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COMPACT APPARATUS AND METHOD

FOR STORING AND LOADING SEMICONDUCTOR WAFER

CARRIERS

By

Dan Marohl

FIELD OF THE INVENTION

The present invention relates generally to semiconductor wafer fabrication

systems, and to an improved method and apparatus for storing and loading

semiconductor wafer carriers at a given semiconductor wafer fabrication tool.

CROSS REFERENCE TO RELATED APPLICATIONS

The present application is related to commonly owned application serial number

, filed on even date herewith, entitled “FACTORY AUTOMATION

APPARATUS AND METHOD FOR HANDLING, MOVING AND STORING

SEMICONDUCTOR "WAFER CARRIERS” by Robert Z. Bachrach (attorney

docket No. 3317/20), the summary, drawings and description thereof are

incorporated herein by reference.

BACKGROUND

The drive for reduced cost per unit wafer processed characterizes the

semiconductor industry. Thus the semiconductor industry continuously searches

for ways to increase wafer output and/or reduce overall equipment costs (costs of
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BACKG®OUND The drive for reduced cost per unit wafer processed
characterizes the sem conductor industry. Thus the sem conductor industry
conti nuously searches for ways to increase wafer output and/or reduce
overal I equi pment costs (costs of ownership). Anong the factors

significantly affecting cost of ownership for a gi XgRATRH.SEENSTsBBVDARRNT
are clean roomcosts, footprint and | abor costs. It Is we recognl zed t hat

Il
overal | sem conductor wafer fabrication s%/q}i em. (I, gbrl catiaon tool)

productivity i QUmEEEE. Amongthe fagtogs signifig ‘%f&cﬂnéﬁ‘?%? 19 df waf ers

given piece of equipment are clean room costs, footprint and labor costs. It is well
recognized that overall semiconductor wafer fabrication system (i.e., fabrication
tool) productivity increases are achieved by ensuring a constant supply of wafers
at each tool. Conventionally this has been accomplished by employing a local
buffer supply (i.e., a supply of wafers at the tool). For example, the “MINI
BUFFER” marketed by Jenoptik/Infab is a vertical buffer which is positioned near
a fabrication tool’s load lock chambers. The MINI BUFFER comprises a series of
vertically arranged shelves and one or more load ports for access by the tool’s
loader robot, and/or for access by factory transport agents (i.e., the mechanism that
transfers wafer carriers from the factory to the buffer apparatus’ factory load pbrt).
Conventionally one MINI BUFFER is positioned near each load lock, a distance
from the load lock sufficient to accommodate the axis of rotation of a front loader
robot. The loader robot may then access either MINI BUFFER to obtain a wafer
carrier for loading to either load lock. Althoﬁgh such methods maintain a constant
local buffer supply of wafer carriers, they occupy a considerable amount of floor
space thﬁs increasing the system’s cost of ownership. The fact that fabrication
tools are frequently maintained in a clean room environment further exacerbates
the increased cost associated with the system’s larger footprint.

‘In addition, most prior art systems do not allow simultaneous access by the
tool loader and the factory transport agent, and thereby complicate factory

transport scheduling.
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at each tool. Conventionally this has been acconplished by enploying a

| ocal 2 buffer supply (i.e., a supply of wafers at the tool). For
exanpl e, the "M N BUFFER' narketed by Jenoptik/lnfab is a vertical buffer
which is positioned near a fabrication tog's load |ock chambers. The M N

BUFFER conprises a series of AMAT Docket No. 1573/PVD/LW

A related, commonly-assigged Application Serial No. __ (AMI
Docket No. 1600) discloses a Factory Automation Apparatus and Method for
Handling, Moving and Storing Semiconductor Wafer Carriers. Application Serial
No._____ provides an apparatus which advantageously allows for independent
operation of the factory transport agent and the fabrication tool’s loader |
mechanism, and provides for local interconnection 6f fabrication tools in a
reduced footprint configuration. However, a continuous need exists for an

apparatus and method which pmﬁdes even further footprint reduction.

SUMMARY OF THE PREFERED EMBODIMENTS

The present invgntion provides a compact method and apparatus for
buffering wafer carriers to be loaded to a fabrication tool (i.e., a load buffer) which
eliminates the need for the front loader robot required of prior art systems and
provides overhead storage locations, therefore greatly reducing footprint as
compared to prior art systems. The load buffer features 1) two physically separate
load ports; a load port for transferring wafer carriers between the factory and the
load buffer apparatus, and a wafer exchange port for transferring either the entire
walfer carrier, or one or more wafers at a time between the load buffer apparatus
and the fabrication tool and; 2) overhead storage locations. Preferably the load
"buffer will have two pairs of physically separated load ports comprising a first
load port and a first wafer exchange port, and a second load port and a second
wafer exchange port respectively. In a further aspect the load buffer includes top

-
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vertical ly arranged shelves and one or nore |oad ports for access by the
tool's | oader robot, and/or for access by factory transport agents (i.e.,
the nechanismthat transfers wafer carriers fromthe factory to the buffer
apparatus' factory load port). Conventiong ly one MN BUFFER is positioned
near each |oad | ock, a distance fromthe | oad | ocksguTiDoskedd. 158/PVDLW
accomodate the axis of rotation of a front |oader robot. The | oader robot
may then access either MN BUFFER tq ohtain_,a wafer carrier for_loqading to
ei ther |oad | oerening load lepks sqreseive 5 1ordpading Wtoa'iécfgﬁ}‘:éﬂ?np&gaﬁa‘g’uf fer
supply of wafer carriers, they occupy a consi derable anount of fl oor

load lock includes a loader mechanisms for transferring wafers or cassettes of

wafers between the wafer exchange port and the load lock chamber. The physical.
separation of the load port and the wafer exchange port allows for independent
loading of both the load buffer apparatus and the fabrication tool. The
independent leading of the load buffer apparatus and the fabrication tool allows a
factory transport agent to operate independent of the operation of the fabrication
tool’s loader mechanism, making factory-wide automation more ﬂexible and
efficient.

The overhead storage locations are above the fabrication tool (as ueed
herein a first feature described as “above” a second feature shall mean the first and
second feature have at least partially ovenlapping footprints).. Preferably the
overhead storage locations are substantially above the fabrication tool (i.e., the
footprint of the overhead storage locations substantially everlap the footprint of
the fabrication tool), and most preferably the overhead storage locations are
completely above the fabrication tool (il.e., the footprint of the overhead storage
locations completely overlap the footprint of the fabrication tool). The
combination of overhead storage and top opening load locks allows for significant
reduction in the._footprint_ of 'the'automated' local area semiconductor wafer
fabrication system (i.e., the combined fabrication tool and load buffer). The -

overhead storage and top opening load locks provide the fabrication tool with a:
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space thus increasing the systems cost of ownership. The fact that
fabrication tools are frequently maintained in a clean room environnent
further exacerbates the increased cost associated with the system's |arger
footprint. In addition, nost prior art sysfens do not allow sinultaneous

access by the tool |oader and the factory transpor jnag9itket R895BRDARY
conplicate factory transport schedul i ng.

constant buffer supply of wafer carriers in a significantly reduced footprint
configuration.

