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WAFER REACTOR BACKGROUND OF THE | NVENTION Field of the Invention The
present invention generally relates to sem conductor nmanufacturing process
to systens, and particularly to an enhanced throughput nethod and appar at us
for processing sem conductor wafers in a single wafer reactor. Description
of the Art 15 In the manufacture of sem conductor materials and device

" struct uregolgysgdgposition of thin filmmaterials, a vari ejerrgéoriepasi tion
systens are I n conventional use. These deposition systens include a
reacti on chanmber in which the wafer substrate is heated to a high

tenperature in the presence of a vapor Ehase source nmaterial to deposit the
desired thin film onTHROU@I“H?U'EENﬁEﬂ%C MENT FOR SINGLEWAHER | AOR

typically deposited in two general types of reactors. The older type is a
batch reactor, which holds many wafers at a tinme. Batch reactors have
progressively grown in size, driven by the desire for increased throughput.

A state of . the art batch r R f Fe IR 1epanet er wafers and 18
150mm diafreter 2 0 OCT 200

Field of the Invention

The present invention generally relates to semiconductor manufacturing process
10  systems, and particularly to an enhanced throughput method and apparatus for

processing semiconductor wafers in a single wafer reactor.

Descrintion of the Art

15 In the manufacture of semiconductor materials and device structures by deposition of
thin film materials, a variety of deposition systems are in conventional use. These
deposition systems include a reaction chamber in which the wafer substrate is heated to

a high temperature in the presence of a vapor phase source material to deposit the

desired thin fitm on the wafer surface.

20

Silicon epitaxial films are typically deposited in two general types of reactors. The
older type is a batch reactor, which holds many wafers at a fime. Batch reactors have
progressively grown in size, driven by the desire for increased throughput. A state of

the art batch reactor can hold 34 100mm diameter wafers and 18 150mm diameter



wafers. A typical process tinme for a batch reactor is several hous§ 90ps200
t hroughputs of tens of wafers per hour can be achi eved. Nonet hel ess, the

| arge area required to hold such nunbers of multiple wafers (the wafer
carrier or the susceptor in such large systemis on the order of 30 inches
in dianmeter) results in less than desirable uniformty 5 across all wafers.
The susceptors in such |arge systens typically have two or nore concentric
“rows of wagepgssamnd the characteristics in each row can besighiitdegant |y
different. In order to achieve inproved uniformty, especially on |arge

di anmeter wafers eééSOmn nd | ar ger singl e waf er reactors were devel oped.
to Single wafefaf c‘%&ﬂ%" BRPEesy fte E’é%?,at@h’é?ﬁﬁei? isspyeralihguisithys, dhiogghpugs o

| arger than the wafer dianeter. This results in inproved control of the
processi ng contens pbwafeanperthouscap b agbleV¢dprmbh1@sn,{T£@iargq grea frequired o ddldc t
thin films. The characteristics of primary inportance in the product thin
filmare unifosuchtoumbiers of muitiple batss (thadvafen tarien by thef susédpkon mesicht favget v
of the silicon epitaxial thin film Typical process tinme for a single wafer
15 reactor is gsteirie ontitesrd@lof 30 irdflesin iikndderkdstlty ialiek ihaal désitbldtudifothit
mcronmeters thickness) epitaxial filnms, resulting in a throughput of S-6

waf ers per $OUfcroskQll waeBe PHeSrissephssd GRS, lm%bf},%t&ny\@:,fp%ally%% It dr ers
provi de very high uniformty, reproducibility, and yi'éld.” Multiple-wafer

reaction chamignseric rdwidbf haters, Bl (RO LfarhQorkic Rt Cro BorP BERid MGl OF

uni formty and reproducibility, and performance of tip
reaction Chaw 8%3%? tosdcgfgbé in%&édyun%n}nw e§ﬁjelg§ailgr%¥ﬁargé 8&% ?er wafers

_ i ncreases.

(150mm and larger), single wafer reactors were developed.

10 Single wafer reactors have a process chamber that is only slightly larger than the wafer
diameter. This results in improved control of the processing conditions and thus yields
improved uniformity of the product thin films. The characteristics of primary
importalncc in the product thin film are uniformity of film thickness and uniformity of
film resistivity of the silicon epitaxial thin film. Typical process time for a single wafer

15 reactor is on the order of 10-20 minutes with relatively thin (<30 micrometers

thickness) epitaxial films, resulting in a throughput of 3-6 wafers per hour.

For large area substrates, single wafer reaction chambers provide very high uniformity,

reproducibility, and yield. Multiple-wafer reaction chambers are typically not able to

20 achieve the same levels of uniformity and reproducibility, and the performance of
multiple-wafer reaction chambers degrades significantly as the substrate diameter

mcreases.



WO 01133333 PCT/USO /12593 In single wafer deposition systens, thg QCT 2004
t hroughput, expressed as the nunber of substrates processed per unit tine,
does not change dramatically with the substrate area. Thus, a 100 nm

di anmeter substrate requires alnost the sane anmpbunt of time for processing
as a 200 mm di aneter substrate. The decreased processing tinme for the 5
snmal | er substrate in a single substrate reactor is on the order of 5-15%

“In contragt /smélt' substrate reactors are able to achi evE 11% ﬁf’ creases
in throqu&f’tl W-th  decr easi ng substrate area. By way of usevis
typical barrel reactor (see, for exanple, U S. Patent No. 4, 099,041 |ssued

S July 4, 1978 tm Haplkmifesidepdsitioh OgysteinSy sloe pirotighpat, dipadsiddgasSehe amnthe tafr
Substrates"”) may hold fifteen 150 mm di aneter to substrates, eighteen 125

nm subst r at es, quBAfhtds\YBEekse@l R tunk OfnéMaces ot CREE - drAhiRicIly Swith MeéSsibsirate
dramatic i nprovenent in throughput for smaller dianeter substrates. As a

result of this, grepher, Mmmhgmu%te]e;ui)g@s” 1re§£l%§teth}£@:¥n% axﬂs %ftdn?@férool S

are not cost-conpetit ive Wt ti- e reactor di anet er

substrates. Thi g o 398Y30h AemeAOUBYELr. ﬁtdegﬁapeﬁlﬁegeggngqméﬁ%(f hhe

greater unlforpﬁ%’ctess réepr 'ty achie n proce55|

di anet er substra es Ln | e. 0sS] ti.on ers th there S
a |l arge exPsti® H’éi %’b t{ﬂ? 'ﬁ%f’ﬁ‘\l\f Litfaﬂfb?eé'cw&f%fm rrggr ?q%ﬁg% sf“eﬂ%n trasly

U S. Patent No. 5, 855,681 issued Jﬁlguar , 1999 to |va den, gél for
"Utra H gh TH?‘B%PR?H?‘W&‘P“V&’EFUB PPO@E’%‘%Y?\Q]“S?S’PEWSB& e |ﬂ39 PYhewith

approach to the problem ) ) .
decreasing substrate area. By way of illustration, a typical barrel reactor (see, for

example, U.S. Patent No. 4,099,041 issned July 4, 1978 to Berkman et al. for
“Susceptor for Heating Semiconductor Substrates”) may hold fifieen 150 mm diameter
10  substrates, eighteen 125 mm substrates, and twenty-eight 100 mm substrates. There is

thus a dramatic improvement in throughput for smaller diameter substrates.

