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(57) Abstract

A transport. system .for manipu-_ _ ...
lating a semiconductor wafer in a pro-
cessing tool (10) is set forth. The
system includes a transport unit guide
(66). disposed within the processing
tool (10) for supporting a wafer trans-
fer unit (61) as the unit moves between
a first position and a second position.
The transport unit guide (66) comprises
a frame (65), a lateral guide rail (63)
mounted on the frame (65), and a se-
ries of magnetic segments (71, 74) ar-
ranged upon the transport unit guide
(66) proximate the lateral guide rail
(63). The wafer transfer unit (62) in-
cludes a tram (84) translatably attached
to the lateral guide rail (63) and a wafer’
transfer arm assembly {86) for manip-
ulating the semiconductor wafer. An

(84) in cooperative relation with the
magnetic segments (71, 74) for moving
the transfer unit (62) alonig the guide
rail (63). Actuators are used for con-
trolling the position of the transfer unit
(62) and transfer arm assembly (86),
and sensors (91) are used for determin-
ing the position of the transfer unit (62)
and transfer arm assembly (86). A con-

(101). 'Preferably, the communication link is a fiber optic link.

(54) Title: SEMICONDUCTOR PROCESSING APPARATUS HAVING LINEAR CONVEYOR SYSTEM

trolle_r (101) is disposed remote of the wafer transfert unit (62) and directs the movement of the transfer unit (62) and transfer arm assembly
(86) in response to the sensors (91) using the actuators. A communication link is established between the actuators, sensors and controller




integrated circuit to one another. Traditionally, alum num has been used
for such interconnects, however, it is now recognized that copper

nmet al | i zat Wen9siEI9seoe pref erabl e. The application of copper oPCTUS98/00132
sem conductor wafers has, in particular, proven to be a great technical
chal l enge. At this time copper netallization has not achi eved comerci al
reality due to practical problens of form ng copper |ayers on sem conductor
devices in a reliable and cost efficient manner. This is caused, in part,
by the relative difficulty in perform ng reactive ion etching or other

sel ective renoval of copper at ’fﬁi@ﬁﬂﬁEWﬁ@ﬂ tenperatures. The

VO 99/ 17356 . oL T
PCT/ US98/ 00132 -2 - selective renoval of copper is desirable to form. . :
pattened | ayers and provide electrically conductive interconnects between
adj acent | ayers of the @é&@%\? \/ﬁ{ éEss"caL}?ggs ﬁﬁeﬁjg/e Il on etching
cannot be efficiently use Lk %il’ﬁlcgﬁ? i 1(1}%1{1 ¥ :
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CROSS-REFERENCE TO RELATED APPLICATIONS
The présent application is a continuation-in-part of U.S.S.N. __ (Corporate
Docket No. P96-0018) and of U.S.S.N. __ (Corporate Docket No. P96-0011) which are

hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR
DEVELOPMENT

Not Applicable

BACKGROUND OF THE INVENTION

In the production of semiconductor integrated circuits and other semiconduétor articles
from semiconductor wafers, it is often necessary to provide multiple metal layers on the wafer to
serve as interconnect metallization which elecfrically connects the various dévices on the
integrated circuit to one another. Traditionally, aluminum has been used for such interconnects,
however, it is now recognized that copper metallization may be preferable. |

The a}pplication of copper onto semiconductér wafers has, in. parﬁcular, proven to be a
great technical challenge. At this time copper metallization has not achieved commercial reality
due to practical problems of forming copper layers on -semiéonducto; device; in. a réliéﬁl;- éﬁd

cost efficient manner. This is caused, in part, by the relative difficulty in performing reactive ion

etching' or other selective removal of copper at reasonable production temperatures. The



overcone the problem of formng patterned | ayers of copper by using a
damascene el ectropl ati ng process where holes, nore commonly called vias,
trenches amg &/1184s recesses are used in which the pattern ofpcEpssnoi
desired. In the damascene process, the wafer is first provided with a
netallic seed | ayer which is used to condliet electrical current during a
subsequent netal electroplating step. The seed layer is a very thin | ayer
of netal which can be applied using one or nore of several processes. For
exanpl e, the seed | ayer of netal can be |aid down using physical vapor

deposition.or chepni,c v I, (1o . ) P -a | t he
or der GYIRE0D "EGUL OrreRY in SERB AE TR PRBSREE BT hRL UERA, LREGIealY
of copper,. .gold, nickel, palladium and.npst.of..all_other metals. The seed
| ayer | 2ONdgEtHEInETRoPDECtSRAtW jaseitiayess AR Welsr eothsr WHEE presence of the
vias, trenches, or other device features which are recessed. This

convol ut ed nBecauee ofactivie iex stshing caanetabe efideitiyesseinthecindusirydhas panght tes i n
formng the seed layer in a uniformmanner. Nonuniformties in the seed

| ayer caverésinellthei proviei alfi foiming) patierned clayers Cofl copiyer by Bagsiangafnasyent he
exposed surface of the wafer during the subsequent el ectroplating process.

TS o] NekUIMIARR H6QL, bAcROBUA! hbfeTohirhnly BalldA8iEORARRe ANPhUNeEsisre
t e tro

subsequen pl ated onto the seed Tayer. Such nonuniformties.can
CaUS€  sed in which the pattern of copper is desired. In the damascene process, the wafer is first

provided with a metallic seed layer which 1s used -to, condﬁct .électrical current during a
sﬁbsequent’ metal electroplating step. The seed layer is_a'very thin layer of metal which can be
applied using one or more of several processes. For example, the seed layer of metal can be laid
down using physical vapor deposition or chemical vapor deposition processes to produce a layer
on the order of 1000 angstroms thick. The seed layer can advantageously be formed of copper,
gold, nickel, palladium, and most or all other metals. The seed layer is formed over a surface
which is convoluted by the presence of the vias, trenches, or other device features which are
recessed. This cbﬁvoiﬁted nature of the exp(.).séd " surface mp.fo'\.lides increased difficulties in
forming the seed layer in a uniform manner. Nonuniformities in the seed iayer can result in
variations in the electrical current passing from the exposed surface of the wafer during the
‘subsequent electroplating process. This in tum can lead to nonuniformities in the copper layer
which ié subsequently electroplated onto the. seed layer. Such nonuniformities can cause
deformities and failures in the resulting semiconductor device being formed.

In damascene processes, the copper layer that is electroplated onto the seed iayer is in the
form of a blanket layer. The blanket layer is plated to an extent which forms an overlying layer,
with the goal of completely providing a copper layer that fills the trenches and vias and extends

a certain amount above these features. Such a blanket layer will typically be formed in



deformties and failures in the resulting sem conductor device being
formed. I n damascene processes, the copper layer that is electroplated onto
the seed | H@PYIBSén the formof a blanket |ayer. The bl anke®PCraisss/o41s2
pl-ated to an extent which forns an overlying |layer, with the goal of

conpl etely providing a copper layer that-8i11s the trenches and vias and
extends a certain anmount above these features. Such a blanket |ayer wll
typically be formed in WO 99/ 17356

PCT/ US98/ 00132 -3- thicknesses on the order of 10, 000-15, 000 angstrons

(1-1.5 HiQmese) on HRr8@DEI0L06-19000 88E0enAI(P 3 Mikphip the renoval of excess
nmetal nmaterial present  outside of The vias, trenches” or other recesses. The

e conduct ot Epais el frisds R tevbile, BE LRI e RS P eldil dfesenty

can be rempved, ,for exanpl e, using chem | nechani cal | anari zati on,
eoc%th % CI%e (P

Cheri caPutst e vias, trenches or other recesses. metal 1s removed to provide a resulting

patterned metal layer in the semiconductor integrated circuit being formed. The excess plated

.material can be removed, for example, ﬁsing. chemical mechanical pianarization. Chemical
mechanical planan'zation 1s a processing step which uses the combined a-ction of a chemical
removal agent and an abrasive which grind and polish ihe exposed metal sur_facg to remove
undesired parts of the metal layer applied in the electroplating step.

Automation of the copper eiectroplating process has been elusive, and there is a need in
the art for .improved semiconductor plating systems which can produce copper layers upon
semiconductor articles which are uniform and can be produced in an efficient and cost-effective
manner. Mpre particularly, there is a substantial need to provide a copper plating system that is

effectively and reliably automated.



mechani cal planarization is a processing step which uses the conbi ned
action of a chem cal renoval agent and an abrasive which grind and polish
t'he exposewomwmi@@bsssurface to renove undesired parts of the rreTaisIsage
applied in the electroplating step. Automati on of the copper electroplating
process has been elusive, and there is a%eed in the art for inproved

sem conduct or plating systens which can produce copper |ayers upon

sem conductor articles which are uniformand can be produced in an
efficient and cost-effective manner. Mre particularly, there is a

‘substantial need to provi d@&?ﬁ%wﬂ’f&?téﬁ%ﬁﬁWWﬁ% Is effectively and

rel'iably automated.
PCT/ US98/.00132. -4 - .BRI EF SUMVARY. OF THE I NVENTI ON A transport, system for
meni pul at | ngAa;r%ppﬁémmf@r Ipamajating asegHenndugion yvafesdp aj processing tool is

. set forth. The system includes a transport unit guide disposed within the processing tool for
supporting a wafer tfansfer unit as the unit moves between a first position and a second
position. The transport unit guide comp_rises a frame, a lateral guide rail mounted on the
frame, and a series of magnetic segments étranged upon the transpért unit guide proximate
the lateral guide rail. The wafer transfer unit includes a tram translétably attacheéi to the
lateral guide rail and a wafer transfer arm assembly for manipulating the semiconductor
wafer. An electromagnet is mounted on the tram in cooperative relation with the magnetic
segments for moving the transfer unit along the guide rail. Actuators are used for
controlling the position of thé transfer unit and t_fansfer arm assembly, and sensors are used
for determining the position of the tfansfér unit and the transfer arm assembly. A controller
is disposed remote of the wafer transfer unit and directs the movement of the transfer unit
and transfer arm assembly in response to the sensors using the actuators. A communication
link is established between the actnators, sensors and controller. Preferably, the

communication link is a fiber optic link.



set forth. The systemincludes a transport unit guide disposed within the
processing tool for supporting a wafer transfer unit as the unit nopves

bet ween a WPPATHbsition and a second position. The transpoPETHPHYE? de
conprises a franme, a lateral guide rail- Sounted on the frane, and a series
of magnetic segments arranged upon the fransport unit guide proximate the

| ateral guide rail. The wafer transfer unit includes a tramtranslatably
attached to the lateral guide rail and a wafer transfer arm assenbly for
mani pul ating the sem conductor wafer. An electromagnet is nounted on the
“tramin cooperative rel at gRIEMHESCREPTN SR THFESHYRRALf or novi ng the
transfer unit. along the guide {gk{ys O ghRANRIEGSed for controlling the
position of the transfer unit an trans er ‘arm assenbly, and sensors are. :
used for determning the position of the transfer unit and the transfer arm
assenbly. A controller is disposed renote of the wafer transfer unit and
directs the novenent of the transfer unit and transfer arm assenbly in
response t o Figeldeas dsenendé mpw dibtha semitondectorAwefermprotessiig ol fini adcordance

est abl i shed between the actuators, sensors and controller. Preferably, the

Com”ivﬁﬁfﬁgrbrééeﬂé(inb&xtﬁnfi ber optic link.

Fig. 2 is a cross-sectional view taken along line 2-2 of the semiconductor wafer
processing tool shown in Fig. 1.
Figs. 3-8 are a diagrannnaﬁc representation of a wafer cassette turnstile and elevator of
a preferred interface module of the semiconductor wafer processing tool according to the
present invention operating to exchange wafer cassettes between a hold position and an
extraction position.
Fig. 9 is an isometric view of a preferred ‘wafer cassette tray engageable with the
turnstile of an interface module of the semiconductor wafer processing tool.
Figs. 10-15 illustrate one manner in whieh the processing tool may be modularized to
facilitate end-to-end connection of sequential procesSing units.
Figs. 16-19 illustrate a wafer conveying system in aceordance with one embodiment of
the present invention.
Figs. 20-25 illustrate a further wafer conveying system in accordance with a further
e;nbodiment, of the present invention.
Fig. 26 is a functional block' diagram of an embodiment of a control system of the
semiconductor wafer processing tool.
~ Fig. 27 is a functional. block diagram of a master/slave control configuration of an

interface module control subsystem for controlling a wafer cassette interface module.



VWD 99/ 17356

PCT/ US98/ 00132 -5- BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NGS
Fig. 1 is wopdoposgstric view of the sem conductor wafer proceesusgspaet in
accordance with the present invention. Fig. 2 is a cross-sectional view
taken along line 2-2 of the sem conduct ek -wafer processing tool shown in
Fig. 1. Figs. 3-8 are a diagranmatic representation of a wafer cassette
turnstile and el evator of a preferred interface nodul e of the sem conductor
waf er processing tool according to the present invention operating to

oSt 11.on. FiGE. 63898 i Tt (HEek AR S 9 GRER B RE oBAgs éﬁkesgstfway
engageable with the = . —_—
coupled with components of a wafer cassette mterface module of the processmg “tool.

Fig. 29 is a functional block diagram of a wafer conveyor control subsystem coupled
Wlth components of a wafer conveyor of the processing tool.

Fig. 30 is a functional block diagram of a wafer processing module control subsystem
coupled with components of a wafer p_rocéssing module of the processing tool.

Fig. 31 is a functional block diagram of a slave processor of 'the_ i_ntorfac_:e_ m’odi;le
control subsysfem coupled with components of a wafer interface module of the processing
tool. |

Fig. 32 is a functional block diégrmn of a slave processbr of the wafer conveyor
control subsystem coupled with components of ; wafer conveyor of the processing tool.

Fig. 33 is a cross-sectional view of a processing station for use in electroplating a

downward facing surface of a semiconductor wafer.



turnstile of an interface nodule of the seniconductor wafer processing

tool. Figs. 10-15 illustrate one manner in which the processing tool may be
modul ari zeWOt%/17356i | i t at e end-t o-end connect ion of sequenti #C 13P

units. Figs. 16-19 illustrate a wafer eying systemin accordance W|th
one enbodi nent of the present |nvent|on 1gs. 20-25 illustrate a further

waf er conveyi ng systemin accordance with a further enbodi nent of the
present invention. Fig. 26 is a functional block diagram of an enbodi nent
of a control system of the sem conductor wafer processing tool. Fig. 27 is

a functional block di aghprutf EP DESCRIPFIGNOE THE RIVENTIONIr ation of an
i nterface nodul e “contt ol subsystem TorcontrolTing a wafer cassette -

ngfl-/e Usgg/eom errmg to \ﬁog %%/ 175’1%9ent preferred “embodiment of the semiconductor wafer

processing tool 10 is shown. The processing tool 10 may comprise an interface section 12 and
processing section 14.  Semiconductor wafer cassettes 16 containing a plurality of |
semiconductor wafers, generelly designated W, may be loaded into the processing tool 10 or
unloaded therefrom via the interface section 12. In particular, the wafer cassettes 16 are
pfefcrably loaded or unloaded through at least one port such as first port 32 thhm a front |
outwardly facing wall of the processing tool 10. An additionel second port 33 may be
provided within the interface section 12 of the processing tool 10 to improve access and port
32 may be utilized as an input and port 33 may be utilized as an output.

Respective powered doors 35, 36 may be utilized to cover access ports 32, 33 thereby
isolating the interior of the processing tool 10 from the clean room. Each door 35, 36 may
comprise two portions. The upper portions and.lower. portion move upward and downward,
respectively, into the front surface of the processing tool 10 to open ports 32, 33 and permit
access therein. |

Wafer cassettes 16 are typically utilized to transport a plurality of semiconductor
wafers. The wafer cassettes 16 are preferably oriented to provide the semiconductor wafers
therein in .an upright or vertical posmonfor st_abili_t_y during trénsportation of the

semiconductor wafers into or out of the processing tool 10.

The frontoutwardly fécing .sm"face of the processiﬁé tool 10 may advantageously join
a clean room to minimize the number of harmful contaminants which may be introduced into

the processing tool 10 during insertion and removal of wafer cassettes 16. In addition, a -



-6 - Fig. 28 is a functional block diagramof an interface nodul e control
subsystem coupl ed with conponents of a wafer cassette interface nodul e of
t'he proceswsiowi7essl . Fig. 29 is a functional bl ock di agram ®icTassaoers2
conveyor control subsystem coupled with conmponents of a wafer conveyor of
the processing tool. Fig. 30 is a functio8al block diagram of a wafer
processi ng nodul e control subsystem coupled with conponents of a wafer
processi ng nodul e of the processing tool. Fig. 31 is a functional block

di agram of a sl ave processor of the interface nodul e control subsystem

S0P o0y AR R 16 S BPRE, BBE WPl B 21O
~conveyar.. control subsystem.coupled with conponents of a wafer conveyor of
't he pr othesafromy at or timgitg migignizesthy opering Of perts 3hal3. andesipesure of tiscRI9SsHRE
station for use in electroplating a downward facing surface of a
sem Congyat i0ko WiRf@an room environment. - ' T
| ~ The interface.sectidn 12 joins a processing section 14 of the processing tool 10. The
processing section 14 -may include a plﬁrality of semiconductor wafer processing modules for
performing various semjcohductor process steps. In 'particular, the embodiment of the
‘processing tool 10 shown in Fig. 1 includes a plating module 20 deﬁniﬁg a first laieral surface
of the processing section 14. The processing section 14 of the tool 10 may advantageously
include additional modules, such as pre-wet module 22 and resist strip module 24, opposite the
plating module 20.
Alternatively, other mpdules for performing additional processing functions may also
be provided within the processing tool 10. The specific processing perforr_ned by processing
- modules of the processing tool 10 may be different or of similar nature. Various liquid and
gasedus processing steps can bé used in various sequences. The processing tool 10 is
particularly advantageous in allowing a series of complex processes to be run serially in
different processing modules set up for different processing solutions. All the processing can

be advantageously accomplished without human handling and ina highly controlled working

space 11, thus reducing human operator handling time and the chance of contaminating the

€

semiconductor wafers.
The processing modules of the process tool 10 are préferably modular,
interchangeable, stand-alone units. The processing functions performed by the processing tool

10 méy be changed after installation of the processing tool 10 increasing flexibility and ~



WD 99/ 17356 : B

PCT/ US98/ 00132 -7- DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring to Fig.
1, a preseWO 1@ red enbodi nent of the sem conduct or V\/aferP(ﬁ'F’H'é%é@i}?g
t-ool 10 is shown. The processing tool 10 gay conprise an interface section
12 and processing section 14. Sem conductfor wafer cassettes 16 containing
a plurality of sem conductor wafers, generally designated W nmay be | oaded
into the processing tool 10 or unl oaded therefromvia the interface section
12. In particular, the wafer cassettes 16 are preferably | oaded or unl oaded

_ throughyifhwiheast cRRGeP ™ brotbihgdhefois! Affitiona? wérmracés&g QRGN MY Hey
facing wall of the processing tool 10. An additional second port 33 may be

 Plipr ovebddbt 48 % graCest on) iy SREMPi e rone i BB 160 port 33 my be

utilized as an output. Respective powered doors 35, 36 may be utilized to

cover . access Thernrecessing 3golt Heofyhe present invention preferably includes a rear closure
surfacé_ 18 joined with the lateral sides of the processing tool 10. As shown in Fig. 1, an air
supply 26 may be advantageously provided intermediate opposing processing modules of the
processing section 14. The interface section 12, lateral sides of the processing section 14,
closure surface 18, and air supply 26 preferably provide an enclosed work space 11 within the
processing tool 10. The air supply 26 may comi:rise a duct coupled with a filtered air source
(not shown) for providing clean air into the processing tool 10. More specifically, the air
supply 26 may include a plurality of vents intermediate the processing modules 19 for
introducing clean air into work space 11.

Referring to Fig. 16, exhaust ducts 58, 59 may be provided adjacent the frame 65 of a

wafer transport unit guide 66 to remove the circulated clean air and the contaminants therein.
Exhaust ducts 58, 59 may be coupled with the each of the processing modules 19 for drawing
supplie_d clean air therethrough. In particular, clean air is supplied to the workspace 11 of the
processing tool 10 via air supply 26. The air may be drawn adjacent the wafer transport units
62, 64 and into the processing modules 19 via a plurality of vents 57 fdrmed within a shelf or
process deck thereof by an exhaust fan (not shown) coupled with the output of exhaust ducts
58, 59. Each processing module 19 within the processing tool 10 may be directly coujaled
with ducts 58, 59. The air may be drawn oﬁt of the ducts 58, 59 of the processing tool 10

through the rear closant surface 18 or through a bottom of surface of the processing tool 10.

Providing an enclosed work space and controlling the environment within the work space-



isolating the interior of the processing tool 10 fromthe clean room Each
door 35, 36 may conprise two portions. The upper portions and | ower portion
nove upwarwoaed7sewnwar d, respectively, into the front surf &CEFUsHs/HMa2
processing tool 10 to open ports 32, 33 and permt access therein. Wafer
cassettes 16 are typically utilized to tdBnsport a plurality of

sem conductor wafers. The wafer cassettes 16 are preferably oriented to
provi de the sem conductor wafers therein in an upright or vertical position
for stability during transportation of the sem conductor wafers into or out

o cone FRASER hoRdRe T bRy e o (e

DS

nunber of harnful contam nants which may-be introduced into-t-he-processi-ng---
tool . 10 duriFach af dhe peacessing modnlgn may boadyantageously taseessest thraugly §Xierigh, a
WD 99/ 17356 R

PCT/ US9$in@18 Jo} Zhe respective modules forming the lateral side of the processing tool 10. The lateral
sides of the processing tool 10 may be adjacent a gray room environment. - Gray rooms have
fewer precautions against contamination compared with the clean rooms. Utilizing this
configuration reduces plant costs while allowing access to the processing components and

electronics of each wafer module of the processing tool 10 which require routine maintenance.

A user interface 30 may be provide& at the outwardly facing fromt surface of the
processing tool as shown in Fig. 1. The user interface 30 may advantageously be a touch
screen cathode ray tube control display allowing finger contact to the dispiay screen to effect
various control functions within the processing tool 10. An additional user interface 30 may
also be provided at the rear of the processing tool 10 or within individual -prdcessing— modules -
so that processing tool 10 operation can be effected from alternate locations about the
processing tool 10. Furthér, a portable user intefface 30 may be provided to permit an
operator to move about the processing fo‘ol 10 and view the operation of the processing
components therein. The user interface 30 may be utilized to teach specified functions and
operations to thé processing quﬁles 19 and semiconductor wafer transport units 62, 64.