In one aspect the inventive load buffer apparatus comprises: a first load
port, a first verticai transfer mechanism for elevating wafer carriers to a height
greater than that of the fabrication tool; at least one storage location located above
the fabrication tool operatively coupling the first vertical transfer mechanism; a
second vertical transfer mechanism, operatively coupling the at least one storage
location, for lowering the wafer carrier; aﬁd a first wafer exchange port,
operatively coupling the second vertical transfer mechanism. As used herein the
phrase “operatively coupling” means configured such that a wafer carrier can be
transferred between the identified components.

In a preferred embodiment the at least one storage location comprises one
or more shelves which are operatively coupled to both the first and second vertical
transfer mechanisms, i.e., the shelves are located such that wafer carriers can be
passed from the first vertical transfer. mechanism to the second vertical transfer
mechanism via the serizs of shelves. Preferably the first and second vertical
transfer mechanisms comprise a first and second robot each having both a y-axis
component and an x-axis component; the x-axis component being movably
coupled to the y-axis component such that the x-axis component can travel along
fche length of the y-axis component. The first robot is configured so as to access
the first load port and the second load port from a first and second position above

the first and second load port respectively; and the second robot is configured so
\ -
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3 A related, comonly-assigned Application Serial No. 08/ 764,661 (AM
Docket No. 1600) discloses a Factory Automation Apparatus and Method for
Handl i ng, Moving and Storing Semi conductor Wafer Carriers. Application
Serial 08/764,661 provides an apparatus whyg ch advant ageously al l'ows for

mdependent operation of the factory transport age‘QMAq\rﬁj,cﬁepﬁof@gmwon
tool's | oader nechani sm and provides for |ocal interconnection of

fabrication tools in a
as to access the first wafer exchange port and the second wafer exchange port from

a third and fourth position above the first and second wafer exchange port
respectively. Preferably the first, second, third and fourth positions are
substantially above, and most preferably completely above the respective port.

In another aspect, the inventive load buffer further comprises a top opening
load lock such as that disclosed in U.S. Patent No. 5,391,035 entitled “Micro-
Environmental L.oad Lock” the entirety of whi;:h is hereby incorporated by
reference. In one aspect the top opening load lock has a first lid comprising a
wafer carrier engaging mechanism which engages a second lid (the lid of a pod
type wafer carrier positioned on the first wafer exchange port) such that elevation
of the first lid causes the second lid to elevate, opening the wafer carrier
positioned on the first wafer exchange port. In a further aspect the wafer exchange
port is positioned above the fabrication tool’s transfer chamber and wafers are
extracted therefrom and transferred to a position within the open first load lock by
a loader first loader mechanism such as the wafer extraction platform _dis_closed in
commonly owned U.S application Serial No. __ AMI Docket No. 1522 entitled
“Magnetically Coupled Wafer Extraction Platform” by Dan Marohl, the entire
‘summary, drawings and description thereof are incorporated herein by reference.

Other objects, features and advantages of the present invention will
become more fully apparent' from the following detailed description of the

preferred embodiments, the appended claims and the accompanying drawings.
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reduced footprint configuration. However, a continuous need exists for an
appar atus and net hod whi ch provides even further footprint reduction.
.SUMVARY OF THE PREFERED EMBODI MENTS The present invention provides a
conpact nethod and apparatus for bufferingywafer carriers to be |oaded to a

fabrication tool (i.e., a load buffer) which elim SSndcREND a8 AL e
front | oader robot required of prior art systens and provi des overhead

storage |ocations, therefore greatly reducing footprint as conpared to
prior art systems. The |load buffer features 1) two physically separate

BREIF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an inventive load buffer;

FIG. 2 is a front elevational view of the load buffer of FIG. 1 which shows
a preferred arrangement of four storage locations 25a, 25b, 25c¢, and 25d;

FIG. 3 is a top plan view of the load buffer of FIG. 2 which shows a
preferred footprint thereof;

FIGs. 4A-4F are side elevational views of the load buffer of FIG. 2, which
are useful in explaining a first aspect of wafer catrier transport therethrough; and

FIGs. SA-5C are side elevational views of the load buffer of FIG. 2, which

are useful in explaining a second aspect of wafer carrier transport there through.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an inventive load buffer 11. The load buffer 11
comprises a first and second vertical transfer medhanisrh comprised of a first robot
13 and a second robot 15, respectively. The first robot 13 comprises a first y-axis-
compénent 17 and a first lx-axis component 19 movably coupled to the first y-axis
component 17 such that the first x-axis component 19 may travel along the length
of the first y-axis component 17. Similarly, the second robot 15 comprisesa
second y-axis component 21 and a second x-axis component 23 movably coupled
to the second y-axis component 21 such that the second x-axis component 23 may

travel along the length of the second y-axis component 21. Operatively coupled
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l.oad ports; a load port for transferring wafer carriers between the factory
and the | oad buffer apparatus, . and a wafer exchange port for transferring
either the entire wafer carrier, or one or nore wafers at a tinme between
the | oad buffer apparatus and the fabricatg on tool and; 2) overhead storage

| ocations. Preferably the |oad buffer wll" have tmgﬁ%q?o?ke% R%ﬁ;ﬁdvy

separated | oad ports conprising a first |oad port I'T's
exchange port, and a second |oad port and a second wafer exchange port
respectivel y. batveeen the first robop b and the seapad rohet 118 are ongl ardacre stopage

locations 25a, 25b. The first robot 13 is configured such that when the first x-axis -
component 19 is at the lower portion of the first y-axis component 17 it may
access a first load port 27 (preferably a SEMI E15 type load port) and such that
when the first x-axis component 19 is at the upper portion of the first y-axis
component 17 it may access a first overhead load port (not shown) which provides
access to a first overhead wafer carrier transport system such as a monorail,
referenced generally by the numeral 29a of FIG. 1. The second robot 15 is
configured such that when the second x-axis component 23 is at the lower portion
of the second y-axis component 21 it may access a first wafer exchange port 31
and, optionally, such that when the second x-axis component 23 is at the upper
portion of the second y-axis component 23 it may access an optional se;cond
overhead load port which provides access to a second overhead wafer carrier
transport system such as a monorail, referenced geﬁerally by the numeral 29b in
FIG. 1. Both the first x-axis component 19 and the second x-axis component 23
are configured so as to reach any of the storage locations 25a, 25b. In a preferred
embodiment, each load port, each overhead load port and each wafer exchange
port may simply comprise a predetermined location.
The first wafer exchange port 31 is preferably located substantially or

