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APPARATUS FOR PROCESSING WAFERS

‘BACKGROUND OF THE INVENTION -
1. Field of the Invention
The invention relates generally to the field of microelectronic

fabrication. More particularly, the invention relates to wafer processing system

- layouts.

2.-  Discussion of the Related Art

In the process of manufacturing a semiconductor device, such as an’
integrated circuit, numerous steps for micro-fabrication must be performedto -
form a finished device. One of these steps is the formation of a photo-resist
layer on a surface of a wafer. The step of forming the photo-resist layer is
typically performed in a wafer processing apparatus that can be termed a track
system. In the track system, a series of processes are performed on the surface -
of the wafer in a series of modules in order to form the photo-resist layer.

A conventional track system includes three sections. The first section,
which is an interface section, is used to transfer wafers from cassettes to the
track system and, conversely, from the track system back to cassettes. The .
second section of the track is called the process section. The process section

includes a number of process modules such as resist coating spin modules, bake

- modules, chill modules and resist developing spin modules. The third section,
- which is another interface section, is used to transfer the wafers from the track

system to a lithographic exposure tool and, conversely, from the exposure tool

- back to the track. The wafers are transported between these sections. The

wafers are delivered to, processed by, removed from, and transported among the
process modules by wafer transport mechanisms.
The time a wafer resides in a process module is called wafer total

. process time. The total process time consists of the actual process time, which

is determined by the process recipe, plus the module overhead time which is a
function at least in-part of the electromechanical design of the module. Pre-

- process time is defined as the time that a wafer waits in 2 module before the
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actual process tirhe_ starts. Similarly, post process time is defined as the time a
wafer waits in a-x_nodi:le to be removed after the cc;mpletion of the actual
process time. The time between removing a wafer from a module and
delivering it to the next module is called wafer transport time.

. Wafers are first fed from one or more wafer cassettes to the track system
through the cassette end station. In the process of forming a photo-resist film
layer, the surface of the wafer is first treated and moisture is removed with heat
and/or chemically. The wafer is then cooled and conveyed to a coating unit
where a photo-resist polymer is evenly distributed on the surface of the wafer.
The photo-resist coated wafer is then sent to a heating unit and the photo-resist
polymer is converted into a stable film. At the completion of the heating step,
the wafer is cooled and either conveyed to a cassette and stored as a treated
wafer or, in most cases, transferred directly to the stepper, through a stepper
interface. In the stepper, the stable film is exposed to a circuit pattern by a
photolithographic technique. After exposure of the stable film, the wafer is
transferred back to the track and is baked in a bake module to set the circuit
pattern into the film The wafer is then cooled in a chill module and transferred
to a spin develop module. In the spin develop module, a developing solution is
applied onto the film to develop a portion of the film and then a rinse solution is
applied to clean the surface of the wafer. Thereafter, the wafer is thermally
treated in a bake module, cooled in a chill module and then returned to a
cassette for storage and/or transport. The treating pro:cess and the sequence may
vary depending upon the type of integrated circuit and the chemical compounds
used in the processes. - As a result, one or more of the sub-steps may be
identified as a critical process which-should be subject to minimum pre-process
and/or post-process times. Further, a critical process should be subject to
minimum va_riation.éf the pre-process and/or post-process times.’

The maximum throughput of a track system is often limited by robot
over utilization. Robot over utilization can be defined as a situation in which a
lack of available robot resources causes an increase in post-process time.

Conventionally, one or more of the following approaches has been utilized to
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address robot over utilization: (a) increasing robofgpeed; (b) adding more wafer
handlers; and (c) providing robots with more than one dedicated wafer handling
mechanism. Increasing robot speed increases the cost of the track system,
reduces reliability and eventually reaches a design limit. Adding dedicated
transfer arms to transport wafers among two adjacent and successive process

- modules constrains the system layout, increases the cost of the track system, and

can not be used where modules are not adjacent and successive. Designing
robots with more than one dedicated wafer handling mechanism adds to the

- complexity of the robot design, increases cost, and imposes additional

restrictions on wafer handling.

Heretofore, the requirements of minimizing pre-process and/or post-
process times, minimizing variation of the pre-process and/or post-process times
and reducing robot over utilization referred to above have not been fully met.
What is needed is a solution that simultaneously addresses all of these

requirements.