Eacli module 20, 22, 24 within the processing tool 10 preferably includes a window 34

- allowing visual inspection of processing tool 10 o.pefa-ltilé;from the gray room Furﬂler-vems o
37 may be advantageously provided within a top .surface of each processing module 20, 22,

24. DProcessing module electronics are preferably -located adjacent the vents 37 allowing *



-8 - plurality of wafer cassettes 16 may be introduced into processing tool
10 or renoved therefromat one tine to mnimze the opening of ports 32, 33
and exposuq® ei178de processing tool 10 to the clean room envPCDUSEAM0132The
interface section 12 joins a processing section 14 of the processing tool
10. The processing section 14 may includellh-plurality of sem conductor
waf er processing nodul es for performng various sem conductor process
steps. In particular, the enbodi ment of the processing tool 10 shown in
Fig. 1 includes a plating nodule 20 defining a first lateral surface of the

processi ng secti.on 14. Th rocessi sect.ion 14 'of the tool 10 may _
advant aﬁléﬂ%}étl’%g #hE @aeép%ﬁ?ag ﬁﬁ?ﬁ?teﬁ@gﬁ}l&?lewséé" pre-wet ‘nodul'e 22 and
resist strip nodule 24, opposite the plating-nmodul-e.-20.--Aternatively,

ot her nodul e§heoworkestaoe il nwitkit dhe iinteefhcep sestion JiZnapds processimgssestion 41 sef ¥k
~provided within the processing tool 10. The specific processing perforned
by pr oc gsph it EE R Dréessifieronl 90 RsHona ih@elail 9 FRY. be different or of
simlar nature. Various liquid and gaseous processing steps can be used in

various sequeqees. fA0Csdhiof 22 Hdifiel 806 i@rid® modules 38, 39 for manipulating wafer

cassettes 16 within the processing tool 10. The interface modules 38, 39 receive wafer
cassettes 16 through the access ports 32, 33 and may store ;the wafer cassettes 16 for
subsequent processing of the semiconductor wafers therein. In addition, the interfgce modules
38, 39 store the wafer cassettes for removal from the processing tool 10 upon completion of
the processing of the sexﬁiconductor wafers within the respective wafer cassette 16.

Each interface module 38, 39 may comprise a wafer cassette turnstile 40, 41 and a
wafer cassette elevator 42, 43. The wafer cassette mmstﬂes 40, 41 generally transpose the
wafer cassettes 16 from a stable vertical orientation to a horizontal orientation where access to
the semiconductor wafers is improved. Each wafer cassetté elevator 42, 43 has a respective
wafer cassette support 47, 48 for holding wafef cassettes 16. Each wafer cassette elevator 42,
43 is utilized to position a wafer cassetté 16 resting thereon in either a transfer position and
extraction position. The operation of the wafer interface modules 38, 39 is described in detail
below.

In a preferred embodiment of the present invention, the first wafer interface module 38

may function as an input wafer cassette interface for receiving unprocessed semiconductor -

wafers into the processing tool 10. The second wafer interface module 39 may function as an
- output wafer cassette interface for holding processed semiconductor wafers for removal from

the processing tool 10. Wafer transport units 62, 64 within the processing tool 10 may access



particul arly advantageous in allowing a series of conplex processes to be
run serially in di fferent processing nodules set up for different

processi ngwedaentisgns. Al l the processing can be advant ageousicynansoapti shed
wi t hout human handling and in a highly controlled working space 11, thus
reduci ng human operator handling tine and2t-he chance of contaninating t he
sem conduct or wafers. The processi ng nodul es of the process tool 10 are
preferably nodul ar, interchangeable, stand-alone units. The processing
functions perforned by the processing tool 10 may be changed after

st 2l Lot on O S PRAG Byl e Ml 5B 55T PRl Yo A g 5
9- al L-ewl-ng-f-or—changes-i:n processing methods. Additional wafer processing
modul esfanmyatmtrmmng of semicenductos wiafegs thooughoot tchc praspssingetoekl Gt i ng
processing nodul es 19.

A semiconductor wafer conveyor 60 is shown intermediate processing modules 20, 22,
24-and interface modules 38, 39 in Fig. 2. The wafer conveyor 60 includes wafer transport'
umts -6”2, 64 for transferring individual semiconciuctor wafers W between each of the wafer
interface modules 38, 39 and the wafer procéssing modules 19.

'Wafer conveyor 60 advantageously includes a transport unit guide 66, such as an
elongated rail, which defines a plurality of paths 68, 70 for the wafer transport units 62, 64
within the processing tool 10. A wafer transport unit 62 on a first path 68 may pass a wafer
transport unit 64 positioned on a secoﬁd path 70 during movement of the transport units 62, 64

- along transport guide 66. The processing tool 10 may include additional wafer transport units

to facilitate the transfer of semiconductor wafers W between the wafer processing modules 20,
22,24 and wafer interface modules 38, 39

: More specifically, the. second arm extension 88 may support a semiconductor wafer W

via vacuum support 8. The appropriate wafer transport unit 62, 64 may approach a wafer

: suppoft 401 by moving along transport unit guide 66. After reaching a proper location along

guide 66, the first extension 87 and second extension 88 may rotate to approach the wafer

. support 401. The second extension 88 is positioned above the wafer support 401 and

T

subsequently lowered toward engagement finger assemblies 409 on the wafer support 401.
The vacuum is removed from vacuum support 89, and ﬁnger assemblies w1thm the processing
modules grasp the semiconductor wafer W positioned therein. Second extension 88 may be

lowered and removed from beneath the semiconductor wafer held by the wafer engagement



The processing tool 10 of the present invention preferably includes a rear
closure surface 18 joined with the |lateral sides of the processing tool 10.
As shown iwoRi9g73sk, an air supply 26 may be advant ageously prGRUSRS®0132

i nter medi at e opposi ng processing nodul es of the processing sectiongi4. The
interface section 12, lateral sides of tH8 processing section 14, closure
surface 18, and air supply 26 preferably provide an encl osed work space 11
wi thin the processing tool 10. The air supply 26 may conprise a duct
coupled with a filtered air source (not shown) for providing clean air into

‘the progessing tool 10. More specifically, the air supply 26 may include a
“plural |ﬁ'§g “vents internediate the processing nodul es 19 for introducing
~&l-ean ai+-into.work space 11. Referring to Fig. 16, exhaust,K ducts 58, 59
may be provi Heldowiag sempletionof progsasingsofpthe semcoaduciorawafpo withimthe agpropeaEs t o
renove the circulated clean air and the contam nants therein. Exhaust ducts

58, 59 prayeddingaaodiledoVe, R4 hewsfaciramsbort it 520 64 ndyngriovd the svaftd ahd either
drawi ng supplied clean air therethrough. In particular, clean air is

suppl i egiie;. e g;&g&#gﬁfo&e} #%rQ%eﬁéeiﬁ%an?édﬁfeeiﬁi B9 59k rl&re(gge, w'ggers:up@waf&ﬁ- -

The air may be ‘ace er transport units and into the

-processing nodules 19 via a plurality of vents formed within a shelf or
P casgette 16 for storage or remoeall%rom theyprocessing tool?g. _

Each of the wafer transport units 62, 64 may access a wafer cassette 16 adjacent the
cdr_lveyor 60 for retrieving a semiconductor wafer from the wafer cassette 16 or depositﬁg a
semicondu;:tor wafer therein. In particular, wafer transport qmt 62 is shown withdrawing a
semiconductor wafer W from wafer cassette 16 upon elevator 42 in Fig. 2. More
specifically, the second extension 88 and vacuum support 89 connected therewith may be
inserted into a wafer cassette 16 positioned in the extraction position. Second extension 88
and vacuum support 85 enter below the lower surface of the bottom semiconductor wafer W
held by wafer cassette 16. A. vacuum may be applied via vacuum support 89 once support 89
is positipned below thé center of the senﬁconductor wafer W being removéd. The second
extension 88, vacuum support 89 and semiconductor wafer W attached thereto may be slightly -
raised via transfer arm elevator 90. Finally, first extension 87 and second extension 88 may
be rotated to remove the semiconductor wafer W from the wafer cassette 16. The wafer
transport unit 62, 64 may thereafter deliver the semiconductor wafer W to a wafer processing
module 19 fror processing.

Thereafter, wafer transport uﬁt 62 may travel along path 68 to a pbsition adjacent an

appropriate processing module 20, 22, 24 for depositing the semiconductor wafer upon wafer

processing support 401 for processing of the semiconductor wafer. | )



process deck thereof by an exhaust fan (not shown) coupled wth the output
of exhaust ducts 58, 59. Each processing nodule 19 within the processing

tool 10 mawdyeyfhizgect |y coupled with ducts 58, 59. The air nmyr/osostosman out
of the ducts 58, 59 of the processing tool 10 through the rear cl osant

surface 18 or through a bottom of surfacegof the processing tool 10.
Provi di ng an encl osed work space and control ling the environment within the
wor k space WO 99/ 17356

PCT/ US98/ 00132 - 10 - greatly reduces the presence of contam nant sint he
processing tool 10. Each of the processing nodul es may be advant ageously™ "~
accessed through exterior panels of the respective nodul es formng the
| ateral side of the processing tool 10. The lateral sides of-the. processing—-
tool 10 nay DINTERFACBWMODWLEY room environnent. Gray roons have fewer
precautions against contam nation conpared with the clean rooms. UWilizing
this ~ Referring to Fig. 3 - Fig. 8, the operation of the interface module 38 is shown in

detail. The following discussion is limited to wafer interface mbdule 38 but is also. applicable

to wafer interface module 39 inasmuch as each interface module 38,' 39. may operate in

substantially the same manner.

Preferably, the first wafer interface module 38 and the second wafer interface module

39 may function as a respective semiconductor wafer cassette 16 input module and output' |

module of the processing tool 10. Alternately, both modules can function as both input and

output. More specifically, wafer cassettes 16 holding unprocessed semiconductors wafers may

be brought into the prdcessing tool 10 via port 32 and temporarily stored within the first wafer |

interface module 38 until the semiconductor wafers are to be removed from the wafer cassette

16 for processing. Processed semiconductor wafers may be delivered to a wafer cassette 16

within the second wafer interface module 39 via wafer transport units 62, 64 for temporary

storage and/or removal from the processing tool 10.

The wafer interface modules 38, 39 may be directly accessed by each of the wafer
transport units 62, 64 within the processing tool 10 for transferring semiconductor wafers
therebetween. Providing a plurality of wafer cassette interface modules 38, 39 accessible by
I
each wafer transport umit 62, 64 facilitates the transport of semiconductor wafers W
throughout the processing tool 10 according to the present invention.

Each wafer interface module 38, 39 preferably includes a wafer cassette turnstile 40

and a wafer cassette elevator 42 adjacent thereto. The access ports 32, 33 are adjacent the



configuration reduces plant costs while all ow ng access to the processing
conponents and el ectronics of each wafer nodule of the processing tool 10°
whi ch requiwe9s/o366 ne nai nt enance. A user interface 30 nmay beCrrusssoed2 at
the outwardly facing front surface of the processing tool as shown in Fig.
1. The user interface 30 may advant ageoudl5y- be a touch screen cat hode ray
tube control display allowing finger contact to the display screen to

ef fect various control functions within the processing tool 10. An
additional user interface 30 may al so be provided at the rear of the

i ng tool 10 i thin indiyi dual i dules so that.” -
oS HR 98l St PGS 15 pREBESEOLRS S he ol st

the processing tool 10. Further, a .portable user.interface-30.-may-be ..
pr ovi deprotessingrtoolt10:0r romered terefipmwiagpomts 33t 33.nhe processing tool 10 and
view the operation of the processing conponents therein. The user interface

30 may be ut Wirgeehstret Q8Cdte %E%fabiﬁ?la&é@ﬁié%ﬁic&ﬁﬁom 8iitb Qasett® tidye 50
processi ng nodul es 19 and sem conductor wafer transport units 62, 64. Each

Wi ndow B0 sy oot FEETO 0o st R S Ul BLEFRIE e, o1

the gray room Further, vents 37 may be_ advantageously provided within a.
t op sur The egicakpesitiqs ol water rg@sslspggfuil@ apd) they semiconductor ‘wafers therein provides a

secure orientation to maintain the semiconductor wafers within the wafer cassette 16 for
fransportation.

Each wafer cassette turnstile 40, 41 preferably includes two saddles 45, 46 each
cohﬁgured' to hold a wafer cass;ette 16. Providing two saddles 45, 46 enables two wafer
cassettes 16 to be placed into the processing tool 10 or reinoved therefrqm during a single
opening of a respective access door 35, 36 thereby minimizing exposure of the workspace 11
within the processing tool 10 to the clean room environment.

Each saddle 45, 46 inqludes two forks engageable with the cassette tray -50;~ Saddles
45, 46 are powered by motors within the wafer cassette turnstile shaft 49 to position the wafer
cassette 16 in a horizontal or vertical oriéntation. The wafer cassettes 16 and semiconductor
wafers therein are preferably vertically oriented for passagel through the access ports 32, 33
and horizontally oriented in a transfer or extraction position to provide access of the wafers
thérein to the wafer transport units 62, 64.

The :,vafer cassette 16 held by wafer .cassette turnstile 40 in Fig. 3, aisé referred to as
wafer cassette 15, is in a hold position (alsoreferred fo hérein as aload_posmon) .-'Ih‘he
semiconductor wafers within a wafer cassetie 16 in the hold position may be stored for

subsequent processing. Alternatively, the semiconductor wafers within a wafer cassette 16 in



24. Processing nodule electronics are preferably |ocated adjacent the vents
37 all ow ng WO 99/17356°

PCT/ US98/ 0QiPdo/r73del - Circulating airgto dissipate heat genep@fgshsyizuch
el ectronics. The work space 11 within'the interface section 12 and

processi ng section 14 of an enbodi nent ofgthe processing tool 10 is shown
in detail in Fig. 2. The interface section 12 includes two interface
nodul es 38, 39 for mani pul ati ng wafer cassettes 16 within the processing
tool 10. The interface nodules 38, 39 receive wafer cassettes 16 through
the access ports 32,7 33 and_may store the wafer cassettes 16 far subsequent

pr oces shajoldrposiiensray keowerad £or supiedueny Temayal ifrom the paeRestins 0! A4 Songhed ace
nmodul es ..38,-..39.store-the wafer..cassettes for renoval fromthe praocessing
tool 1Cacugemort®Pi38tion of the processing of the sem conductor wafers
within the respective wafer cassette 16.
' - Referring to Fig. 3, the wafer cassette 16 supported by the wafer cassette elevator 42,
also referred to as wafer cassette 17, is in an extraction or exchange position. Semiconductor
~ wafers .‘I'.nay' either be removed from or placed into a wafer cassette 16 positioned in the
extraction position via a wafer transport unit 62, 64.
The wafer cassetie turnstile 41 and wafer cassette elevator 42 may exchange wafer
cassettes 15, 17 to transfer a wafer cassette 17 ha’vin'g processed semiconductor wafers therein
from the extraction position to the hold position for removal frbm the processing tool 10.
Additionally, such an exchange may transfer a wafer cassette 15 -having unprocessed
- semiconductor wafers therein from the hold position to the extraction position providing wafer
transport units 62, 64 with access to the semiconductor wafer therein.
"7 The exchafige of wafer cassettes 15, 17 is déscribed with reference to Fig. 4 - Fig. 8.
- Specifically, saddle 46 is positioned below a powered shaft 44 of wafer cassette elevator 42.
Shaft 44 is coupled with a powered wafer cassette support 47 for holding a wafer cassette 16. .
Shaft 44 and wafer cassette support 47- attached thereto are lowered as shown in Fig. 4 and

shaft 44 passes between the forks of saddle 46.

. Referring to Fig. 5, a motor within shaft 44 rotates wafer cassette support 47 about an

¥

axis through shaft 44 providing the wafer cassette 17 thereon in an opposing relation to the
“wafer cassette 15 held by wafer cassette turnstile .40. Both saddles 45, 46 of wafer cassette
turnstile 40 are subsequently tilted into a horizontal orientation as shown in Fig. 6. The shaft

.44 of wafer cassette elevator 42 is next lowered and wafer cassette 17 is brought into



Each interface nodule 38, 39 may conprise a wafer cassette turnstile 40, 41
and a wafer cassette elevator 42, 43. The wafer cassette turnstiles 40, 41
general |y wapwpmise the wafer cassettes 16 from a stabl e ver PCEAISIS/00132
orientation to a horizontal orientation where access to the sem conduct or
wafers is inproved. Each wafer cassette-dlevator 42, 43 has a respective
waf er cassette support 47, 48 for hol ding wafer cassettes 16. Each wafer
cassette elevator 42, 43 is utilized to position a wafer cassette 16
resting thereon in either a transfer position and extraction position. The

operation of  the. i r e [ | | |
“betow TSI &féeagﬁlgrﬁ) |é§§t’?edgﬁ%i%e§ 'p?@s?en ftﬂ%‘v“g‘ﬁts‘%ﬁhpg%ﬁéet@fsﬁﬁéé’& vt er
interface.nodule . 38.pmay. function as an jnput wafer cassette interface for

r ecei viarg lewgred ea dditiondanedint troeletr xetation of iwafer eastetipy 4¢.c REfeTHnE SOEE P The
second wafer interface nodule 39 may function as an output wafer cassette

i nt er f aggfef eisséif tdimaleptOReaseIBisizgraes beltaisposemmifer saskates16nd¥al from t he

processing tool 10. Wafer transport units 62, 64 within the processing tool
10 may _QQ_C?SWafer cassette 17 having processed semiconductor wafers therein is now accessible via
- “port 32 for removal from the processing .tool 10. Wafer cassette 15 having unprocessed
semiconductors therein is now positioned for engagement with wafer cassette support 47. The
transfer process steps shown in Fig. 3 - Fig. 8 may be reversed to elevate the wafer cassette
. 15 into the extraction position providing access of the semiconductor wafers to wafer transport
units 62, 64.

Figure 10 illustrates one manner in which the apparatus 10 may be modularized. As
illustrated, the apparatus 10 is comprised of an input/output assembly 800, lgﬁ and right
processing modules 805, 810, wafer conveyor system 60, top exhaust assembly 820, and

--end-panel 825. As illustrated, left and right prot:essing modules 805 and 810 may be
secured to one another about the wafer conveying system 60 to form a processing chamber
having an inlet and 830 and an outlet 835. A plurality of these processing modules may thus
be secured in an end-to-end configuration to thereby provide an extended processing
chamber capable of performing a substantially larger number of processes on each wafer
or, in the alternative, process a larger number of wafers concurrently. In such instances,
the wafer cofnveying system 60 of one apparatus 10 is programmed to cooperate with the

wafer éonveying system 60 of one or more prior of subsequent conveying Systems 60.
Figure 11 illustrates one manner of arranging processing heads within the apparatus

10. In this embodiment, the left hand processing module 805 is comprised of three T



WD 99/ 17356

PCT/ US98/ 00132 - 12 < wafer cassettes .16 held by either wafer interface
nodul e 38, WA®99/17588ch an arrangenent facilitates transferri ngpof/uses/oo132

sem conduct or wafers throughout the processing tool 10. A sem conductor

waf er conveyor 60 is shown internedi at e-jBaocessi ng nodul es 20, 22, 24 and
interface nodules 38, 39 in Fig. 2. The wafer conveyor 60 includes wafer
transport units 62, 64 for transferring individual sem conductor wafers W
bet ween each of the wafer interface nodules 38, 39 and the wafer processing

nodul es 19. Waf.er .conveyos .60 vant ageous] y. i ncl.udes a.transport unit

gui de GFOCSTIE T&é“%ﬁ‘aéF%rf&&i"éﬁgﬁaiqf‘,s“{%fﬁ"@r#fﬁ@ﬁeﬁ%‘éWéfeﬁlaﬁ%gfef"0%}8“8%%3“ 68, "
70 for the wafer transport units 62, 64 within the processing tool 10. A . -
- wafer tdeposigiontandiwo peocessing heads Jor perforngag rwsitipg of the wafersrprioraasport unit -

64 positioned on a second path 70 during novenent of the transport units

62, 64 gb@fsthbmadasBESdsitibnl dBerfeficallyethd l6IE RGRI fiocdssink Meiuleg05 behstitites a

addi tional wafer transport units to facilitate the transfer of

sem ¢o n&x%%&ﬂrmx\ﬁlg f’x?\'i}% B%C\é@sﬁ’& hdkas WedPin Bféqﬁﬁiggsﬂm% a!ﬁ'ﬂ%s?—ﬁro%gssing of the
wafers with respect to electrochemical copper deposition. The right-hand module 810
generically constitutes a plating module and includes five reactor heads dedicated to

- electrochemical copper deposition. In the emBodiment of Figuré_ll, a wafer alignment
station 850 ié provided to ensure thickn_ess_proper orientation of each wafer as it is
processed in the apparatus. Wafer alignment may be based upon sensing of registration
marks or the like on each wafer. |

Figures 12 and 13 illustrate embodiments of the left and right hand processing
modules 805 and 810, respectively. In these figures, the exterior portions of the respective
housing have been removed thereby exposing -various system components. Preferably,
electronic components such as power supplieé, controllers, etc., are disposed in the upper -
portion of each of the processing modules 805 and 810, while niovinQ components and the
like are disposed in a lower portion of eéch‘of the prbcessing modules.

