'O APR20 ¢ | MPROVED SEM CONDUCTOR MANUFACTURI NG SYSTEM Background of the

Invention (1) Field of the Invention The present invention relates ic@u APR 2004
general to automated nmanufacturing of integrated circuit sem conductor i
devices and nore particularly to an automated system where each wafer is
handl ed as a single unit, as contrasted to the nore conventional batch

processing. (2) f. 1he Prlor Art I n the manufacture of
seni conduct or dmwgﬁ PR NANIFAGTURING SNSTEMr waf er,
nost typically fornmed of m)nocrystal line silicon, is subjected to a |large

nunber of processes steps. These process steps |nclude oxi dation of the

surface tBathgmﬁndlmhed[@@[ﬂﬁ, I nsul ating | ayers;, deposition of
polycrystalline silicon and/or netallic |ayers, diffusion and/or ion

i npl ant ati on of dopants into selected areas, |ithography/ masking/etching
operations, etching of the various |layers nentioned above, heat treating
and ot her(13 oftdic Jventieh! known to those skilled in the art. A

mul titude of extrenely snmall and conplex electrical <circuits are thus
formed on the sem conductor wafer through these process steps. As the
technol ogy has progressed, the wafers have been made |arger and the

feature size ofhe peesentimversiod relites ¢ penetdbto Qo matePhihufaciifhd G
integrated circuit semiconductor devices and more particularly to an
automated system where each wafer is handled as a single unit, as contrasted

) to the more conventional batch processing.

(2) Description of the Prior Art

In the_ manufacture of semiconductor devices, a circular
monocrystalline semiconductor wafer, most typically formed of
monocrystalline silicon, is subjected to a large number of processes steps.
These process steps include oxidation of the surface to form silicon dioxjde

| insulating layers, deposition of polycrystalline silicon and/or metallic layers,

)} diffusion and/or ion implantation of dopants into selected areas,
lithography/masking/etching operations, etching of the various Iayefs
mentioned above, heat treating and other steps that are well known to those
skilled in the art. A multitude of extremely small and complex electrical
circuits are thus formed on the semiconductor wafer through these process
steps. As the technology has progressed, the wafers have been made larger
and the feature size of the eleménts of the circuitry on the wafer’s surface



I” .3, 0 “/APR 2004 have been greatly decreased. This progress has also lead to
increasingly faster circuits. As the size of the circuitry has decg 8atRiizn
ai rborne contanm nati on becones responsible for a serious yield problem
Since the integrated circuitry formed upon the silicon wafer is extrenely
small with feature size on the order of mcroneters or submcroneters, it
only takes a very small sized particle to either short circuit or cause an
open in ti‘@%&%ﬁ&r@aﬂx ecrgased| d81s pragrasahasaisodead taindreasingly fastesi ng
chem cals fromreaching every portion of the circuitry on the wafer during
critical ﬁP@ngsing steps. Some contanination particles can cause

I nconpl ete etching in spaces between lines, thus |leading to an unwanted

el ectrical bridge. In addition to such physical defects, other

contam nation particl.es cause egectrical failure due to, induced

i oni zati on or g€ et fke pycpry; has dgcegased, aicbomgtantamiaation n sour ces
of partic§late contamlﬁig n are.nantﬂiéuring | i,ne workers, equipnent,
and cheni O§FCMESILERPRNH! ﬁﬁr@e“rﬁr&ﬁusw reles. iSinegthe mtegrated transnitted
t hrough the environnment, and through physical contact_or, nigration onto
t he mafercgﬁl‘la@é@%‘mqugﬁpﬁth%ﬁ]&@dw 1sfexdrenecly smadb withofeatencasipean are a
significaa#:sgﬁ%c%,of 8artic|eia§pat are easily ionized and cause defects.
It has bellf PHIPLIERRIOHCIERS () Sbmawromelens; 8| Gy pakesna ware small sizedt t ed
into and adj,agent cubj c foot .of space by a ful sui ted, operator.
pai’ucﬁe 1o e?ther short circuit or chuse an)c/)pen in tlgg formed circﬁitiy. Also

such a particle can block processing chemicals from reaching every portion of

>

M

the circuitry on the wafer during critical processing steps. Some
contamination particles can cause incomplete etching in spaces between lines,
thus leading to an unwanted electrical bridge. In addition to such physical
defects, other contamination particles may cause electrical failure due to

induced ionization or trapping centers in gate dielectric layers.