SUMMARY OF THE INVENTION |
A primary goal of the _inv_ention is to eliminate the need for dedicated

transfer arms to avoid thermal cross-talk. Another primary goal of the invention

is to minimize pre-process and/or post-process times. Another primary goal of -

- the invention is to minimize variation of the pre-process and/or post-process -

times. Another primary goal of the invention is to reduce robot over utilization. -
~ In _accordance with these goals, there is a particular need for a wafer
prbc&ssing system layout where every wafer processing module in both a first
process station and a second process station is accessible by (i) a respective
process station robot and (ii) cither a wafer cassette traﬁsfer robot dr a stepper
transfer robot. Also in accordanpg with these goals, there is a particular need for
a wafer processing sysiem layout where any wafer processing module in a wafer
processing station can be accessed by at least two adjace;it wafer transporters
(e-g. robots). Also in accordance with these goals, there is a particular need for
a wafer processing system layout where each of a first process station and a

second process station are individually symmetrical with regard to wafer
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_' transporter access on both an X-axrs and a Y-axxs Thus, it is rendered poss1b1e

to simultancously satisfy the above-drscussed requlrements of minimizing pre-

process and/or post-process times, mtmmlzmg vanatlon of the pre-process
* and/or post-process times and reduicing robot over u_trhzatron, which, in the case

_ of the prior art, are not simultaneously satisfied.

.. A first aspect of the invention is implentente,_d in an embodiment that is

 based on a wafer processing apparatus, comprising: a first wafer transporter; a
first process station coupled to said first wafer transporter; said first process

station including: a first plurality of wafer processing stacks, each of said first
plurality of wafer processmg stacks including a first plurality of wafer .

processmg modules, and a second wafer transporter coupled to said first
- plurallty of wafer processing stacks, each of said first plurahty of wafer
: processi_ng modules adjacent, and accessible by, said second wafer transporter; a
_ ' second process statton coup_led to said first wafer transporter, said second |
. process station including: a second plurality of wafer processing stacks, each of -

said seeond-plurality of wafer processing stacks including a second plurality of -
wafer processing n'iodule's,' and ' third wafer transporter coupled to said

plurahty of wafer processmg stacks each of said second plurality of wafer
processmg modules ad_;acent and accessrble by, said third wafer transporter;

and a fourth wafer transporter coupled to _both sard_ first process station and said

- second process station, wherein each of said plurality of wafer processing

modules in each of said plurahty of wafer processing stacks is also accessible by -
either satd first wafer transporter or said fourth wafer transporter A second
aspect of the mventlon is 1mplemented inan embodlment that is based on a

wafer processing apparat_us, comprising: a first wafer transporter; a process
station coupled to said ﬁrst wafer u'ansporter,_ said process station including: a
plurality of wafer processing stacks, each of said plurality of wafer processing
stacks including a plurality of wafer processing modules, and a second wafer

transporter coupled to said plurality of wafer processing modules, each of said

plurality of wafer processing modules adjacent, and accessible by, said second

* wafer transporter; and a third wafer transporter eoupled to said process station,
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wherein any of said plurality of wafer processing modules in any of said

_plurality of wafer processing stacks can be accessed by at least two adjacent
‘wafer transporters selected from the group consisting of said first wafer

transporter, said second wafer transporter, and said third wafer transporter. A
third aspect of the invention is implemented in an embodiment that is based on a
wafer processing apparatus, comprising: a first wafer transporter; a first proeess
station coupled to said first wafer transporter, said first process station

- including: a first plurality of wafer processing stacks, each of said first plurality

of wafer processing stacks including a first plurality of wafer processing
modules, and a second wafer transporter coupled to said first plurality of wafer -
processing stacks, each of said first plurality of wafer processing modules
adjacent, and accessible by, said second wafer transporter; a second process
station coupled to said first wafer transporter, said second process station

including: a second plurality of wafer processing stacks, each of said second

plurality of wafer processing stacks including a second plurality of wafer
processing modules, and a third wafer transporter coupled to said plurality of
wafer processing stacks, each of said second plurality of wafer processing

modules adjacent, and accessible by, said third wafer transporter; and a fourth - - -