Figure 14 is a perspective view of the input module 800 with its panels removed as
viewed from the interior of apparatus 10. Figure 15 provides a similar view of the input
module 800 ‘with'respect to the exterior of apparatus iO. In the illustrated embodiment, the
wafer alignment station 850 and a wafer alignment controller 860 are provfded in the iﬁput
module 800. A robot controller 865 used to control the wafer conveyiné system 60 is also

disposed therein. To keep track of the wafers as they are processed, the input module 800  °



22, 24 and wafer interface nodules 38, 39. Mre specifically, the second

- armextension 88 may support a sem conductor wafer Wvia vacuum support 89.
The appr o¥Q&¥&735af er transport unit 62, 64 may approach a RETEISI&OHSdr t
401 by noving along transport unit guide 66. After reaching a proper

| ocation along guide 66, the first exted¥i-on 87 and second extension 88 nay
rotate to approach the wafer support 401. The second extension 88 is
posi ti oned above the wafer support 401 and subsequently | owered toward
engagenent finger assenblies 409 on the wafer support 401. The vacuumis

ositione ereln.

reTov e pRORELY A Ghe RO w S nADflinblsBEGEs B36 SAPLLSE o bliofs plIReRiACCIST N

nodul es "grasp the sem conductor W

| owered and renoved fr.o eneat h. .t he sem conduct-or.. ...
'QP :

extensi op 88 may
v o $HED A OLer GRRSREAG M DUt Testes,
PCT/ US98/ 00132 -13 -

computer 875 and a four-axis controller 880. The system control computer 875 is

4n@ude the system contro

generally responsible for coordinating all operations of the apparatus 10.

SEMICONDUCTOR WAFER CONVEYOR .

‘The processing tool 10 includes a‘semiconductor wafer conveyor 60 for transporting
semiconductor wafers throughout the processing tool 10. Preferably, semiconductor wafer
conveyor 60 may access each wafer cassette interface module 38, 39 and each wafer
processing module 19 within processing tool 10 for transferring semiconductor wafers
therebetween. This includes processing modules from either side.

One embodiment of the wafer conveyor system 60 is depicted in Fig. 16. The wafer

conveyor 60 generally includes a wafer transport unit guide 66 which preferably comprises.an . ... ...

elongated spine or fail mounted to frame 65. Alternatively, transport unit guide 66 may be
formed as a track or any other configuration for guiding the wafer transport units 62, 64
thereon. The length of wafer conveyor 60 may be varied and is configured to permit access of
the wafer transport units 62, 64 to each interface module 38, 39 and processing modules 20,

22,24,

W_afér transport unit guide 66 defines the paths of movement 68, 70 of wafer transport

units 62, 64 coupled therewith. Referrihg to Fig. 16; a spi;x.e. of transport unit éuide 6

includes guide rails 63, 64 mounted on opposite sides thereof. Each semiconductor wafer

transport unit 62, 64 preferably engages a respective guide rail 63,' 64. Each guide rail can -



fingers. Follow ng conpletion of processing of the sem conductor wafer
within the appropriate processing nodule 20, 22, 24, a wafer transport unit
62, 64 naywoedoriizssée t he wafer and either deliver the wafer trcTAUSYSlo@u32
processi ng nodul e 20, 22, 24 or return the wafer to a wafer cassette 16 for
storage or renoval fromthe processing 12bt 10. Each of the wafer transport
units 62, 64 nmay access a wafer cassette 16 adjacent the.conveyor 60 for
retrieving a sem conductor wafer fromthe wafer cassette 16 or depositing a
sem conductor wafer therein. In particular, wafer transport unit 62 is

shown wi t hdrawi ng a sem caonductgr -yater Wifr fer .cassette 16.upon

&1 evar S1ougsoRt RthoRe SERpEHNNE o7 617 Eifengiont R 151} $EFEE b prOud e
vacuum suppor t- 89.-conhect-ed-t-herewi-t-h-may -be-inserted into-a wafer cassette
16 posiof iguidedos fon providiag sebilibh op &g transport Wity 63, &4t thershgainw gnd i Bre€tum
support 89 enter below the | ower surface of the bottom sem conductor wafer

W hel d gaideved RomOREAeEach Wafer Aranfiuthinitey, GLirkRiaks & GoNdra7 dupnedd 89
once support 89 is positioned below the center of the sem conductor wafer W

being r Vae:%ﬁ%%ﬁg%éﬁg @{(}téyggme%%, vacuum support 89 and sem conduct or

waf er artac ereto na I'ghtTy -

It is to be understood that wafer conveyor 60 may be formed in alternate

configurations dependent upon the arrangement of interface modules 38, 39 and processing

modules 20,' 22, 24 withip the processing tool 10. Ducts 58, 59 aré"'prf_:ferab_ly in fluid

communication with extensions from each wéfer processing module 19 and an exhaust fan for
~ removing circulated air from the workspace 11 of the processing tool 10.

Each wafer transport unit 62, 64 is powered along the respective path 68, 70 by a
suitable driver. More specifically, drive operators 71, 74 are mounted to respective sides of
transport unit guide 66 to provide controllable axial movement of wafer transport units 62, 64

--along the tranéport unit guide 66z - |

The drive operators 71, 74 may be linear magnetic motors fof providing precise
positioning -of wafer transport units 62, 64 along guide 66. In particular, drive operators 71,
74 are preferably linear brushless direct current motors. Such preferred driver opérators '71,.
74 utilize a series of angled magnetic segments which magneﬁcally interact with a respective
elec’u_*bmagnet 79 mounted on the wafer transport units 62, 64 to propel the units along the

transport unit guide 66.

Cable guards 72, 73 may be connected to respective wafer transport; units 62, 64 and
frame 65 for protecting communication and power cables therein. Cable guards 72, 73 may

comprise a plurality of interconnected segments to permit a full range of motion of wafer ~



raised via transfer armelevator 90. Finally, first extension 87 and second
extension 88 may be rotated to renove the sem conductor wafer Wfromthe
waf er cassavdeo/ifiss The wafer transport unit 62, 64 may thereathRisofifdibyer

t e sem conductor -wafer Wto a wafer processing nodule 19 for processing.
Thereafter, wafer transport unit 62 nmay.tyavel along path 68 to a position
adj acent an appropriate processing nodule 20, 22, 24 for depositing the
sem conduct or wafer upon wafer processing support 401 for processing of the
senm conduct or wafer. WD 99/ 17356

PCT/ US98/ 00132 - 14 - | NTERFACE MODULE Referring to Fig. 3 - Fig. 8, the

oper at | GAISBYIt HARS" 6%t64rala@getrma@nt@n@gmd§ 68Hown i n"detail. The foll ow ng
di-scussi-on-i-s—+i-fi-t-ed-t-o-waf er-i-nterface modul e 38 but is also applicable

As shown in Fig. 17, a first wafer transport unit 62 is coupled with a first side of the
' spine of guide 66. Each wafer transport unit 62, 64 includes a linear bearing 76 for
engagement with linear guide rails 63, 64. Further the wafer transport units 62, 64 each
preferably mclude a honzontal roller 77 for engaging a extension 69 formed upon the spine of
the guide 66 and providing stability.
Fig. 17 addrtionaily shrjws an electromagnét 79 of the first wafer transport unit 62
mounted.in a position to magnetically interact with drive actuaior 71. Drive actuator 71 and
electromagnet 79 provide axial movement and directional control of the wafer transport units

62, 64 along the transport unit guide 66.

SEMICONDUCTOR WAFER TRANSPORT UNITS
Pr'e'férréd ‘emibodiments of the semiconductor wafer transport units 62, 64 of the wafer
conveyor 60 are described with reference to Fig. 18 and Fig. 19.
In general, each wafer transport unit 62, 64 includes a movable carriage or tram 84
coupled to a resper:tive side of the transport unit guide 66, a wafer transfer arm assembly 86
movably connected to the tram 84 for supporting a semi'conductor wafer W, and a wafer

transfer arm elevator 90 for adjusting the elevation of the transfer arm assembly 86 relative to

Referrmg to F1g 18, a cover 85 surrounds the portion of tram 84 facmg away from
the transport unit guide 66. Tram 84 includes linear bearings 76 for engagement with

respective guide rails 63, 64 mounted to transport unit guide 66. Linear bearings 76 maintain



to wafer interface nodule 39 inasmuch as each interface nodule 38, 39 may
operate in substantially the sanme manner. Preferably, the first wafer
i'nterface Wyle,e3s8 and the second wafer interface nodul e 3%dfRysskidmaki on
as a respective sem conductor wafer cassette 16 input nodul e and out put
nodul e of the processing tool 10. Alters2gzely, both nodules can function as
both input and output. Mre specifically, wafer cassettes 16 hol ding
unprocessed semi conductors wafers nmay be brought into the processing tool
10 via port 32 and terrporarily stored within the first wafer interface
- nodul e 38 unt] condu wafers are to he renoved om t he

‘casset tthe ramrg ge,arﬂ?n %ﬁb@éé@@@%%gﬂ@aﬁcﬂﬂdm#& F’qygmﬁﬂ'}w{/ered
‘to a wafer cassette 16 within the second wafer interface nodule 39 via .-
waf er tthetramo84 therealong62A r@ler f7Grengages ar mspecivoexiesicnniy for prevepting ratation t he
processing tool 10. The wafer interface nodules 38, 39 may be directly

accesseg tm(n%a%oﬁ{ ghifle niRie! 6k AN SROVilingNdbHi9 f WafeMirhilport (it B2 OCBsSi Ng

tool 10 for transfefrring sem conduct or vvafers herebetvveen Prow ding a

vai or (IO mEEERt % ¥ 485 b el ol e sl € BFEGH R BnditaFR

wafers W
interact with a respective transport unit 62, 64 drive actuator 71 74

A wafer transfer arm”assembly 86 extends above the top of tram 84. The wafer

transfer arm assembly 86 may include a first arm extension 87 coupled at a first end thereof

" with a shaft 83. A second arm extension 88 may be advantageously coupled with a second
end of the first extension 87. The first arm extension 87 may rotate 360 degrees about shaft
83 and second arm extension 88 may rotate 360 degrees about axis 82 passing through a shaft
connecting first and second arm extensions 87, 88.

Secoﬁd extension 88 preferably inciudes a wafer support 89 at a distal end thereof for
Supporting a semiconductor wafer W during the tran5port'i1_1g thereof along wafer conveyor 60.
The transfer arm assembly 86 preferably includes a chamber coupled with the wafer support
89 for applying a vacuum thereto and holding a semiconductor \yafer' W thereon.

Providing adjustable elevation of transfer .arm assembly 86, rotation of first arm
extension 87 about the axis of shaft 83, and rotation of second extension 88 about axis 82
allows the transfer arm 86 to access each semiconductor wafer holder 810 of all processing
modules 19 ;nd- each of the wafer cassettes 16 held by interface modules 38, 39 within the
:proﬁessing tool 10. -Such access permits the semiconductor wafer transpt)r;t units.62; 64 to

trapsfer semiconductor wafers therebetween. -

The cover 85 has been removed from the wafer transport unit shown in Fig. 19 to



t hroughout the processing tool 10 according to the present invention. Each
wafer interface nodule 38, 39 preferably includes a wafer cassette
turnstile A0oash3ss waf er cassette el evator 42 adjacent ther ePGT/UBI®0M8Z eSS
ports 32, 33 are adjacent the WO 99/ 17356

PCT/U898/00132 - 15 - respective wafer e@dsette turnstiles 40, 41. Wafer
cassettes 16 nmay be brought into the processing tool 10 or renoved
therefromvia ports 32, 33. Wafer cassettes 16 are preferably placed in a
vertical position onto cassette trays 50 prior to delivery into the
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therein provides a secure orientat | on to maintain the. .sem.-conduct or wafers.. .....

Wit h| n Trestenpan eleyatorOPadjustsrihe vertisalpasitiontgfdhe transfer arm assembly 86 relative
to the tram 84 during the steps of transferring a semiconductor wafer between the wafer
support 89 and one of a wafer holder 810 and the wafer cassette 16.

The path position of the tram 84 of each wafer transport unit 62, 64 along the transport
unit guide 66 is preciéely controlled using a positional indicating array, such as a CCD array
91 of Fig. 19. In one embodiment of the ﬁrocessing tool 10, each semiconductor wafer holder
810 within a processing module 19 has a corresponding light or other beam emitter 81
mounted on a surface of the processing module 19 as shown in Fig. 2 for directing a be_am of
light toward the transport unit guide 66. The light emitter 81 méy present a continuous beam
or alternatively may be configured to generate the beam as a wafer transport unit 62, 64
approaches the respective wafer holder 810.

The transfer arm assembly 86 includes an CCD array 91 positioned to receive the laser
beam generated by light emitter 81. A position indicating array 91 on shaft 83 detects the
presence of the light beam to determine the location of tram 84 along transport unit guide 66.
The positional accuracy of the wafer transport unit position indicator is preferably in the range
less than 0.003 inch (approximately less than 0.1 millimeter).

A second embodiment of a wafér tfansp_ort unit 562b is shown in Figs. 20-25 and is
similarly'prc;vided with a movable carriage or tram 584 coupled to a respective side of the

. transport unit guide 66, a wafer ;raxlsfer arm assembly 586 movably co-nne<l:.t.:ed. to thetram 584
for supporting a semiconductor wafer W, and a wafer transfer arm elevator 590 for adjusting

- the elevation of the transfer arm assembly 586 relative to tram 584. A cover 585 surrounds a °



Each wafer cassette turnstile 40, 41 preferably includes two saddl es 45, 46
~each configured to hold a wafer cassette 16. Providing two saddl es 45, 46
enabl.es t Wyg@fgssecassettes 16 to be placed into the processdigudssebiziO or
removed therefromduring a single opening of a respective access door 35,
36 thereby mnimzing exposure of the wadkspace 11 within the processing
tool 10 to the clean room environnent. Each saddl e 45, 46 includes two
forks engageable with the cassette tray 50. Saddl es 45, 46 are powered by
nmotors within the wafer cassette turnstile shaft 49 to position t he wafer
cassette 16 | or cal ‘orientation he wafer, casseftes
and e OROR Ao S S Jids e locs Ui BPmER S byBT EreRErPUOP I RRBRGr
passage through the access ports -32;-33--and--horizontally oriented in a

t r ansf guide raitsx§3, ek inownted & transport tbm;irgmdecﬁﬁ abipesrsbeafingh&7nedaitain theetramn t o
t he-waf er transport units 62, 64. The wafer cassette 16 held by wafer

casset t584 k4 fixkd kQatfthh With Etegtrarﬁpo@hﬁi@ RE S6r228 ﬁeﬁnﬁlixmiﬁ@i/exﬁétﬁ&ﬂ’&h@triﬁ i's
in a hold position (a so referred to herein as | oad position). The

o SRS YR T A 0 R P
Wi t hi nagmzxg; % ';:4as_sette 16 in .

A wafer transfer arm assembly 586 extends above the top of tram 584. The wafer
transfer arm assembly 586 includes a first arm extension 587 coupléd at a first end thereof
with a shaft 583. A second arm extension 588, having a wafer support 589 for supporting the
semiconductor wafer W, may be advantageously eoupled with a second end of the first
extension 587. The first arm extension 587 may rotate 360 degrees about shaft 583 and
second arm extension 588 may rotate 360 degrees about axis 582 passing through a shaft
connecting first and second arrn extensions 587, 588.

- As with the first embodiment; providing-adjustable elevation of .transfer arm assembly

586, rotation of first arm extension 587 about the axis of shaft 583, and rotation of second

- extensjon 588 about axis 582 permits the semiconductor wafer transport units 562a, 562b to
transfer semiconductor wafers therebetween.

As shown in Fig. 21, cover 585 has been remeved from the wafer transport unit 562b,
revealing a wafer transfer arm elevator _590_ coupled with tram 584 and transfer arm assembly

€

586. Transfer arm elevator 590 adjusts the vertical posmon of the transfer arm assembly 586
relative to the tram 584 during a transfer of a semtconductor wafer.
In the second embodiment of the wafer transport units 562a, 562b, a fiber optic

communication path, such as a fiber optic filament, replaces wires 72, 73 to the wafer
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PCT/ US98/ 00132 - 16 - the hold position may be stored for subsequent
renoval fr owowvdrEr3pé ocessi ng tool 10 through an access port 3PCTA%98/00132
Referring to Fig. 3, the wafer cassette 16 supported by the wafer cassette
el evator 42, also referred to as wafer ca2$ette 17, is in an extraction or
exchange position. Sem conductor wafers nmay either be renoved from or

pl aced into a wafer cassette 16 positioned in the extraction position via a
waf er transport unit 62, 64. The wafer cassette turnstile 41 and wafer

var ot cuabyttEbl el AREISCaENE B RE R S0 ot e ol HAR ﬁ“ﬁ%sl?%ﬂ

extraction pesition-te-the-hgld-posi-tion-for renoval fromthe processi
t'ool 10Mnky&p23.0MEb y The e, ofAib é&eawg@ oRppsed %W@rhﬁnm%hwa%gﬁt%

havi-ng unprocessed
mass - of the transport units 562a, 562b and improves reliability. Preferably, such

communications take place between the transfer unit and the system controller 875.

" The path and operational poSiﬁOxi of the .tram 584 of each wafer transport unit 562a,
562b along the transport unit guide 66 is precisely controlled using .a combination of encoders
to provide position information on the position of the_tfam 584, transfer arm assembly 586-and
second extension 588 in three-axis space. An absolute encoder, the position of which is
shown at 591, is located in the elevator 590. An absolute encoder, TPOW, is shown at 592,
located in the base motor 593 of the shaft 583. 'An absolute encoder, TPOW, is shown at 594,
located in the shaft 583. Wrist absolute encoder, the position of which is shown at 595, is
located at the distal end of transfer arm assembly 586. An elbow absolute encoder,
TPOWISA, 597 is provided-at-the base of the shaft 583. Lift absolute encoder 596 is located
along the base motor 593. A linear encoder 598, head rail encoder 599 and track CDD array
absolute encoder 541 are located on the base platé 203 of the base of tram 584, the latter
located for sensing the beam emitter 81 mounted on a surface of the processing module 19 as
shown in Fig. 2 and discussed above. The foregoing allows precise and reliable positional

accuracy.

Mounting of the wafer transport units is shown in Figure 22. As illustrated, a wafer
conveyor 560 includes a wafer transport unit guide 566 which comprises an elongated spine or
rail mounted to frame 565. Wafer transport unit guide 566 defines the paths of movement

568, 570 of wafer transport units 544a, 544b. A spine of transport unit guide 566 includes



sem conductor wafers therein fromthe hold position to the extraction

position providing wafer transport units 62, 64 wth access.- to the

sem conduciygyoowaiser therein. The exchange of wafer cassettepckussd/donss

described with reference to Fig. 4 - Fig. 8. Specifically, saddle 46 is

positi oned bel ow a powered shaft 44 of waker cassette elevator 42. Shaft 44

Is coupled with a powered wafer cassette support 47 for holding a wafer

cassette 16. Shaft 44 and wafer cassette support 47 attached thereto are

| owered as shown in Fig. 4 and shaft 44 passes between the forks of saddle
casset

46. Referring,to Ei 5, notor withip shafi 44 _rotates wafer e
suppor tUPPPT Zhisls: Tallf, %§§P8.5 ﬂ@g[?“éeﬁﬂ‘{éﬂﬁlﬁﬁ ri?épd P ﬁ‘é’ euniRd QR oﬁ%%rsf‘%s 17
thereon-in-an -opposing relation to the wafer cassette 15 held by wafer
casset t theteof.n Rach seriitonButdr wafcdtranspd unitS4ds, Hfbepreferablye engages eanht ¢fl the 40
are-subsequently tilted into a horizontal orientation as shown in Fig. 6.

The shafdsnddivolippal Ridecans 8632 S4B HRT Riwef Suide rEBX463b0 86412 IEAMof@E Phir of
cassette A7 18 Bl‘é%ught I nto
upper and lower guide rails can mount one or more transport units 544a, 544b.

Each wafer transport unit 544a, 544b is also' powered along the respective i)ath 568,
‘570 by drive operators 571, 574 mounted to respective sides of transport unit guide 66 to
provide controllable axial movement of wafer transport units 544a, 544b along the transport
unit guide 566. The drive operators 571, 574 may be linear magnetic motors for providing
precise positioning of wafer transport units 544a, 544b along guide 566, and are again
preferably linear brushless direct current motors utilizing a series of angled magnetic segments
which magnetically interact with a respective electromagnet 579 mounted on each of the wafer
transport units 544a, 544b to propel the units élong the transport unit guide 566. _

" “Fiber optic cable guards 572, 573 provide communication with the respective wafer

' transport units 544a, 544b and protect fiber optic cables located therein. Cable guards 572,

573 may comprise a plurality of interconnected segments to permit 2 full range of mbtion of
wafer transport units 544a, 544b along transport unit guide 566.

As shown in Fig. 22, wafer transport units 544a, 544b are coupled along eaph side of
the spine of guide 566. Each wafer transport unit 544a, 544b includes an upper linear bearing
576a for en:gagement with upper linear guide rails 563a, 564a, respectively. Further, each

wafer transport umts 544a, 544b includes a lower linear bearing 576b e;glgaging the lower
linear guide rails 563b, 564b, prdviding stability and more equal distribution of the weight

loads upon the rails.
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PCT/' US98/ 00132 - 17 - engagenent with saddle 46 as depicted in Fig. 7. The
shaft 44 awooaf®ss cassette support 47 are | owered an addit iRGTAUSOEMBIRAL t o
clear rotation of wafer cassettes 16. Referring to Fig. 8, wafer cassette
turnstile 40 rotates 180 degrees to trandgose wafer cassettes 15, 17. Wafer
cassette 17 having processed sem conductor wafers therein is now accessibl e
via port 32 for renoval fromthe processing tool 10. Wafer cassette 15

havi ng unprocessed sem conductors therein is now positioned for engagenent
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- Fig. 8 may be reverse evat cass

extraction position providing access of the sem conductor V\ﬁ&ﬁeﬁrg teqq-évaf er
t r anspaprovides @ neans by whigh e vertea! pxis ok theabafer BrsioraRmcASSERDI SR IPXIgRdng
apparatus 10 may be nodul arized. As illustrated, the apparatus 10 is
conpr i sgsbve ftheatopiof aid 584 may beasdpwstetly I8Gmpostant thatdhe trginferparocassembly 586
nodul es 805, 810, wafer conveyor system 60, top exhaust assenbly 820, and

- ggg ggmé%é-a piind bl URKE At Gdssibiefd R dbdolfid hoREQfA SRiMRI Rl bR St Aiferagd

wafers within the processing tool 10. To this end, the lower elbow housing 210 of the transfer
arm assembly, shown in Fig. 25, moﬁn@ to the base piate 203 of the transport unit 544a is
provided with a tilt adjustment.