The main sources of particulate contamination are manufacturing line
workers, equipment, and chemicals. Particules given off by workers in the

area are transmitted through the environment, and through physical contact or

S

migration onto the wafer surfaces. People, by shedding of skin flakes, for
example, are a significant source of particles that are easily ionized and cause
defects. It has been found that as many as 6000 particles per minute are

emitted into and adjacent a cubic foot of space by a fully suited operator.

An early effort to overcome the contamination problem was to process

semiconductor devices in clean rooms with HEPA of ULPA recirculating air

2




An.earty effort to overcone the contami nation probl emwas to process,
'sb\emeconéuctor devices in clean rooms with HEPA of ULPA reci rcul ati ngsglﬂﬂ:’@%ﬂ%
A 0 APR 2004 systens with suited operators. This procedure is quite
expensive and not always effective, particularly in the present era of

subm croneter feature size. Although clean roomgarnents reduce particle

nconven: Sratcs ¥itf Suirel qnka®R o Thil Progedites riicccrransive Eil_niiﬁlp;suit ted at
waters AV vReoH s, ePfuitryapiBe hresent ra d souar Tusice dhatice Szatevi ces
t , f . .T fers are carrie
Pﬁvgalsggtg{%g@%gggrﬁqgﬁ&@i% 13”?%&1%?:@%?1 l L"erg’t%ﬁéﬁz?g% :tt .ggﬁﬂ@em ?; et Ln;{ly
i , 0 e S
ot er OB R onst D0 N e BB T ot

waf efs. yel.e - for,_ga waf ers.then becones ] ong.  Thi,s adds
any, et esferald ST Ky SPied 8 Do S B Sk dbrk B, "o,
the response tine to neet varying custoner requirenents is long. In
addition, the friction between the wafer and the cassette can create

becurs in the MG s AEanARHET R hrdhehdne Shicationiyem fame
L.Qn: s t ' opens the _entire
bat on of -etatett sAicndIBIR dedifed TP Ritd fscd a S sV 8 1o Binare

2 wafers. The wafers are carried in cassettes from processing machine to

processing machine. There are many wafers in each cassette. The

| disadvantage of the cassette system is that the wafers are batch processed,
since the cassette is designed to hold many wafers. The cycle time for each
wafers then becomes long. This adds to the cost, since a greater inventofy is
tied up for a longer time. Also, the response time to meet varying customer
requirements is. long. In addition, the friction between the wafer and the
cassette can create particles when the wafers are loaded and unloaded. This
contamination occurs in the clean environment and remains there. Still
further, the batch transportation of wafers in a cassette or carrier opens the
entire batch of wafers to damage from shock loads.

There is a pressing need for a fully antomated semiconductor
manufacturing system where singlé wafers are moved between processing
stations without exposure to particle laddened air. US Pat. No. 4,540,326
discloses a system for transporting wafers between processing stations where

- a clean environment is maintained. However, the wafers are loaded and

3




There i's a pressing need for a fully automated sem conductor nmanufacturing
system where single wafers are noved between processing stations wigBoARR 25
exposure to particle | addened air. US Pat. No. 4,540,326 discloses a

system for transporting wafers between processing stations where a clean
environment i s maintai ned. However, the wafers are | oaded and 3 APR '4

unl oaded | N0 A cassette nounted on a cart._ This system however, is a
bat ch opgﬁéﬁngﬂ ]\ﬂfq R Gafee m%@& enseeadi Thiswsystemebowegerds a batch