As a result of this greater throughput efﬁﬁiency, single wafer deposition tools are not
cost-competitive with multi-substrate reactors for smaller diameter substrates. This
15 disadvantage, however, must be balanced aganst the greater uniformity and
reproducibility achievable in processing smaller diameter substrates in single wafer

deposition chambers. Further, there is a large existing base of mstalled single wafer

deposition systems.

20  U.S. Patent No. 5,855,681 issued January 5, 1999 to Mayden, et al. for “Ulira High
Throughput Wafer Vacuum Processing System” discloses one approach to the problem
of achieving high throughput of wafers. The disclosure of such patent is incorporated

herein by reference in its entirety. Mayden provides a complex apparatus utilizing a



of achi eving high throughput of wafers. The disclosure of such pa@éhﬁxﬂézmm
incorporated herein by reference inits entirety. Mayden provides a
conpl ex apparatus utilizing a 2 8 OCT 2004 WO 01/83333 PCT/ US01 /12593
plurality of dual wafer processing chanbers arrayed around a common wafer
handling system (robot), together with a | oadl ock chanmber for introducing
and extracting wafers fromthe system The Mayden systemis an integrated,
“st and- aloQﬁoW@&ﬁﬁ processing system conpri sing nultlpleﬂgﬁggﬁ%mw
sub-functions, "and thus entails an intricate and 5 expensive apparat us
_requiring correspondlngly conpl ex and expensive support systens. There is
accordi ngly a pheaity of dued wafer ptagessing\whambers tatrryedf artundde@oenon wafesyhandimg or
smal | er diameter substrates that inproves operating efficiency by
processing a 3fktchh (6bdt), tegethey with adballockuctibaberdbr abducingoaid dxmattity Wefers
while retaining the significant advantages of uniformty and

reproduci bi | i t gofhib s?d't&n Chiad BR&h Skiem Rf artinfdghid® sal Qlone AR4TBS pifdcBRing
chanber, in a relatively sinple and econom c apparatus configuration. It is

one object of . e t r
g@gn; EW*@%’? e‘aﬁaﬁa ab- RGNS eshd @.agteafaum BchR and

epitaxial thin I's anot her object of the present

invention tp p.lf:xp\énsq\?e aap Hﬁ'irﬂg E@%sﬁcﬁ{d;ﬂ agﬁ EJQS?x F gﬁrppgﬁjdect

oper ati onal |C|ency rea

of the present |nvent|on to prOV|de an |ncreased throughput thin film
deposi tion pro%’? ng systemfor smaller diameter wafers, utilizing

exi sting single

y

There is accordingly a need in the art to provide a thin film deposition system for
smaller diameter substrates that improves operating efficiency by processing a
10 significantly greater number of wafers per unit time, while retaining the significant
advantages of uniformity and reproducibility tha‘t are characteristic of a single wafer

deposition chamber, in a relatively simple and economic apparatus configuration.

It is one object of the invention to provide an improved reactor system for epitaxial thin

15  film formation.

It is another object of the present invention to provide a means and method for

improving the throughput and operational efficiency of a singlé wafer reactor.

20 It is a further object of the present invention to provide an increased throughput thin
film deposition processing system for smaller diameter wafers, utilizing existing single

wafer reaction chambers and their associated (existing) wafer handling and processing



waf er reaction chanbers and their associated (existing) wafer hanglgi mgTapg)i
processing 23 OCT 2331 WO 01/83333 PCT/USO /12593 systens. It is a still
further object of the present invention to provide an increased throughput
thin filmdeposition processing systemfor snaller dianeter wafers,
utilizing existing single wafer reaction chanbers and their associ ated
(existing) wafer handling and 5 processing systens, in a manner that
"monimzes yigwi/g3penditure requirements and maxi mzes utijd@adgiARsesf

exi sting investnment in sem conductor processing equipnment. O her objects
_~and advantages of the present invention wll be nore fully apparent from 10
15 the ensui ngS¥#&% osure and appended cl ai ns. SUMVARY OF THE | NVENTI ON The
present invention relates to an enhanced throughput nethod and apparat us
for processing; al i I i i e f __The
met hod and appgrlgtIa &glﬁof?ﬁ’t;%éﬁ ﬁeﬁ%?gﬁy%tghﬁﬁdé@g? gﬁ&g&r?e?\a cﬁéag%fﬁﬁ&?éhpm

i npl enmentation,,. t i i flecati of .an.existing single waf.er
reactor . to onftihBuf dpEsithphodtRitd LAR 1 P RE aBER Wi eisihe Sufne

i nvention rel at. i r r .pr in ' 2
c orrgr ;[ sion g: € aé[u?g etwgafgr Iseg(%ogo&%%ter% ansdut Se;[r :?stsgmgteé) (ieexslsst}ng v? fgrt Eemdling and

5 processing systems, in a manner that minimizes new expenditure requirements and

maximizes utilization of existing investment in semiconductor processing equipment.

Other objects and advantages of the present invention will be more fully apparent from

the ensuing disclosure and appended claims.

10
SUMMARY OF THE I
The present invention relates to an enhanced throughput method and apparatus for
processing plural semiconductor wafers i a single wafer reactor.
15

The method and apparatus of the invention are therefore amenable to implementation
as a retrofit modification of an existing single wafer reactor, to enhance the throughput

capacity thereof.

In one aspect, the invention relates to a semiconductor substrate processing system,

20  comprising:

a reactor comprising a single substrate deposition chamber; and



a reactor conprising a single substrate deposition chamber;: and 28§ 6EF 2004
20011 WD 01/83333 PCT/USO / 12593 a wafer hol der positionable in the
deposition chanber, having a plurality recesses forned therein, with each
of such recesses being arranged and configured to hold a correspondi ngly
si zed substrate therein In another aspect, the invention relates to a

nmet hod of increasing the throughput of a sem conductor processing system
“includi ngwo gisassor conprising a single substrate deposircraserinssder, by
positioning in the deposition chanber a substrate holder having a

. plurality of recesses for t her. ei W th each.of said. recesses, being
arranged and conf i@ﬁ’l“&ﬂ hggg’hBPﬂ“%PaBErV‘e‘bﬁé‘ﬁmsﬁ{ﬁ“ycwgﬂ hayHie: § Rlualiteohi n.
lo O her aspects, features and, enbodinents of the inventjon will be nore
ful ly apparent frorfeeaseesecfsaeh dherpgc vy cecha 9l rhi reessasRPERE DIEPEFPTINAN OF
THE DRAW NGS 15 Figure | A (PRIOR ART) is a schematic top plan view of a
substrate hol der ofconfigurpd todioldi eorrespapgingly fzed; sybstratether®iti ¢ top pl an view
of a substrate hol der according to one enhodi nent of the present
invention. 20 Figure IC is a schematic top plan view of a substrate hol der

according to anot her . i ) ) .
In another aspect, the invention relates to a method of increasing the throughput of a

s  semiconductor processing system including a reactor comprising a single substrate
deposition chamber, by positioning in the deposition chamber a substrate holder having
a plurality of recesses formed therein, with each of said recesses being arranged and

configured to hold a correspondingly sized substrate therein.