- wafer transporter boupled to both said first process station and said second

process station, wherein each of said first process station and said second
process station are individually symmetrical with regard to wafer transporter
access on both an X axis and a Y axis. ' _ '

| Thesé, and other, goals and aspects of the invention will be better
appreciated and understood when considered in conjunction with the following
description and the accdmpanying drawings. It should be understood, however,
that the followmg descnptxon, while mdxcatmg preferred embodiments of the
invention and numerous speclﬁc details thereof is given by way of illustration
and not of limitation. Many changes and modifications may be made w1thm the
scope of the invention without dcpartmg from the spirit thereof, and the

invention mcludes all such modlﬁca’uons
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BRIEF DESCRIPTION OF THE DRAWINGS
A clear conceptlon of the advantages and features constituting the
invention, and of the components and operation of model systems provided with
the invention, wrll become more readrly apparent by refemng to the exemplary,
and therefore nonlrrmtmg, embodrments illustrated i in the drawings
accompanying and _formmg a part of this’ specrﬁcatlon, wherein like reference

- characters designate the same parts' It should be noted -

Fig. 1 1llustrates a schematic plan v1ew ofa wafer process apparatus with

one process station.. -
Fig. 2 is a‘-schematic diagram of -oneerhbodiment of a stack assembly

‘that can utilized wrth the wafer process' appamtus of Frg 1.

Fig. 3 1llustrates a schematic view of a wafer handlrng load associated
with the wafer processmg apparatus shown in Fig. 1..

Fig. 4 1llus_t_rates schematic plan -vrew ofa waf_er process apparatus
having two process:'stations;repres_enﬁn'g- an embodrmentof the invention.

Fig. 5 illustrates a schematic per_spective -view'_of the wafer processing

'apparat\IS'showninFi:gA.--' e

_ DESCRIPTION OF PREFERRED EMBODIMENTS
The mventron and the vanous features and advantageous detarls thereof

| are explamed more ﬁrlly wrth reference to the nonlrrmtmg embodlments that are

rllustrated in the accompanymg drawmgs and detarled in the followmg ‘
description of preferred embodrrnents Descnptrons of well known componerrts
and processmg techmques are omrtted s0 as not to unnecessanly obscure the
invention in detail. :

The context of the mventron mcludes the fabncatron of semrconductor

_ chlps, circuit boards, and assembled components The mventron can also utrhze

data processing methods that transform process feedback 50 as to actuate
interconnected dxscrete hardware elements for example, to move or transfer
wafers, or to affect the operatron of the wafer processmg modules

The wafer processmg apparatus is drrected to addressrng the above

mentioned issues of minimizing pre-process and/or post-process times,
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minimizing variation of the pre-process and/or post:process times and reducing
robot over utiliz#fion. Accordingly, a wafer proce.ssing apparatus can provide a
timely and regularly periodic wafer handling system which improves both
throughput and consistency in process resuit. The system layout provides
cooperating or coupled stations such as cassette end storage stations, wafer
processing stations, and stepper sections. The wafer processing apparatus
includes within one or more of the processing stations a plurality of stacks,
where each stack is formed from a plurality of processing modules. Various
types of wafer processing modules, as well as conﬁguraﬁons for arranging or

- organizing the modules may be provided by each of the stacks. In one

embodiment, the apparatus of this invention provides for various process

- modules grouped in stacks that are arranged in a hexagonal pattern. Three

wafer transporting units (e.g. robots) are coupled to the processing station to
service the modules. ‘The term coupled, as used herein, is defined as connected,
although not necessarily directly, and not necessarily mechanically. The wafers
are delivered to, removed from, and transported among the various process
modules using one or more of the wafer transporting units.

The apparatus may include a first interface section on which at least one
cassette station is placed and which contains a wafer transportation unit such as

- arobot that moves linearly in a direction parallel to the interface section andin a

direction vertical to the floor plane. The wafer transportation unit of the first
interface station may also rotate along an axis parallel to the vertical direction
and may be capable of extending in a plane parallel to the floor. The apparatus
also has at least one process station that includes various process modules
arranged around a wafer transporting unit. The wafer transporting unit of the
process station may be'a robot that has the capability of moving vertically and
rotating about an axis parallel to the vertical direction. The apparatus also has a
second interface section with an input/output port and yet another wafer
transportation unit. The wafer transporting unit of the second interface section
may be a robot that moves linearly in the direction parallel to the interface
section and in the direction vertical to the floor plane. The third wafer

PCT/US99/28753



10

15

20

25

30

WO 00/41222

transporting unit may also rotate along an axis parallel to the vertical direction
and is capable of extending in a plane parallel to tﬁe ﬂOOr.-