* completely above a fabrication tool 33 having at least a transfer chamber 32, a

process chamber 34 and a first load lock 35. Most preferably the first wafer

exchange port 31 is located above the transfer chamber 32 of the fabrication tool
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4 opening |oad |l ocks to receive wafers for loading into the fabrication

tool. Each load | ock includes a | oader nechanisns for transferring wafers
or cassettes of wafers between the wafer exchange port and the |oad | ock
chanber. The physical separation of the I gad port and the wafer exchange

port allows for independent |oading of both the '0%?%‘%&@%@95&%3”(1
the fabrication tool. The

33. The first wafer exchange port 31 is operatively coupled to the first load lock
35 via a first loader mechanism referenced generally by the numeral 37 of FIG. 1.
The first loader mechanism 37 comprises a wafer cassette platform such as that
described in co-pending U.S. Application Serial No. ;_(AMI Docket No.
1522) that extends outside the open load lock 35 to extract wafers from a cassette
located on the first wafer exchange port 31. The first load lock 35 has a first lid 39
and a lift-lower mechanism 41. In the present invention the first loader
mechanism 37 is positioned on lift-lower mechapism 41. When the first lid 39
and the lift-lower mechanism 41 are in théir eleva’;ed positions, as shown in FIG.
1, the first loader mechanism 37 extends horizontally, extracts one or more wafers
from a first wafer carrier 43 (or, alternatively, can transfer the entire wafer carrier)
located on the first wafer exchange port 31 and retracts carrying the extracted
wafers (or the entire cassette) into position on the lift-lower mechanism 41. The
lift-l(.>wer mechanism 41 then lowers the wafers (or the cassette) as the first lid 39
lowers.

Further, in a preferred embodiment the first lid 39 has a wafer carrier-
engaging mechanism referenced Igenera.lly by the numeral 45 of FIG. 1 which will
engage a second lid 47 of a first wafer carrier 43 located on the first wafer
exchange port 31 causing the second lid 47 to elevate as the} first lid 39 elevates.
Thus, as shown in FIG. 1, the first wafer carrier 43 is open and ready for the first
loader mechanism 37 to extract wafers for loading to the first load lock 35.

-
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i-ndependent | oading of the | oad buffer apparatus and the fabrication tool
allows a factory transport -agent to operate independent of the operation of
the fabrication tool's |oader nmechani sm naking factory-w de autonation
nore flexible and efficient. The overhead gt or age Iocations are above the
fabrication tool (as used herein a first feature d ]%gpetﬁg 15 AR W
second feature shall nean the first and second fea ure have at east
partially overl appi 2?& footprl nts). Preferably the overhead_st orag:

locations are subst &A6: 2isd franf slevatipral vigy pEtheilond tudfer 11 of EIG. & w,

shows a preferred arrangement of four storage locations 25a, 25b, 25¢, and 25d,
above the first load lock 35 and a second load lock 49. As shown in FIG. 2, the |
first load lock 35 is open with the first lid 39 elevated and the first wafer carrier 43
loaded on the lift-lower mechanism 41 for subsequent lowering into the first load
lock 35. A sepond wafer carrier 51, a third wafer carrier 53, a fourth wafer ‘carrier
55 and a fifth wafer carrier 57 are in storage on the storage locations .25a, 25b, 25¢
and 25d, respectively.

FIG. 3 is a top plan view of the load buffer 11 of FIGs. 1 and 2 which
shows a preferred footprint of the load buffer 11, and which shows in pertinent
part, a preferred footprint of the local area semiconductoi wafer fabrication
system. The four primary horizontal positions of the first x-éxis component 19
and of the second x-axis component 23 are represented as 19a, 19b, 19¢, and 19d,
and 23a, 23b, 23c, and 23d respectively. However, it is understood that the first x-
axis component 19 and the second x-axis component 23 each occupy only one of
these positions at a givzn time. (The primary vertical positions of the first x-axis -
component 19 and of the second x-axis component 23 are shown sequentially in
FIGs. 4A-4F and FIGs. 5A-5C.) As shown, the first load port 27 and a second
load port 59 are advantageously positioned directly adjacent the first load lock 35
and the second load lock 49 of the fabrication tool 33, resulting in the overall
footprint of the local area semiconductor wafer ﬁbﬁcation system being

considerably smaller than that of prior art systems which require sufficient space
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footprint of the overhead storage | ocations substantially overlap the
footprint of the fabrication tool), and nost preferably the overhead
storage |l ocations are conpletely above the fabrication tool (i.e., the
footprint of the overhead storage |ocatio conpl etely overlap the

footprint of the fabrication tool). The conbinatig Do%?ﬁ@‘??ﬁ@b%\ﬁge
and top opening |load |ocks allows for significant re uctron rnt

footprint of the autonmated | ocal area sem conductor wafer fabrication
system (i.e., fora fontdpadsnrabebr Sudxadyantagesus positioning obtheifisstiloadipast 8l er head
storage and .top opening |load | ocks provide the fabrication tool with a

and the second load port 59 is possible because wafer carriers entering the load

buffer 11 via the first load port 27 or the second load port 59 are extracted from
the top of the first load port 27 and the second load port 59, respectively, rather
than from the sides thereof. Similarly, because the first load port 27 and the
second load port 59 are loaded and unloaded from above, they may Be positioned
in close proximity to each other, unlike side loaded prior art systems whose load
ports must be positioned a sufficient distance ﬁ'om each other to accommodate the
loader robot’s axis of rotation.

Further, as shown by FIG. 3, storage locations 25a and 25c¢ are positioned
above the first load lock 35 and the second load lock 49, respectively, and the first _
wafer exchange port 31 and a second wafer exchange port 61 are posiﬁoned above
the transfer chamber 32 of the fabrication tool 33. The location of the plurality of
storage locations 25a-25d, the first wafer exchange port 31 and the secoﬁd wafer
exchange port 61 above the fabrication tool allows the footprint of the inventive
local area semiconductor wafer fabriqation system to be significantly smaller than
that of prior art systems. The smaller footprint provided by the present invention
reduces the systems cost of ownership which in turn reduces the cost of each unit
produced.

FIGs. 4A-4F are side elevational views of the load buffer 11, which are
useful in explaining a first aspect of wafer carrier transport through the load buffer

11. The components of the load buffer 11 are described above with reference to
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5 constant buffer supply of wafer carriers in a significantly reduced
footprint configuration. In one aspect the inventive | oad buffer apparatus
conprises: a first load port, a first vertical transfer mechani smfor

el evating wafer carriers to a height 12

AMAT Docket No. 1573/PVD/LW

FIG. 1 and are therefore not repeated here. Further, in the preferred embodiment,
the entire load buﬁ'er apparatus 11 is maintained under a vacuum hood. However,
it is understood that if the load buffer 11 wefe not under vacuum, the steps of
opening a pod type wafer carrier and loading the wafers to the load lock would be
performed within an enclosed vacuum chamber that would surround each wafer
exchange port'-and the open load lock associated therewith.

As shown in FIG. 4A the first wafer carrier 43 is in storage at the storage
location 25a. In operation, a second wafer carrier 51 is placed on the first load
port 27 by, for example, an operator, automatic guided vehicle (AGV) or rail-
guided vehicle (RGV), and the first x-axis component 19 of the first robot 13
lowers to pick up the second wafer carrier 51, as shown in FIG. 4A. The second
robot 15 operétes independently of the first robot 13, and may therefore be in any
required position at a given time.