10 Other aspects, features and embodiments of the invention will be more fully apparent
! !

from the ensuing disclosure and claims.

BRIEF DESCRIPTI F THE DRAWIN
15

Figure 1A (PRIOR ART) is a schematic top plan view of a substrate holder of the prior

art.

Figure 1B is a schematic top plan view of a substrate holder according to one

emhodiment of the present invention.

20
Figure 1C is a schematic top plan view of a substrate holder according to another

embodiment of the present invention.



enbodi nent of the present invention. 2 8 OCT 200 WD 01 /83333 PC?/@JSQ?T/%UU
2593 Figure 2A (PRIOR ART) is a schematic top plan view of a substrate
cassette of the prior art. Figure 2B is a schematic top plan view of a
substrate cassette according to one enbodi nent of the present invention.
Figure 3 is a schematic top plan view of a transport assenbly unit
according to one enbodi nent of the present invention. 10 DETAI LED

- DESCRI PTI Gl defeasB5iE | NVENTI ON, AND PREFERRED ENMBODI MENTSEHEGESF 2443 present
i nvention provides an apparatus and nethod for processing two or nore 15
wafers at a tine in what was _originally a single wafer processing system

" The invention Eigired4 ERIGH ARR) is\a sohprigtic H’Pvlﬁ*fbf"de?fdeUb@%a‘g cassétie @ phor )
for holding multiple substrates, a substrate cassette for storage and bul k
transport of mubtample arrays of substrates, and an automated transfer
mechanismto transfer substrates fromthe substrate cassette to the
reactor and subsequently (after thin fil mdeposition has been 20 conpl et ed
in the reactor) fromthe reactor to the sane or a different substrate
cassette. Such autonmated transfer nmechani smpreferably is undér conputer
control and f Higute ABSis\a tsbleiatib uapplannview ehti whstrafe Chsket®Oaccording to one

s embodiment of the preseht invention.

Figure 3 is a schematic top plan view of a transport assembly unit according to one

embodiment of the present invention.

10 DETAILED T E ENTION, AND PRE D
EMBODIMENTS THEREOF

The present invention provides an apparatus and method for processing two or more
15  wafers at 2 time in what was originally a single wafer processing system. The invention
in one embodiment utilizes a wafer holder (e.g., susceptor) for holding multiple
substrates, a substrate cassette for .storage and bulk transport of multiple arrays of
substrates, and an automated transfer mechanism to transfer substrates from the
substrate cassette to the reactor and subsequently (after thin film deposition has been

20  completed in the reactor) from the reactor to the same or a different substrate cassette.

Such automated transfer mechanism preferably is under computer control and functions

without human intervention.,



WO 01183333 PCT/ USOl /12593 The substrate cassette may be configuded D67 alff
sui tabl e manner to provide a source of substrates to the reactor, being
preferably configured as hereinafter nore fully described, to accommobdate
mul tiple arrays of the substrates, as a source for wafers that are picked
up, transported to the deposition chanber of the reactor, coated in the 5
deposition chanber, then extracted fromthe chanber of the reactor, and

transport ed lyPssstl® same cassette, or to a different cassgitgsfifiz@kher
repository Por the coated substrate articles. Figure 1 A depicts I1n top

plan view a prior art substrate holder 10 deployed in a typical 10 single
" substrate reactThe subbtiate passette may besendignrad én iy wetable mangero pewmide pEeuree bf ke
el enent formed of a suitable material such as graphite having appropriate
heat - r esi st ant sulghseaad ethe rEagoldeiter pieferalslyi ¢dnfigtiredt ad hemgnadier everss fidly
formed therein, bounded by the recess side wall 20 and the floor 22 of the

recess. The regagfbddstdCRESRMDAAE aGiple Siaye of tHeQubstiats astdwufiefoawhREQat
substrate, e.g., a wafer of 200mmdianeter. 15 Figure | Bis a top plan

schematic vi ew,Qf ,ig JUBS iRk Sorfea! td Ghe ICpRAFAT SliaRbet Of WE reabidPOEURN N @ t he
present invent ?%ngla(Thgﬁgu stlfoate hol derQPSO is of a round plate-like form

TS s oA UL LTS b i SRS e

single wafer correspon mensi on of the prior

L1 e PRt sy P b %

as shown in Fi fecesses

articles.

Figure 1A depicts in top plan view a prior art substrate holder 10 deployed in a typical
10 single substrate reactor. The prior art substrate holder 10 is a round plate-like element
formed of a suitable material such as graphite having appropriate heat-resistant
character. The holder 10 as illustrated has a recess 18 -formcd therein, bounded by the
recess side wall 20 and the fioor 22 of the recess. The recess is correspondingly sized

to retain therein a large substrate, e;g., z wafer of 200mm diameter.

15
Figure 1B is a top plan schematic view of a substrate holder 30 according to one
embodiment of the present invention. The substrate holder 30 is of a round plate-like
form, having an outer dimension (outer diameter) that is compatible with the single .

wafer reactor and corresponds to the outer dimension of the prior art holder for such

20  reactor, as shown in Figure 1A.

The wafer holder 30 as shown in Figure 1B recesses 40 and 42 formed therein, with

each of the recesses being sized to accept smaller substrates than the corresponding



each of the recesses being sized to accept smaller substrates thad & HCT 200
corresponding 2 8 OCT 200 WO 01/83333 PCT/ USO 1/12593 single wafer hol der
shown in Figure A For exanple, the nmulti-recess wafer holder may have
recesses for holding 100mm dianeter wafers therein. Figure |l Cis a
schematic top plan view of a substrate hol der 60 according to another 5

enbodi nent of the present invention. The substrate holder 60 as illustrated
“has four pRFARSAS 62 therein, each being of a suitable di&qﬁ{, 12453 9 »
100mm to holgﬁa correspondi.ngly sized wafer therein. It mnsﬁho course be

.recogni zed that the recess is typically of slightly |arger dinensional

char act er t hansitgle Wedrdoldep shawm il Kigenedidei For exgmpls, theompltionecebs veafer holder
appropriate fit, consistent with ready insertability of wafers into and to
extraction of may bavs réqesses fircholdime H¥mmiliametst wafenslibegin.| N one enbodi nent,
the present invention provides a new substrate cassette and transfer
mechani sm enabl i ng automatic transfer of a plurality of substrates into and
out of the 15 deposition chanber sinultaneously. Figure 2A depicts a prior
art cassette 100 suitable for use with a single chanber reactdr. 20
Cassette 100 iFgweni igursHenatidob laa vitwiofilaisustaite Bolbst 60ERErding/ ¥ Sthey 25,

in slots 102 of the respective opposedly facing side walls 104 and 106. The

si de wal | s 5104n0dinddi ofttheZprsetlihvaitfon VA H TshBARe3n616dY §658 Hud#REB has four
recesses 62 therein, each being of a suitable diameter, e.g., 100mm, to hold a
correspondingly sized wafer therein. It will of course be recognized that the recess is
typically of slightly larger dimensional character than the wafer to be held therein, so as

to provide an appropriate fit, consistent with ready insertability of wafers into and

10 extraction of wafers from the recess, without binding.