3, 845, 286 cribe er, processj.ng. system wherein single wafers are
transport 8Hgfﬁlowwﬁ%@§vgjp&@§n§§§scil&ad‘camagas; R/ Pat. de pd B4 5n28Gani sm

Wi | e the {broad conﬁegt of individual wafer processing is disclosed, the
probl ems gﬁ%ﬂ?qﬁ H§VAlEH RIQGRSSNE Birstetnevheren amale seafersuserranspottedt399, 531

di scl oses ufacturing systemfor processing individual SC

waf er s m}f@ﬁg}lﬁi}%ﬁ%gina%ﬁgggmw f tEmspesemeghanisss iWhiletthe ibsosd a t unnel
between 1 FONE AT Vgl waldr aoessciie i difelosedh (reprahioms qanseraings s f rom
kil i A L i e
Mvent s ont PLApRErid SemIBEprS oot Bidividval S walbsovhish incbudesn  he

top Of DrPRESHTOE SRABEH HocesBihe ABHs, SPturkief ¢Sk b ORMALE H e O°

processing stations, a means to move wafers between the stations, and a

. "H‘
J . ]
interface mechanism that moves the wafers from the tunnel to the station.

It should be pointed out that current wafer transport systems occupy
large areas of clean room which increases wafer manufacturing cost
significantly. One of the key features of this invention is to build the wafer
transport and wafer storage area on the top of processing apparatus . By

doing so, the clean room area will be used much more effectively.

Summary of the Invention

It is an object of the present invention to provide an improved IC

semiconductor manufacturing system that has an improved arrangement of the

elements thereof.



Summary‘of the Invention It is an object of the present invention t(@%
provide an inproved I C sem conductor manufacturing systemthat has APR 2
i nproved arrangenent of the elenents thereof. 4 QAPR Anot her object to the
present invention is to provide an inproved manufacturing system where

" there is better access to the process stations for servicing. Another

obj ect of the tnvention is to.provide an inproved, manufacturing
syst em wher e c%@%&’hi‘%&g éﬁ%\PWS@HE “EY‘?INOPQ@ tedevide ae empyeysd by

| ocati ng : r stem on. the top of the processing

equi prent . e@ém%%e‘%ﬁ%? e 1%)*’%&%@“1%%@9 SRIPEECSS SIS fr an
i nproved cBERR turing systemthat provides a better arrangenent of the
waf er delivery “System In accordance with -the above objects, there is

provi ded an inproved manufacturing systemfor individually processing
sem conductor wafers which includes, a plurality of processing stations,

each havi ng an ﬂﬁﬂﬁh | abl e of Intaining a. controlled
cl ean envi ronment wefﬁﬁﬁftbgﬁ? bg&f‘%%{)quﬁ Oﬁsy}dﬁg%l@aﬁ@\é@ ed within
the enclo : n [ tunnel adapted.to.,maintain a
control | eg cl ean en% ss}é?\én@%ﬁé@t(ﬂgﬁn trW'tnhSHaﬁ’@ WiifBe U%hZEd more

effectively by locating the wafer transport system on the top of the processing

equipment.

Yet another object of the present invention is to provide an improved
manufacturing system that provides a better arrangement of the wafer delivery

system,

In accordance with thf; above objects, there is provided an improved
manufacturing system for individually processing semiconductor wafers
which includes, a plurality of processing stations, each having an enclosure
that is capable of maintaining a controlled clean environment with at least one
processing apparatus contained within the enclosure, and a sealed transport
tunnel adapted to maintain a controlled clean environment within, with the
tunnel located directly above the plurality of processing stations.
Interconnection chambers that are adapted to maintain a cleaﬁ environment
W1thm are joined to the tunnel and to the respective enclosures. Interface
mechanisms to move wafers are provided in each chamber to move wafers

between the tunnel and the processing apparatus in the enclosures.



tunnél located directly above the plurality of processing stations.