Next, as shown in FIG. 4B, the first x-axis component 19 lifts the sécond
wafer carrier 51 and pivots to deposit the second wafer carrier 51 on the storage
location 25b, as represcnted by arrow 63.

The;eafter, as shown in the example of FIG. 4C, the first x-axis component
19 may pivot and lower to pick up the third wafer carrier 53 from the first load
port 27, as the second x-axis component 23 of the second robot 15 picks up the |
first wafer carrier 43 from the storage location 25a, pivots, lowers and deposits the
first wafer carrier 43 at the first wafer exchange port 31, as represented by the

arrow 65.
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greater than that of the fabrication tool; at |east one storage |ocation

| ocat ed above the fabrication tool operatively coupling the first vertical

‘transfer nechanism a second vertical transfer mechanism operatively _

coupling the at | east one storage Iocatioq? for |l owering the wafer carrier;
y

and a first wafer exchange port, operative coupl jpdr ket RE 9 m\(,%pltvl,cal
transfer nmechanism As used herein the phrase "opera |%ﬁ§/ c%uggl ng. nmeans

configured such that a wafer_carrier can be transferred between the
i dentified conponent$.shownin FIGr4D) thedirstlich3f ekthe firstdoad:lock3% elewates, andr age
| ocation conprises one

- the wafer carrier-engaging mechanism 45, which engages the second lid 47, of the

first wafer carrier 43, causes the second lid 47 to elevate. Thus, the first wafer
carrier 43 is open and any number of wafers or the entire cassette 43a (i.c., the
‘contents of the open pod type first wafer carrier 43) may be transferred from the
first wafer exchange port 31 to the open first load locic 35. As described with
reference to FIG. 1, the first loader mechanism 37 may be a conventional
apparatus, or, preferably, is as described in Application Serial No. __ (AMI
Docket No. 1522). The apparatus described in Serial No. ___ (AMI Docket No.
1522) comprises a slotted assembly which extends to position the slots beneath the
wafers to be extracted. The assembly then elevates, lifting the wafers, and
retracts. The assembly can be modified such that the number of slots correspond
to the number of wafers to be extracted, or can be modified to extend to a position
_ béneath the entire cassette, thus transporting the entire cassette when the assembly
retracts. |
FIG. 4E shows *he waf& cassette 43a (extracted from the open first wafer
carrier 43) positioned on the lifi-lower mechanism 41 for subsequent lowering into
the first load lock 35.
FIG. 4F shows the wafer cassette 43a positioned within the first load lock
35, and the first lid 39 of the first load lock 35 in the closed position. Thereafter
. wafers may be extracted from the first load lock 35 and processed within the

fabrication tool 33. The empty first wafer carrier 43 can be closed and moved to
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or nore shelves which are operatively coupled to both the first and second
vertical transfer nechanisnms, i.e., the shelves are | ocated such that wafer
carriers can be passed fromthe first vertical transfer nechanismto the
second vertical transfer mechani smvia thggseries of shelves. Preferably

the first and second vertical transfer mechanisns ﬁmﬁéﬁtﬁoflbfsﬁvﬁiw
second robot each having both a y-axis conponent and an x-axl's conponent;

the x-axis conpone bei ng novabl led to the y-axis conponent such
that the x-axi O eeﬁ@sﬁmgeclasmnaﬁé# 854? ahean ewaingasitiongd on fizstyaler s

conponent. The first robot is configured so as to access
exchange port 31 until wafers have been processed and returned to the first wafer

carrier 43.

The first robot 13 and the second robot 15 may continue to operate
independent of the loading of the first wafer carrier 43 from the first wafer
exchange port 31 to the first load lock 35. Although not shown in FIGs. 4E and
4F, the first robot 13 may continue transferring wafer carriers between the first
load port 27 and/or the overhead load port (e.g., a predetermined location along
the monorail 29) and the plurality of storage locations 25a-25d; and the second
robot 15 is able to pick up wafer car;iers as requiréd from the plurality of storage
locations 25a-25d, and deposit them at either the first wafer exchange port 31 or
the second wafer exchange port 61, provided the particular wafer exchange port is
vacant.

The configuration of the load buffer 11 advantageously enables
independent operation of the first robot 13 and the second robot 15, and enables
independent loading ard unloading of each pair of load ports (e.g., the first load
port and the first wafer exchange port) and the overhead load ports. Thus, it is
understood that the specific operation of the load buffer 11 described with
reference to FIGs. 4A- 4F is merely exemplary.

FIGs. 5A-5C are side elevational views of the load buffer of FIG. 2, which
are useful in explaining a second aspect of wafer carrier transport thereﬁbugh.

As shown in FIG. 5A the first x-axis component 19 of the first robot 13 pivots to

_
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the first load port and the second |oad port froma first and second
position above the first and second | oad port respectively; and the second

robot -is configured so 6 as to access the first wafer exchange port and
t he second wafer exchange port froma thigg and fourth position above the
first and second wafer exchange port AMAT Docket No. 1573/PVD/LW

pickup the first wafer carrier 43 from the monorail 29. Thereafter as shown in
FIG. 5B, the first x-axis component 19 lowers and pivots about the first y-axis
component 17 to deposit the first wafer carrier 43 on the storage location 25b, as
represented by the arrow 67. Then, as shown in FIG. 5C, the second x-axis
component 23 of the second robot 15 picks up the first wafer carrier 43 from t‘t.le
storage location 25b and pivots about the second y-axis component 21 and lowers
to deposit the first wafer caﬁer 43 on the first wafer exchange port 31, as
represented by arrow 69. Thereafter the first wafer carrier 43 is opened and
lowered into the first load lock 35 as previously described with reference to FIGs.
4D-4F. While only the first wafer carrier 43 is shown traveling through the load
buffer 11, it is understopd that when the first x-axis component 19 and the second
X-axis componént 23 are not transporting the first wafer carrier 43, they may be
picking up, transporting, or depositing other wafer carriers at any location within
load buffer 11, as previously described. In sum, the operation of the first rqbot 13
and the second robot 15 may be synchronous at certain times, and also may
operate asynchronously at other times. Therefore it is understood that the specific
operation of the load buffer 11 described with reference to FIGs. 5A-5C is merely
exemplary.