In one embodiment, the present invention provides a new substrate cassette and transfer
mechanism enabling automatic transfer of a plurality of substrates into and out of the

15  deposition chamber simultancously.

Figure 2A depicts a prior art cassette 100 suitable for use with a single chamber

reactor.

20  Cassette 100 is configured to hold a plurality of substrates, typically 25, in slots 102 of

the respective opposedly facing side walls 104 and 106. The side walls 104 and 106 at



their respective ends are joined to end walls 108 and 110 to forma§ QCT 200
open-bottonmed box-like container in which the substrates are stored and
transported. Figure 2B is a schematic top plan view of a substrate cassette
120 according,to one enbodi nent of the present invention. The cassette 120
features slots 122 in side walls 124 and 128 and internmediate wall 126,

all of such walls being parallel to each other, and such walls are joined
"as shown wolenss wal | s 130, 132, 134 and 136. The cassetperibaneby forns a
t wo- conpartnent structure, including a first conmpartnent 10 138 and a
second conpartnent 140, to contain the substrates in slots 122. In this

" manner, a firs{he RsRFCHYe %‘Ef‘éﬁ?&’c“y‘él.‘f’se“aé”f 0§ and 1o term ap oRen-pettemed of
t he cassette conpartmment 138, having reference to the top plan view shown
in Figure 2B), ba¥riikgcontaines iy whichdhe sybstiatesre stored and trarspaiiteted in t he
right-hand portion of the cassette (conpartnment 140) (substrates not shown
in Figure 2B for reasons of clarity). 15 Figure 3 is a schematic top pl an
view of a transport assenbly unit 144 according to one enbodinent of the
present invention. The transport assenbly unit 144 in the enbodi ment shown
conprises two Hignte 2Rilas sehebiatie Jop nan anryv 60 sdbyitatey erdsatie 1 200dzooidingatonors 2
and aut omat ed by neans of processor (CPU) 156 joi ned by signal 20

transm ssi on | emiodibdnttof thehmeseabinventioar Mhe cak@te?] B fEXHre2 Qs 20ih k&R333 15

PCT/USO /12593
124 and 128 and intermediate wall 126, all of such walls being parallel to each other,

and such walls are joined as shown with end walls 130, 132, 134 and 136.

“The cassette thereby forms 2 two-compartment structure, including a first compartment
10 138 and a second compartment 140, to contain the substrates in slots 122. In this
manner, a first array of substrates is retained in the left-hand portion of the cassette
(compartment 138, having reference to the top plan view shown in Figure 2B), and a
second array of substrates is retained in the right-hand portion of the cassette

(compartment 140} (substrates not shown in Figure 2B for reasons of clarity).

15

Figure 3 is a schematic top plan view of a transport assembly unit 144 according to one
embodiment of the present invention. The transport assembly unit 144 in the
embodiment shown comprises two wand subassemblies 148 and 150 deployed on

robotic arm 152 and automated by means of processor (CPU) 156 joined by signal

20  transmission line 154 to the robotic arm.

10



The processor 156 may be programably arranged to effect translatygn [Rﬁ- Qﬁ‘[ﬁ
transport assenbly unit and gripping/rel ease actions of the wand
subassenbl i es 148 and 150, according to a cycle tine program or other
predeterm ned and actuated sequence of operational steps. The processor
may be of any suitable type, as for exanple a 5 m croprocessor or

m crocontroller unit, or a conputer termnal. In operation, the substrate

" cassette ppdi@aged into a | oadl ock statjon and the transfefysiBBeni sm

(robot) is programmably arranged to pick substrates out of the cassette and
transfer theminto the deposition chamber, depositing the substrates into

" the recesses ofhqRogsseoniab gy bspergrammehly drprgsdite eHeqt tiapsiaionR!ithe BansRPEhi n

the chanber, the substrates are retrieved by the transfer mechani sm and
transferred baaskentlly ainitraad grippmghelease ackenst of e wandgiubasserabliescisand: ¢30,t he
dual substrate array enbodi nent shown in Figure 2B the center-to-center 15
spaci ng of coracesdmgdb rgcystdsine pregsanm r rofisp gredewemined yand ectuated seqfierich eof
cassette between the center of a wafer in a first slot of the left hand
tray section, cpafhtibhe sttt eThe pfocessvmbry b oft ahi rsaltaldé aypepfast foe exhgple hand
tray section) is the sanme as the center-to- center spacing of the recipient

recesses for spghphotessbf tfierdcntrdIRr Bnih ot h @bMptet @ahinaland  such .
center-to-center spaclng 1S al so the sane as the center-to-center spacl ng

of the 20 war id of the automated substrate transport assenbly. The
aut omat ed substrate transport assenbly is usefully enployed as a robot
mechani smw th plural "wand" or wafer holder elenents attached. The wafer
may be secur eqy lBerdtion, the substrate cassette is loaded into a loadlock station and the transfer
mechanism (robot) is programmably arranged to pick substrates out of the cassette and
transfer them into the deposition chamber, depositing the substrates into the recesses of
10 the wafer holder. Following thin film deposition within the chamber, the substrates are

retrieved by the transfer mechanism and transferred back to either the same cassette or

a different cassette.

In the dual substrate array embodiment shown in Figure 2B the center-to-center
15  spacing of corresponding substrates in respective tray sections of the cassette (e.g.,
between the center of a wafer in ﬁ first slot of the left hand tray section, and the center
of a wafer in a first slot of the right-hand tray section) is the same as the center-to-
cl;cnter spacing of the recipient recesses for such substrates in the substrate holder, and

such center-to-center spacing is also the same as the center-to-center spacing of the

20  wand elements of ihe automated subsirale fransport assembly.