The lower elbow housing 210 is mounted to a base plate 211, as seen in Figs. 21, 23
and 24 through.upper mounting sCrews 212 and lower mounting screws 214. The base plate
211 is in turn fastened to the elevator motor 590 to raise or lower the transfer arm assembly
586, better seen in Fig. 25. As seen in Fig. 26, positioned laterally between the upper
mounting screws 212 are embossed pivots 216 on the base plate 211 that engage a
cbrresponding, yet slightly smaller, lateral groove 218 on the lower elbow housing 210. The
pivots 216 are preferably sized, relative the lateral groove 218 td provide a clearance between
the iaase plate 211 and the lower elbow housing 210 'so. that about 0.95 degrees of tilt is
available between the two. In combination with one or more leveling screws 220 and the
upper and lower mounting screws 212, 214;, the angular orientation of the lower elbow
housing 210, and the attached transfer arm assembly 586, can be adjusted and fixed to provide

- rotation of &;e transfer arm assembly 5 86 as close ‘as possible within the absolute horizontal
plane during the transfer of wafers within the processing tool 10.
| Also, corﬁpliant attachment of the lower .linear bearing guides 576b is important to

smooth operatioh of the wafer trémsport unit 544a, 544b along the guide 566. Providing such ~



secured to one anot her about the wafer conveying system60 to forma
processi ng chanber having an inlet and 830 and an outlet 835. A plurality
of these prwo®ss7asg nodul es may thus be secured in an end-t opefAises/no132
configuration to thereby provide an extended processi ng chanber capabl e of
perform ng a substantially |arger nunber-28-processes on each wafer or, in
the alternative, process a |arger nunber of wafers concurrently. In such

i nstances, the wafer conveying system 60 of one apparatus 10 is progranmed
- to cooperate with the wafer conveying system 60 of one or nore prior or

subsequ onveyiang. s Oy El.qu L il lustrates.one manner of .

arrang: CmelgR e BT o O30 intn ot HehE P e ST AR e (he
~ lLeft hand processing nodul-e 805 i-s-conpri-sed—of-t-hree- WD 99/.17356 - .
PCT/ US9876ly isebtained by pseoelea sonplisnt fgssening technigquee dA cliat gin @21 iin posigoradd
drying each wafer after el ectrochem cal

' about mounting screw 222, with an O-ring 223, preferably VITON, positioned about the float

pin. When installed within shouldered counterbore 22_4 of the basé plate 203 into tapped hole
227 of lower bearing guide 576b, as shown in Fig. 28, the screw 222 ”b.ears against a flange
225 of the float pin 221, which in turn bears against the O-ring 223 ‘The O-ring 223 then
bears against the shoulder 226 of the counterbore. However, even Wh_en’ the screw 222 is
tightened, relative motion is allowed between the lower bearing guide 576b and the base plate
203 to facilitate smooth motion over the entire guide 566.

CONTROL SYSTEM

Referring to Fig. 26, there is shown one embodiment of the control system 100 of the
semiconductor wafe; processing ‘tool 10. As illustrated, the control system 100 generally
includes at least one grand masfer controller 101" for controlling -and/or ‘monitoring the overall
function of the processing tool 10. |

- The control sy’stem-. 100 is preferably arranged in a hierarchial configuration. The

grand master controller 101 includes a processor electrically coupled with a plurality of
subsystem control units as shown in Fig. 26. The control subsystems pre_ferabiy control and
mopit_or the operaﬁon of co.mponent_s.of the corresponding apparatus _(i_.e_.; wafer conveyor 60,

f

processing modules 20, 22, 24, interface modules 38, 39, etc.). The control subsystems are
preferably configured to receive instructional commands or operation inétructions such as

software code from a respective grand master control 101, 102. The control subsystems 110,

113 - 119 preferably provide process and status information to respective grand master



deposition and two processi ng heads for performing wetting of the wafers
prior to el ectrochem cal deposition. Generically, the left hand processing
modul e 805WQM¥IBs4t es a support nodul e having processi ng heBE3/UFS¥MIPH
pr-e- processi ng and post-processing of the wafers with respect to

el ectrocheni cal copper deposition. The rT%%r hand nodul e 810 generically
constitutes a plating nodule and includes five reactor heads dedicated to
el ectrochenical copper deposition. In the embodi ment of Figure 11, a wafer
alignment station 850 is provided to ensure thickness proper orientation of
each “aE&&nﬂﬁméioisl rocessed in the- ‘appar at us. Waf er al i gnment may be
based upon senS|ng of registration Warks orthe" 1|ke on each waf er . Fi gur es
12 -and 13- |I strateﬁﬁgggd pent.s—of _the. LeiH ? oro ssm‘ﬂ*l
nodul es 805 a8 Rs! §I5F ¢nuok 1P dﬁFg & H@ § Bns
of the respective housing have been renoved t her eby exp05|ng varlous s stem
conponecosirolPt ¥ which| may ebrtralreach of dearprmiconducton ovafersintasfose modwlasi 3%
controllers, etc., are disposed in the upper portion of each of the

process I%@% rier a8l Q01 AIchEpIB® Whifld) a CHRREYR Homtra'd13 ff@r_lcbﬁ@olﬁﬁg

dlsposed in a Tower portion of each of -the processing nodules.
operations of the wafer conveyor 60 and a plurality of processing module controls 114, 115

corresponding to semiconductor Wafer proeessmg _modules 20, 22 within the processing tool
10. The control system 100 of the processing tool 10 according to the present disclosure may

" include additional grand master controlleré_lOi 'es. showe in Fig. 26 for monitoring or
operating édditionallsubsystems, such as additional wafer processing modules via additional
processing module control 119. Four control subsystems may be preferably coupled with each
grand master controller 101, 102. The grand master controllers 101, 102 are preferably
coupled together and each may transfer process data to the other.-

- Each grand mastencoﬁtroller 101,-102 .receives and transmits data to the -respective
modular control subsystems 110 - 119. In a preferred embodiment of the control system 100,
a bidirectional memory mapped device is provided intermediate the grand master controller
and each modular subsystem connected thereto. In particular, memory mapped devices 160,
161, 162 are provided intermediate the grand master controller 101 and master controllers
130, 131, 132 within réspectiyelm_t“e_r”feee medule centrol 110, wafer conveyor control 113 and

processing module control 114.

Each memory mapped device 150 160 - 162 within the control system 100 is ”
preferably a dual port RAM provided by Cypress for a synchronously storing data. In

pa;ticular, grand master controller 101 may write data to a memory location corresponding to «



Figure 14 is a perspective view of the input nodule 800 with its panels
renmoved as viewed fromthe interior of apparatus 10. Figure 15 provides a
simlar viwoesimee i nput nodul e 800 with respect to the extrrig$s®pis2
apparatus 10. In the illustrated enbodi nent, the wafer alignnent station
850 and a wafer alignnent controller 860 38-e provided in the input nodul e
800. A robot controller 865 used to control the wafer conveying system 60
is also disposed therein. To keep track of the wafers as they are
processed, the input nodul e 800 WO 99/ 17356

PCT/'US98/.00132 - -12hS lfled. wi O NG,S QRS or s
870 t hat a8 scénfrﬁiégwal grg%?fédss%gt cc?ﬂrﬁltoggxgﬁ%gagnsag? E@“‘%‘%&?S}?gﬁgo%’&? gﬁ in the
4-npyt-nodul e 800 -i ncl.ude the s;istem control conputer 875 and a faur-axis
cont r ol Alerngively rarand yaasisrcorFllen 10k gay read datadrom mapped giemory dEHEH 8P e
for -coordinating all operations of the apparatus 10.

written by the master controller 130. Utilizing memory mapped devices 160 - 161 provides

‘data transfer at processor speeds. Memory mapped device 150 is pre_ferabiy provided
intermediate user interface 30 and the grand master controllers 101, 102 f_or transferring data
therebetween.

‘A user interface 30 is preferably coupled with each of the grénd master controllers
101, 102. The user interface 30 may be advantageously mounted on the exterior of the
processing tool 10 or at a remoté location to provide an operator with processing and status
information of the processing tool 10. Additionally, an operator may input control sequences
and processing directives for the processing tool 10 via user interface 30. The user interface
30 is preferably supported by a general purpose 'co_mputer within the processing tool 10. The
-general purpose--corﬁputer preferably includes a 486 100 MHz processor, but other processors

may be utilized.



SEM CONDUCTOR WAFER CONVEYOR The processing tool 10 includes a

sem conduct or wafer conveyor 60 for transporting sem conductor wafers

t hr oughout wbeosprmeessi ng tool 10. Preferably, sem conductor PEAVESISHIIZEyOr
60 may access each wafer cassette interface nodule 38, 39 and each wafer
processing nodule 19 within processing tedl-10 for transferring

sem conduct or wafers therebetween. This includes processing nodules from
either side. One enbodi rent of the wafer conveyor system 60 is depicted in
Fig. 16. The wafer conveyor 60 generally includes a wafer transport unit

gui de .66 whi ref bl an. a rail nt
PP e A e R L
or any-other configuration for guiding the wafer transport units 62 64

t her eon.CORYRYOF eawfrol 1df apdreagh Emwyarmg@ﬂmyntﬁé N4r-i Y. inmpreferably ep to
permt access of the wafer transport units 62, 64 to each interface nodule

38, 39 dfd mdsksRkengraipadnents TAE motdlar ﬁéntrM&hBﬁystehﬁrlSDQll 13 unil9 atprdferdidy
defines the paths of novenent 68, 70 of wafer transport units 62, 64

coupl ed 4 B&IEWithih thELHEEHVAIMbANE sEh FOwafdr SRERSeAhodI@REPI5! v}dfélrtcoﬂb'éﬁ? 66

60, or each of the processing modules 20, 22, 24, The grand master controlier 101 and
corresponding master coritrollers 130, 131, 132 coupled therewith are preferably embodied on

~ a printed circuit board or ISA board mounted within the general purpose computer supporting
user interface 30. Each g;and master controller 101, 102 preferably includes a 68EC000
processor provided by Motorola and each master controller 130 and slave controller within
contro] system 100 preferably includes a 80251 processor provided by Intel.

Each master controller 130, 131, 132 is coupled with its respective slave controllers
via a data link 126, 127, 129 as shown in Fig. 27 - Fig. 30. Each data link 126, 127, 129
preferably comprises an optical data medium such as Optilink provided by Hewlett Packard..
However, data links 126, 127, 129 may comprise alternate data transfer media..

Referring to Fig. 27, the master/slave control subsystem for the interface module
control 110 is illustrated. Each mas-ter and related slave configuration preferably corresponds
to a single module (i.e., interface, conveyor, processing) within the processing tool 10.
However, one master may control or monitor a plurality of modules. The master/slave
conﬁguraﬁc;n depicted in Fig. 27 and corresponding to the interface module control 110 may

' additionallér apply to the other modular control subsystems 113, 114, 115. |
The-. grand master controller 101 is connected via memory mapf)ed device 160 to a

master controller 130 within the corresponding interface module control 110. The master =



I ncludes guide rails 63, 64 nmounted on opposite sides thereof. Each _
sem conduct or wafer transport unit 62, 64 preferably engages a respective"’
guide rai.l w899478s6Each guide rail can WO 99/ 17356 PCT/US98/00132
PCT/ US98/ 00132 -20 - nount one or nore transport units 62, 64. Extensions
69, 75 may be fixed to opposing sides of-3pH de 66 for providing stability
of the transport units 62, 64 thereagainst and to protect guide 66 from

wear. Each wafer transport unit 62, 64 includes a roller 77 configured to
~ride along a respective extension 69, 75 of guide 66. It is to be

apenieRRMeBR 13t ShuaRDYRAnE pBP T b RSB P R B oS BE

modul es 20, 22, 24 within the processing-tool .10..-Ducts. 58,59 are ... ..

- prefer asogtrqlhrsr may be porfenahlyccaupled With hsingle emasteo nentrolieml 3.c A3%and each slave

processi ng nodul e 19 and an exhaust fan for - _
controller may be configured to control and monitor a single motor or process component, Or
a plurality of motors and process components. |

~ The control system 100 of the processing tool 10 preferably utilizes flash memory.

More specifically, the operation instructiohs or program code for operating each master
controller 130 - 132 and slave controller 140 - 147 within the control system 100'.rnay be’
advantageously stored within the memory of the corresponding grand master controller 101,
102. Upon powering up, the grand master controller 101, 102 may poll the corresponding
master controllers 130 -132 and dewnload the appropriate operation instruction program to
operate each master controller 130 - 132. Similarly, each master controller 130 - 132 may
poll respective slave controllers 140 - 147 for identification. The;eaﬁer, the master controller
130 - 132 may initiate downloading of the appropriate program from -the-grand master
controller 101, 102 to the respective slave controller 140 - 147 via the master controller 130 -
.132.

Each slave controller may be configured to control and. monitor a single motor or a
plurality of motors within a corresponding processing module 19, interface module 38, 39 and
wafer conveyor 60. In addition, each slave. controller 140 - 147 may be configured to monitor
and control ;f)rocess cdmponents 184 within a respective module 19. Any one slave controller,

such as slave controller 145 shown in Fig. 36, may be conﬂgured to control end/or mbnitor

“servo motors and pro¢ess components 184.

Each slave controller includes a slave processor which is coupled with a plurality of



removing circulated air fromthe workspace 11 of the processing tool 10.
Each wafer transport unit 62, 64 is powered along the respective path 68,
70 by a suiweispa7issi ver. More specifically, drive operators FCTUS8/89132
nounted to respective sides of transport unit guide 66 to provide

control | abl e axial novenent of wafer  tran3bort units 62, 64 along the
transport unit guide 66. The drive operators 71, 74 may be |inear nmagnetic
notors for providing precise positioning of wafer transport units 62, 64

al ong guide 66. In particular, drive operators 71, 74 are preferably |inear
brushl e 7

utili ze?% g'lggel?fe&s;esof angPe hn%gﬁg’t ﬁé%bggﬁrftg‘ﬁt §‘§grc rmgne‘tl(:‘531?'l ﬁﬂgn('gfesreg@
with a res ectlve el ect romagnet. 79 pount.ed_on.the _wafe a ort units. 62,
64 10 DRSO e DIORFSCOMRTIENS HSA 1 LAE SERED En i DO Mo 5. CORBIER Vg r HEV9r
73 may- be connected to respective wafer transport units 62, 64 and frame 65
f or protcentroltey canhhithimbichi is configired toeoperath lacwafeh enansfer ulﬁaﬁla @bar Tke gaye 73
may conprise a plurality of interconnected segnents to permt a full range

of moti ¢Robsofaf78 may operate the wafer transfer unit 62a, 62b via the port and servo controller

176. More specifically, the slave processor 171 may operate servo motors within the wafer
transfer unit 62a, 62b and monjtor the state of the motor through the servo controller 176.

Alternatively, different slave controllers 140, 141 may operate different components

within a single processing tool device, such as interface module 38. More specifically, the

| interface module control 110 and components of the interface module 38 are depicted in Fig.
32. Slave controller 140 may operate turhstile motor 185 and monitor the position of the
turnstile 40 via incremental turnstile encoder 190. Slave controller 140 is preferably coupled
with the turnstile motor 185 and tumstile encoder 190 via a servo control cafd (shown in Fig.
35). Slave controller 141 may operate and monitor-saddle 45 of the turnstile 40 by controlling
saddle motor 186 and monitoring saddle encoder 191 via a servo control card.

A port of a slave processor may be coupled with an interface controller card 180 for
controlling apd monitoring process components within a respective processing module 19.
For example, a flow sensor 657 may provide flow information of the delivery of processing
fluid to a processing bowl within the mo_.dule.n The _in_te;face cpntroller 180 is conﬁgured to
translate the data provided by the flow sensors 657 or other procesé components into a form
which may .be analyzed by fhe correspeﬁai_ﬁé_éi;/e"Isfo'c'e'sso-r 172. Further, the interface
controller 180 may operate a process component, such as a flow controller 658, responsive to

commands from the corresponding slave processor 172. S -
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PCT/ US98/ 00132 -21 - transport units 62, 64 along transport unit guide 66.
As ‘shown | wdpy1738¢, a first wafer transport unit 62 i s coupberiusssidoiz
first side of the spine of guide 66. Each wafer transport unit 62, 64
includes a |linear bearing 76 for engagems&%-w th |inear guide rails 63, 64.
Further, the wafer transport units 62, 64 each preferably include a
horizontal roller 77 for engagi ng a extension 69 formed upon the spine of
the guide 66 and providing stability. Fig. 17 additionally shows an
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elect-ronagnet--79 provi de axi al. novenent and directional control of the

waf er t Fone peerfaqeneansroier caupled| Wity respective postsoft the) slave grocgesosd 70 - 172 for
SEM CONDUCTOR WAFER TRANSPORT UNI TS

' permitting control and monitor capabilities of various component motors and processing
‘componerits from a single slave controller.

Alternatively, a servo controller and interfacé controller may each contain an onboard

- processor for improving the speed of processing and operation. Data provided by an encoder

or proces§ component to the servo comtroller or interface controller may be immediately

processed by the on board processor which may also control a respective servo motor or

processing component responsive to the data. In such a configuration, the slave processor

may transfer the data from the interface processor or servo controller processor to the

respective master controller and grand master controller.

o= - -+ CONVEYOR CONTROL SUBSYSTEM

The conveyor control subsystem 113 for controlling and monitoring the operation of
the wafer conveyor 60 and the wafer transport units 62a, Gib or 562a, 562b or 544a, 544b
therein is shown in Fig. 29. In general, a slave controller 143 of conveyor control 113 is
coupled with drive actuator 71 for controllably moVing and monitoring a wafer transport unit
62a along the guide 66. Further, slave controller 143 may operate transfer arm assembly 86
of the waferttransport unit 62a or 562%1 or 544a and the transferrit;g of semiconductor wafers
.th:.:reby. Similarly, slave controller 144 ma'y“t.)e conﬁgured to operate wafer :transport unit 62b

or 562b or 544b and drive actuator 74.

The interfacing of slave controller 143 and light detector 91, drive actuator 71, linear *°



Preferred enbodi ments of the seniconductor wafer transport units 62, 64 of
t he wafer conveyor 60 are described with reference to Fig. 18 and Fig. 19.
| n general WeaMHT3affer transport unit 62, 64 includes a novaBICaEsEBPIEYe or
tram 84 coupled to a respective side of the transport unit guide 66, a

waf er transfer arm assenbly 86 novably codhected to the tram 84 for
supporting a sem conductor wafer W and a wafer transfer arm el evator 90
for adjusting the elevation of the transfer armassenbly 86 relative to
tram 84. Referring to Fig. 18, a cover 85 surrounds the portlon of tram 84

faci g auaief 1981ahd wareroRaRAG uiitidoa 38 StRvP & d%ﬁlf"m ﬁfg @g ngaabé Ritkssor

bearings 76 for engagenent th respective guide rail te to
}:’EZ'Ia'?fJgg %&@?gfgvg u%n ll%r 14!’.r is pre{“eraﬁa%&}gs %?th rgl]islep\}oaclzorr]xtrollerv\gsg géljézg g?ocessor

171 may control the linear position of wafer transport unit 62a by operating drive actuator 71

via servo controller 176. Light detector 91 may provide linea.r. position information of the
wafer tranSport unit 62a along guide 66. Additionally, a linear encoder 196 may also be
utilized for precisely monitoring the position of Qafer transport unit 62 along guide 66.

'The conveyor slave processor 171 may also control and monitor the operation of the
transfer arm assembly 86 of the corresponding wafer transport unit 62a. Specifically, the
conveyor-proceséof 171 may be coupled with a transfer arm motor 194 within shaft 83 for
controllably rotating the first and second arm extemiém 87, 88. An incremental transfer arm
rotation encoder 197 may be provided within the shaft 83 of each wafer transport unit 62a for
rxionitoring the rotation of transfer arm assembly 86 and providing rotation data thereof to
servo controller 176 and slave processor 171.

Slﬁve controller 143 may be advantageously coupled with transfer arm elevation motor
195 within elevator 90 for controlling the elevational position of the transfer arm assembly 86.
An incremental transfer arm elevation encoder 198 may be provided within the transfer arm

 elevator assembly 90 for monitoring the elevation of the transfer arm assembly 86.

In addition, conveyor slave controller 143 may be coupled with an air supply control
valve actuatér (nbt shown) via an interface controller for controlling a vacuum within wafer
support 89 for selectively supporting a semiconductor wafer thereon.

Absolute encoders 199 may be provided within the wafer conveyor 60, interface

modules 38, 39 and processing modules 19 to detect extreme conditions of operation and *



the tram84 in a fixed relation with the transport unit guide 66 and permt
axi al novenent of - the tram 84 therealong. Aroller 77 engages a’ T
respecti ve wetwensisen 69 for preventing rotation of tram 84 alpowtusgsraisz r ail .
63, 64 and providing stability of wafer transport unit- 62. The

el ectromagnet 79 is al so shown connected-3th the tram 84 in such a
position to magnetically interact with a respective transport unit 62, 64
drive actuator 71, 74. A wafer transfer arm assenbly 86 extends above the
top of tram 84. The wafer transfer armassenbly 86 may include a first arm
extension 87 coupled at.a fir end thereof. with a s t 83, A second:arm’

ext ensi SAOEY ??é‘{fp %&%vté‘ﬁr{ e?&éﬁ%‘gﬁ? i BRolyte, spigdk 'é%ﬁ‘a&n%e‘%ﬁ"‘%%“%%r‘""""""""'
extension 87. The first arm extension .87.may rotate 360 -degrees—about_shaft. . ..
83 and éeon thedranster ramaAssemidy 8adis reschadea BBRintLY beight ansbahsohyg encgdentiiPsi ng

t hrough a shaft connecting first and second arm extensions 87, 88. Second

ext ensi GiaySirip bfffetsvalvr YOito protete Trafisferedrat elsviigionbioB P9t a distal end ther eof

for supporting a sem conductor wafer Wduring the transporting thereof

al ong waf er COMENATapBibact By bk HSH fi tﬁ%ﬁb@?}ﬂggi&?{a@c%nﬁﬁ&ﬁcea%%” YskAGrdes 2

chanber coupl'éd wa suppor ying a vacuu ereto and

hol di ng a sem conduct or fer W.t hereon. .. . . e
_ g second and tt(ljir embodiments of the wafer transfer units 562a, 562b and 544a, 544b,

-

respectively. Particular, encoder 591 located in the elevator 590, encoder 592 located in the
base motor 593 of the shaft 583, ;'ncoder 594 located in the shaft 583, wrist absolute encoder
'595 located at the distal end of transfer arm assembly 586 and elbow absolute encoder 597
located at the base of the shaft-583 provide the rotational input of rotational encoder 193 of
Fig. 35. Likewis_e, lift absolute encoder 596 located along the base motor 593, linear encoder
598, head rail encoder 599 and track CDD array absolute encoder 541 provide inputs for the

lift encoder 192 and absolute encoder 199 of Fig. 35, respectively.