After processing is complete and the wafers have been returned to the load
lock 35, the lid of load lock 35 elevates, the lift lower mechanism 41 lifts the
wafers to the elevation of the first wafer exchange port 31, and the first loader

mechanism 37 returns the wafers to the cassette 43 positioned on the wafer

This Sheet Has Been Rep

i



respectively. Preferably the first, second, third and fourth positions are
substantially above, and nost preferably conpletely above the respective
port. In another aspect, the inventive |oad buffer further conprises a top
opening load | ock such as that disclosed ijg U. S. Patent No. 5,391, 035

entitled "Mcro- Environmental Load Lock" the enti hgiar siketRb.G873svewebY
i ncorporated by reference. In one .aspect the top opening | oad [ock has a

first lid conprising a wafer carrier. _engagi ng mechani smwhi ch engages a
~second lid (th@thaé%POl&%o&St%@fs&\BﬂéPO@ﬁqaﬂﬁ@?k%@M@FS@,HMOWWW ajsa ¢
waf er exchange port) such that el evation

41 lowers, and the second lid 47 of the wafer carrier 43 lowers, sealing around the

cassette 43a. Thereafter the second robot 15 transfers the wafer carrier 43 either to
a storage shelf 25 or to the second overhead load port. If the second robot 15
places the wafer carrier 43 on one of the storage shelves 25, the first robot 13 may
then transfer the wafer carrier 43 either to the first load port 27 or to the first
overhead load iaort. Thus a wafer carrier full of processed wafers travels backward
through the load buffer 11 in the same manner as a wafer carrier of unprocessed
wafers travels forward through the load buffer 11, only the direction of travel
changes. Each robot elevates a wafer carrier between the respective load port or |
wafer exchange port and the overhead load ports or storage shelves. As used
herein the term “elevate” refers to any y-axis movement and fherefore includes
both lifting and lowering.

In operation, at any given time wafer carriers may be traveling both
forward and backward through the load buffer 11. Thus, a robot may transfer a
first wafer carrier to the storage shelves or to the overhead load ports, and then

~ immediately pick up a second wafer carrier for transfer to one of the load ports or
to the wafer exchange ports.

Although with reference to the side elevational views of FIGs. 1, 4A-F and
5A-C only the first side of the load buffer 11 is shown and described (i.c., the first
load port through the first wafer exchange port) i;c is understood that the

configuration and operation of the second side of the load bﬁffer 11 (i.e.; the
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of the first lid causes the second lid to el evate, opening the wafer
carrier positioned on the first wafer exchange port. In a further aspect

t he wafer exchange port is positioned above the fabrication tool's transfer
chanmber and wafers are extracted therefroggand transferred to a position

within the open first load |lock by a | oader first Am@l%%g%@()h%g@qpﬁwh as

the wafer extraction platformdisclosed in comonly owne S."application
Serial No. 08/763,604 AM -Docket No. 1522 entitled "Magnetically Coupled
Waf er Extract i 8acomd lnaflportithropginthe seeenshivafer exchangei nost) is idemtical tmt%aw ngs and

description thereof are incorporated herein by reference.
disclosed.

The foregoing description discloses only the preferred embodiment of the
invention, modification of the above disclosed apparatus and fnethod which fall
withjn the scope of the invention will be readily apparent to those of ordinary skill
in the art. For instance, although only four storage locations 25a, 25b, 25¢ and
25d are shown, additional storage locations could be provided. Although each of
the storage locations 25a, 25b, 25¢ and 25d is shqwn as being wide enough to hold
only a single wafer carrier, the size of the storage locations may vary so as to hold
a plurality of wafer carriers. As well, the specific apparatus employed as thé first
and second vertical transfer mechanism may vary, as may the specific location and
coupling of components.

Accordingly, while the presént invention has been disclosed in connection with
the preferred embodiments thereof, it should be understood that other
embodiments may fall within the spirit and scope of the invention, as defined by

the following claims

-
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& her' objects, feat vant ages of the present invention will becone

nore fully apmow ng detail ed description of the
preferred enbo&]lm m E& ded clainms and the acconpanyi ng draw ngs.
7 BREI F DESCRI 18

AMAT Docket No. 1573/PVD/LW

WHAT IS CLAIMED IS:
1. An apparatus for buffering wafer carriers to be loaded to a fabrication tool
comprising:

a first load port;

a first vertical transfer mechanism, operatively coupling said first load
port, for liﬂing a wafer carrier to a height greater than that of the fabrication tool;

at least oﬁe storage location located ab(;ve the fabrication tool operatively
coupling said first vertical transfer mechanism;

a second vertical transfer mechanism operatively coupling said at least one
storage location, for lowering the wafer carrier for loading into the faﬁrication
tool; and o

a first wafer excﬁaﬁge port, operatively coupling said second vertical

transfer mechanism.

2. The apparatus of claim 1 wherein the first vertical transfer mechanism is for
lifting and lowering a wvafer carrier between the first load port and a height greater
than that of the fabrication tool, and wherein the second vertical transfer
‘mechanism is for lifting and lowering a wafer carrier between the first load wafer

exchange port and a height greater than that of the fabrication tool.

3. The apparatus of claim 1 wherein the first load port is for receiving wafer

carriers from a factory.
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FIG | is a side viewof aminventive |load buffer; FIG 2 is a front

el evati onal vi fer of FIG 1 which shows a preferred
.arrangenent of e”"ﬂl”mumﬂ IJ' tions 25a, 25b, 25c, and 25d; FIG 3 is a
top plan view of* tife Foad buffer of FIG ZJgwhich shows a preferred

footprint thereof; FIGs. 4A-4F are side el evationalAwmkgko_tllg%,ll.
buffer of FFG 2, which are useful in explaining a first aspect of wafer

[ t. th thro . and. Fl Gs A-5C are side el evational views
g? r { Ihgr| E);gn;g](c) e'l,'he(ﬂ%i)%a@s %%i 1-wherein the first wafer exchange port is for receiving

wafers to be loaded to the fabrication tool.

5. The apparatus of claim 1 wherein the first vertical transfer mechanism is

coupled to an overhead wafer carrier transport system.

6. The apparatus of claim 1 wherein the first vertical transfer mechanism
comprises a first x-axis component and a first y-axis component and wherein the
second vertical transfer mechanism comprises a second x-axis component and a

second y-axis component.

7. The apparatus of claim 6 wherein the first x-axis component is moveably

coupled to the first y-axis component and is configured so as to be able to access

 the first load port.

8. The apparatus of clnim 7 wherein the first vertical transfer mechanism is
configured so as to access the first load port from a position above the first load

port.

9. The apparatus of claim 7 wherein the first vertical transfer mechanism is

configured so as to access an overhead factory automation system.
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are useful in explaining a second aspect of wafer carrier transport there
t hrough. DETAI L E DRAWNGS FIG 1 is a side view of an

i nventive | oad-b d buffer 11 conprises a first and second
verti cal transfjﬁlﬂﬁmw (Hﬂl sed of - ggfi rst robot 13 and a second
robot 15, respect robot 13 conprlsgmﬁ6cgéhoy13m®mw

component 17 and a first x-axis conponent 19 novably coupled to the first
y-axi s conmponent 17 such that the first x-axis conponent 19 may travel
along the length of the first y-axis conponent 17. Simlarly, the second
robot 15 conprises a _

10. The apparatus of claim 6 wherein the second x-axis component is moveably

coupled to the second y-axis component and is conﬁgured so as to access the first

wafer exchange port.

