximately in a horizontal plane (55) about a
vertical axis (50)chamkers transfer chanber (15).
a plurality of treatment stations
disposed approximately in a horizontal plane about
the vertical axis in the transfer chamber;
a loading and unloading port
communicating between the transfer chamber and the
loading and unloading station of the wafer
processing machine;
two wafer cassette loadlock chambers each
containing a rack for supporting a plurality of
horizontally disposed wafers in a vertical stack
therein, and having an interior selectively
connectable through a sealable port to the transfer
chamber;
the treatment stations including a wafer
aligning station having means thereat for
generating signals containing information of

rotational and eccentrical alignment of a wafer



3. . A transfer nodule as clainmed in either daiml. or aim2,
wherein the wafer aligning station (41) has neans (53) thereat for

generating signals containing information of rot lagedr i cal .
alignment of a wafer (46) positioned thereat wtho .
contacting the wafer. 4. A transfer nodul n any

preceding Caim wherein the preheati ng skation and the cooling station
formsections—of--a tvvo sectlon terrperature treatnment station (42) which

furt her includes a d ¥RddatSwppidt phesicarlyresnbgewinpf er (46)
ﬂuumﬂ l,lwml Vi ng p05|t|on of the tenperature treatnent station
hethe evafariing and cool i ng secti ons.
A transfer_nmodul e as clal med i n ny edin Claim
wher ein the waf er upri ghti ng “88 TGN EE3) =t Cles lé‘o a@&ﬁ&:hn? '/ag) t her eat

havi ng neans for hokghnged: 0af gémpgﬁ%rgh@fg&enthgtgﬂl@hgn (70) being
pivotally nounted in the transfer nodule (12) to swing, and carry.a wafer,

through the | oadi ngiasthditigpadprehgrdring(degtivet hevina waferi heat g
orientation in a horizontal plane (55).,in the, K transfer chanber to a

vertical orientatiofepRstHeneFde? © G?gl?fe‘i‘ﬁ'@nl Ba¥ing “a48Tunl oadi ng
st aF ' on .(31a) of thgzgpmglxmaangléﬂereat, and a movéaiaié‘mgf%&' EHQ{:’:L& as

claimed in any precedi ng
for moving a wafer between a receiving position and

each of the sections;

a wafer uprighting station including a
platen thereat having means for holding a wafer
thereto, the platen being pivotally mounted in the
transfer module to swing, and carry a wafer,
through the loading and unloading port between a
horizontal orientation in the horizontal plane in
the transfer chamber to a vertical orientation in
the holder in the loading and unloading station of
the machine: and

the transfer arm including an extendable
member pivotally connected at an end thereof at the
vertical axis and having a wafer engager at a free
end thereof, the arm being operable to engage a
wafer with the engager and pickup the wafer from,
and deposit the wafer at, a receiving position at
each of the treatment stations and in each of the
racks of the loadlock chambers, and to transfer

wafers among each of the receiving positions.



Claim. wherein the transfer armis radially extendable and pi vot aI _about a

vertical axis (50) within the transfer chanber (1I5).
transfer nodule as clainmed in Caim®6, wherein t'ﬂﬂsShbaHa‘Baen

i ncl udes an extendable nenber (49) pivotally conn ther eof

at the wvertical axis (50) and having a wafer enga free end

thereof, the arm (40) being operable to_e gage a vva

engager (48) and pick up the wafer from and deposi t the vvafer at a

recei ving position at  gachs GfetHdd bF GRn@aEhg Simi prBEeédinganrard i n each

~of the . leadleck—Tthanbers (20), and to trans?er waf ers anmong each of the
recei ving positi onssomprising the3tefs of: A transfer nodule as clained in

xﬂ“mnﬂluwl m wherein the .sup ort| ng Ee hof each | oadl ock

A 'S a rackPTage 1Pgr B RISELLFR P BOBREPRTIYY of

hori Zontal ty d'sposgfe WAL Gakd) dpdcda mrtts@tlalaetaeﬁ ihgechanber (20a,
20b) . 9. ‘processi ng apparatus (10) conprising a wafer
processi ng machi ne 1dagt lbavi bgssetta nogalsjurincthdirgera €idstt herein, a

plurality of work stations (31) disposed at equal spaced angular intervals
in a vertical plancasgeihedmadne z‘-@nPaYa%BH’"s epyyyonmentdnmi'n chanber