PROCESSING MODULE CONTROL

The control system 100 preferably includes a processing module control subsystem 114
- 116 corresponding to each wafer processing module 20, 22, 24 within the processing tool 10
according to the preseﬁt disclosure. The control system 100 may also include additional
processing module control subsystem 119 for controlling and/or monitoring additional wafer

- processing modules 19.

Respective processing module controls 114, 115, 116 may control and monitor the
transferring of semiconductor wafers W between a corresponding wafer holder 810 and wafer

transport unit 62a, 62b or 562a, 562b or 544a, 544b. Further, processing module controls *



Provi di ng adjustable elevation of transfer arm assenbly 86, rotation of
first armextension 87 about the axis of shaft 83, and rotation of second
extensi on ®Boadrwwsse axi s 82 allows the transfer arm 86 to accesssasneis2

sem conduct or wafer hol der 810 of all processing nodules 19 and each of the
waf er cassettes 16 held by interface noduB®s 38, 39 within the processing
tool 10. Such access permts the sem conductor wafer transport units 62, 64
to transfer sem conductor wafers therebetween. The cover 85 has been
renmoved fromthe wafer transport unit shown in Fig. 19 to WO 99/ 17356

Fram 54 Ihhat P AR s R aRtonR et A iR R e of T euRpEEt e
vertical position of the.transfer..arm assenbly 86 relative to.the. tram.84
duri ng taders V¢ yeithin each-proeesping mpdules¥hi2doPuct or waf er between the wafer
- Referring to Fig. 30, a single slave coﬁtroller 147 may operate a plurality of wafer -
holders 401c-40le within a processing module 20. Alternatively, a single slave controller
145, 146 may operate and monitor a single respective wafer holder 401a, 401b. An additional
| slave contrﬁller 148 may be utilized to operate and monitor all process components 184 (i.e.,
flow sensors, valve actuators, heaters, temperature -Sensors) within a single processing module
19. Further, as shown in Fig. 37, a single slave controller 145 may operate and monitor a
wafer holder 410 and process components 184.
In addition, a si_ngle slave controller 145 - 148 may be configured to operate and
monitor one or more wafer holder 401 and processing components 184. The interfac.ing of a
slave controller 145 to both a wafer holder 401 and process components are shown in the
control system embodiment in Fig. 37. In particular, a servo-controller 177 aﬁd interface
controller 180 may be coupleq with respective ports- connected to slave processor 172 of slave
cdntroller 145. Slave processor 172 may operate and monitor a plurality of wafer holder
components. via servo controller 177. In particular, slave processor 172 may operate lift
motor 427 for raising operator arm 407 about lift drive shaft 456. An incremental lift motion
encoder 455 may be provided within a wafer holder 401 _to__prévide;_ rotational information of
lift arm 407 rto the respective slave processor 172 or a process.o.r-witt.xin servo controller 177.
Slave prbcessor 172 ma; also controla foté.te Iﬁot(.)r. 428\:5;;ﬂ11_n\;/aferholder 401 for rotating
a prqcessjng head 406 about shafts 429, 430 between a process position and a semiconductér

wafer transfer position. Incremental rotate encoder 435 may provide rotational information °



support 89 and one of a wafer holder 810 and the wafer cassette 16. The
path position of the tram 84 of each wafer transport unit 62, 64 along the
transport uWiOx99g@dsde 66 is precisely controlled using a posi PCaENES/00132

i ndicating array, such as a CCD array 91 of Fig. 19. In one enbodi nent of
t he processing tool 10, each seni conduct oB8wafer hol der 810 within a
processi ng nodul e 19 has a corresponding light or other beamemtter 81
nount ed on a surface of the processing nodule 19 as shown in Fig. 2 for
directing a beamof |light toward the transport unit guide 66. The |ight

emtter 81 Ry Bre W hAl m Qs al | y be configured
o generira i BEBRoRLeidk RATAOBYPHE cBMalg JE BRGGLEY, OC The
respective-wafer—hol -der--810. - The transfer. arm assenbly 86 includes apn CCD
array 91 posi tPBTReOF 43Q mayalse be,eontsplled by progesser withia ssyvq oqirolleril Y1 F
81. A position indicating array 91 on shaft 83 detects the presence of the
i ght beslavet prodedser i¥2)éort tutating abé maferdiolder ad88durimgoprocdssiag i @r semiooridugiot de
66. The positional accuracy of the wafer transport unit position indicator
Is pref Bt AEehRNES, i ; | Epgaglr | ;

0.1 ml Ief"%%g f?ldAﬁgggﬁn%%é}ﬁ%%%e%ﬂfbl%F H%a\?\]/}a?gegr]ls rans?g}yrémﬁi%%lt%@g@t&;ﬁg

shown i n bt g8 e Zufons " e Swafer holder 478 and supply the rate information to the slave

processor 172.
~ Plating rr_10du1e control 114 advantagéously operates the fingertips 414 of the wafer
holder 478 for grasping or releasing a semiconductor wafer. In particular, slave processor
172 may operate a valve via pneumatic valve actuator 201 for supplying air to pneumatic
piston 502 for actuating ﬁﬁgertips 414 for grasping a semiconductor wafer. The slave
controller 145 within the plating module control 114 may thereafter operate the valve actuator
201 to remove the air supply thereby disengaging_ the fingertips 414 from the semiconductor
--wafer:--Slave processor 172 may also control thé application of electrical current through the
- finger assembly 824 during the processing of a semiconductor wafer by operating relay 202.
The processing module controls 11.4, 115, 116 pref_erably operate and monitor the
processing of semiconductor wafers within the corresponding wafer processiﬁg modules 20,
22, 24 via instrumentation or process components 184.
) Refe;ring to Fig. 33, the control operation for the plating .processing module 20 is
described. IGenerally, slave processor 172 monitors and/or controls process components 184
——\;1;mterface controller 180. Slave processor 172 within the ﬁlaxing module control 114

operates pump 605 to draw processing solution from the process fluid reservoir 604 to the

pump discharge filter 607. The processing fluid passes through the filter, .into supply manifold -



simlarly provided wwth a novable carriage or tram 584 coupled to a
respective side of the transport unit guide 66, a wafer transfer arm
assenbly 588 varasd y connected to the tram 584 for supporti nBCHUS98/00132
sem conductor wafer W and a wafer transfer armel evator 590 for adjusting
the el evation of the transfer armassenbl%9586 relative to tram 584. A
cover 585 surrounds a WD 99/ 17356

PCT/ US98/ 00132 -24 - portion of tram584. Tram 584 includes |inear
bearings 576 for engagenment with respective guide rails 63, 64 nounted to

Lranspogls Ui fs SiivEE ' | it Ptk ih& BowRiwhireth
fixed ré?za [ 0?1S @méqvﬁfetdﬁgatbbg’ﬁ@g}fﬁ%% @gﬁﬁﬁ%‘@%‘gfgbﬁ@g@% rmver?ent -
-of--t-he-t-r-am-584 t herealong. The el ectromgnet 579 nagnetically .inpteracts
with t hiegERieonsBctPp ALGTS e, BROFSTIH. A2CD PW] Supply ine R e y
586 extends above the top of tram 584. The wafer _

sensor 657 coupled with the plating processing module control 114 for providing flow

~ information of the processing fluid thereto. Responsive to the flow information, the slave
processor 172 may operate an actuator of flow controller 658 within each.bowl supply line to
control the flow of processing fluid therethrough. Slave processor 172 may also monitor and
control a back pressure regulator 656 for maintaining a predetermined pressure level within
the supply manifold 652. The pressure regulator 656 may provide pressure information to the
slave processor 1’72 within the plating processing control mddule 114,
Similarly, processing module control subsystems 115, 11_6 may be configured to
control the processing of semiconductor wafers within the corresponding prewet module 22

and resist module 24.

INTERFACE MODULB CONTROL
Each interface module control subsystem 110 preferably controls and monitors the
operation_ of wafer interface modules 38, 39. More specifically, interface module control 110
controls and monitors the 'oioeration of the wafer cassette turnstiles 40, 41 and elevators 42, 43
of respective semiconductor wafer interface modules 38, 39 to exchange wafer cassettes 16.
Slgv; processor 170 within slave controller 140 bf interface module control 110 may
- operate and monitor the function 6f the interface modules 38, 39, In particulaf, slave
processor 170 may operate doors 35, 36 for providing access into the processing tool 10 via

ports 32, 33. Alternatively, master control 100 may operate doors 35, 36. -



transfer arm assenbly 586 includes a first arm.extension 587 coupled at a
first end thereof with a shaft 583. A second arm extension 588, having a
waf er suppwwa9%B9se or supporting the sem conductor wafer W RGHU$RE/00132

advant ageously coupled with a second end of the first extension 587. The
first arm extension 587 may rotate 360 toéyrees about shaft 583 and second
arm ext ensi on 588 may rotate 360 degrees about axis 582 passing through a
shaft connecting first and second arm extensi ons 587, 588. As with the

first enbodi ment, providing adjustable elevation of transfer ar m assenbl y

586, rotati f.fi nd
orat on of Keiesig 6 i Fl L B bodihent brife g@tsltfperm Aiblale Lot 'HorBe for2! or
waf er transport units 562a, 562b to transfer sem conductor waf ers:
t her ebeonseling Auafemipistacs nidyle 38 is dismpsreds gk PATHCHATe A6 BAYR BEPCESSBILTRdS

waf er transport unit 562b, revealing a wafer transfer arm el evator 590

“coupl ectoupled withaseraBdoraruliet 175 Bitheraslavesgraessiviryl 7086 a frozessbe on doardedeexaat or -
590 adjusts the vertical position of the transfer armassenbly 586 rel ative

to the ff, gaﬂe;}ffﬁ]sﬂ %mégns?&a&rﬁesa‘o SinofRinté &qgef g%iﬁfeaﬁ?f efp phitich€ §i8FONd

enbodi men transpor units 5 I ber optlc

processor 170 may contrql turnstile motor 185 for operating rotate functions of turnstile 40
moxlring wafer cassettes 16 between a load position and a transfer position. Incremental
turnstile encoder 190 monitors the position of turnstile 40 and provides position data to slave
- processor 170. Alternatively, servo controller 175 may include a processor for readihg'
information from turnstile encoder 190 and co_r;trolling turnstile motor 185 in response thereto.
Servo controller 175 may alert slave processor 170 once turnstile 40 has reaches a desired
position.
Each wafer cassette turnstile 40 includes a motor for controlling the positioning of
- saddles 45, 46 connected thereto. The slave processor 170 may control the position of saddles - -
45, 46 through operation of the appropriate saddle motor 186 to orient wafer cassettes 16
attached thereto in one of a vertical and horizontal orientation. Incremental saddle encoders
191 are preferably provi'ded within each wafer cassette turnstile 40 for providing position
information of the saddles 45, 46 to the respective slave processor 170.
Either slave processor 170 or servo controller 175 may be configured to control the o
operation of 'the wafer cassette elevator 42 for transferring 5 wafer cassette 16 between either
- the exchange position and the extraction position. The slave procéss&r 170 may bé coupled_
with an elevator lift motor 187 and elevator rotation motor 188 for controlling the elevation

and rotation of elevator 42 and elevator support 47. Incremental lift encoder 192 and ~



comuni cation path, such as a fiber optic filanment, replaces wres 72, 73
to the wafer WD 99/ 17356 S Coom
PCT/ US98/ 00NQ29/156 - transport units through-a digital-to-anaCogseeniazt er
board 540 on each of the wafer transport units 562a, 562b. The use of fi ber
optics as opposed to wire harnesses |lowerdl the inertial mass of the
transport units 562a, 562b and inproves reliability. Preferably, such
comuni cati ons take place between the transfer unit and the system
controller 875. The path and operational position of the tram 584 of each
waf er tEansHOs b 5@2&1 5@, -
pr eci sef'l% cont rorP@hIc"in g@%ﬂar ng t '%IEG%%E%%?% mﬁlmgz)%lgaol&@ﬁ%g%%oéll ¥ator
i nformatjon,on the, position of t tram 584, transfer arm.assenbly.586-.and _
second’ éé?%%ﬂm? 8‘°|§1F"tetﬂr%‘€s§%‘€| space. An absol ute encoder, the position
of which is shown at 591, is located in the el evator 590. An absol ute
encoder, TPOAbsolutestnooderatl 99 oy be utilized to notify slave processor of extreme conditions

such as when elevator support 47 reaches a maximum height. Elevator lift motor 187 may be

shut down in response to the presence of an extreme condition by absolute encoder 199.

WAFER CASSETTE TRAY

A wafer cassette tray 50 for holding a wafer cassette 16 is shown in detail in Fig. 9..
Each cassette fray 50 may include a basé 51 and an upright portion 54 preferably
i)erpendicular to tﬁe base 51. Two lateral supports 52 may be formed on opposing sides of the
base 51 and extend upward therefrom. Lateral supports 52 aésist with maintaining wafer
éassettes 16 thereon in a fixed position during the movement, rotation and exchange of wafer
cassettes 16. Each lateral support 52 contains a groove 53 preferably extending the length
thereof configured to engage with the fork$ of saddles 45, 46.

The wafer cassette trays 50 are preferably utilized during the handling of wafer
cassettes 16 w1thm the wafer cassette interface modules 38, 39 where the wafer cassettes 16
are transferred from a load position- to an- extraction position providing access of the
semiconductor wafers W to wafer transport units 62, 64 within the conveyor 60. |

€

ELECTROPLATING STATION



| ocated in the base notor 593 of the shaft 583. An absol ute encoder, TPOW
is shown at 594, |ocated in the shaft 583. Wist absol ute encoder, the
position ofwaeaysses shown at 595, is |ocated at the distal eogusbsiboianster
arm assenbly 586. An el bow absol ute encoder, TPOW SA, 597 is provided at
the base of the shaft 583. Lift absol ute 4hcoder 596 is |ocated al ong the
base notor 593. A |linear encoder 598, head rail encoder 599 and track CDD
array absol ute encoder 541 are | ocated on the base plate 203 of the base of
tram 584, the latter |ocated for sensing'the beam em tter 81 nounted on a

o T ESPTES e SRS L SR
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el ongateg ine or rail rmunt d to frame 565. Wafer . transport unit UI de
566 def Ph&EOERENS #aten (00 arFethe nvalsn gotor aseablyshewnt gearefprat M6, tan

544b. A spine of transport un|t gui de 566 i ncl udes
electroplatmg bowl assembly 303

ELBCTROPLATING BOWL ASSEMBLY 303

F ig. 33 shows an electroplatmg bowl assembly 303. The process bowl assembly
consists of a. process bowl or platmg_ vessel 316 having an outer bowl side wall 317, bowl
bottom 319, and bowl rim assembly 917. The process bowl is preferably circular in horizontal
cross-séct_ion and generally cylindrical in shapé although (;ther shapes may be possible.

-The bowl assémbly 303 includes a cup assembly 320 which is disposed within a process
bowl vessel 317. Cup assembly 320 includes a fluid cup portion 321 holding the chemistry for
the electroplatmg process The cup assembly also has a depending skirt 371 which extends
'below the cup bottom 323 and may have flutes open therethrough for fluid communication and
release of any gas that might collect as the chamber below fills with liquid. The cup is preferably
made from pblypropylene or other suitable material.

A lower opening in the bottom wall of the éup_ assembly 320 is connected to a

" polypropylene riser tube 330 which- is adjustable in height relative thereto by a threaded
connection. A first end of the riser tube 330 is secured to the rear portion of an anode shield 393
| wh1chsu£ports anode 334. A fluid inlet line 325 is disposed within the riser. tube 330. Both the
riser tube 330 and the fluid inlet line are secured .with the processing 5owl a:ssembly 303bya
fitting 362. The ﬁtting' 362 can accommodate height adjustment of both the riser tube and line

325. As such, the connection between the fitting 362 and the riser tube 330 facilitates vertical



WO 99/ 17356

PCT/ US98/ 00132 -26 - upper guide rails 563a, 564a and | ower guide rails
563b, 564b W@aM1B86 on opposite sides thereof. Each seni condu@CafUSAEPYA2
transport unit 544a, 544b preferably engages each of the respective upper
guide rails 563a, 564b and | ower guide rdms 563b, 564b. Each of the pair
of upper and | ower guide rails can nount one or nore transport units 544a,
544b. Each wafer transport unit 544a, 544b is al so powered al ong the
respective path 568, 570 by drive operators 571, 574 nounted to respective
S des OddihdeaPef theldtiolle %Bkifi@nﬁ@l‘ﬂc%wf vk B25Ci8 PréferabROINad oM anddnaud@ive of
waf er transport units 544a, 544b along the transport unit gui de 566. The

ot coi schBsang siahd staitth, BBy is Red (0 BRI R IG b dboll 924 2040 45
and are a%glin)gvijaégfﬁr ably linear brushless direct current nmotors utilizing a

series P Btic segments which magnetically interact with a
respective el ectroms;gr_let 579 mounted on each of the wafer transport units

544a, 544b t Brosesssiuid inerouided fo thesup thraugh Auid dnlet line 325t and arereedstherefrom
- - - through fluid inlet openings 324. Plating fluid then fills the chamber 904 through opening 324

as supplied by a plating fluid pump (not shown) or other suitable sﬁpply.
 The upper edge of the cup side wall 322 forms a weir which limits the level of
electroplating solution within the cup. This level is chosen so that only the bottom surface of
wafer W is contacted by the electroplating solution. Excess solution pours over this top edge
surface into an-overflow chamber 345. The level of fluid in the chamber 345 is preferably
maintained within a desired range for stability of operation by monitoring the fluid level with
appropriate sensors and actuators. This can Be done using several different outflow
configurations. A preferred configuration is to sense a high level condition using an appropriate
sensor and then drain fluid throﬁgh a drain line as'_controlléd’ by a control valve. It is also
possiblé to use a standpipe arrangement (not illustrated), and such is uséd as a final overflow
protection device in the preferred plating station. More.corhplex level controls are also possible.
| The outflow liquid from chmber 345 is preferably returned to a suitable reservoir. The

liquid can then be treated with additional plating chemicals or other constituents of the plating or

. other process liquid and used again.

T

In the preferred uses according to this invention, the anode 334 is a consumable anode
- used in connection with the plating of copper or other metals onto semiconduc:cor materials. The
specific anode will vary depending upon the metal being plated and other speéiﬁcs of the plating

liquid being used. A number of different consumable anodes which are commercially available -



Fi ber optic cable guards 572, 573 provide comunication with the respective
waf er transport -units 544a, 544b and protect fiber optic cables |ocated

t herein. CaWwbesgwseds 572, 573 may conprise a plurality of i pterusesoms: ed
segnents to permt a full range of notion.of wafer transport units 544a,
544b al ong transport unit guide 566. As sfwn in Fig. 22, wafer transport
units 544a, 544b are coupl ed al ong each side of the spine of guide 566.
Each wafer transport unit 544a, 544b includes an upper |inear bearing 576a
for engagenent with upper linear guide rails 563a, 564a, respectively.

Furt her, i port units 544a, 544b includes a | ower |inear
bearinglgﬁgﬁngﬁgégéﬁgeﬁgg'I0mer | i near guide rails 563b, 564b, providing

tabilit | distyibut th  ght .1 oads .upon the. rail.s.. .. ...
\S,\Daglg / |17§ 52”%2.0 3°alSo shows a diffusion pia?en3’?5f prov%eg%lbgve the %.gocfe .%;l 4O£c|)r pr§v1 1?1Ig 5>

PCT/ US98/ 00132 -27 - ) - .
~ more even distribution of the fluid plating bath across the Wafer W. Fluid passages are provided

over all or portion of the diffusion plate 375 to allow fluid communication therethrough. The
height of the diffusion plate is adjustable using diffuser height adjustment mechanisms 386.

The anode shield 393 is secured to the underside of the consumable anode 334 using
anode shield fasteners 394 to prevent direct impingement by the plating solution as the solution
passes into the processing chamber 904. The anode shield 393 and anode shield fasteners 394
are preferably made from a dielectric material, such as polyvinylidené fluoride or polypropylene.
The anode shield is advantageously abou;c 2-5 millimeters thick, more preferably about 3
millimeters thick.

The anode shield serves to electrically isolate and physically protect the back side of the
anode. It also reduces the consumption of organic plating liquid additives. Although the exact |

- mechanism may not be known at this time, the anode shield is believed to prevent disruption of
certain materials which develop over time on the back side of the anode. If the anode is left
uﬁshielded, the organic chemical plating addiﬁves are consumed at a significantly greater rate.

With the shield in place, these additives are not consumed as quickly.



Wth reference to Figs. 22-24, the upper and | ower |inear bearing 576a,

576b al so provides a neans by which the vertical axis of the wafer transfér
arm assenbwp ®863s6xt endi ng above the top of tram 584 nmay be BGH/USSBOR3ZIt js

i nportant that the transfer arm assenbly 586 rotate in a plane as cl ose as
possible to the absol ute horizontal plam during the transfer of wafers
within the processing tool 10. To this end, the | ower el bow housing 210 of

the transfer armassenbly, shown in Fig. 25, nounted to the base plate 203

of the transport unit 544a is provided with a tilt adjustnment. The | ower

el bow housing 210 is nounted to a base plate 211, as seen in Figs. 21,23 7
and 24 through upper nounting screws 212 and | oWér mnounting scirews 2147 " The

base plate LS o r d to the elevator notor 590.t0 r-akSe-0f . —
| ower the tﬁé‘%@?gﬁk@@#&g%ée%??g% better -seen in Fig. 25. As Seen in

Fig.- 26, positioned taterally between the upper nounting screws 212 are
enbossed pi Vidieswafes rotortaseerpliy S06| bolds 2 wafen Y fon golgton, Within dhe) BFRFCHUNE v et
slightly smaller, |ateral groove 218 on the | ower el bow housing 210. The

pi vot s cBafibar 804r eThe awhfer Sioterdassembiyt DO® ihtladésabamtdr aysambly RUShavdngrovi de

a clearance between the base plate 211 and the | ower el bow housing 210 so

t hat a%ﬂﬂﬁli&' gf‘qugeg-re?ﬁ?giﬂé nglefs 9 _that.‘hold the wafer against features of the rotor.”