11. The apparatus of claim 10 wherein the second vertical transfer mechanism is
configured so-as to access the first wafer exchange port from a position above

the first wafer exchange port.

12. An automated local area semiconductor wafer fabrication system for
automatically storing, loading and processing semiconductor wafers comprising:

a senﬁconductor wafer fabrication tool comprising at least a first load lock;

a tfansfer chamber operatively coupling said first load lock;

at least one process chamber; and

an apparatus for buffering wafers to be loaded to the fabrication tool, said
apparatus operatively roupled to the first load lock, comprising:

a first load port;

a vertical transfer mechanism, operatively coupling said first load port, for
elevating a least one wafer carrier to a height greater than that of the fabrication
tool;

at least one storage location located above the fabrication tool and

operatively coupling said first vertical transfer mechanism;

—_—
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second y-axis Q%Zlantq_%igcond x-axi s conponent 23 novably coupl ed
to the second y-axi s conponen uch that the second x-axis conponent 23
may travel al onH’M"m he second y-axis conmponent 21.. Operatively
coupl ed 8 betls I m' ﬁu obot 13 apd the second robot 15 are one or
more storage oM s AMAT Docket No. 1573/PVD/LW
a second vertical transfer mechanism operatively coupling said plurality of
storage locations, for lowering the at least one wafer for loading into the
fabrication tool; and
a first wafer exchange port, operatively coupling said second vertical

transfer mechanism.

13. The automated local area semiconductor wafer fabrication system of claim 12
wherein the load lock comprises a first lid which allows wafers to be loaded into

the load lock from a position above the first load lock.

14. The automated local area semiconductor wafer fabrication system of claim 13
wherein the first lid comprises a wafer carrier engaging mechanism for causing a

wafer carrier lid to elevate as the first lid elevates.

15. The automated local area semiconduétor wafer fabrication system of claim 14

wherein the load lozk further comprises a lift/lower mechanism for lowering

wafers into the load lock.

16. The automated local area semiconductor wafer fabrication system of claim 15
further comprising an first loader mechanism for transferring wafers from the

second load port to a position above the load lock, for subsequent lowering into

the load lock.
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l-ocati ons 25a, 25b. The first robot 13 is configured such t hat when the
first x-axis_cgnpeﬁenr”Ig“T§—5fﬂthe | ower portion of the first y-axis

conponent 17 it Ii rst load port 27 (preferably a SEM E15 type
| oad port) anﬂmﬂﬁﬁ“ﬂmnﬁ‘m‘lhe first x-gxis conponent 19 is at the upper
portion of th ¢SLLY-8XI$ conponent 17 it may acg\mﬁm{(&ﬁg;l MBFBEWd
| oad port (not shown) which provides access to a first over eag waf er
carrier transport systemsuch as a nonorail, referenced generally by the
nuneral 29a of FIG 1. The second robot 15 is configured such that when the
second x-axis conmponent 23 is at the | ower .portion

17. A factory automation system comprising a first automated local area

semiconductor wafer fabrication system comprising:
a fabrication tool comprising:

at least a first load lock;

a t1_ransfer chamber operativel_y coupling said first load lock; and

at least one process chamber; and

an apparatus for buffering wafer carriers to be loaded to the fabrication
tool, said apparatus operatively coupled to the first load lock, comprising:

a first load port;

a first vertical transfer mechanism, operatively coupling said first load
port, for e_levating'a wafer carrier to a height greater than the height of the
fabrication tool;

at least one storage location located above the Ifabrication tool and
operatively  coupling said first vertical transfer mechanism;

a second vertical transfer mechanism operatively coupling said at least
one  storage location, for lowering the wafer carrier for loading into the
fabrication tool; and

a first wafer exchange port, operatively coupling said second vertical

transfer mechanism.
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of the second y-axis ' it may access a first wafer exchange port
31 and, optioWn t he second x-axis conponent 23 is at the

upper portion “ﬁ\ is conmponent 23 it may access an optional
second over heagmu cn provides agcess to a second overhead wafer

carrier ‘transport dystem such as a nonorail, referg q%gﬁpﬁgq%%\}ym&he

nunmeral 29b in FIG 1. Both the first x-axis conponen and e second
X-axi s conponent 23 are configured so as to reach any of the storage

| ocati ons 25a, 185bhe fagtozsy gtemation systernoficlaiond 7 fusthen coroprisingan oveshedd

overhead | oad port and each wafer exchange

' wafer carrier transport system operatively coupling said first automated local area
semiconductor device wafer processing system to at least a first fabrication tool,
so as to automatically transport wafers between said first automated local area
semiconductor device wafer processing system and said first fabrication tool.
19. The apparatus of claim 1 wherein the first vertical transfer mechanisﬁl
comprises a first x-y axis robot, the second vertical transfer mechanism comprises
a second x-y axis robot and the at least a first storage location comprises a first

shelf through which at least one wafer carrier can be transferred from the first

vertical transfer mechanism to the second vertical transfer mechanism.

20. A method of providing a local area buffer of wafers for loading to a
fabrication tool, comprising: * -

receiving a wafer carrier at the fabrication tool;

elevating said wafer carrier to a height greater than the height of the
fabrication tool;

placing the wafer carrier above the fabrication tool; and

lowering the wafer carrier to a tool load port of the fabrication tool.

21. The method of claim 20 wherein the step of receiving the wafer carrier at the

fabrication tool comprises receiving the wafer carrier from an overhead wafer

catrier transport system. —_—
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port «may si npl y*ﬂsenp%%itbgr m ned | ocation. The first wafer exchange

port 31 is pref | ocat e tantially or conpletely above a

fabrication to y ast a transfer chanber 32, a process
, g?ng 35. Mostagreferably the first wafer

cat

chanmber 34 and
exchange port 31 i § e the transfer cha{Wgr paket®o. iHEPVDLW

fabrication tool

22. The method of claim 20 wherein the step of placing the wafer carrier above the
fabrication tool further comprises storing the wafer carrier above the fabrication

tool.

23. The method of claim 18 wherein the step of storing the at least one wafer
carrier above the fabrication tool comprises the steps of transferring the wafer

carrier to a storage shelf.

24, The method of claim 23 wherein the step of storing the wafer carrier above the
fabrication tool comprises the step of transferring the wafer carrier from a first
load port to the storage shelf via a first robot, and transferring the wafer carrier

from the storage shelf to a second load port via a second robot.
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9 33.- The first wafer exchange port 31 is operatively coupled to the first
|l oad lock 35 via a first |oader nmechani smreferenced generally by the
.nunmeral 37 of FIG 1. The first | oader nechani sm 37 conprises a wafer
cassette platformsuch as that described 28 co-pending U S. Application
Serial No. 08/763,604 (AM Docket No. 1522) that exMNidSocking19B/BIRLWPEN
| oad lock 35:'to extract wafers froma cassette |ocated on the first wafer

Tl ver mechani sm 4L, n the preserABEABAMEon the first | oader
An improved apparatus and method is provided for storing semiconductor

wafer carriers, and for loading wafers or wafer carriers to a fabrication tool. The
apparatus comprises a plurality of storage locations positioned above the
fabrication tool. The apparatus receives wafer carriers via a factory load port. The
wafer carriers are transported between the factory loﬁ port and the storage
locations via a first robot, and are transported between the fabrication tool load
poﬁ and the storage locations via a second robot. Both robots access the
respective load port from overhead, thus eliminating the need for a front loader
robot, and reducing the apparatus’ footprint. Each robot may access overhead
factory transportation systems to provide further flexibility in wafer carrier
transport. Additionally, the apparatus of the present invention may include a
mecl;an_ism for opening_ pod type wafer carriers and for extracting wafers

_ therefrom.