| nt erconnection chanbers that are adapted to nmintain a clean environnment
within are joined to the tunnel and to the respective enclosures. Interface
mechani snms to nove wafers are provided in each chanber to nove wafers

bet ween the tunnel and the processing apparatus in the enclosures. 5 Brief
Descri pti @rj % ' [ ‘;{ an el evational, schematic view of the
manuf act uri nlgfglé}?g tg‘?hg?ﬁlégllgl\./aen 4§n that illustrates the elenents of the
system and their positional relationship. Fig. 2 is an elevational view of
a preferred enbodi nent. of the wafer carrier of the invention. Description

of the PreferrgdoErhodh idrel ' g f .the draw ng,
there is illust r%t ed a |da;nranrfg“{qﬂg e%ﬁe%ﬁgm%@gpﬁc gép’é{%l‘)& of
the manuf glsé¢ Wiveidicytiat Mhedr | ?ﬂgﬂ { 0..L.s . shown.that is
adapted to process sem concﬁ%?glréev\% erﬁ?géﬂ%gﬁ%ﬁ @ﬁ@%ﬁaﬁ%’%t egrat ed
circuit seeﬁaci@nghﬁ)t_or devices. As shown in Fig. 3, a building having a

| ower floor 12 and a ceiling 14 contains a plurality of sem conductor

processing stations 16. Only a single station is indicated in Fig. 1 on the
drawing, but it is understood that nany nore can be provided, as indicated

in Fig. 3. . TRegrioan eRivalioRaP R o3l HefaPsd bintlidihahe S8 wafer

carrier of the invention.

Description of the Preferred Embodiments

Referring now to the Fig’s of the drawing, there is illustrated a
diagrammatic elevational view of the elements of the manufacturing system of
the invention. The system 10 is shown that is adapted to procéss
semiconductor wafers individually to produce integrated circuit
semiconductor devices. As shown in Fig. 3, a building having a lower floor

12 and a ceiling 14 contains a plurality of semiconductor processing stations

_ 16. Only a single station is indicated in Fig. 1 on the drawing, but it is understood that .
y many more can be provided, as indicated in Fig. 3. : |

- The number of processing stations is dictated by
the number of operations that are necessary to fabricate the devices. Each of
the processing stations include an enclosure 20, that is capable of maintaining
a controlled clean envi:ronment ‘suitablre for processing semiconductor devices.
Each enclosure hpuses at least one procéssing apparatus 24, that is capable of

performing a processing step on a wafer.



t he nunber of operations that are necessary to fabricate the devices. Each
of the processing stations include an enclosure 20, that is capabl eSQfAPR 004
mai ntaining a controlled clean environnment suitable for processing

sem conduct or devices. Each enclosure houses at |east one processing

"~ apparatus 24, that iis capable of performng a processing step on a wafer.
6 3 0 APR 2 mﬂ,&aﬁeﬂﬂ}ﬁ’ﬁtg& in Filg. 3, -a sealed transport tunnel 28 is

| ocated in bui | dP¢Rjed transpppidunsel B§ is hecat@din buijding |, supported by thed
directly over enclosure 20 of processing station 16. Tunnel 28 is al so
capabl e ofCcitignt ai-ni posibiened |diractly @ver enclosura 26nof pradessing station
Interconniétjron cgfgbegg can alternatively occupy the entire area of the
cei l'ing ov®r 1uRBELLS dvalsormanableof maintaimingra conteclléd oleancebaromfichts
joined to t. nneirg28 and t.o encl osure-20, respectively. The chanber is also
capabl e oWVIHERntHPFHORgCELlieRenn caib altarnatively ocowy tioentireien @0, is a
provided guitahle, interface nechanisns (34 ), each conprised of buffers
and a r obBI® CHUNEQVET (86 PFOfasstSgpRaraits, dntercomestionnchamber 3@daar usms can
v%-, duy Sui ui ut charismthat can npve wafers between tunnel 28 and the
processi nlj’"é?fgéq ﬁm‘ﬁ% 31;3 tq pnelesuem @y easpectively. Thelehtamivertiscdso be
controll ed with conput er prfgram .The apparatus will also include a