~In on'e-embooiment, the apparatus includes at least one process station
around which a pivotable pick and place robot is provided for successive wafer
delivery and removal from wafer process modules that are within, or accessible
to, the process station. This embodiment inc_iudes a cassette end station (CES)
on which cassettes for containiﬁg wafers may be located. This embodiment
may also include a robot for traoSporting_ wafers bidirectionally between at least

.one cassette in the CES and at least one pmcessing module in a stack of the

process station. This embodiment may also include a stepper interface section
(SI) with another robot for transferring wafers bidirectionally between at least

.one wafer process module in a stack of t_he process station and a stepper coupled

to-the SI. L TR
‘The concept of the invention includes a thermal chamber as part of the
track system. Preferably, the thermal chami:er is enclosed and environmentally:
controlled, while -being adapted to receive, monitor and control solvents,
moisture, and other chemlcals for processmg wafers The thermal chamber

_may also prov1de for extractlon of the solvents, moxsture and- chemlcals used for
"wafer processing. The pressure thhm the thermal chamber can be adjustable in
order to faclhtate the functions of the chamber Thls thermal chamber can be

one of the process modules |

This invention represe_nts an improvement over the prior art in that it
reduces issues arising from thermal cross-talk. -Thermal cross-talk is an
undesirable wafer fabrication .com.iitio:n aﬁsing from when the wafer and a
gripper of the u'ans.portation'-ur'xit are'et'silbs.taﬁtiell_y differing temperatures. The
term cross-talk, as used herein, is defined as thermal contamination between a
wafer and a robot grippe_f due to previous manipﬁlation’ by the robot gripper of
one or more wafers having a different teinperat\n'e from a current wafer. For

. example, thermal cross-talk may occur when the wafer is ata hot temperature

and a contact surface of the gripper is at a cool temperature, or vice-versa. In

such instances, the thermal temperature difference between the contact surface

PCT/US99/28753
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of the gripper and the wafer may be sufficient to create, thermal cross-talk. In
certain wafer. processmg applications, and parhcularly in process stations where

various baking and cooling modules are used, avoiding cross-talk may be

crucial: The present invention allows for a central or main robot that has more

functions and freedom than dedicated arms, but one which only handles wafers.
that are cold. Hot wafers are transferred by the CES robot or the SI robot.
This invention provides advantages over the known art in part by

minimizing utilization of the main robot. Issues arise as a resuit of utilization of

the main robot in instances where a) the robot has to transfer more than one

wafer at the same time, b) the robot has insufficient speed to meet the wafer
handling demand, and/or c) the robot has to load and unload hot and cold

‘modules sequentially or in successive alternating fashion. The invention

provides for delivery and removal of wafers between wafer processing modules
while transporting the wafers among the various modules in a timely manner.

The apparatus also significantly reduces or completely eliminates pre-process - -
and/or post-process time in critical wafer processing modules. In addition, the .
apparatus eliminates or substantially reduces thermal cross-talk caused by wafer -

‘handling mechanisms, including thermal cross-talk resulting from the handling

of a cold wafer with a hot object, or a hot wafer with a cold object. These
features represent some of the advantages of this invention, and are attainable at

* least in-part by providing a wafer processing apparatus that reduces or

minimizes the functions of the main robot.

FIG. 1 illustrates an embodiment of a wafer processing apparatus 100
that contains multiple wafer processing modules atranged in a processing
station 180, that is centrally located within the apparatus 100. The process

station 180 provides a plurality of wafer processing stacks arranged around a

main robot 150. The plurality of stacks includes a first stack 105, a second
stack 115, a third stack 125, and a fourth stack 135. Each stack may include a

‘plurality of wafer processing modules for various functions. While four stacks
-of wafer processing modules are shown in this particular embodiment grouped -

around the main robot 150 in a hexagonal pattern at a main robot station 151,(2

PCT/US99/28753
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- of the six facets are unused), more or fewer stacks may also be provided (and
. pivotable between all of the stacks to =transfer_waferé.-from any module in any

- the process statibn_ 180 of the apparatus and contains a CES robot 160, as well

' processing modules i the se‘conc_l stack 115 to transfers wafers between the

robot 140 and a buffer 155. ‘The buffer 155 provides a buffer zone for wafers - I ;
- transferred to and from the stepper interface 145 when buffering is necessary i