The automated substrate transport assembly is usefully employed as a robot mechanism

with plural “wand” or wafer holder elements attached. The wafer may be secured to a

10



Il 2 8 OCT 200 WD 01/83333 PCT/ USQ /12593 correspondi ng wand dudi thgdaiZ8p
transport, e.g., by vacuum as disclosed in U. S. Patent No. 4,775, 281,
Appar atus and Method for Loadi ng and Unl oadi ng Wafers, issued to Prentakis
on Cct. 4, 1988, the disclosure of which is hereby incorporated herein by
reference in its entirety. Alternatively, other suitable securing neans
and/or 5 nethods may enployed for wafer transport. Wien the nmul ti-wafer

- hol der, aWh@iRdsesl substrate transport assenbly includi ngp@tus@ahzsewands, and
mul ti-wafer cassette of the present invention are operatively coupled and
enpl oyed in accordance with the present inventign, smaller (e.g.,. 100mm
" wafers are tocorespending Wandqyang | Waftrelruspeit: ¢-8adtoracimh as idisglorsd i .§.
greater throughput than is possible when processing larger (e.g., 200mm
waf ers in thePent Noedch76:281,HApparaips and AMdetbodydor Loadmg dhdeaging Bfafers,
uniformty and reproducibility of deposition inherent in the single wafer
reacti on chamissnedatocPreatakis romdOct18, 2888ithd disclonire af whicht i3dsectyf inoorgorasady
skill in the art, variations are possible within the broad scope and

spirit of thehperSBNefdréncend itoentirklor Atwcanpively, sther siitilse Seontitlfz thess and/or
si mul t aneously processed within recesses of the nmulti-substrate hol der,

with the §rapgpebi mal empRy¥@ioRWafdr tafspafd out of the deposition chamber
being effected by a prior "art single wand transfer system viz., by naking

two trips. In such arrangenent, the 20 wafers could be extracted froman or
deposited into either a single wafer hol ding
When the multi-wafer holder, automated substrate transport assembly including plural
wands, and multi-wafer cassette of the present invention are operatively coupled and
employed in accordance with the present invention, smaller {e.g., 100mm) wafers are
10  processed in the single wafer reactor with significantly greater throughput than is
possible when processing larger (e.g., 200mm) wafers in the same reactor. However,

the significant advantages of uniformity and reproducibility of deposition inherent in

the single wafer reaction chamber are retained.

15  As will be clear to those of ordinary skill in the art, variations are possible within the
broad scope and spirit of the present invention. For example, two wafers could be
simultaneously processed within recesses of the multi-substrate holder, with the
transport of the wafers into and out of the deposition chamber being effected by a prior

art single wand transfer system, viz., by making two trips. In such arrangement, the

20 wafers could be exiracted from and/or deposited info cither a single waler holding
cassette, or into a dual cassette of the type illustratively shown in Figure 2B, by

appropriately programming the transport mechanism (robot).

12



cassette, or into a dual cassette of the type illustratively shovmz ﬁnﬂm 20
Figure 2B, by appropriately programm ng the transport nmechani sm (robot).
12 2 0 OCT 200 WD 01/83333 PCT/USO 1/12593 Alternatively, the substrate
hol der can be configured with three or nore recesses forned therein, for

t he sinul taneous processing of nore than two substrates. The greatest

t hroughput will be achieved by utilizing a nulti-wafer cassette simlar to

“the typewd@wasssn Figure 2B and a nulti-wand transfer npehlamopisss mlar to
the type 5 shown in Figure 3. Use of a prior art single wand transfer
mechanismw th either a dual cassette of the type shown in Figure 2B or a
" singl e cassett éltemabiyely. ghe spbstiate Blderheapnbs sonhged with three GF qpAre reggsses
broad spirit and scope of the present invention and could be practiced by
one of 10 ordi feamgd shergin, for the,simuplitanagus persessingd 0k moxp dhannte subistates. The
Simlarly, either a single or dual wand transfer nmechani smand single or
dual cassette grestedvahrenglipoywill bonchi¢twed bynsidizingonmalidwefet casstticosimaar anthedd
nunber of substrates being processed sinultaneously in the broad practice
of the presentiypsighovn anFighte 2B aad faumuhiewamb trhasiér medipdisnesimilat e tsafpe
system can be expanded to nore than two wafers being transported and/ or

processed s Myhbai@OFghie-3. A doubl e-sided wand is enployed in one enbodi nent
of the invention, for |oading and unloading wafers, wi th one wafer being

invertedly positioned on the wand, e.g., on an
Use of a prior art single wand transfer mechanism with either a dual cassetie of the type
shown in Figure 2B or a single cassette of the prior art as shown in Figure 2A, is within
the broad spirit and scope of the present invention and could be practiced by one of
10  ordinary skill in the art without undue experimentation. Similarly, either a single or
dual wand transfer mechanism and single or dual cassette may be employed for the
insertion and extraction of an odd number of substrates being processed simultaneously

in the broad practice of the present invention.

15  As a further vaniant embodiment, the same system can be expanded to more than two

wafers being transported and/or processed simultaneously.

A double-sided wand is employed in one embodiment of the invention, for loading and

unloading wafers, with one wafer being invertedly positioned on the wand, €.g., on an

20  upper face thereof, while a second wafer is normally positioned on a wand on the Jower
face of the wand. The wand is axially rotatable to translate a formerly bottom face of

the wand to a top face position, and to concurrently translate a formerly top face of the

13



20 upper face thereof, while a second wafer is normally positioneg &nDQIZUU
wand on the |ower face of the wand. The wand is axially rotatable to
translate a fornerly bottomface of the wand to a top face position, and
to concurrently translate a fornerly top face of the 13 228 OCT 200 WO
01/83333 PCT/ US01112593 wand to a bottom face position, so that associated
wafers are flipped in position by such axially rotation of the wand. A
“mul ti-par kslpGasnaette coul d be used in another enbodi mentpcyingsgiffdeace at
wand altogether. The cassette parts would act like a wand to | oad and
~unload wafers, and a fork-like attachment on the arm (whj.ch ot herw se

woul d have a wai9ad 4& 3&wEPR facroppsition. sh&has AROCiAlg) Walgiscare GBPREGTRASIONGY t he
cassette. The cassette would in essence disassenble itself in one |oadl ock

of the system suhdxialinsesatidpiof thegwdnd. i n the ot her | oadl ock. to In another
enbodi nent, the susceptor itself could be | oaded and unloaded in a cyclic
manner. Having two or nore susceptors rotating through the deposition
chanmber woul d reduce chanber etch tinmes, so that as one susceptor is being
etched, another could be running process. 15 The invention contenplates in
anot her enbodi AemultEpang ecavsafte cotldales pgadt in pdashexnamlpgiiment, to replace a wand

5  altogether. The cassette parts would act like a wand to load and unload wafers, and a
fork-like attachment on the arm (which otherwise would have a wand assembly
mounted thereon) would pick up the parts of the cassette. The cassette would in

essence. disassemble itself in one loadlock of the system, and reassemble again in the

other loadlock.

10
In another embodiment, the susceptor itself could be leaded and unloaded in a cyclic
manner. Having two or more susceptors rotating through the deposition chamber
would reduce chamber etch times, so that as one susceptor is being etched, another

could be running process.