buf fer to“3H4 %0&@?@5&8@%8q@n@mmmgentmthuns\vzﬂmhhamhmé(arisda after
they ar e DEpvisledsuiitable interface aseschangsmp 349 vsch ¥¥imbiBed of HutRpsPor t

and a robot that are controlled by a compute
The mreriace Mecndmisies can ve ary switauie mechanism that can move wafers

between tunnel 28 and the processing apparatus 24. A typical apparatus is a
robot that can be controlled with a computer program. The apparatus will also
include a buffer to store wafers at the processing stations, both before and
after they are processed by the procéssing apparatus. Within the transpoﬁ
tunnel 28 there is provided a suitable means to move wafers to be processed
from one process station to another. This means to move wafers will interact
with the interface mechanisms 34, The systeml,gwill also include a mechanism
to maintain a super clean environment within the transport tunnel 28, the
enclosure 20, and the interconnection chamber 30. These mechanisms are
well known in the art and consisting of air pumps that re-circulate air through
suitable air filters. All of the Opeggﬁom described above are preferably
controlled by a master_compute% The computer can be programmed to track
each wafer being processed, operate the means to move the wafers between
processing stations 16 in the transport tunnel 28,Aoperate the interface

mechanisms 34 contained in the interconnection chambers 30, including the



tunnel 28 there is provided a suitable neans to nove wafers to be processed
“fromone process station to another. This neans to nove wafers wll
interact to with the interface nechani sns 34. The systenfwi |l al so include
" a mechanism to nmaintain a super clean environment within. the transport
tunnel 28, the enclosure 20, and the interconnection chanber 30. These

mechani sribufflere, anddlscoomtiol thel dferafibn IhrELBSNifE PPali@hy UTPS t hat

re-circulate air through suitable air filters. € oper ations
descri bedersflongearX® preferably 36 controlled by a naster conputer The
conput er can be programmed to track each wafer being processed, operate
the means to nove the wafers between processing stations 16 in the
transport tunnel 28, operate the interface nechani sns 34 contained in the

i nter connect i oA vergsbgnificant foaneteust the dyReerd dfithé Shventiidisdhedoegihs 0l the

1
operation of processing apparatus 24 in" enclosures 20. A very signrficant

feature off thedransposttuninel dérectlyenverahe P‘Foééysiﬂ statios. This éﬂi‘ﬁngefrﬁ@ﬁtpor t

tunnel directly over the processing stations. This arrangenent eaves the

fl oor spdeavesithehlodnspace dwhe laweeflpot tapelirbesmimBéede Toeessi ng
stations can nore easily be serviced with transport tunnel and the
connect i rrochssingstations cin trivze wayily be serviced with transport tunnel and the

connecting chambers out of the way.

A preferred interface mechanism 34, as shown in Fig.1, has a wafer
storage section located above the enclosure 20 enclosing processing
apparatus 24. One buﬁ'er area 18 has movable holders for suﬁporting a
plurality of input wafers 19 to be processed, that can be accessed from inside
of chamber 30. A second buffer area 22 also has wafer holders for supporting
a plurality of output wafers 19 thét have been processed in processing
apparatus 24. Buffer areas 18 and 22 serve as buffers for holding wafers
arriving to be processed, and wafers that have been processed at apparatus
24, and are awaiting transport to the next processing station. A suitable robot
40, shown schematically, is located in tunnel 28 and is provided to move
wafers between the buffers and the processing épparatus 24. More than one
robot can be provided at each station. For example, one robot can be used to
transport the inputted wafers, and a second robot for transporting the output |
wafers. The wafers 19 are moved verﬁcally through interconnection chamber
30 into and out of the buffers 18 and 22, to processing apparatus 24 in
chamber 20. The robot 40 is adapted to transport wafers to and from wafer