T WO 00/41222 "~ PCT/US99/28753

they may be grouped in other polygonal patterns). Themam robot 150 is

stack to any other module in any ()ther stack. ‘A CES station 165 is adjacent to
as a plurality of cassette ends 175. Pmﬁﬁbly, the CE:.'S'robot 160 is pivotable
or otherwise rotatable while being with provided linear freedom to traverse

along the CES station 165. In this manner, the CES robot 160 may access wafer . |

processing station 180 and the plurality of cassettes in the CES station 165. A
stepper interface 145 is adjacent to the process station:180 and includes an SI

during a-particulaf fabrication step (routine). . The SI robot 140 may access -
wafer processing modules contained in the fourth stack-135 to transfer wafers . -

“between the process station. 180 and the stepper interface 145, Preferably, the SI

robot 140 is pivot‘ablae or otherwise rotatable while bemg provided linear
freedom to traverse '_'a'lon'g' the stepper interface up to the buffer zone. In this

. .manner, the SI robbtf. 140 may access wafer processing modules in the stepper
 interface 145 and the second stack 135 to transfers wafers between the

processing station 180, the stepper interface 145 or du'ectlyto the stepper. A

stepper (not shown) can be coupied to the stepper interface 145.

Referring now to FIG. 2, a schematic diagram of one embodiment of 2
stack assembly that 'can substituted in FIG. 1 is illustrated. As shown,a
plurality of process modules 184(a)-184(h) can be arranged in a stack 135
configuration in any desired order. - Any number of different types of process
modules 184 can be included in .a given stack 135 as desired or as the process
mandates. The stack 135 of FIG. 2 is one that hosts several thermal modules
184(a)-184(h). AS-s_hown, any of these mbdu_les provide bi or multi directional
access to the module 184 itself. . Stack 135 is coupled with the SI station 145. A
load part 182 aliows the SI robot 140 to access the module 184(a) to load and

10
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- unload a wafer. Access port 183 allows for the mamrobot 150 to load and

unload the module 184(a).

FIG.3 illustrates a wafer flow chart for the embodiment shown in FIG. 1.
A wafer may initially be transported from the CES station 165 by a CES robot
to one or more vapor prime modules in a transfer operation labeled by the
numeral one within a circle. The CES robot 160 transports the wafer to one or
more vapor prime chill plates in a transfer labeled by the numeral two within a

- circle. The wafer may then subsequently be moved by the main robot 150 to

one or more resist coating modules in a transfer labeled by the numeral three
within a circle. From there, the wafer may be moved to one or more soft bake
(SB) modules labored by the numeral four within a circle. The SIrobot 140
then moves the wafer to one or more soft bake chill plate modules labeled by
the numeral five within a circle. The wafer may then be moved through a
stepper interface section 145 using the SI robot 140 to the stepper.(not shown)

or to the buffer zone in a transfer labeled by the numeral six within a circle.

'FIG. 3 also shows the lithographically exposed wafer may be transported
from the stepper interface section 145 to one or more post exposure bake
modules by the SI robot 140 in a transfer labeled by the numeral one within a

- box. If the wafer is transfer to the buffer zone then the SI robot 140 moves the

waver from the buffer 155 to one or more PEB modules. The wafer may then -
be transported by the SI robot 140 to-one or more post exposure bake chill plate
modules in a transfer labeled by the numeral two within a box. From there, the
wafer may be transferred on to one or more developing modules in a transfer
labeled by the numeral three within a box using the main robot 150. After the
developing module the wafer may be moved to one or more hard bake (HB)
modules and then to one or more hard bake chill plate modules in transfers
labeled by the numeral six in a box. -

From the arrangement described above, it can be noticed that the
grippers of the main robot 150 will only be picking cold wafers. This
climinates thermal cross talk. - The wafer is then transferred to one or more
cassettes using the CES robot 160 labeled in box 6.

11
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‘The processing apparatus 100 described in FIG. 1 is not limited to only
one i)rocess-smﬁon. ~It can be appfeciated fhat the i:roqgssing apparatus 100 can
be expanded by adding additional process stations next to the station 180 of
FIG. 1. Thus station 180 in FIG. 1 becomes the process station 280 of Figure 4.
This system with jmc_)re than one process station is shown in FIG. 4.