15

The invention contemplates in another embodiment single wafer transport into and out
of the deposition chamber, with the growth process being carried out with a suscepior
holding a multiplicity of wafers. For example, a susceptor may be constructed to hold

two 125mm diameter wafers on a single susceptor, but the wafers are loaded and

20  unloaded in serial (single) fashion.
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of the deposition chanber, with the growth process being carried qug grthop
susceptor holding a nultiplicity of wafers. For exanple, a susceptor nay
be constructed to hold two 125nm di aneter wafers on a single susceptor,

but the wafers are | oaded and 20 unloaded in serial (single) fashion. 14 2
8 OCT 2u( WD 01/83333 PCT/US (c)1/12593 way of specific exanple, a single
waf er reactor may be nodified with a susceptor 10 15 that is constructed to

" hold two %6ﬂﬁgaﬁlafers on what was nominally a single 8-ipgggysessegptor. In
anot her exanple, a single wafer reactor system nay be nodified by provided

~a susceptor constructed to hold five 4-inch wafers. n various .other

embodi ment s, t B8 vaysfenesifiy ew@wesmkx‘/wfﬁr APCIOR Gy begnediied with 3 suscepipe
substrate holder in the |oadl ock, for ease of |oading and unl oadi ng wafers.
The susceptor thahis geastrugtesioothwld, biyq édnchnvafptsdinf what was nomenghaa single 8finthhe
invention. The features and advantages of the invention are nore fully

shown by the faisteporng non-limting exanple. Exanple 1 An increased
t hrough-put thin filmdeposition processing arrangenent in accordance

5 In another example, a single wafer reactor system may be modified by provided a

susceptor constructed to hold five 4-inch wafers.

In various other embodiments, the system may be selectively arranged to use only a

single substrate holder in the loadlock, for ease of loading and unloading wafers.
The susceptor ring may also be varied and modified in the practice of the invention.

The features and advantages of the invention are more fully shown by the following

non-limiting example.
15

Example }

An increased through-put thin film deposition processing arrangement in accordance

with the present invention was implemented on an ASM Epsilon One, Model E2 silicon

chemical vapor deposition (CVD) system. Unmodified, this single wafer reactor can

20 process one substrate at a time, with the diameter of the substrate ranging from 100-

200mm.

15



with the present invention was inplenented on an ASM Epsil on One, 2I\fgdgi‘TE2§£
silicon chem cal vapor deposition (CVD) system Unnodified, this single
waf er reactor can 20 process one substrate at a tinme, with the dianmeter of
the substrate ranging from 100- 200mn. 15 2 8 OCT 20{ WO 01/83333 PCTI USO1
/12593 Follow ng nodification of the systemin accordance with the present
i nventi on, the system was operated to sinultaneously process two 100 mm
“wafers, Wy, aut omat ed substrate transfer. This sygiraBewesedodi fied
to corrprl se tlﬁe faol | ow ng conponents: A dual cassette was designed to hold

dual arrays of 100mmwafers side by side, and to fit into the exjsting
"l oadl ock A trafiehewingmasifiiaton fbdeatysismel sorlantearib a'er;dpremmdquswow&le
wafer transfer arm A wafer hol der was ovided with two recesses forned
t herei n, shapesystemil wascenesded] (o ﬁbrlui@n@m'gbptﬂ@ﬁﬁﬁﬁw% 4B trmt walers, Cwitbofillyant
nodi fications were nmade in the tools and control logic in the existing
rotation and waitemated ansfrate transfersyst em Over 200 dual wafer transfers were
performed with no operational problens. The 15 ability to deposit thin
films onto two substrates sinultaneously in the single substrate reactor
effectively doubled the throughput, over sequential processing of single
waf ers.

5  This system was modified to comprise the following components:

+ A dual cassette was designed to hold dual arrays of 100mm wafers side by side, and

to fit into the existing loadlock

¢ A transfer mechanism was adapted to contain dual wands on the wafer transfer arm.

+ A wafer holder was provided with two recesses formed therein, shaped and located

10 to hold two 100mm substrates.

+ Concomitant modifications were made in the tools and control logic in the existing

rotation and wafer transfer sub-system.

Over 200 dual wafer transfers were performed with n;a operational problems. The
15  ability to deposit thin films onto two substrates simultaneously in the single substrate
reactor effectively doubled the throughput, over sequential processing of single wafers.
This resulted in a dramatic reduction in manufacturing costs, while retaming the

significant advantages of uniformity and reproducibility of the thin film deposition.

20
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This resulted in a dramatic reduction in manufacturing costs, \/\/nilé8 0CT 20
retaining the significant advantages of uniformty and reproducibility of
the thin filmdeposition. 20 16 28 OCT 20 WD 01/83333 PCT/USOL /12543 The
present invention extends to and enconpasses other features, nodifications,
and alternative enbodinents, as wll readily suggest thenselves to those
of ordinary skill in the art based on the disclosure and illustrative
" teachi ngs W\§hPisss The clains that follow are therefore tg-esozasesrued and
interpreted as including all such features, nodifications and alternative
. enbodi ments, within their spirit and scopg, 17 THE CLALMS What is claimed
is: A seniconductor substrate processi ng systen1 conprising: a reactor
conprising a single substrate deposition chanber, a wafer hol der
positionable in said deposition chanber, said mafer hol der bei ng of
plate-1i ke form and having n recesses fornmed therein, wherein nis an
integer, to coplanarly hold n wafers, with a center-to-center distance
bet ween adj aceFie prasest mvedicnereands tredndgncompasses plher fatuaes, sxnsifisronstanden
recesses hol ding sai d adj acent

alternative embodiments, as will readily suggest themselves to those of ordinary skill in

5  the art based on the disclosure and illustrative teachings herein. The claims that follow
are therefore to be construed and interpreted as including all such features,

modifications and alternative embodiments, within their spirit and scope.
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waf ers; a substrate cassette holding n arrays of wafers therein, i%fgégﬂ QL
manner that n wafers, one fromeach array, are held coplanarly adjacent to
one another by said substrate cassette and have a center-to-center spacing
t her ebetween equal to said 15 center-to-center distance between adjacent
wafers in said wafer holder; and an automated substrate transporabassenbly

conprisi,ng n copl anar wands, wherein wands cobﬁgﬂﬁjﬁ“?dd/ one
anot her have a center-to-center spacing therebetween equal fg said
center-to-center distance between adjacent wafRE&US S 16Ul 28 ﬁz hol der, 20
wherein the wafer holder, the substraté cassette, and the automated
substrate transport assenbly are iiwcted and arranged for sinultaneeus
coplanar loading 18 of n mafe%%g?;UﬁTThe substrate cassette into said n
recesses in the wafer holder, sinultaneous processing of said n wafers in
the wafer holder in the single substrate deposition chanber, and

si mul t aneous, copl apar. .transport of said n wafers fromthe wafer holder

The systen1éﬁm%géfﬁ¥¥JLmhereln t he autonmated substrate transport assenbly
and the substrate cassette are constructed and arranged so that when the

aut omat ed substrate tran‘Bort assenbly is translated into a pickup
posi tion ?el ati \/Aeseypﬁo ptor s strate processing system, comprising:

a reactor comprising a single substrate deposition chamber;