(16), the pIurallty of vvork statl plurality of
processi ng stations ?‘?:.;TH‘ ci?f(]:l?n %‘l’"l’nfggiJ gﬂaun oad| ng station (31la),

an index plate (28) r0tatab|)ﬁov1ng a horlzontally oriented wafer from
the first cassette module to an aligning station in
10 the transfer chamber and aligning the wafer
thereat:
moving the aligned wafer from the
aligning station to.a preheating station in the
" transfer module and heating the wafer to degas the
15 wvafer:
moving the degassed wafer from the
preheating station to an uprighting station in the
transfer module:
moving the wafer from a horizontal
20 orientation at the uprighting station through a
loading port to a vertical orientation in a loading
station in a wafer processing machine;
processing the wafer while in the
vertical orientation in the wafer processing
25 . machine:
moving the processed wafer from the

vertical orientation in the loading station of the



mount.ed in the main chanber (16) and having a plurality of wafer holders
(30) nounted thereon at angular intervals about the-horizontat—axis (29)

~such that the plate (28) rotates to carry the horglegiReHBcesRPMEAL i al |y |

through the work stations ‘(31) and to sinultaneousl m h of the
hol ders at differe; > rk stations (SHIIMHIH”HﬂHmEer nodul e
(12) as cl ai red |mﬂmﬂmm ,Hn J m 1 to 8 10, of
handl i ng and processi ng wal arss rising@ e steps of: providing a
plurality of horizontally oriented f.ers_spaced_jn vertical, stack in
at least a first caggéﬁ @\éﬁﬁﬁﬁ?én‘i’ A3 RE Ut Y g‘vF#%nﬁ%afﬂemﬁnpﬁﬁﬁmni cation
with a transfer chaghgre®fa forizontal o#dentd¢Rsher tn@dig8gn®dNg a
horizontally oriented wafer fromthe first cassette nodulé to an aligning

station in 3bhe trassdetomodul e and aligning the wafer thereat; noving the

aligned wafer fromthe aligning station to a reheating station in the
transfer nodul e and heating ®R¥inggfhs wagey the WRFIhtivgying the
degassed wafer from reNeathb89isd Hra@fod % ARREPEL i jon in the
~transfer nodul e; m\?F%gf?rEe%f er ?Jr'rg%n aaho?{lzontzl;ﬁ o?lltgefnétlgfnlgéﬁﬂat t he
uprighting station ahGot@edlihd ahdi waferpdhereéata andrtical orientation in a

| oadi ng station in a wafer processing machine; processing the wafer while
in the vertical orientation®ayingeth@fwates feen shegcratinhetatieni ng t he
processed wafer fromthe vertical ientation in the |oading station of
the wafer p gcess_i n?"nﬁc tl"?lzéaget r"gg{éﬁ"’f hlg" Fggdclarlsgsetﬁgrgtmgﬁgiﬁ'o a hori zont al
orientation :



at the uprighting station; noving the wafer fromthe wuprighting station to
a cooling station in the transfer nodule and cool i-ng-t-he.waf er--t-hereat;

and noving the _wafer fromithe cooling station to a oy gﬁsﬁ)os'épia? in
11. | J
it

the cassette nodul e. erein

A nmethod as claine
the preheating | ing station are | ocaEHﬁﬂ nsf er
chanber at a't e”mmmm"wmnmnt station and wher gi _ ~nmovi ng
the wafer to the*preheati®ngs station and 2ée cooling station include the

step of noving the wafer tQ a receivin gositi n at the tenperature
treatment station and tfien %F“ﬁﬁh‘ﬁ@fv\%ﬂ‘ i® 3 wherein: * CLNS*

-25- fromthe receiving posi BQe{xé’aéi LEeSPEG] iaxd Bsaiimp or cooling

station. 12. A method as clainmed in erther Cam or Claim1l1,
wherein the net hod duattibrramompcated imehet epansferr ephmbencataapl urality of
processed wafers in a second cassette nodule with a plurality of

unprocessed waf er s PEgeRrEingiands cPpbiRg IfEatiPBE cassette nodul e are being
processed.

5 the steps of moving the wafer to the
preheating station and the cooling station include
the step of moving the wafer to a recéiving
position at the preheating and cooling station and
then moving the wafer from the receiving position

10 to the respective heating or cooling station.

5. The method of claim 3 wherein:
the at least one cassette module further
includes a second cassette module; and
the method further comprises the step of
5 replacing a plurality of processed wafers in the
. second cassette module with a plurality of
unprocessed wafers while wafers from the first

cassette module are being processed.