8



A preferred interface nechanism 34, as shown in Fig. 1, has a wafer
storage section | ocated above the enclosure 20 encl osing processing
apparatus 24, One buffer area 18 has novabl e hol ders for supporting a
plurality of input wafers 19 to be processed, that can be accessed from
~inside of chanber 30.. A second buffer area 22 al so has wafer holders for

sopeer | el O AR S Syl e B BESARRTG SR,
hol i ng_ vRafes bt gt e PARTRSIETs RESIUBHLBLT3, BENGoSEN
orocess! ekl i 39 WAPRIC 688wl o MIUCEOET A TGN b e,
Droces i opdavAl i Rms bt 10 BRGes E%6 MU DR KLU ERED
wafers, agﬁd)o%sﬁﬁ?%rﬁﬁéﬂ.t The &%Bétaﬂsl.%@té }J@ﬁ I%Hia%te trhe"@%&'rﬁ‘mlﬁa waf ers

19 are noved vertically through I nterconnec out of

401 5 adantod Lo T ahe: b ARTRS AR S Priike EARRAEDY Ethel Ul or o

40 is adapted to transport warers to esupported

o ka2 Ao ks 4. T Ak a0pY i e UGl

processing stations and is |ocat waf er

carrier 4&@&ﬁ22$@ﬂﬂmﬂ@n@eﬂﬁﬁ %SPQ“QQSEapﬁ%ﬁ§5ﬁ325Fﬁg@ﬁﬁgﬁﬁge%%ﬁéiOn’ not

shown, and transport it to th ocessi ng st to ormthe

first = prsiation] Agnepkaibino préviddRR ctRickifietii Menfity whit'sedERYIE e waf er
friom the

wafer 19 delivered to the station, and also when it is removed. The operation
of the entire processing system is controlled by a system computer which
directs the operation of the wafer carrier 42, the robot 40, the mechanism for

checking the wafer identity, and the processing apparatus 24.

In Fig. 2 there is depicted a preferred embodiment of the wafer carrier
42. As shown, the wafer is provided with a shoulder 46 that provides a

support for wafer 19 along its peripheral surface. The carrier 4 2is preferably
supported on a magnetic track 44 using magnets 48 positioned 611 the bottom
surface. The track 44, located in tunnel 28, has intersecting tracks which
enable the carrier to reach any processing station in the system. Ahy suitable
mechanism can be used to propel the carrier along track 44 in response to a

command from the system computer.

The manufacturing system Of the invention, having the aforedescribed
arrangement with the transport system and wafer buffers located above the

9



carriér 42 and place it in either the input buffer 18 or take it directly
to the processing apparatus 24. The robot 40 may renove a wafer 19 from
output buffer 22, or the processing apparatus for transport to another
processing :station. A nmechanismis provided for checking the identity and
status of the wafer 19 delivered to the station, and also when it is

Lig‘? o o Rt a%%@ﬁﬁéﬁéﬁ%?&'@f@ﬁeﬁﬁ%ﬁﬁﬁﬁhﬁéfﬁerﬁ%ﬂé,d the”
40, o . . ity

Lfogtﬁssi na Ig?)gar atus %é@#cﬁf%ﬁéb%%{gspmgwgghﬁ%ng_gquterﬂg’éimo?idrrent

36 that o dacnRlanar i ind RRKEE il RIS BRI T oce. “The

carrier 4madniifadtiShe’ ¥ &qu i i.ng. _nmagnet s
48 posi ti onegﬁaon th 3 g?%{'olr?élggérl che. e%?gsf?gglﬁet é?%téﬁlggg?é@cﬁb?m 28,

has i nt er gfgie infproved@iaccakd.ch enable the carrier to reach any processing
station in the system Any suitable rmechanismcan be used to propel the

carrier along track 44 in response to a conmand fromthe system conputer.
The manufacturing system O the invention, having the aforedescribed

arr angenent _wi Whildithe inefifioh has itk paitulEl shdWh bRtitdsRFBAdyftove Lhe 9

processi ng apparatus, results in nuch 1 nprovéd access for he pr ocessi ng

appar at usreferenceito teprefened eehtsddintend thereof i %ﬂrlgéﬂﬁ&&%fﬁocfﬂg%ﬁe mor e

efficient apparatus arrangenent and nekes npbre efficient use of existing
skilled in the art that changes in form and detail may be made therein without