Ty a wafer holder positionable in said deposition chamber, said wafer holder being of
plate-like form, and having » recesses formed therein, wherein » is an integer, to
coplanarly hold »n wafers, with a center-to~center distance between adjacent wafers

10 determined by center-to-center spacing between recesses holding said adjacent

wafers;

a substrate cassette holding n arrays of wafers therein, in such a manner that »
wafers, one from each amay, are held coplanarly adjacent to one another by said
ﬁ substrate cassette and have a center-to-center spacing therebetween equal to said

15 center-to-center distance between adjacent wafers in said wafer holder; and

_ an automated substrate transport assembly comprising n coplanar wands, wherein
wands coplanarly adjacent fo one another have a center-to-center spacing
therebetween equal to said center-to-center distance between adjacent wafers in

said wafer holder,

20 wherein the wafer holder, the substrate cassette, and the automated substrate

transport assembly are constructed and arranged for simultanecus coplanar loading

18
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substrate cassette, said n coplanar wands of the autonated substrat& 8 OCT 2
transport assenbly engage and extract n wafers fromthe substrate cassette,
wi th each wand 10 engagi ng and extracting a respective wafer from one of
said n arrays of wafers in the substrate cassette, and so that when the

aut omat ed substrate transport assenbly is translated into a deposit

position relative to the substrate cassette, s @'MI hrfa&%s rel ease
and deposit n wafers on the substrate cassette, chQwil | easi ng
and depositing a respective wafer on one of said n arrays of wafers of the
15 substrate cassette. The systemof claim 1, wherein said coplanar wands
i n the aut onat eqdf sWaktsidincthd JubERRD Gdetteois® asldbh yecs @ the eafetdukitre- si ded
copl anar wands. The systemof claim1, further conprising a | oadl ock
chanber for contsiaivivinems privessisg bistid aveers ndeariehold@n be siltkeubstyats em of cl ai m 1,
wherein nis 2. The systemof claim1l, wherein nis 4. 19 2 8 Ocl 2 P The
system of cl ai mdgpositnehaiber, anfh dmylianeays cppingraiensprsi! saiddt walEr M % t he range of
from about 200mm to about 350mm The system of claim 1, wherein the wafer
ol der has a di d4&tho{des n t he range of from about 200nm to about 300mm
5 2 The system of claim I, wherein the automated substrate transport assembly and the
substrate casseite are constructed and amranged so that when the automated
 substrate transport assembly is translated into a pickup position relative to the
- substrate cassette, said » coplanar wands of the automated substrate transport
assembly engage and extract » wafers from the substrate cassette, with each wand
10 engaging and extracting a respective wafer from one of said n arrays of wafers in
the substrate cassette, and so that when the automated substrate transport assembly
is translated into a deposit position relative to the substrate cassette, said # coplanar
wands release and deposit » wafers on the substrate cassette, with each wand

releasing and depositing a respective wafer on one of said » arrays of wafers of the

15 substrate cassette.

-

3. The system of claim 1, wherein said coplanar wands in the automated substrate

transport assembly comprise double-sided coplanar wands.

4, The system of claim 1, further comprising a loadlock chamber for containing the

subsirate cassette.

. 20 5. The system of claim 1, wherein n is 2.

' 6. The system of claim 1, wherein nis 4.

19
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The system of claim 1, wherein each of the wafer hol der recesses ha% aaOCT 2
dianeter in - the range of from about 100nmto about 150nm 10. The system
of claim1, wherein each of the wafer holder recesses has a dianmeter in the
range of from about 100nmto about 125mm 11. The systemof claim1,
wherein the single wafer deposition chanber is sized for 10 proce55|ng
singl e Substrates having a 200nm di aneter. 12. PGF@US%I ¢/ 42 § 9Bm

wherein the wafer hol der hol ds 100nm di anmet er ]]g m tem of
claim1l, wherein each of the recesses forned in Mf ‘? g@ﬂ

circular. 14. The system of claim 1, further conprising a processor for
programmabl y; opgga B oGt NEwRHOARBLRE hMD Shel ol BRRPAR: o SSEMDI Y

according to a cyc Ime program 15, A nethod of 1ncreasing the

t hr oughput of a fsRRAbRENOE lQbouPTseERSSI NG system including a reactor
conprising a single substrate deposition chanber, said nethod conpriging:
20 anended sheet 2 B OCT 21 positioning in said deposition chanber a wafer

hol der of plgat e'dul,@ﬁerﬁgfm;mhame&&tﬁbwdf&%&'i% of SRRt deRe Rt Wherein n is
an integer, to coplanarly hold n wafers, with a center-to-center distance

bet ween adj acentomatiogr8omieioabdn 0aan by center-to--center

5 9 The system of claim 1, wherein each of the wafer holder recesses has a diameter in

- the range of from about 100mm to about 150mm.

P~
~ 10,  The system of claim 1, wherein each of the wafer holder recesses has a diameter in
the range of from about 100mm to about 125mm,
11.  The system of claim 1, wherein the single wafer deposition chamber is sized for
10 processing single substrates having a 200mm diameter.
12.  The system of claim I, wherein the wafer holder holds 100mm diameter wafers.
-.:) 13.  The system of claim 1, wherein each of the recesses formed in the wafer holder is

circular.

14,  The system of claim 1, further comprising a processor for programmably operating

15 the automated substrate transport assembly according to a cycle time program.

15, A method of increasing the throughput of a semiconductor processing system

including a reactor comprising a single substrate deposition chamber, said method

comprising:

20
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spaci ng between recesses hol ding said adjacent wafers; providing a2 8 0CT X
substrate cassette having n arrays of wafers therein, in such a manner

that n wafers, one fromeach array, are held oplanarly adjacent to one
anot her by sald substrate cassette and have a center-to-center spacing

t herebet ween equal to said center- to-cent ezpqgfu?»gelbfel Q}adj acent

waf érs i.n sai d wafer holder; providing an auto ubstrate transport
assenbly conprising n coplanar wands, 10 quENUSﬂm@ngE@ﬂggarl y

adj acent to one another have a center-to-center spaclng therebetween equal
to said center-to-center distance between adjacent wafers in said wafer
hol der; oper at i Rgiidohiy Wefiede daﬂbndo%mbemﬁaf&y&m 5@&@4&@&%@%@ mand the

aut omat ed transport assenb F for sinultaneous copl anar Ioadl ng of said n
wafers fromthe r&ukbstdirﬁ?éd%eﬂeﬁ, WIREHOLE & ihteei0toeail#arly hoRGeaR8swithn t he waf er

hel der, simultaneous processing of said n wafers in the wafer holder in

t he singl e substrateetoda distinconRmetncadbent, wakndetersiind iyt cama-ox@nteropl anar
transport of said n wafers fromthe wafer holder. 16. The method of claim
15, further conpradinghagyeqpaesesses bridinggaid pdiacenttplers; at e cassette in a wafer