Fingers 979 are preferably adapted to conduct cﬁrrent_ between the wafer and a plating
electrical power supply and may be constructed in accordance with various configurations
to act as current thieves.

The various components used to spin the rotor assembly 984 are disposed in a fixed
housing 970. The fixed housing is connected to a horizontally extending arm 909 that, in
turn, is connected to a vertically extending arm. Together, the arms 908 and 909 allow the
assembly 906 to be lifted and rotated from engagement with the bowl assembly to thereby
present the wafer to the wafer conveying assembly 60for transfer to a subsequent . .. ...
processing station.

Numerous modifications may be made to the. foregoing system without departing
from the basic teachings thereof. Although the present invention has been described in
substantial detail with reference to one or more speciﬁc embodiments, those of skill in the
art will recognize that changes may be made thereto without departing from the scope and

spirit of the invention as set forth in the appended claims.



avai |l abl e between the two. In conbination with one or nore | eveling screws
220 and the upper ‘and | ower nounting screws 212, 214, the angul ar

ofient ati osw®besitsss | ower el bow housi ng 210, and the attachede¢T/asesioorszarm .
assenbly 586, can be adjusted and fixed to provide rotation of the transfer
arm assenbly 586 as close as possi bl e w-t6in the absol ute horizontal plane
during the transfer of wafers within the processing tool 10. Al so,
conpliant attachnment of the | ower |inear bearing guides 576b is inportant
to snooth operation of the wafer transport unit 544a, 544b al ong t he guide
566. Providing such- -~ WD 99/17356

PCT/'US98/°00132 =28 - compli-ant attachngmﬁ ef erabl y aI rovm ng 0. T00TTch

Conpl 1 ani fastening techarque. “ATIoat pin 221 15 post IGMAN Muﬂmumi g

screw 222, with an Oring 223, preferably VITON, p05| ti ohed abbout t he oat
What is Claimed is: ' _
1. A transport system for manipulating a semi'conductof wafer within a processing

section of a processing apparatus, the transport system comprising:

a transport unit guide disppsgg_i v_&_/ithin the processing apparatus for supportiﬁg a
wafer transfer unit'ﬁs it moves between a first positiqn and a second position,
the transpo:rt unit guide comprising a frame, a lateral guide rail mounted on
the frame and a series of magnetic segments arranged upon the transport unit
gﬁide proximate the lateral guide rail:

the wafer transfer unit comprising a tram tranélatably attached to the lateral guide
rail, a wafer transfer arm assembly for manipulating the semiconductor
Wafer-,—-an--e_:lectromagnet mounted on the tram in cooperative relation with the
magnetic segmenfs for moving the transfer unit along the guide rail,
actuators responsive to control signals for controlling the position of the
transfer ﬁnit and transfer arm assembly, sensors for monitoring the position
of the transfer unit and the transfer arm assembly;

~ a controller _d_is_;_»_lg_se_q remote of the transfer unit, the controller being responsive to
f- signals recéiQéd from the sensors and providing the control. signals to the

actuators for dlrectmg the movement of the transfer unit and transfer arm

assembly; and
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pin. Wen installed wi thin shoul dered counterbore 224 of the base pI ate 203
i nto tapped hol €7227 of | ower bearing guide 576b, as shown in Fi t he
screw 222 WOME7¥8ai nst a flange 225 of the float pin 221, vﬁﬁw%‘ ﬁm{z@rn
bears against the Oring 223. The Oring %23 t hembears agai nst t he

shoul der 226 of the counterbore. However,”'éven wh

tightened, relative notion is all owed bet ween thejmrmmmmm l“lde 576b
and the base plate 203 to facilitate snooth notion bver tthelenfirt guide
566. CONTROL SYSTEM Referring to Fig. 26, there is shown one enbodi nent of

the control syshRhtdGorflink Baweenileowdfes tansfephnit afd Grasaiiolet fal 10. As
I'TTustratéed, theé "'C'é‘r‘i‘t"‘r’"ﬁ'l""“"s'y'S't' em 100 general I'y i ncludes at | east one grand

mast er . cont.roller contrelling g ' ' e overall
function of the p#aS t cé)%ﬁgg){)f)%.dﬁ%ﬁaeﬁ%@g{rﬁﬁ%{w%;g&é#gg%ﬂi s preferably
arranged in a hierarchial configuration. The grand master controller 101
I ncl udes a processor electrically coupled with a plurality of subsystem
control units as shown in Fig. 26. The control subsystens preferably

control2.and )mfurispdsrt kYstern s chiimed) imtlain Itmmei&l&hé)ﬁomHIﬁthlbﬁstml‘hétW@n
apparatus (i.e., wafer conveyor 60, -

~ the wafer transfer unit and the controller is an optical communication link.

3. - A transport system as claimed in claim 2 wherein the optical communications link
comprises one or more fiber-optic lines extending between the wafer transfer unit

and the controller.

4. A transport system as claimed in claim 1 and further comprising:
a further lateral guide rail mounted on the frame and disposed parallel with and
...vertically below the lateral guide rail; -

.the tram being translatably attached to the further lateral guide rail.

5. A transport system as claimed in claim 1 and further comprising an angular
adjustment mechanism for adjusting the angular orientation of the wafer transfer

arm assembly with respect to the tram.

1

6. A'{r;nspaft system as claimed in claim 4 and further _édmprismg an angular
adjustment mechanism for adjusting the angular orientation of the wafer transfer

arm assembly with respect to the tram. | -
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processi ng nodul es 20, 22, 24, interface mpdules 38, 39, etc.). The control
subsystens are preferably configured to receive instructional comrands or .
oper ati on wWisbdis8Ed ons such as software code from a respectipeEr/ys®sngl1azast er
control 101, 102. The control subsystens 110, 113 - 119 preferably provide
process and status information to respeeé#8ve grand naster WD 99/ 17356
PCTI US98/ 00132 - 29 - controllers 101, 102. More specifically, the grand
master control 101 is coupled with an interface nodule control 110

whi ch. may control each of the sem conductor wafer interface nodul es 38, 39.
‘Further, grand nmaster control 101 is coupled with a conveyor control 113
“for controlling operations of the wafer conveyor 60 and a plurality of ™
processing nodul e controls 114, 115 corresponding to sem conductor wafer
processl.ng nAdAnspork Gystan agictained ithelaisn 4wheseinghe ram is attached to the lateral

guide rail and the farther lateral guide rail with respective compliant mounting

assemblies.

8. A semiconductor wafer processing apparatus, comprising:
.a wafer conveyor system including

a central suppért extending along a linear transfer path,

a first wafer transport unit disposed on a first side of the central support and
mounted thereto for translational movement along the linear transfer
path,

a second wafer transport unit disposed on a second side of the central
support and mounted there_tb‘ for translational movement parallel to
the first transport unit along the linear transfer path;

a plurality of wafer processing modules adjacent opposing sides of said wafer
conveyor system; and

said first and second wafer transport uxﬁts adapted to respectively support an
individual semiconductor wafer and to access each of said wafer processing

f

modules for transferring semiconductor wafers therebetween.

A I

—_— .
T
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10. The control system 100 of the processing tool 10 according to the
present disclosure may include additional grand nmaster controllers 102 as
shown in FiYO%8736r nonitoring or operating additional subsyRATEHES08IRL as
addi ti onal wafer processing nodul es via aggitional processi ng nodul e
control 119. Four control subsystens may” Be-preferably coupled with each
grand master controller 101, 102. The grand master controllers 101, 102 are
preferably coupl ed together and each may transfer process data to the

ot her. Each grand master controller 101, 102 receives and transmts data to
the respecti viheNReghicHidub@R waldr prolsying %Eara&ia of clel®. 8whheReiR/saIcfifsE dnd

enbodi nent of the control system 100, a bi directional nenory mapped device

is provided i r j - r, gontroller.and.each modular = . . _ . .
subsyst em con E%o&dﬁ&;ﬁér?g%ﬂé% %&pn’lg? %ﬁfeélr Zﬁoy%fhgrtgﬁn&@b AT YPIRE TESREERS 161,

162 are provided internmedi ate the grand master controller 101 and master

control | ers igar magneticIpoigEs. hi n respective interface nodule control 110,

waf er conveyor control 113 and processing nodule control 114. Each nenory
mapped device 150, 160 - 162 within the control system 100 is preferably a
dual port RAM provided by Cypress for a synchronously storing data. 1In

10. The semiconductor wafer processing apparatus of claim 8 herein. each said at least
one wafer transport unit includes:
a tram;
a wafer transfer arm connected to said tram for 2 degree movement in a generally
horizontal plane, the wafer transfer arm having a vacuum support mounted at
a distal end thereof for holding a semiconductor wafer;
a transfer-arm elevator for adjusting the vertical position of said wafer transfer arm

with respect to said tram.

11.  The semiconductor wafer processing apparatus of claim 8 wherein each of said first
and second wafer transport units includes a position sensor for determining the

position of the respective wafer transport unit relative to said wafer processing

ot RN O R VR

f o * € L M § %

12. | The semiconductor wafer processing apparatus of claim 8 and further éompfiSing: |
at least one wafer interface module adjacent said wafer conveyor for supporting a

-wafer cassette having a plurality of semiconductor wafers therein; ' .
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particul ar, grand master controller 101 may wite data to a nenory Iocation
correspondl ng to WO 99/17356

PCT/ US98/ 00N@99/17386 - naster controller 130 and master contrBCT/éJ§98i®@3hay
si mul t aneously read the data. Alternatively, grand master controller 101
may read data from mapped nenory device ng witten by the naster
controller 130. Utilizing nmenory mapped devi ces 160 - 161 provi des data
transfer at processor speeds. Menory napped device 150 is preferably

provi ded internedi ate user interface 30 and t he grand rraster controllers
101,102 for g daxﬂﬁﬂr{téﬁ&e%hﬁ%ﬁﬂé& 86 BRISURIAI] Patd? Blsstildl £f a%%ohs
preferably coupled wth each of the gran mastgr con';]ro ers fl'([)ﬁ The
user interface 30 nay. be adva.nt equsly._munt.e t he, exferior. o e
processi ng t ool d’oéﬁoattoé’e%ﬁtrﬁ agt d)é’ﬁtqféﬂ’%t%s i‘res(}%ea%ﬂdawa r2RpRATt Rpth

processing and status
_ to access the semiconductor wafers in total wafer cassettes for

13.  The semiconductor wafer processing apparatus of claim 12 are wherein each said at
- least one Qafer interface includes:
a wafer cassette turnstile for moving a wafer cassette between a load position and a
transfer position;
a wafer. cassette elevator adjacent said wafer cassette turnstile and configured to
transfer wafer cassettes therebetween and provide the wafer cassette in the

extraction position.

14, The semiconductor wafer processing .apparatus of claim 12 wherein said
- semiconductor wafer processing apparatus further comprises a cassette loading door
adjacent said at least one wafer interface module and being configured to permit

wafer cassettes to pass therethrough:

15.  The semiconductor wafer processing apparatus of claim 8 further comprising:
a first wafer interface module for receiving wafer cassettes containing unprocessed

 semiconductor wafers the first wafer 1nterface module presenting the

unprocessed semiconductor wafers to the wafer transfer assembly in a

generally horizontal extraction position | O e
e ;
* [ L L s *
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‘information of the processing tool 10. Additionally, an operator may input
control sequences ‘and processing directives for the processing tool 10 via
user interW@e9/8B56 The user interface 30 is preferably suppoPEEASB0H32
general purpose conputer within the processing tool 10. The general purpose
“computer preferably includes a 486 100 M -processor, but other processors
may be utilized. WO 99/ 17356
PCT/ US98/ 00132 - 31 - Each nodul ar control subsystem including interface
-nmodul e control 110, wafer conveyor control 113 and each processing nodul e
control 114 nt
The rnodul ar” %gﬁéﬁot SJ%@E%%%%EA1f%?ﬂ%f%&ﬁﬁ%ﬁ?Hg?gﬁ%?%?@%ﬁ@ﬁ&ﬁﬂgﬁ%gggﬁffhIn
t he respecti.ve..module_such_as _waf interface nodul e 38, 39, fer conveyor
60, or each of th NHGCRSSHAY FRBHAFIQY Wefer Sanstoyassamblg the pennd war
controller 101 and _

interface module accepting the processed semiconductor wafers from the

wafer transfer assembly in a generally horizontal insertion position.

16. The semiconductor wafer. _processing apparatus of claim 8 wherein the central
. support comprises: |
a frame;
a first set of magnetic segments in fixed relationship with respect to the frame along
a first side thereof along the length of the linear path,;
a second set of magnetic segments in fixed relationship with respect to the frame

along a second side thereof along the length of the linear path;

first and second lateral guide rails mounted on opposite sides of the frame and

supporting the first and second wafer transfer units respectively.

17.  The semiconductor wafer processing apparatus of claim 16 wherein each of the first

d second waf fer uni rises: |
s second vafe ransesunits comprises : T D

a tram translatably attached to the respective lateral guide rail;
an electromagnet mounted on the tram in cooperative relation with the respective

magnetic segments for moving the wafer transfer unit along the respective

guide rail; . N
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correspondi ng master controllers 130, 131, 132 coupled therewith are
preferably enbodied on a printed circuit board or |SA board nounted within
t he gener aw@ewyid3e conput er supporting user interface 30. REIMUSHSAAL2
master controller 101, 102 preferably includes a 68ECO00 processor provided
by Motorola and each master controller 13 -and slave controller within .
control system 100 preferably includes a 80251 processor provided by Intel.
Each master controller 130, 131, 132 is coupled with its respective slave
controllers via a data Iink 126, 127, 129 as shown in Fig. 27 - Fig. 30.

Each data link_ 1286, 7, 129 preferably conpri ses an optl cal dat.a nedi.um
Such ae. Opt | FPHEARYRE Aftiatigs “ReRREYs rsokl Hendls fudontolingdhe pRYEOASE 107
129 ‘may conprise alternate data transfer media. Referring to Fig. 27, the

mast er/ sl ave cont the wafeb trpasfermmiband transfer arnf assemblydul e control 110 is
illustrated. Each master and related slave configuration preferably

corresponds Egﬂ&aﬁim tBe B8HBsErof IndRitorih@ HRY fRRBON FINY BYRNTer WIOSRBHENT)
within the processi'ng tool 10. However, one naster may control or nonitor a

plurality of nodul es.. The master/slave configuration depicted in Fig. 27
and cor r espondi ngtrtaBSfFFlﬁn?ﬁfsgP’?’ ce nodul e control 110 nmy additionally
apply to the other nodular control subsystens 113, 114, 115.

18. The semiconductor wafer processing apparatus of claim 8 and further comprising
an air supply intermediate opposing ones of said wafer processing modules for

supplying air to said semiconductor wafer processing apparatus.

19.  The semiconductor wafer processing apparatus of claim 8 wherein said wafer
conveyor system includes at least one exhaust duct adjacent thereto for removing

air.

20.  The semiconductor wafer processing apparatus of claim 8 wherein said wafert
processing modules are interchangeable. -

Iy

21. A semiconductor wafer processing apparatus, comprising:

1

a plurality of wafer processing modules for processing a semiconductor wafer, each

- of said wafer processing modules 'being interchangeable;
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Thé grand master controller 101 is connected via nenory mapped device 160
to a master controller 130 within the corresponding interface nodul e
control 11wOWMer3sest er WD 99/ 17356 PCT/US98/00132
PCT/ US98/ 00132 - 32 - controller 130 is coupled with a plurality of slave
control l ers 140, 141, 142. Sixteen slaveS%entrollers may be preferably
coupled with a single nmaster controller 130 - 132 and each slave controller
may be configured to control and nonitor a single notor or process
conponent, or a plurality of notors and process conponents The control

system 100 of : Lah Mor e
specifically, @E@r géxg\?e @Fg?éﬁggélgtjy?aifgﬂ’ngog?“: %‘gfa 4 %p%?%ﬁnng each =~

master controller 130 - 132 and sl ave control|l er 140 - 147 W|th| n. t he.
control system 100¥#&y tBBSPRE it adspted<ioy canteplied mpyament eloagetipetallst t he
correspondi ng grand master controller 101,

linear transfer path;

said at least one wafer transport unit configured to support a semiconductor wafer
and access each of said wafer processing modules for transferring

semiconductor wafers therebetween.

22.  The semiconductor wafer processing apparatus of claim 21 wherein said wafer

conveyor moves said at least one wafer transport unit along the linear transfer path

using a linear magnetic motor.

23. A method of handling semiconductor wafgrs within a semiconductor wafer
processing apparatus having a plurality of wafer processing modules and a wafer
conveyor adjaéent thereto, comprising the steps of:

a. receiving at least one wafer cassette having a plurality of semiconductor
- wafers therein;

" b. moving a first wafer transport unit along thé wafer conveyor to transport a
first individual wafer bétweén one of the at least one wafer cassettes and a
first one of the wafer processing modules;

c. moving a second wafer transport unit along the wafer convéyor totransport a

second individual wafer between one of the at least one wafer cassettes and a

A

second one of the wafer processing modules;

S
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102. Upon powering up, the grand naster controller 101, 102 may poll the
correspondi ng master controllers 130 -132 and downl oad the appropriate

oper ati on Wosg9v1836i on programto operate each master contr olAGIVUSP3R0132132.
Simlarly, each master controller 130 - 132 may poll respective sl ave
controllers 140 - 147 for identification54Fhereafter, the master controller
130 - 132 may initiate downl oading of the appropriate programfrom-the
grand master controller 101, 102 to the respective slave controller 140 -
147 via the master controller 130 - 132. Each slave controller may be

configured to contraol and no a singl e notot “of plurali of notors
within a corW&mﬂqlﬁ&“’dﬂ%‘é@bF%ﬁﬁﬂfm &aqsgarﬁwt&n#ge@ IHB‘G‘BE@% > S%%80Gnhg
waf er conveyor 60. +n -addititon;  each-sl-ave--controlter-140 -.-147 may be. - -
configured to nnniwiaﬁartmﬁpamnnirtowerﬂnpomdknecorrponents 184 within a
respective nodule 19. Any one slave controller, such as slave controller

145 shown in Fig. 36, may be configured to control and/ or nonitor servo
notors and’ process conponents 184. Each slave controller includes a slave

PT ocess% m"ﬁpe ﬁ'xgthg ?clealm%t dafuﬁi'xgrr&)mpr}'smg a step after step a of translating the
at least one wafer cassette from a vertical orientation to a horizontal orientation so
as to preSent semiconductor wafers contained therein in a generally horizontal

orientation.

25. The method of claim 23 and further cdmprising the steps of:
storing' wafer cassettes having unprocessed semiconductor wafers in the to and and
in and and and and than in an and than than inward in a first interface
module; and

storing wafer cassettes having processed semiconductor wafers in a second interface

module.
This Sheet Has Beern Rep
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WD 99/ 17356

PCT/ US98/ 0 - - port interfaces. " Each port interface may be utilized
f or contr08&§§a7ﬁggnbnitoring of servo motors and process coﬁﬁ%ﬁ@ﬁygni%4.
For exanple, a port may be coupled with gsgervo controller card 176 which
is configured to operate a wafer transfer-unit 62a, 62b. The sl ave
processor 171 rmay operate the wafer transfer unit 62a, 62b via the port and
servo controller 176. Mirre specifically, the slave processor 171 nay
operate servo nmotors within the wafer transfer unit 62a, 62b and nonitor
the state of the notor through the servo controller 176. Alternatively,

di fferent slave control éfs 140, 141 may operate di fferent conponents

Wit hi-n -a<si ndl e..n; SSkG-et 00l _devi.ce ). aS acs . m 3. Mre
Speci 112511y A ERBRa e O (R PEMLER  EHhpRSerb b Bk SRR bt
interface nodul e 38 are depicted in Fig. 32. Slave controller 140 may -
operat e t ur nSEFYQR BfA SFmiFRRAUCIOY RYSCHSEIE apRaratiss thei tANSPATt SHECm EORPLISING: 40

via incremental turnstile encoder 190. Slave controller 140 is preferably
coupl ed a transport unit guide disposed within the processing apparatus for supporting a

wafer transfer unit as it moves between a first position and a second position,
the transport unit guide comprising a frame, a lateral guide rail mounted on
the frame and a series of magnetic segments arranged upon the transport unit
guide proximate the 151@1 gnide. fail;
the wafer transfer unit comprising a trarn trénslatably attached to the lateral guide

rail, a wafer transfer arm.assembly for manipulating the semiconductor
wafer, an electromagnet mounted on the tram in cooperative relation with the
magnetic segments for movin_g the transfer unit along the guide rail; and

. an angular adjustment mechanism for adjusting the angular orientation of the wafer

transfer arm assembly with respect to the tram.

27. A trapsport system as claimed jn claim 26 and further comprising:
a plurality of actuators responsive to control signals for controlling the position of
the transfer unit and transfer arm assembly; |

a plurality of sensors for monitoring the position of the transfer unit and the transfer

e e ———— e e e e e . /
arm assembly. '
) O A VA
28. A fransport system as claimed in claim 27 and ﬁ.lrtner comprising: | -
This Sheet Has Been Replaced
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with the turnstile notor 185 and turnstile encoder 190 via a servo control
card (shown in Fig. 35). Slave controller 141 may operate and nonitor

saddl e 45 OYO®NEI3s@rnstil e 40 by controlling saddl e notor 18PCHUS98/00132
‘moni toring saddl e encoder 191 via a servo control card. A port of a slave
processor may be coupled with an interfad® controller card 180 for
controlling and nonitoring process conponents within a respective

processi ng nodul e 19. For exanple, a flow sensor 657 nay provide flow

i nformati on of the delivery of processing fluid to a processing bowl wthin
the nodule. The interface controller 180 is configured to translate the
data provided by the flow sensors 657 or other procéss conponents into a
form whi ch may be anal yzed by the _correspondi ng sl ave processor 172.