FIG. 4 illustrates a processing apparatus 200 havmg a first process
station 280 and a second process station 280a. - The first process station 280 is
equipped with a first main robot 250, and the second .procéss station 280a is
equipped with a second main robot 250a. The main robots 250 and 250a, at
main robot stations 251 and 251(a) respectively, are pivotable pick and place

- robots with vertical movement capability. - Each'procés_s station 280, 280a

includes a first wafer processing stack 205, 205a, a se'c'dnd wafer processing
stack 215, 215a, a third wafer processi,lig stack 225, 225a, and a fourth wafer
processing stack 235, 235a, where each wafer processing stack contains a

 plurality of wafer processing modules. All of the wafer processing modules of

each processing station are accessible to.the main robot'of that processing

' station. A plurality of cassette ends 275 is allgned along one end of the

apparatus 200 at a CES section 260. - _
- While not being limited to any particular perfdrnhance indicator or

- diagnostic identifier, preferred embodiments of the invention can be identified
- one at a time by testing for the presence of robot utilization. The test for the

* presence of robot over-utilization can be carried out without undue

experimentation by the.use of a simple and conventional robot idleness
experiment. Ifa given robot is not idle, then post-process times are analyzed.
Among the other ways in which to seek embodiments having the attribute of
minimum pre-process and/or post process time guidance toward the next

preferred embodiment can be based on the minimization of pre-process and/or

‘post-process variation time.

Practical Applications of the Invention - :
A practical application of the invention that has value within the

technological arts is semiconductor wafer processing. Further, the invention is
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useful in conjunction with nonlithographic wafer proc sing steps (such as are
used for the'puf;idsé of making photovoltaic cells) or the like. There are
virtually innumerable uses for the invention, all of which need not be detailed

here.

Advantages of the Invention _

A water processing system layout, representing an embodiment of the
invention can be cost effective and advantageous for at least the following
reasons. The invention helps reduce robot over utilization. The invention helps
reduce variation in the pre-process and/or post-process times. The invention
also helps to reduce the absolute pre-process and/or post-process times
associated with a given sequence of processing modules.

All the disclosed embodiments of the invention described herein can be
realized and practiced without undue experimentation. Although the best mode:
of carrying out the invention contemplated by the inventors is disclosed above,
practice of the invention is not limited thereto. Accordingly, it willbe -
appreciated by those skilled in the art that the invention may be practiced
otherwise than as specifically described herein.

For example, the individual components need not be formed in the
disclosed shapes, or assembled in the disclosed configuration, but could be
provided in virtually any shape, and assembled in virtually any configuration. =
Further, the individual components need not be fabricated from the disclosed
materials, but could be fabricated from virtually any suitable materials. Further,
although the wafer processing system described herein can be a physically
separate module, it will be manifest that the wafer processing system may be
integrated into the apparatus with which it is associated. Furthermore, all the
disclosed elemenis and features of each disclosed embodiment can be combined
with, or substituted for, the disclosed elements and features of every other
disclosed embodiment except where such elements or features are mutually
exclusive. _

It will be manifest that various additions, modifications and

rearrangements of the features of the invention may be made without deviating

13
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from the spirit and scope of the underlying in\;e,ntive,concept. It is intended that
the scope of the invention as defined by _the=appen&ed claims and their
equivalents cover all such addi‘__tigns, modifications, and rearrangements. The
appended claims are not to be interpreted as including means-plus-function
limitations, unless such a limitation is expl'i.citly recited in a given claim using
the phrase "means-for." Expedient embodiments of the invention are

differentiated by the appended subclaims. -

14
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What is claimed is:
CLAIMS

1. A wafer processing apparatus, comprising:

a first wafer transporter; ' |

a first process station coupled to said first wafer transporter, said first
process station including:

a first plurality of wafer processing stacks, each of said first
plurality of wafer processing stacks including a first plurality of wafer
processing modules, and

a second wafer transporter coupled to said first plurality of wafer
processing stacks, each of said first plurality of wafer processing modules
adjacent, and accessible by, said second wafer transporter;

a second process station coupled to said first wafer transporter, said
second process station including:

a second plurality of wafer processing stacks, each of said second
plurality of wafer processing stacks including a second plurality of wafer
processing modules, and _'

a third wafer transporter coupled to said second plurality. of
wafer processing stacks, each of said second plurality of wafer pmmsing

- modules adjacent, and accessible by, said third wafer transporter; and

 a fourth wafer transporter coupled to both said first process station and

said second process station,

wherein each of said plurality of wafer processing modules in each of
said plurality of wafer processing stacks is also accessible by either said first
wafer transporter or said fourth wafer transporter.