pi ckup and wafer delivery relationship to the automated substrate transport

20 assenbly. 17. The nmethod of claim 16, further conprising: 21 AWGED
-SHE Z § providing a substrate cassette having » arrays of wafers therein, in such a manner

that n wafers, one from each array, are held coplanarly adjacent to one another by

said substrate cassette and have a center-to-center spacing therebetween equal to

e

" said center-fo-center distance between adjacent wafers in said wafer holder;

providing an automated substrate transport assembly-comprising »# coplanar wands,
10 wherein wands coplanarly adjacent fo one another have a center-to-center spacing
thercbetween equal to said center-to-center distance between adjacent wafers in

said wafer holder;

operating the wafer holder, the substrate cassette, and the automated transport

3 assembly for simultaneous coplanar loading of said » wafers from the substrate
15 cassette into said » recesses in the wafer holder, simultaneous processing of said n

wafers in the wafer holder in the single substrate deposition chamber, and

simultaneous coplanar transport of said r wafers from the wafer holder.

16.  The method of claim 15, further comprising positioning the substrate cassefte in a
wafer pickup and wafer delivery relationship to the automated substrate transport

X 20 assembly.

17.  The method of claim 16, further comprising:
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transl ating the automated substrate transport assenbly in a pi ckupzpa)s@(ﬂ&ﬁ
relative to the substrate cassette, so that said n coplanar wands of the
automat ed substrate transport assenbly engage and extract n copl anar
wafers fromthe substrate cassette, wth each wand engagi ng and extracting
a respective wafer fromone array of wafers in the substrate -cassette;

transl ati ng the autonated substrate transport am @ ‘?%??qj
position relative to the deposition chanber; § rom copl anar

wands of the autonated substrate transport asse!pEcFy/ys Hﬂp r vvaf ers
I nto respective recesses of the wafer hol der in sai 2@2 %

chanber, dep03|t|n%th|nf| m material on q n wafers.in, the dep05|t|on
chanber, to vyi el@s t"&é‘&@%’ﬁf”ﬂf\?&ﬁ'&’ﬁ@‘”@?smsﬁ‘lﬂm'@afﬁ@pﬁﬁsﬂtﬁﬂﬁ ¥ substrat e

transport asse 'Maggstg%fz?q {5' L{E%p nlctollgnn eﬂp&ﬁ%ﬂﬁoﬁ%ﬂg&gﬁ&eposmlon

chanmber after t i's C extracting then

coated wafers fr EoWste&ﬁl?%ﬁ%% YR gxg&p§s&,§,anglf Wil fORf B shieteter ; trandsl ating

t he aut onat ed substra ort assenbly carrying the n coated wafers

into a deposit pRAgid ivdA eiklvahd M@agt%aﬁ@admgbﬂespa&ﬁe GamsSeén ene0r a segond
substrate cassette; and 22 S

5 array of wafers in the substrate cassefte;

translating the automated substrate transport assembly to a deposit position relative

1o the deposition chamber;

)

L

releasing from the » coplanar wands of the automated substrate transport assembly
the n coplanar wafers into respective recesses of the wafer holder in said deposition

10 chamber;

depositing thin film material on the » wafers in the deposition chamber, to yield #

coated wafers;

D translating the automated substrate transport assembly into a pickup position
relative to the deposition chamber after the depositing step is completed, and

15 extracting the n coated wafers from the respective recesses of the wafer holder;

translating the automated substrate iransport assembly carrying the n coated wafers

into a deposit position relative to said substrate cassette or a second substrate

cassette; and

Teleasing the 77 coaed wafers 1o saki substrate Tassette or =z second substrate

20 cassette., :
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18. The nethod of claim 15, wherein said coplanar wands in the aut%ﬁbﬂéﬂ Vil
substrate transport assenbly conprise doubl e-sided copl anar wands. 19. The
nmet hod of claim 15, conprising sequentially using multiple wafer holders

i ncl udi ng positioning one of the nultiple wafer holders in the deposition

chanber for processing of wafers thereon, and concurre?dt%éfgenerati ng
another ‘of said wafer holders after it has I on chanber.
20. The nethod of claim 19, wherein said regenerating conprises etch
processing of said another of said wafer hol dBAUS 10 M. 2802hod of claim
15, wherein nis 2. 10 22. The rrethod of claim 15, V\,hereln nis 4. The

nmet hod of clg m h i n the range of
from about 200 ﬁ? deoaf%lm?ggﬁer 3‘“ Hﬁap‘% cf‘fod o&w%f"al m ée wher ein the

waf er hol der g{aﬁggﬁgl e idiBle-LidaeR et wihiom about 200mm t o about
300mm 15 25. Theﬂﬁsﬁe ?éom g.l m?L-Sl \?‘\Afgere‘l’vrﬁl each of the wafer hol der

recesses has a dianeter in the range of from about 100mmto about 150mMm

The method ofy ol Al Meddh P MIGT B BBAGIL Sludill MR Bluohob 8N ok eS5es has 2

di'aneter in the rangeo ut 100ni m't
including positioning one of the multiple wafer holders in the deposition chamber

5 for processing of wafers thercon, and concurrently regenerating another of said

wafer holders after it has been in the deposition chamber.

i 20.  The method of claim 19, wherein said regenerating comprises etch processing of

said another of said wafer holders.
21.  The method of claim 15, wherem nis2.
10 22, Themethod of claim 15, whereln nis 4.

23.  The method of claim 15, wherein the wafer holder has a diameter in the range of

from about 200mm to about 350mm.

24.  The method of claim 15, wherein the wafer holder has a diameter in the range of

from about 200mm to about 300mm.

15 25. The method of ciaim 15, wherein each of the wafer holder recesses has a diameter

in the range of from about 100mm to about 150mm.

26.  The method of claim 15, wherein each of the wafer holder recesses has a diameter

in the range of Trom about 100mm to about 125mm.
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2 0 OCT 200 The nethod of claim 15, wherein the single wafer degobi®Cbrlil
chanber is sized for processing single substrates having a 200nm di aneter.
28. The nethod of claim 15, wherein the wafer bolder holds 100mm di aneter

wafers. 29. The nethod of claim15, wherein each of the recesses forned in
the wafer holder is <circular. 30. The nethod of claim15, further

conpri si-ng providing a processor for progra rat) : aut omat ed
substrate transport assenbly according to a @Wlﬁ)ﬁeip}r 33593 24
IPEAUS 10 JUL 2002
27.  The method of claim 13, wherein the single wafer deposition chamber is sized for

processing single substrates having a 200mm diameter,
28.  The method of ¢laim 15, wherein the wafer holder holds 100mm diameter wafers. .}

29.  The method of claim 15, wherein each of the recesses formed in the wafer holder is

5 circular.

=

30. The method of claim 15, further comprising providing a processor for

©

programmably operating the automated substrate fransport assembly according to a

cycle time program.

O
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