Furt her, t hed{cARiEPHexdisnosed reamate of M%ﬁﬁ&ré‘ﬁér. coatrpiercheing sesppasiento, such
as a flow control | er 658, responsive to commands fromthe correspondi ng

- sl ave processor 1§ignals redﬁﬁeﬁ%dﬁiftﬁﬁsensors and providing the control signals to the
PCT/ US98/ 00132

_actuators for directing the movement of the transfer unit and transfer arm
assembly; and
a communication link between the wafer transfer unit and the controller for

facilitating control of the operation of the wafer transfer unit.

29. - A transport system as claimed in claim 28 wherein the communication link between

the wafer transfer unit and the controller is an optical communication link.

30. A transport system as claimed in claim 29 wherein the optical communications link

comprises one or more fiber-optic lines extending between the wafer transfer unit

and the controller.

31. - A transport system as claimed in claim 26 for and further comprising:

a further lateral guide rail mounted on the frame and disposed parallel with and

* . C L M S *

32. A transport system as claimed in claim 31 wherein the tram is attached to the lateral

verticélly below the lateral guide rail;

the tram being translatably attached to the further lateral guide rail.

guide rail and the further lateral guide rail with respective compliant mounting

assemblies. ' ' N
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- 34 - One slave controller 140 - 147 may contain one or nore Servo
controller and one or nore interface controller coupled with_respective
ports of tOSP/ABE6 processor 170 - 172 for pernitting cont r ofPCE 9Wﬂﬂ¥%or
capabilities of various conponent notors and processing conponents from a
singl e sl ave controller.-Alternativelﬁ/ servo controller and interface
~controller may each contain an onboar Egsocessor for inproving the speed of
processi ng and operation. Data provided by an encoder or process conponent
to the servo controller or interface controller may be i mediately
processed by the on board processor which may also control a respective
'servo notor or processing conponent responsive to the data. In such a
cconfiguration, the slave processor may transfer the data fromthe interface-
processor or servo controller processor to the respective naster controller
and -grand master controller. CONVEYOR CONTROL SUBSYSTEM The conveyQqr

control subsystem 113 for controlling and nonitoring the operation‘S? t he
waf er conveyor 60 and the wafer transport units 62a, 62b or 562a, 5é§b or
544a, 544b g\ —

i
o
N
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therein is shown in Fig. 29. In general, a slave controller 143 of conveyor
~control 113 is coupled with drive actuator 71 for controllably noving and
noni tori ngveoeims6 t ransport unit 62a al ong the gui de 66. FUPCTHUSIS/®IZRY e
controller 143 may operate transfer arm assenbly 86 of the wafer transport
unit 62a or 562a or 544a and the transferring of sem conductor wafers
thereby. Simlarly, slave controller 2B my be configured to operate wafer
transport -unit 62b or 562b or 544b and drive actuator 74. The interfacing
of slave controller 143 and |light detector 91, drive actuator 71, linear
VO 99/ 17356 o _ o ST R T
PCT/ US98/ 00132 - -35 - escoder 196 end 'f"-é"r'"""t""r'""éh’é‘ﬁz’i'r’"t“‘G’@"E""’"B’Zé'"i"'s' “shown in
detail in Fi @ _36. The-s\ave proceSsd{ 1%L -0f- “ave-contjrol ler-143-is -

preferably co.gﬁmg Wi 171 may
control the linear pgsition o == Syt = , ating drive
, i = = - :
actuator 71 S e = e [l e { -
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via servo controller 176. Light detector 91 may provide |inear position
information of the wafer transport unit 62a along guide 66. Additionally, a
| i near enco@PI1BE6nay al so be utilized for precisely nonitoRGI$RE0132
position of wafer transport unit 62 al ong guide 66. The conveyor sl ave
processor 171 may al so control and nnggégi the operation of the transfer
arm assenbly 86 of the correspondi ng W transport unit 62a.

Specifically, the conveyor processor 171 may be coupled with a transfer arm
notor 194 within shaft 83 for controllably rotating the first -and second
arm extensions 87, 88. An increnmental ‘transfer armrotation encoder 197 may
be provided within the shaft 83 of 'each wafér transport unit 62a for ;
nonitoring the rotation of-transfer-arm-assenbly.86.and. providing rotation
data thereof to servo controller 176 and sl ave processor 171. Sl ave
controller 143 may be advanta usly dﬁﬂpled with transfer arm el evation
notor 195 within el evator 90 f 6 gl | i,5@ t he vational position of
the transfer arm assenbly 86. A ‘@hi al transfer arm el evation encoder
198 may be provided within the (g iy m el evgfor assenbly 90 for
nonitoring the elevation of th

Z4 ’-rﬂ1as nbly -86. In_addition,
conveyor slave controller 143 . ;edmmith an air supFﬂ¥Jpqatrol

Ty
RS
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val ve actuator (not shown) via an interface controller for controlling a
vacuum w t hi g@%ér support 89 for selectively supporting a sem conduct or
waf er t her edh® ® ute encoders 199 may be provided wi thin tPETAIS$8400132
conveyor 60, interface nodules 38, 39 and processing nodules 19 to detect
extrenme conditions of operation and 99/ 17356

PCT/ US98/ 00132 - 36 - protect serv0|ﬁy s therein. For exanple, absolute
encoder 199 nmay detect a condition where the transfer arm assenbly 86 has
reached a nmaxi num hei ght and absol ute -encoder 199 nay turn off elevator 90
to protect transfer armelevator notor 195. A simlar approach may be used
for the fiber optic signal conmunication systemof the second and third
‘enbodinments of the wafer transfer units 562a, 562b and 544a, 544b, '
respectively. Particular, encoder 591 |ocated in the elevator 590, encoder
592 located in the . '

16 .
50 17
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base notor 593 of the shaft 583, encoder 594 |ocated in the shaft 583,
wrist absolute encoder 595 | ocated at the distal end of transfer arm
assenbl y 58WO0ME78b6bow absol ute encoder 597 |ocated at the bRE/B$I8{0AE2
shaft 583 provide the rotational input of rotational encoder 193 of Fig.
35. Likewi se, |ift absol ute encoder E 6 | ocated al ong the base notor 593,

| i near encoder 598, head rail encogg 99 and track CDD array absol ute
encoder 541 provide inputs for the lift encoder 192 and absol ute encoder
199 of Fig. 35, respectively. PROCESSI NG MODULE CONTROL The control system
100 preferably includes a processing nodul e control S subsystem 114 116
corresponding to each wafer processing rfddul e 20, 22, 24 within the

processi ng tool 10 according 30 the preséent discl osure. Fhﬁgc rol system
= pdul e contro bsystem 119 for

100 may al so include additio
er frocessing nodul es 19.
15,1116 &/ control and nonitor
a correspondi ng waf er
562b or 544a, 544b.

the transferring of sem conduct
hol der 810 and waf er trg sport
Further, processing nod Q\fon1

46 —
42
44 —
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WD 99/ 17356 :

PCT/ US98/ 00132 - 37 - 114, 115, 116 may advant ageously control and/or

nmoni tor the WP 8¥E356 ng of the sem conductor wafers Wwithin esehusisagessi ng
nodul e 20, 22, 24. Referring to Fig. 30, a single slave controller 147 may
operate a plurality of wafer holders 401c-401le within a processing nodul e
20. Alternatively, a single slave cont@G¢pQer 145, 146 nmy operate and
nonitor a single respective wafer hol der- 401a, 401b. An additional slave
controller 148 may be utilized to operate and nonitor all process
conponents 184 (i.e., flow sensors, valve actuators, heaters, tenperature

sensors) within a single processing nodule 19. Further, -as-shown-in+i-g: - -~

37, a single slave controller 145 nay operate and nonitor a.wafer_hol der

410 and process conponents 184. In addition, a single slave controller 145

- 148 may be configured to operate and

Fig. 9
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moni tor one or nore wafer holder 401 and processing conponents 184. The
interfacing of a slave controller 145 to both a wafer hol der 401 and
process coMEIETB are shown in the control system enbodi nenfCT/HSHY13237
In particular, a servo controller 177 and interface controller 180 may be
coupled with respective ports connZ? d to slave processor 172 of slave
control l er 145. Sl ave processor 17 y operate and nonitor a plurality of
waf er hol der conponents via servo controller 177. In particular, slave
processor 172 may operate lift notor 427 for raising operator arm 407 about
lift drive shaft 456. An incremental |ift notion encoder” 455 may be
provided within a wafer hol'der 401 to provide rotational information of
lift arm 407 to the respective sl ave .processor.-172-of--a-processor- Wt hin
servo controller 177. Sl ave processor 172 may al so control a rotate notor
428 -wi thin wafer holder 401 for rotating a processing head 406 about shafts
429, 430 between a process position and a sem conductor wafer transfer
position. InCDenental rotate encoder 43, may provide rotational informtion

- SUBSTITUTE SHEET ( ruie 26)
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WD 99/ 17356

PCT/ US98/ 00132" - 38 - regarding the processing head 406 to the
correspondi wgp 91388 processor 172. Spin notor 480 may al so becormdssebised by
a processor within servo controller 177 or slave processor 172 for rotating
the wafer hol der 478 during processing of a sem conductor wafer Wheld
thereby. An increnental spin encoder 498 is preferably provided to nonitor
the rate of revolutions of the wafer hol de8/£198 and supply the rate
information to the slave processor 172. Plating nodule control 114

advant ageousty operates the fingertips 414 of the wafer hol der 478 for
graspi ng or réleasing a sem conductor wafer. In particular, slave
processor—172-pay operat & a.val ve via pneumatic val ve actuator 201 for
supplying air to pneunmati*c piston 502 for actuating fingertips 414 for
grasping a sem conductor pgfer. The slave controll er, 145 within t pl ati ng
nodul e control 114 may t eafter operate the val vecactuator 201 tTo renobve
the air supply thereby dffSengagi ng the fingertips 4% fromthe

sem conductor wafer. Slave proBessor 172 may al so tontrol thesapplication

of ‘el ectrical current through tée R 2
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finger assenbly 824 during the processing of a semni conductor wafer by
operating relay 202. The processing nodule controls 114, 115, 116
preferably WoM4736and nonitor the processing of sem conduct CRCTES88132
within the correspondi ng wafer processing nodul es 20, 22, 24 via

I nstrumentation or process conponents 184. Referring to Fig. 33, the
control operation for the plating proceégggg nodul e 20 i s descri bed.
General ly, slave processor 172 nonitors /or controls process conponents
184 via interface controller 180. Sl ave processor 172 within the plating
nodul e control 114 operates punp 605 to draw processing solution fromthe
‘process fluid reservoir 604 to the punp discharge filter 607. The
pr-ocessi-ng -fl.ui d passes. through the filter, into supply manifold WO

99/ 17356 _ N PCT/ US98/ 00132
- 39 - 652 and is delivered via bowl supply lines to a plurality of
processi ng plating bow s wherein

- . SUBSTITUTE SHEET ( ruie 26



t he sem conductor wafers are processed.. Each bow supply line preferably
includes a flow sensor 657 coupled with the plating processing nodul e
control 114wae9y886/i di ng fl ow i nformati on of the processi ng Hdnaishswobseet o.
Responsive to the flow information, the slave processor 172 nay operate an
actuator of flow controller 658 within each bowl supply line to control the
fl ow of processing fluid therethrough. 1?6/%9 processor 172 may al so nonitor
and control a back pressure regulator 6 or maintaining a predeterm ned
pressure level within the supply mani fold 652. The pressure regul ator 656
may provide pressure information to the slave processor 172 within the

pl ati ng processing control nodule 114. Simlarly, processing nodule€ contror
subsystens 115, 116 may be configured to control.-the processing-of.. ..
sem conductor wafers within the correspondi ng prewet nodule 22 and fesist _
nmodul e 24. | NTERFACE MODULE CONTROL Each interface nodul e control subsystem
110 preferably controls and nonitors the operation of wafer interface

nodul es 38, 39. Mrre specifically, interface nodule control 110 controls

and noniters t operation of the wafer cassette turnstiles 40, 41 and

el evators 42, @ o ' : -

A
-
.
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of respective sem conductor wafer interface nodules 38, 39 to exchange
waf er cassettes 16. Slave processor 170 within slave controller 140 of
interface MagPa7386ntrol 110 nmay operate and nonitor the fun®draisssmoBRe
interface nodules 38, 39. In particular, slave processor 170 nay operate
doors 35, 36 for providing access into the processing tool 10 via ports 32,
33. Alternatively, naster control 100 1y#®Q operate doors 35, 36. WO

99/ 17356 _ '

PCT/ US98/ 00132 -40 - Referring to Fig. 31, an enbodi ment of the interface
nmodul e control portion for controlling wafer interface nodule38ts - '

di scussed. In particular, the slave processor 17077 s coupled wWth servo™ "

controller 175. Either slave processor- 170 or..a.processor..aon.hoard.servo.. .. ..
controller 175 may operate the conponents of interface nodule 38. In
particul ar, slave processor 170 may control turnstile notor 185 for
operating rotate functions of turnstile 40

Fig. 14
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movi ng waf er cassettes 16 between a | oad position and a transfer position.

I ncrenental turnstile encoder 190 nonitors the positiion of turnstile 40 and
provi des pew dy/psglata to sl ave processor 170. Alternativel ypcI9es98m0132
controller 175 may include a processor for reading information from
turnstile encoder 190 and controlling turnstile notor 185 in response
thereto. Servo controller 175 may M(quzgave processor 170 once turnstile
40 has reaches a desired position. waf er cassette turnstile 40
includes a notor for controlling the positioning of saddl es 45, 46
connected thereto."The sl ave processor 170 may control the position of
‘saddl es 457 46t hrough opérati on of the appropriate saddle notor 186 to
orient .wafer.-.cassettes .16.attached thereto.in.one of a vertical and

hori zontal orientation. Increnental -saddl e encoders 191 are preferably
provi ded wi thin each wafer cassette turnstile 40 for providing position

I nformati on of t saddl es 45, 46 to the respective slave ptocessor 170.
Ei t her slave procg8sor.170 or servo controller 175 may be égnfigured to
control the operation of the wafer cassette elevator 42 for&ransferring a
waf er cassette 16cggtmeen ei ther the exchange position and ghe extraction
position. The sl aLL proocessor 170 nay be coupl ecE '

875

Lift/tilt mechanis
System control ¢

4 axis controller
880

Wafer mapping sensor
870
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with an elevator |ift notor 187 and el evator rotation notor 188 for
controlling the elevation and rotation of elevator 42 and el evator support
47. IncreNemeH17386 ft encoder 192 and WO 99/ 17356 PCT/US98/00132

PCT/ US98/ 00132 -41 - increnental rotation encoder 193 may.supply el evation
and rotation informati on of the elevator 42 and support 47 to slave
processor 170. Absolute encoders 199'ﬁsﬁﬁ3e utilized to notify slave
processor of extreme conditions such en el evator support 47 reaches a
maxi num hei ght. Elevator lift notor 187 may be shut down in response to the
"presence of an extrene condition by absolute encoder 199. WAFER CASSETTE

TRAY "A"Wafer~ cassette tray 50 for holding a wafer cassette 16 is shown in
-det.ai-}..-i-n.-Ei-g.-9...Each cassette tray 50 may include a base 51 and an
upright portion 54 preferably

Fig. 16
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per pendi cular to the base 51. Two | ateral supports 52 may be formed on
opposi ng sides of the base 51 and extend upward therefrom Lateral supports
52 assi st wohoneset ai ni ng wafer cassettes 16 thereon in a fpeeMSpoeNls: on
during the novenent, rotation and exchange of wafer cassettes 16. Each
| at eral support 52 contains a groove 53 preferably extending the |length
t hereof configured to engage with the fggf f saddl es 45, 46. The wafer
cassette trays 50 are preferably utiliz i ng the handling of wafer
cassettes 16 within the wafer cassette interface nodul es 38, 39 where the
waf er cassettes 16 are transferred froma | oad position to an extraction
posi tion providing acces of the sem conductor wafers Wto wafer transport
e

units 62, 64 within th nveyor 60. ELECTROPLATI NG STATI.ON. . WD 99/17356-- - -
PCT/ US98/ 00132 42 - : :

LN DN N NN N DN NN N NN

e e
N
64 Zi S,ea
L aa
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i 7 i
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Fig. 33 shows principal conponents of a second sem conduct or proce55|ng
station 900 is specifically adapted and constructed to serve as an

el ectropl at Wy9%k7386 on. The two princi pal parts of processi ngPET/HSIHNII00
are the wafer rotor assenbly, shown generally at 906, . and the

el ectropl ati ng bow assenbly 303. ELECTROPLATI NG BOAL ASSEMBLY 303 Fig. 33
shows an el ectropl ating bow assenbly1§ggg'ﬁmaprocess bow assenbly
consists of a process bow or plating vessel 316 having an outer bow side
wal | - 317, bow bottom 319, and bowl rim assenbly 917. The process bow is
preferably circular in horizontal cross-section and.generally cylindrical

i n shape al though ot her shapes nmay be possi bl e. The” bow,sassently 303
i ncl udes a cup assenbly 320 which is disposed within aw%; .

+ 317. Cup assenbly 320 includes a fluid cup portion 321 h '

chemstry for the electroplating process. The cup assetblly gl sgsh
dependi ng skirt 371 which extends bel owghe cup bof¥Om 333 and nejyfhave

flutes open therethrough for fluid comruni C]ti op-and rel gase of gas
that mght collect as the chanber below fill§AMth liquidlt The cup/is
preferably made from pol ypropyl&he or ot hes”3uitable mateti al

| - ' | — 88

. SUBSTITUTE SHEET ( rule 26)



A lower opening in the bottomwall of the cup assembly 320 is connected to
a. pol ypropyl ene riser tube 330 which is adjustable in height relative

t heret o by WOt99r1@3sded connection. A first end of the riser t poendssoss:2

. secured to the rear portion of an anode shield 393 which supports anode
334. Afluid inlet line 325 is disposed within the riser tube 330. Both the
riser tube 330 and the fluid inlet line are secured wth the processing
bow assenbly 303 by a fitting 362.15ﬁ29fitting 362 can accommodat e hei ght
adj ustment of both the riser tube and Iine 325. As such, the connection
between the fitting 362-and the riser tube 330 facilitates vertical WO
-43 - adj ustment. .of-the anode_positi.on...The. inlet line 325 is preferably
made from a conductive material, such as titanium and is used to conduct
electrical current to the anode 324, as well as supply fluid to the cup.

89 {86
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Process fluid is provided to the cup through fluid inlet |ine 325 and
proceeds "t herefrom through fluid inlet openings 324. Plating fluid then
fills the oNE®BAT35804 t hrough openi ng 324 as supplied by a plPETVYRPSOPIEd
punp (not shown) or other suitable supply. The upper edge of the cup side
wal | 322 forms a weir which imts - the Level of electroplating solution
within the cup. This level is chosen 31)7?21& only the bottom surface of
wafer Wis contacted by the electroplating solution. Excess solution pours
over this top edge surface into an overfl ow chanber 345. The level of fluid
in thecthanber 345 is preferably maintained within a desired range for
stabi ity of Toperation by nonitoring the fluid | evel with appropriate
~sensors..and- actuators....This can be done using several different outflow
configurations. A preferred configuration is to sense a high |evel 562b
condi tion using an appropriate sensor and th&ggdrain fl uieetlyr ough drain
line as controlled by a control valve. It is also possi® ‘-) s%a

st andpi pe arrangenent (not illustrated), and guch j sed M final
i a br e conpl ex
er 345 is
; M be treated

overfl ow protection device in the preferred pya
e plating or

| evel controls are al so possible. The outfl-oy
pref-erabl.y..returned to a suitable reservoj
wi th additional plating chem cals or otk

588

541 ——

576b *—’/ . ‘-

Fig. 20
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ot her process liquid and used again. In the preferred uses according to
this invention, the anode 334 is a consunmabl e anode used in connection with
the plating WP o%bfer or other netals onto seni conductor mat %éﬁb@s/d&ﬁﬁ
specific anode will vary dependi ng upon the netal being plated and ot her
specifics of the plating |iquid being used. A nunber of different
consumabl e anodes which are connercialiégééailable WD 99/ 17356

PCT/ US98/ 00132 -44 - nmy be used as an -834. Fig. 33 also shows a

di ffusion plate 375 provi ded above the anode 334 for ‘providing a nore even
distribution of the fluid plating bath across the Wafer W Fl uid passages
are provided over all or a portion of the diffusion plate 375 to allow- - - -
fluid conmuni cation therethrough. The height of the diffusion plate is
adj ustabl e using diffuser height adjustnent nechani sns 386.
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The anode shield 393 is secured to the underside of the consunabl e anode

334 using anode shield fasteners 394 to prevent direct inpingenent by the "

pl ati ng solWei9®n7386 t he sol uti on passes into the processing FCANRIB/OGIGE.
The anode shield 393 and anode shield fasteners 394 are preferably nade
froma dielectric material, such as polyvinylidene fluoride or

pol ypropyl ene. The anode shield is aﬁgﬁégageously about 2-5 mllinmeters
thick, nore preferably about 3 mllinmeters thick. The anode shield serves

to electrically isolate and physically protect the back side of the anode.

It al so reduces the consunption of organic plating liquid additives.