2. The wafer processing apparatus of claim 1, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal arrangement.

15
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3. The wafer proo_essiné apparatus of claim 2, wherein said first
plurality of wafer p_rooessi_n'g'staoks and sald secorrd ‘wafer transporter are
configured to define a closé.'pa'ck arrang_ement.

4, The wafer processing apparatus of clai_rn 3, wherein said first
plurality of wafer pmcessing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

5. The wafer processing apparatus of claim 1, wherein all of said
first wafer transporter, said second wafer transporter, said third wafer
transporter, and said fourth wafer transporter include pivotable pick and place
robots, and both said second Wafer transporter and said third wafer transporter
are stationary with regard to lateral traverse. -

6. Thewafer processing apparatus of clalm S, wherein both said
first wafer transporter and said fourth wafer transporter are laterally traversable.

7. The wafer pr_o'cessing apparatus of claim 1, further comprising an
interface section coupled to said first wafer transporter,' said interface section
including at least one cassette station. . l

'8 The wafer processing apparatus of claim 7, further comprising
another interface section coupled to said fourth wafer transporter said another
interface section mcludmg at least one mput/output port.

9.  The wafer processmg apparatus of claim 8, further compnsmg a

stepper coupled to said mput/output port.

10.  The wafer processing apparatus" of claim 1, wherein all stroke
lengths defined by said first wafer transporter and said fourth wafer
transporter are substantially equal. o '

11.  The wafer processing apparatus of claim 1, wherein all stroke
lengths defined by said second wafer transpo_rter and said third wafer transporter
are substantially equal. L '

12.  The wafer processing apparatus of claim 1, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,

and said fourth wafer transporter are co'rxﬁgured to define an arrangement in
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which no additional wafer moves are required beyond a minimum number of
wafer moves mandated by any given process flow. - _
13.  The wafer processing apparatus of claim 1, wherein said first

- wafer transporter, said second wafer transporter, said third wafer transporter,

and said fourth wafer transporter are configured to define an arrangement in-
which a total wafer transfer load is substantially equally distributed among said

~ first wafer transporter, said second wafer transporter, said third wafer

transporter, and said fourth wafer transporter.

14.  The wafer processing apparatus of claim 1, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter and
said fourth wafer transporter all include plural wafer grippers.

15.  The wafer processing apparatus of claim 1, wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.

16. A wafer processing apparatus, comprising: -

a first wafer transporter;

a process station coupled to said first wafer transporter, said process
station including:

a first plurality of wafer processing stacks, each of said plurality
of wafer processing stacks including a plurality of wafer processing modules,

and

a second wafer transporter coupled to said plurality of wafer

- processing modules, each of said plurality of wafer processing modules

adjacent, and accessible by, said second wafer transporter; and

a third wafer transporter coupled to said process station,

wherein any of said plurality of wafer processing modules in any of said
plurality of wafer processing stacks can be accessed by at least two adjacent
wafer transporters selected from the- group consisting of said first wafer
transporter, said second wafer transporter, and said third wafer transporter.
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17.  The wafer processing apparatus of claim 16, wherein said second
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wafer transporter transports only wafers of a single state selected from the group

- consisting of heated and unheated.

18. - The wafer proceésing apparatus of claim 16, further comprising
another processing station coupled to both said first wafer transporter and said
third wafer transporter. o '

19.  The wafer processing apparatus of claim 16, wherein avoidance
of thermal cross-talk between wafers does not require one or more dedicated
transfer arms.

20.  The wafer processing apparatus of claim 16, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a polygonal -arra:lgement ' '

21.  The wafer processing apparatus of claim 20, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a close pack arrangement. - '

22..  The wafer processing apparatus of claim 21, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangehnent.-

23.  The wafer processing apparatus of claim 16, wherein all of said
first wafer transporter, said second wafer transporter and said third wafer
transporter include pivotable pick and place robots, and said second wafer
transporter is stationary with regard to lateral traverse. - - |

24.  The wafer processing apparatus of claiin 23, wherein both said
first wafer transporter and said fourth wafer transporter are laterally traversable.

25.  The wafer processing apparatus of claim 16, further comprising
an interface section coupled to said first wafer transporter, said interface section
including at least one cassette station.

26.  The wafer processing apparatus of claim 25, further comprising
another interface section coupled to said third wafer transporter, said another
interface section including at Ieast one input/output port.
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27. The wafer processing apparatus of clalm 26, further compnsmg a
stepper coupled t o $aid input/output port. L

28.  The wafer processing apparatus of claim 16, wherein all stroke
lengths defined by sa1d first wafer transporter and. said third wafer transporter
are substantially equal.