. :
departing from the spirit and scope of the invention.

e

10



manuf act uri ng space. The maintenance cost of the systemis reduced because

of the inproved access. Wile the invention has been particularly shown and

described with reference to a preferred enbodi nent thereof, it will be

~understood by those skilled in the art that changes in formand detail may
be made therein without departing fromthe spirit and scope of the

I nvention. 10 CLAIMS 1. A manufacturing system for handling and

i ndi vi duaICLX P@r ocessing sem conductor wafers through a plurality of

processi ng P&t i ons that perform operations on sem conductor wafers to

produce bpehananufachring systemdfor hantlingrndandisxdtdoallylevbeasimonpr i si ng: a

plurality of processing stations, each having an enclosure that is capable

of mai nt ai rﬂeﬁgcandmtpr wafers through apluralityefiprosesding stdtrast thape

processi ng apparatus contained within each of said enclosures, a sealed

transport tA§ gRefationstan semmanductorcwafersito groduemoperable r onnent

wi thin, sai.d tunnel |ocated, directly_ above said plurality of processing

stations, IREEFRSHAIAWLSEIRIcOMPuCton deNices eomPaSIE! to naintain a cl ean

environment within, each of said chanbers connected to the top of one of

said enclosures of said processing stations, and to said transport tunnel,

an interface rrei:h%ﬁ'h?n}.vm t hi n, each .of sai % chanbers tq transfer wafers
a plur; Ol processing stations, each having an enclosure that is

capable of maintaining a controlled clean environment, with at least one

processing apparatus contained within each of said enclosures,

a sealed transport tunnel adapted to maintain a controlled clean
environment within, said tunnel located directly above said plurality of

processing stations,

interconnection chambers that are adapted to maintain a clean
environment within, each of said chambers connected to the top of one of said

enclosures of said processing stations, and to said transport tunnel,
an interface mechanism within each of said chambers to transfer wafers
to and from said processing apparatus ‘within said -

enclosure and said transport tunnel,

a means to move wafers to be processed between the ~ . . interface

- mechanisms in said chambers ,. and throﬁgh said”tra.nsport tunnel,

11



to and from said processing apparatus wthin said enclosure and said
transport tunnel, a neans to nove wafers to be processed between the
interface nechanisns in said chanbers , and through said transport tunnel,
11 J SO APR 2004 a neans to nmintain controlled clean environnegsApR @i d
(1) enclosures of said processing stations, (2) said transport tunnel, and
(3) said interconnection chanbers. 2. The manufacturing systemof claiml,

wherein said js are rocessing ,statjons are.housed in a nmguufacturing
bui | di ng_havi AR bmaniany canteolled elean cpviroaments st said (g st ations are
| ocat ed said.lower floor of .a mapufaciurin I | di.ng, d said
trans por%&flﬁﬁwas qfssa‘&%(;‘é‘?%%sﬁﬂgﬁ ' Sak‘iaﬁ"ﬁpﬂgorg&@ﬁldgﬁdzghﬁ . 3.The
manuf act yr i n SES&em f claiml1, wherein a master control systemis

pr ovi dedmp‘fé:gnp Gdea c&é@’ﬁ)%f er being processed and noves the wafers

t hrough the system by activating said (1) neans to nove wafers through the

transport tunnel apparatus. ; (2) the interface nechanisns, and (3) the

processing 4. . The rEfmaufidtodngsybiem of chiim nviheresfressidn sailéj i nterface

_ processing stations are housed in a manufacturing building having a -
lower floor and a ceiling. =aid processing stations are Ioc_:ated on a said

lower floor of a manufacturing building, and said transport tunnel is

loc_ﬁated on the said ceiling , . of said building.