_—
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. )
mechani sm 37 is-positionéa on lift-lower mechanism4l. Wen the first lid
39 and the lift-lower mechanism41 are in their el evated positions, as
shown in FIG 1, the first |oader nmechani sm 37 extends horizontally,
extracts one or -nore wafers froma first wafer carrier 43 (or,
alternatively, can transfer the entire wafer carrier) located on the first
waf er exchange port 31 and retracts carrying the extracted wafers (or the
entire cassette) into position on the lift-lower mechani sm41. The
lift-1ower nmechanism 4l then |lowers the wafers (qp/fhe cassette) as the
first lid 39 lowerd3 J/ .

N

| e—

— 21 D/Z%_
29a 17— _ _—-25a -/////

—=T )L se
ﬁg———éi/wzts 43

47

37—

b
|
|

\&‘

27\. i . ]r : , %
- 34 — 32
| T
S35

FIG. 1

-
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Further, in a preferrediéﬁbodinent the first lid 39 hds a wafer carrier-
engagi ng nechani smreferenced generally by the nuneral 45 of FIG 1 which
wi Il [ "engage a second |id 47 of a first wafer carrier 43 |located on the
first wafer exchange port 31 causing the second lid 47 to elevate as the

first Iid 39 elevates. Thus, as sho = FIG 1, the first wafer carrier 43
I's open and ready for the flrst | oadep=—p chanlqm|37 to extract wafers for
| oading to the first |load | ock 35. -

| 21 }{

55

25¢ ////,250

/

57 33
N | 25p
™ |
39
- 43
//
49 1
\\\\\\ /////'35
- 1
r————- r——fH——"
| | |
///////41

——— FIG.2
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10 FIG 2 is a front elevational view of the load buffer 11 of FIG | which
shows a preferred arrangenent of four storage |ocations 25a, 25b, 25c, and
25d, above the first load | ock 35 and a second | oad | ock 49. As shown in
FIG 2, the first load lock 35 is open with the first lid 39 elevated and
the first wafer carrier 43 | oaded on the lift-lower nechanism 41 for
subsequent lowering into the first load | ock 35. A second wafer carrier 51,
athird wafer carrier 53, a fourth wafer carrier

FIG.S

33

34

49
\ 25¢
/

/[
A
Q

()
O
A . |
/
25a

_1_\
P
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&
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55 and a fifth wafer carrier 57 are in storage on the storage |ocations
25a, 25b, 25c and 25d, respectively. FIG 3 is a top plan view of the | oad
buffer 11 of FIGs. 1 and 2 which shows a preferred footprint of the | oad
buffer 11, and which shows in pertinent part, a preferred footprint of the
| ocal area sem conductor wafer fabrication system The four primary '
hori zontal positions of the first x-axis conponent 19 and of the second
X-axi.s conmponent 23 are represented as 19a, 19b, 19c, and 19d, and 23a,
23b, 23c, and 23d respectively: However, it is undersH?od that the first x-

13 2

N 43/
-

: /_ 25
29a 17/ . :_——___Aa/ i

21

23
g
;;§= 31

s]

\_r ,/33
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©
|
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‘ 41 35

FIG.4A
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axi s component 19 and the second x-axis conmponent 23 each occupy only ane
of these positions at a given tine. (The primary vertical positions of the
first x-axis conponent 19 and of the second x-axis conponent 23 are shown
sequentially in FIGs. 4A-4F and FIGs. 5A-5 C.) As shown, the first |oad
port 27 and a second |l oad port 59 are advantageously positioned directly
adj acent the first load | ock 35 and the second | oad | ock 49 of the
fabrication tool 33, resulting in the overall footprint of the |ocal area

- sem conductor wafer fabrication system being considerably smaller than that
of prior art systens which require sufficient space | .

AL

15

A sl

25a
21

7~ { 25b

l/ N ﬁFigzs

19
51 Il r&': r S
I - P

27 " ’ |
o -

A\
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f.or a front | oader robot. Such advant ageous positioning of the first |oad
port 27 and the second | oad port 59 is possible because wafer carriers
.entering the |oad buffer 11 via the first |oad port 27 or the second | oad
port 59 are extracted fromthe top of the first |oad port 27 and the second

| oad port 59, respectively, rather than fromthe sides thereof. Simlarly,
because the first | oad port 27 and the

13 15

1 N
B | N
29a 17/ \/

\
51— 25b ‘I
/ 23
19 ':, +
= 31
53 p // 33
27\” L = 3
\\
41 \35
\

This Sheet Has B FIG.AC

[T



second | oad port 59 are | oaded and unl oaded from above,

positioned in close proximty to each other,

t hey may be

unli ke side | oaded prior art

systens whose |'oad ports nust be positioned a sufficient distance from each

other to accommvdate the | oader

by FIG 3,

| oad | ock 35 and the second | oad | ock 49,

exchange port 31 and a second wafer exchange port
the transfer chanmber 32 of the fabrlcatlon t ool

plurality of

robot's axis of _
storage | ocations 25a and 25c are positioned above the first

respectively,

e

rotation.

Furt her,

and the fir

13
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=

25a

e
| 25b
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st waf er
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3 The | ocation of the

FIG.4D
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storage | ocations 25a-25d, the first wafer exchange port 31 and the second
waf er exchange port 61 above the fabrication tool allows the footprint of
the inventive | ocal area sem conductor wafer fabrication systemto be
significantly smaller than that of prior art systens. The smaller footprint
provi ded by the present invention reduces the systens cost of ownership
which in turn reduces the cost of each unit produced.. FIGs. 4A-4F are side
el evational views of the |oad buffer 11, which are useful in explaining a
first aspect of wafer carrier transport through the | oad buffer

11
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a 23
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11. The conponents of the |oad buffer 11 are described above with reference
to 12 FIG 1 and are therefore not repeated here. Further, in the
preferred enbodi nent, the entire | oad buffer apparatus 11 is maintained
under a vacuum hood. However, it is understood that if the |load buffer 11

were not under vacuum the steps of

11

3 - 5
17"
29q 19 ==={25° 23
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25b
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opening a pod type wafer carrier and | oading the wafers to the load | ock
woul d be perfornmed within an encl osed vacuum chanber that would surround
each waf er exchange port and the open | oad | ock associated therewith. As
shown in FIG 4A the first wafer carrier 43 is in storage at the storage

| ocation 25a. In operation, a second wafer carrier 51 is placed on the
first load port 27 by, for exanple, an operator, autonatic gui ded vehicle
(AGY) or rail- guided vehicle (RGY), and the first x-axis conponent 19 of
the first robot 13 lowers to pick up the second wafer carrier 51, as shown
in FIG 4A. The second