_ 29 The wafer processing apparatus of claim 16, wherein said first
wafer transporter, said second wafer transporter, and said third wafer transporter
are configured to define an arrangement in which no additional wafer moves are
required beyond a minimum number of wafer moves mandated by any given
process flow.

30.  The wafer processing apparatus of claim 16, wherein said first

- ‘wafer transporter, said second wafer transporter, and said third wafer transporter

are configured to define an arrangement in which a total wafer transfer load is _
substantially equally distributed among said. first wafer transporter, said second
wafer transporter, and said third wafer transporter. - :

31.  The wafer processing apparatus of claim 16, wherein said first
wafer transporter, said second wafer transporter and said third wafer transporter -
all include plural wafer grippers.

32.  The wafer processing apparatus of claim 16, wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.

33. A wafer processing apparatus, comprising:

a first wafer transporter;

a first process station coupled to said first wafer transporter, said first
process station including:

a first plurality of wafer processing stacks, each of said first
plurality of wafer processing stacks including a first plurality of wafer -
processing modules, and

* . asecond wafer transporter coupled to said first plurality of wafer
processing stacks, each of said first plurality of wafer processing modules
adjacent, and accessible by, said second wafer transporter;
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a second process station coupled to said first wafer transporter, said
second process station including: |
a second plurality of wafer processing stacks, each of said second
plurality of wafer processing stacks including a second plurality of wafer
processing moduleé, and
a third wafer transporter coupled to said plurality of wafer
processing stacks, each of said second plurality of wafer processing modules
adjacent, and accessible by, said third wafer transporter; and
a fourth wafer transporter coupled to both said first process station and
said second process station,
wherein each of said first process station and said second process station are
individually symmetrical with regard to wafer transporter access on bothan X -

- axisand a Y axis. .

-34.  The wafer processing apparatus of claim 33, wherein said first
plurahty of wafer processing stacks and said second wafer transporter are

- configured to define a polygonal arrangement.

- 35, .. The wafer processing apparatus of claim 34, wherein said first
plurality of wafer processing stacks and said second wafer transporter are

-configured to define a close pack arrangement.

-36. - - The wafer processing apparatus of claim 35, wherein said first
plurality of wafer processing stacks and said second wafer transporter are
configured to define a hexagonal close pack arrangement.

37.  The wafer processing apparatus of claim 33, wherein all of said

. first wafer transporter, said second wafer transporter, said third wafer

transporter, and said fourth wafer transporter include pivotable pick and place
robots, and both said second wafer transporter and said third wafer transporter
are stationary. with regard to lateral traverse.

38.  The wafer processing apparatus of claim 37, wherein both said
first wafer transporter and said fourth wafer transportér are laterally traversable.
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39.  The wafer processing apparatus of glaim 33, further comprising
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an interface section coupled to said first wafer transporter, said interface section
including at least one cassette station. |

40.. The wafer processing apparatus of claim 39, further comprising
another interface section coupled to said fourth wafer transporter, said another
interface section including at least one input/output port. |

41.  The wafer processing apparatus of claim 40, further comprising a
stepper coupled to said input/output port.

42.  The wafer processing apparatus of claim 33, wherein all stroke
lengths defined by said first wafer tré.nsporter and said fourth wafer transporter
are substantially equal.

43.  The wafer processing apparatus of claim 33, wherein all stroke
lengths defined by said second wafer transporter and said third wafer transporter
are substantially equal. '

44.  The wafer processing apparatus of claim 33, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,
and said fourth wafer transporter are configured to define an arrangement in
which no additional wafer moves are required beyond a minimum number of
wafer moves mandated by any given process flow. .

45.  The wafer processing apparatus of claim 33, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter,
and said fourth wafer transporter are configured to define an arrangement in
which a total wafer transfer load is substantially equally distributed. among said
first wafer transporter, said second wafer transporter, said third wafer
transporter, and said fourth wafer transporter.

46,  The wafer processing apparatus of claim 33, wherein said first
wafer transporter, said second wafer transporter, said third wafer transporter and
said fourth wafer transporter all include plural wafer grippers.

47.  The wafer processing apparatus of claim 33, wherein each of said
plurality of wafer processing modules in each of said plurality of wafer
processing stacks is bidirectionally accessible.
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