3.The manufacturing system of claim 1, wherein a master control system is
provided that tracks each wafer being processed and moves the wafers

| throﬁgh the system by activating said (1) means to move wafers through the

4, " The manufacturing system of claim 1, wherein said interface ,
mechanisms each include a (1) buffer to store wafers to be processed at the.
processing station, and (2) a buffer to store processed wafers from the

associated processing apparatus while awaiting removal by said means to

Sep e’

‘move wafers through said transport tunnel.

5 The manufacturing system of claim 4, wherein said buffers to
- store wafers to be processed, and said buffers to store processed wafers are

. located in said interconnection chambers.

12



mechani.sns each include a (1) buffer to store wafers to be processed at the
. ‘~processing station, and (2) a buffer to store processed wafers pospH B
associ at ed processing apparatus while awaiting renoval by said nedns to
nove wafers through said transport tunnel. S. The manufacturing system of
claim4, wheréin said buffers to store wafers to be processed, and said

buffers to store processed wafers are . located in said interconnection
chanbers. 42 BD APR.2Q04 6. The nuf acturing systemof claimb5, wherein

sai d maﬂwga%m%ysmm af e 3, wheme sadimeaes to moyeswafers of claim
5, wherein said neans to nove wafers is conprised of (1) a first robot

provi ded® BdORBke wafers fromsaid sealed tunnel, to said buffer to store
waf ers, to said processing apparatus, and (2) a second robot provided to
nove wafers after being processed fromsaid processing apparatus to said
buffers tcl.astore rocessed waf e{;s .to_sajd tunnel. 8. The manufacturing

syst em 4 Thesnanwiaciing system of alaimsS rwhereiw saidangass 16 mwrepwiaders of a

waf er carrier,.and rack in said transport tunnel that has access to all
of sai dlﬁa%’@&;bﬁea@f?(dé@raﬁrtsasonbﬁt rrgvidedrto nroverwatens frops said sealedhe

manuf acfuri ng, systemaf claim8, wherein said track is a magnetic track,
and sai Ma@ %%lfiﬁ?lﬁerﬁassharepwaqu; to,sayd pragessing apparatugpord (Dhe carri er
second robot provided to move wafers after being processed from said

processing apparatus to said buffers to store processed wafers, to said tunnel.

8. . The manufacturing system of claim 1, wherein said means to _
move wafers is comprised of a wafer carrier, and a track in said transport
tunnel that has access to all of said processing apparatus of said

manufacturing system.

9. The manufacturing system of claim 8, wherein said track is a magnetic
track, and said wafer carrier has a plurality of magnets that support the carrier
over said magnetic track.

10. , The manufacturing system of claim 9, wherein said
wafer carrier has a shoulder that provides a support - for a wafer

on the bottom peripheral area of the wafer.

11, The manufacturing system of claim 7 , whereina
system computer is provided to control the operation of the wafer carrier,

said first and second robots, and said processing apparatus.
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over said magnetic track. 10. The manufacturing systemof claim9, wherein
'said wafer carrier has a shoul der that provides a support for a V\%BI’A 2004
the bottom peripheral area of the wafer. 11. The manufacturing systemo
‘claim7 , wherein a systemconputer is provided to control the operation
of the wafer carrier, said first and*second robots, and said processing
apparatus. 13 i 1. D APR 2004 12. The manufacturing system of claim 11,
wher ei n 1Zadie menpfasturing systesmof claim thewhetdin thefecis prasiddd ¥ neéansaf ers in
t he manuf a(f]turi ng systemthat are being processed. 14

to check the wafer identity of wafers in the manufacturing system that are

being processed.

p—y
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