Al t hough the exact nmechani sm nmay not be known at thi& Tine, the anode "~

shield is believed to prevent disruption of certain.materials which develop_ ...

over time on the back side of the anode. If the anode is |eft unshi el ded,
the -organi ¢ chem cal plating additives -are consumed at a significantly

greater rate. Wth the shield i ,
qui ckly. _
| 560
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WD 99/ 17356 _ PCT/ US98/ 00132
-45 - WAFER ROTOR ASSEMBLY The wafer rotor assenbly 906 holds a wafer Wfor
rotati on w wWoes/t7ss processi ng chanber 904. The wafer rotor gasS©EISsKw0RR6

i ncludes a rotor assenbly 984 having a plurality of wafer-engaging fingers
979 that hold the wafer against features of the rotor. Fingers 979 are
preferably adapted to conduct currentopgpgeen the wafer and a plating
electrical power supply and nay be constructed in accordance with various
configurations to act as current thieves. The various components used to
spin the rotor assenbly 984 are-disposed-in a fixed housing 970. The fixed
housi'ng i s connected to a horizontatty extending arm 909 that;, in"turn, is

connected.to a vertically extengdifgarmjJloget her,. the arns 908 and 909
all ow the assenbly 906 to beA#{ftgqd and [ptia ~{rom engagenent with the
.bow -assenbly to thereby t tihe fer t fer conveying assenbly
60f or transfer to a sub == S ' :
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Nurer ous nodi fi cati ons may be made to the foregoing system without
departing fromthe basit teachings thereof. Al though the present invention
has been dweca9y13as$ i n substantial detail with reference to ORET/US9SMAOES
specific enbodi nents, those of skill in the art will recognize that changes
~may be nade thereto without departing fromthe scope and spirit of the
invention as set forth in the append2q/20ai ns. -46 - CLAIMS What is
Claimed is: 1. A transport systemfor nmanipulating a wafer within a
processi ng section of a processing apparatus used in mcroelectronic
fabrication, the transport system conprising: first and second wafer
‘transt er " units;y a transport uni't gui de di sposed within the processing
apparat us--for.supporting the.first . and . e

222
225
224

Fig. 25
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second wafer transfer units as each unit noves independently between a
respective first position and a respective second position, the transport
unit gui de eawri7aseng a franme, first and second | ateral gui dedideroRYNt €d
on opposite sides of the frame, and a series of magnetic segnents arranged
upon the transport unit guide proximate the first and second | ateral guide
rails; each of the first and second waPg@yog ansfer units conprising a tram
transl.atably attached to the respective lateral guide rail, a wafer
transfer armassenbly attached to the respective tramfor mani pul ating the
wafer, an el ectromagnet nmounted on the tramin c _ relesion with a
respective set of the magnetic segments for novingz nsfe& unit al ong
t he respective guide rail in response to control gctugdtors .
responsive to control signals for controlling t the transfer
arm assenbly, sensors for nonitoring the positi ansfer unit

al ong the respective guide rail and the positi the transfer
arm assenbly; a controller disposed renote off the second transfer
units, the controller being responsive to sign fromthe sensors
and providing the control signals for
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-47- directing the novenent of the first and second transfer units and the
respective transfer arm assenblies; and a communi cation |ink between the
first and wemsndsssafer transfer units and the control |l er forPGHEPISO0LR; ng
control of the operation of the wafer transfer units. 2. A transport
systemas clained in claim1l wherein_the comrunication |ink between the
waf er transfer units and the-controlQEHZQ;eunoptical comuni cation |ink.

3. A transport systemas clained in claim2 wherein the optical
conmuni cations |link conprises one or nore fiber-optic |ines extending
bet ween the wafer transfer units and the controller. 4. A transport

systemas clained in claim!| and further conprising: a third lateral guide

rail mounted on the frame and di sposed parallel with and -vertically below -
the first lateral guide rail

w
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the tramof the first transport unit being translatably attached to the
third l[ateral guide rail. 5. A transport systemas claimed in claiml
and . further vawogrmsé ng: a fourth lateral guide rail nounted acrbssicomsae
and di sposed parallel with and vertically below the second |ateral guide
rail; the tram ofthe second transport unit being translatably attached to
the third lateral guide rail. . -48 4$ A transport system as cl ai ned
.in claim1 wherein each transport uni? ggt her conprises an angul ar

adj ust mrent mechani sm for adjusting the angul ar orientation of the wafer
“transfer armassenbly with respect to the tram~ 7. A transport system as
clainmed in claim4 wherei n the tramof tThe fiTst transfer unit is attached -
to the first lateral. guide rail .and the third lateral_guide rail wth
respective conpliant nounting assenblies. :
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_____ e
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8. A transport systemas clainmed in claim5 wherein the tramof the
second transfer unit is attached to the second |ateral guide rail and the
fourth | atemdogui3@e rail with respective conpliant nounting sevarsegomsz 9. -
A waf er processing apparatus for use in mcroelectronic fabrication, the
waf er processing apparatus conprising: a wafer conveyor systemincluding a
central support extending along a Iinggégéé?nsfer path, a first wafer
transport unit disposed on a first si he central support and nounted
thereto for transl ational novenent along the linear transfer path, a second
waf er transport unit disposed on a second side of the central support and
nmounted thereto for translational movenent~parallel to the first transport
unit- along the linear -transfer._path,_the second wafer transport unit being
novabl e i ndependent of the first '
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-49- wafer transport unit; a plurality of wafer processing stations

adj acent opposite sides of said wafer conveyor system and said first and
sécond wafwio donasssport units adapted to respectively suppor PCAAUSOHING? dual
wafer and to access at |east one of said wafer processing stations for
transferring a wafer to the at | east one of said wafer processing stations
or fromthe at |east one of said \Aﬁ]@lggocessi ng stations. 10. The waf er
processi ng apparatus of claim9 whe t least one of the plurality of
processing stations is an el ectroplating processing station. 11. The
waf er processing apparatus of claim9 wherein said.first and second wafer
~“transport units are noved along the transfer path using respective |inear
_mgneti.c notors.. 12. The wafer processing apparatus of claim9 wherein
each said at | east one wafer transport unit includes: a tram
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a wafer transfer armconnected to said tramfor about a 2 degree novenent
in.a generally horizontal plane, the wafer transfer arm having a vacuum
support moUMPE¥1IZR564 di stal end thereof for holding a wafer; PATIYSREIBE arm
el evator for adjusting the vertical position of said wafer transfer arm

W t h -50 - respect to said tram 13. The waf er processing apparatus of
claim9 wherein each of said first a:? ond wafer transport units

i ncludes a position sensor for deter ngg t he position of the respective
waf er transport unit relative to said wafer processing nodules. 14. The
waf er processing apparatus of claim9 and further conprising: at |east one
waf er interface nodul e adj acent said wafer conveyor for supporti ng a waf ér-
cassette having a pl urallty of wafers therein;
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said wafer interface configured to present said wafer cassette in an
extraction position to permt at |east one of said first and second wafer
transport uWDt99/17356access the wafers in the wafer cassettes Parus9s/0132
transporting the wafers to at |east one of the plurality of wafer
processing stations. 15. The wafer processing apparatus of claim 14
wherein each said at |east one mf.eré%ace I ncl udes: a wafer cassette
turnstile for, noving a wafer cassett _ en a | oad position and a
transfer position; a wafer cassette el evator .adjacent said wafer cassette
turnstile and configured to transfer wafer .cassettes therebetween and
provi de the wafer cassette in the extraction posSition. 16.”7 The Wwafer
processi ng apparatus of claim 14 wherein said- wafer--processing apparatus .
further -51 - : ‘ '
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conprises a cassette | oading door adjacent said at | east one wafer ]

i nterface nodul e and being configured to pernmit wafer cassettes to S

t her et hr ouylp. 997356 The waf er processi ng apparatus of cl ai m@’é{ﬂﬁgq‘ﬁ%’?her
conprising: a first wafer interface nodule for receiving wafer cassettes
cont ai ni ng unprocessed wafers, the first wafer interface nodul e presenting
t he unprocessed wafers to the wafer : fer assenbly in a generally

hori zontal extraction position; a s waf er interface nodul e for

recei ving processed wafers into a wafer cassette fromthe wafer transfer
assenbly, the second wafer .interface nodul@ accepting the processed wafers
fromthe wafer transfer asserbly in a generally horizontal insertion

position. 18. . The wafer pr.ocessi-ng-apparatus-of--cl-aim 9 wherein the
central support conprises: a frawe; a first>Nget of magnetic segnents in
fixed relationship with respect{to the frane &l ong a first side thereof
al ong the length ofg i ne ; - tic segnents in
fixed relationship with r ect to the frane along a seco si de t hereof
al ong the | eng f th I near path; ' 908
984 _
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The waf Dockétd¢esHO84WON2ar at us of claim 18 wherein eawmugﬁgtv ]J'f}

second waf er -52 - transfer units conprises: a tra

attached to the respective lateral guide rail; an el ectromagnet nDunted on
the tramin cooperative relation with t respectlve magneti c segnents for
moving the wafer transfer unit along the respective guide rail; a plurality
of ;actuators responsive to control signals for controlling the position of
the wafer transfer unit and transfer arm assenbly; a plurality ofthe
sensors for nonitoring the position qELthe transfer unit and the transfer

arm assenbl y.
What is Claimed is:
1. A transport system for manipulating a wafer within a processing section of a processing
apparatus used in microelectronic fabrication, the transport system comprising:
first and second wafer transfer units;
a transport unit guide disposed within the processing apparatus for supporting the first and

second wafer transfer units as each unit moves independently between a respective

 first position and a respective second position, the transport unit guide comprising a
frame, first and second lateral guide rails mounted on opposite sides of the frame, and
a series of magnetic segments arranged upon the transport unit guide proximate the -
first and second lateral guide rails;
each of the first and second wafer transfer units comprising a tram translatably attachéd to the
respective lateral guide rail, a wafer transfer arm assembly attached to the respective

tram for manipulating the wafer, an electromagnet mounted on the tram in

cooperative rela';_i_on with a respective set of the magnetic segments for moving the
transfer unit along the respective guide rail in response to control signals, actuators
responsive to control signals for dontrolling the movement of the transfer arm
assembly, sensors for monitoring the position of the transfer unit along the respective
guide rail and the positional state of the transfer arm assen.lbly;

a controller disposed remote of the first and second transfer units, the contfoller being

responsive to signals received from the sensors and providing the control signals for

-
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20.. The wafer processing apparatus of claim9 and further conprising

air: supply internmedi ate opposing ones of said waf g g&e r@ /h‘@j@ i a’é

suppl yi ripocket Noo 11284W0O021i conduct or wafer processi aratu QE

waf er processing apparatus of claim9 wherein said c:pcqnvey 5193

i ncl udes at | east one exhaust duct adjacent thereto for removing air.

The wafer processing apparatus of claimgpeference claim9 wherein sai d

waf er processing stations are in the formof interchangeabl e nodul es. 23.

A net hod of handling wafers within a wafer processing apparatus having a

plurality of wafer processi ng rmdul es and a wafer conveyor adj acent

thereto, conprising th e ce|V|n er

cassette having a %ﬁf %P eqfsthflﬁé {rgﬁa d\rﬁ'& rﬁ?eguve

first wafer transport unit alon the waf er conveyor to transport a first
transfer arm assemblies;

a communication link between the first and second wafer transfer units and the controller for

facilitating control of the operation of the wafer transfer units.

2. A transport system as claimed in claim 1 wherein the communication link between the wafer

transfer units and the controller is an optical communication link.

3. A transport system as claimed in claim 2 wherein the optical communications link comprises

one or more fiber-optic lines extending between the wafer transfer units and the controller.

4, A transport system as claimed in claim 1 and further comprising:

a third lateral guide rail mounted on the frame and disposed parallel with and vertically below

the first lateral guide rail;
B the tram of the first transport unit being translatably attached to the third lateral guide rail.

5. A transport system as claimed in claim 1 and further comprising;
a fourth lateral guide rail mounted on the frame and disposed parallel with and vertically
below the second lateral guide rail;

the tram of the second transport unit being translatably attached to the third lateral guide rail.
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i ndi vi dual wafer between one of the at |east one wafer: -cas&gt%?%dla}i
fi'rst one of the wafer processing nodul es; c. fiovi ng a second fer

t r anspoDiocketiNo:a108¢WIO02 waf er conveyor to transportia-second iwdi ¢D8EhI

waf er between one of the at |east one wafer cassettes™and a setdnd one of

t he waf er processing nodul es; wherein said noving of the first wafer
transport unit and said noving of the sggend. wafer transport unit overlap
in tinme. 24. The nethod of claim 23 and further conprising a step after
step a of translating the at |east one wafer cassette froma vertical
ori'entation to a horizontal orientation so as to present wafers contained
therein _in a generally horizqgntal, .orjentation. : :al.M.23
and fur®her ébHARIPOT, S{%a%@@[}?d& claim iﬂ%&lﬂgéirﬁ%ﬁér@g%%?éﬁﬁh@sr&
unprocessed wafers in a first interface nodule;, and stori ?31 waf er cagsettes
havi ng pr oce ssgdanedjusiment mechanism feradjusting the asgulegrprieptatiog o eA"#F%H%‘B&'t‘““
system for mani pulating a wafer within a processing section of a processing
appar at us us @gseniblywith eespectito thie trarh.abr i cati on, the transport system

conpri si ng:
7. A transpéxt system as claimed in claim 4 wherein the tram of the first transfer unit is attached
to the first lateral guide ratl and the third lateral guide rail with respective compliant mounting

assemblies.

8. A transport system as claimed in claim 5 wherein the tram of the second transfer unit is
attached to the second lateral guide rail and the fourth lateral guide rail with respective

compliant mounting assemblies.

9. A wafer processing apparatus for use in microelectronic fabrication, the wafer processing

apparatus comprising:

a wafer conveyor system including
a central support extending along a linear transfer path,

a first wafer transport unit disposed on a first side of the 'cenffél support and mounted thereto
for translational movement along the linear transfer path,

a second wafer transport unit disposed on a second side of the central support and mounted
thereto for translational movement parallel to the first transport unit along the linear

transfer path, the second wafer transport unit being movable independent of the first

) Ii m



a wafer-‘transfer unit; a transport unit guide disp wgn Q%z L‘g 1 é
processi ng apparatus for supporting the wafer S AL LT It as™i.
moves b@ocketrNe: FI984WQERi ti on and a second position, |PEA76&ark oy U ranicts
gui de conprising a frame, a lateral guide rail nmounted on the franme and a
series of magnetic segnents arranged upon the transport unit guide
proximate the lateral guide rail; the waper transfer unit conprising a tram
transl atably attached to the lateral guide rail, a wafer transfer arm
assenbly for manipulating the wafer, an el ectromagnet nounted on the tram

I n cooperative relation with the nmagnetic segnents for noving the transfer
unit along the guide rail: and, an angul ar adjustnment nechani sm for

adj usting the angUVaer GISEOREYAt L of the wafer transfer

a plurality of wafer processing stations adjacent opposite sides of said wafer conveyor system;

and

said first and second wafer transport units adapted to respectively support an individual wafer
and to access at least one of said wafer prc;ceSSing stations for transferring a wafer to

the at least one of said wafer processing stations or from the at least one of said wafer

processing stations.

10.  The wafer proéessing-apparatus of claim 9 wherein at least one of the plurality of processing

stations is an electroplating processing station.

11. The wafer processing apparatus of claim 9 wherein said first and second wafer transport units
are moved along the transfer path using réspective linear magnetic motors.
%Y 12 The wafer processing apparatus of clé.im 9 wherein each said at least one Wafer transport unit-

includes:

a tram,;

a wafer transfer arm connected to said tram for about a 2 degree movement in a generally
horizontal plane, the wafer transfer arm having a vacuum support mounted at a distal
end thereof for holding a wafer;

a transfer arm elevator for adjusting the vertical position of said wafer transfer arm with
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arm assenbly in an approxi mately horizontal plane wi%\&lesgecé’n#) th t132
27.- A transport systemas clainmed in claim26 and he¥ c (si’ :

pl ur al iphockef Nocl 1984WO02 esponsi ve to control signal's fM%r'bl? U{g[\{t %39
position of the transfer unit and transfer arm assenbl¥; plurality of
sensors for nonitoring the position of the transfer unit and the transfer
arm assenbly. 28. A transport systenjs'bs_ claimed in claim27 and further
conprising: a controller disposed renote of the transfer unit, the

controll er being responsive to signals received fromthe sensors and
providing the control signals to the actuators for directing the novenent
of the transfer unit and transfer arm assenbly; and - 55 - a

conmuni cati on | i /RSREEt tResaid 3 wafer transfer unit and the controller for
facilitating

' 13.  The wafer processing apparatus of claim 9 wherein each of said first and second wafer

transport units includes a position sensor for determining the position of the respective wafer

transport unit relative to said wafer processing modules.

14.  The wafer processing apparatus of claim 9 and further comprising:

at least one wafer interface module adjacent said wafer conveyor for supporting a wafer

cassette having a plurality of wafers therein;

said wafer -interf;ce configured to present said wafer cassette in an extraction position to
permit at least one of said first and second wafer transport units to access the wafers
in the wafer cassettes for transporting the wafers 1o at least one of the plurality of

wafer processing stations.

15.  The wafer processing apparatus of claim 14 wherein each said at least one wafer interface
\,- includes:
a wafer cassette turnstile for moving a wafer cassette between a load position and a transfer
position;
a wafer cassette elevator adjacent said wafer cassette turnstile and configured to transfer

wafer cassettes therebetween and provide the wafer cassette in the extraction position.

16.  The wafer processing apparatus of claim 14 wherein said wafer processing apparatus further

g



control--of the operation of the wafer transfer unit.?@ﬂ:“ !'E‘}\ tqﬁls(pgrﬂ 1 32
systemas clained in claim28 wherein the comunication_link beLween thg
waf er t Daolkdt®No: UN1P84WOD2t he controller is an opti cal W at ilommm :

30. A transport systemas clainmed in claim29 wherein the optical
comruni cations |link conprises one or nore fiber-optic |ines extending
between the wafer transfer unit and theggontroller. 31. A transport

systemas clained in claim26 and further conprising: a further |ateral

guide rail nmounted on the frame and di sposed parallel with and vertically

bel ow the lateral guide rail; the trambeing translatably attached to the

further lateral guide rail. ., -56 - 32. . transport .s emas .clajped in

clai m 31 whefP %q@wmwwﬁ@%t%%ﬁﬂdp@%w ulf and pring

further lateral guide rail with respective conpliant nounting assenbli es.
configured to permit wafer cassettes to pass therethrough.

17.  The wafer processing apparatus of claim 9 and further comprising:
a first wafer interface module for receiving wafer cassettes containing unprocessed wafers,
the first wafer interface module presenting the unprocessed wafers to the wafer

transfer assembly in a generally horizontal extraction position;

a second wafer interface module for receiving processed wafers into a wafer cassette from the
wafer transfer assembly, the second wafer interface module accepting the processed

wafers from the wafer transfer assembly in a generally horizontal insertion position.

18.  The wafer processing apparatus of claim 9 wherein the central support comprises:
a frame;

a first set of magnetic segments in fixed relationship with respect to the frame along a first

side thereof along the length of the linear path;

a second set of magnetic segments in fixed relationship with respect to the frame along a
second side thereof along the length of the linear péiﬁ; "

first and second lateral guide rails mounted on opposite sides of the frame and supporting the

first and second wafer transfer units respectively.

19.  The wafer processing apparatus of claim 18 wherein each of the first and second wafer
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transfer units comprises:

a tram translatably attached to the respective lateral guide rail;

an electromagnet mounted on the tram in cooperative relation with the respective magnetic
segments for moving the wafer transfer unit along the respective guide rail,

a plurality of actuators responsive to control signals for controlling the position of the wafer
transfer unit and transfer arm asseinbly;

a plurality of the sensors for monitoring the position of the transfer unit and the transfer arm

assembly.
20.  The wafer processing apparatus of claim 9 and further comprising an air supply intermediate
opposing ones of said wafer processing modules for supplying air to said semiconductor

wafer processing apparatus.

21.  The wafer processing apparatus of claim 9 wherein said wafer conveyor system includes at

least one exhaust duct adjacent thereto for removing air.
22.  The wafer processing apparatus of claim reference claim 9 wherein said wafer processing

stations are in the form of interchangeable modules.

23. A method of handling wafers within a wafer processing apparatus having a plurality of wafer
processing modules and a wafer conveyor adjacent thereto, comprising the steps of:

a. receiving at least one wafer cassette having a plurality of wafers therein;

A
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b. moving a first wafer transport unit ~a.long the wafer conveyor to transport a first
individual wafer between one of the at least one wafer cassettes and a first one of the
wafer processiﬁg modules;

c. moving a second wafer transport unit along the wafer conveyor to transport a second
individual wafer between one of the at least one wafer cassettes and a second one of
the wafer processing modules;

wherein said moving of the first wafer transport unit and said moving of the second wafer

transport unit overlap in time.

24.  The method of claim 23 and further comprising a step after step a of translating the at least
one wafer cassette from a vertical orientation to a horizontal orientation so as to present

wafers contained therein in a generally horizontal orientation.

25.  The method of claim 23 and further comprising the steps of:

storing wafer cassettes having unprocessed wafers in a first interface module; and

storing wafer cassettes having processed wafers in a second interface module.

26. A transport system for manipulating a wafer within a processing section of a processing
apparatus used in microelectronic fabrication, the transport system comprising:
a wafer transfer unit;

a transport unit guide disposed within the processing apparatus for supporting the wafer

_
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transfer unit as it moves between a first position and a-, second position, the transport
unit guide comprising a frame, #lateral-guiderailmomted on the frame and a series
_of magnetic segments arranged upon the transport unit guide proximate the lateral
guide rail;
the wafer transfer unit comprising a tram translatably attached to th-e lateral guide rail, a wafer
transfer arm assembly for manipulating the wafer, an electromagnet mounted on the
tram in cooperative relation with the magnetic segments for moving the transfer unit

along the guide rail; and

an angular adjustment mechanism for adjusting the angular orientation pf the wafer transfer

arm assembly in an approximately horizontal plane with respect to the tram.

27. A transport systeth as claimed in claim 26 and further comprising:
a plurality of actuators responsive to control signals for controlling the position of the transfer

unit and transfer arm assembly;

a plurality of sensors for monitoring the position of the transfer unit and the transfer arm

assembly.

28. A transport system as claimed in claim 27 and further comprising:
a controller disposed remote of the transfer unit, the controller being responsive to signals
received from the sensors and providing the control signals to the actuators for

directing the movement of the transfer unit and transfer arm assembly; and
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a communication link between the wafer transfer unit and the controller for facilitating

control of the operation of the wafer transfer unit.

29. A transport system as claimed in claim 28 wherein the communication link between the wafer

transfer unit and the controller is an optical communication link.

30. A transport system as claimed in claim 29 wherein the optical communications link comprises

one or more fiber-optic lines extending between the wafer transfer unit and the controller.

31. A transport system as claimed in claim 26 and further comprising:
a further lateral guide rail mounted on the frame and disposed parallel with and vertically
below the lateral guide rail;

the tram being translatably attached to the further lateral guide rail.
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32. A transport system as claimed in claim 31 wherein the tram is attached to the lateral guide rail

and the further lateral guide rail with respective compliant mounting assemblies.

.