11
19 5
rEi\ I ) /
43—,
25a
29
25b
13/
a—
|4 39
/; 3 /33
27 ' 7 %

FIG.5A
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r-obat- 15 operates independently of the first robot 13, and may therefore be
in any required position at a given tine. Next, as shown in FIG 4B, the
first x-axis conponent 19 lifts the second wafer carrier 51 and pivots to
deposit the second wafer carrier 51 on the storage |ocation 25b, as
represented by arrow 63. Thereafter, as shown in the exanple of FIG 4C,
the first x-axis conponent 19 may pivot and |lower to pick up the third
wafer carrier 53 fromthe first |load port 27, as the second x-axis

- component 23 of the second robot 15 picks up the

e

NI 15

| mprepartenouospafgmed
PO . e r\h 67
43—, P \\/ /
e e .
H i “\ 25q

re-

27\

1!
|
//)y

FIG.5B
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first wafer carrier 43 fromthe storage | ocation 25a, pivots, |lowers and
deposits the first wafer carrier 43 at the first wafer exchange port 31, as

represented by the arrow 65. 13 As shown in FIG 4Dthe first lid 39 of
the first load | ock 35 el evates. and

13 | | 15
21
/H > l 25a | | .
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it | AP0 1 REPLACEMENT SHEETS SG
er carrier-engagi ng mechani sm‘%s%{ h ftioh R Pager.Onth Ipage

of the first wafer carrier 43, causes the seco Cllzh (57 t(@agéd% tt@pa'g"dsdj"}
the first wafer: carrier 43 is open and any n \E‘ g& .. th@lﬁjédj"é
cassette 43a (i.e., the contents of the open ggct g@@&grtocpagéder
43) may be transferred fromthe first wafer e ﬁ% rt %tothe open
first load lock 35. As described with ré&feérenge to FIG 1 !Eiqgl oader
mechani sm 37 nmay be a convent.i onal apparatus, oDATEr OFcRERESY f-glbiger e
described in Application Serial No. 08/763,604 (AM Docket No. 1522). The

apparatus described in Seri@(‘)NWACQ’%EﬁiR%%&&%D'MﬁﬁOHO'

FOR STORING AND LOADING SEMICONDUCTOR WAFER

CARRIERS

FIELD OF THE INVENTION
The present invention relates generally to semiconductor wafer fabrication
systems, and to an improved method and apparatus for storing and loading

semiconductor wafer carriers at a given semiconductor wafer fabrication tool.

BACKGROUND
The drive for reduced cost per unit wafer processed characterizes the
semiconductor indust_ry. Thus the semiconductor industry continuously searches

for ways to increase wafer output and/or reduce overall equipment costs (costs of

ownership). Among the factors significantly Affééting cost of ownership fora
given piece of equipment are clean room costs, footprint and labor costs. It is well
recogmzed that overali semiconductor wafer fabrication system (i.e., fabrication
tool) productmty increases are achieved by ensuring a constant supply of wafers

at each tool. Conventionally this has been accomplished by employing a local
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| 11APR %98




15%P) *conprises a slotted assenbly which extends to position the slots
beneath the wafers to be extracted. The assenbly then elevates, lifting the
waf érs, "and*-retracts. The assenbly can be nodified such that the nunber of
slots correspond to the nunber of wafers to be extracted, or can be
nodified to extend to a position beneatf2 the entire cassette, thus
transporting the entire cassette when the assenbly retracts. FIG 4E shows
the wafer cassette 43a (extracted fromthe open first wafer carrier 43)
positioned on the lift-lower mechanism 41l for subsequent |lowering into

buffer supply (i.e., a supply of wafers at the iool). For exaﬁple, the “MINI
BUFFER” marketed by J enoptMnfab is a vertical buffer which is positioned near
a fabrication tool’s load lock chambers. The MINI BUFFER comprises a series of
vertically arranged shelves and one or moré load porté for access by the tool’s
loader robot, and/or for access by factory transport agents (i.e., the mechanism thz;t
transfers wafer carriers from the factory to the buffer apparatus’ factory load port).
Conventionally one MINI BUFFER is positioned near each load lock, a distance
from the load lock sufficient to accommodate the axis of rotation of a front loader
robot. The loader robot may then access either MINI BUFFER to obtain a wafer
carrier for loading to either load lock. Although such methods maintain a constant
local buffer supply of wafer carriers, they occupy a considerable amount of floor
space thus increasing the system’s cost of ownership. The fact that fabrication
tools are frequently maintained in a clean room environment further exacerbates
the increasegl cost associated with the system’s larger footprint.

In addition, most prior art systems do not allow simultaneous access by the
tool loader and the factory transport agent, and thereby complicate factory

transport scheduling.




the first load lock 35. FIG 4F shows the wafer cassette 43a p05|t|oned
within the first load lock 35, and the first lid 39 of the first |oad |ock
35 .i;n,.theiclosed position. Thereafter wafers may be extracted fromthe
first Toad |'ock 35 and processed within the fabrication tool 33. The enpty
first wafer carrier 43 can be closed and noved to

A related, commonly-assigned Application Serial No. 08/764,661 (aMIL
Docket No. 1600) discloses a Factory Automation Apparatus and Method for
Handling, Moving and Storing Semiconductor Wafer Carric.:rs. Applicétion Sérial
Mo. 08/764,661 provides an apparatus which advantageously allows for independent
operation of the factory transport agent and the fabrication tool’s loader
mechanism, and provides for local interconnection of fabrication tools in a
reduced footprint conﬁguratic;n. However, a continuous need exists for an

apparatus and method which provides even further footprint reduction.

SUMMARY OF THE PREFERED EMBODIMENTS

The present invention provides a compact method and apparatus for
buffering wafer carriers to be loaded to a fabrication tool (i.e., a load buffer) which
eliminates the need for the froht loader robot required of prior art systems and
provides overhead storage locations, therefore greatly reducing footprint as
compared to prior art systems. The load buﬁ'er features 1) two physically separate
load ports; a load port for transferring wafer carriers between the factory and the
load buffer apparatus, and a wafer exchange port for transferring ‘cither the entire
wafer carrier, or one or more wafers at a time between the load buffer apparatus
and the fabrication tool and; 2) overhead storage locations. Preferably the load
buffer will have two pairs of physically separated load ports comprising a first
load. port and a first wafer exchange port, and a second load port and a second

wafer exchange port respectively. In a further aspect the load buffer includes top
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14 one of the storage |ocations 25a-25d or can remain positioned on first
waf er exchange port 31 until wafers have been processed and returned to the
first wafer carrier 43. The first robot 13 and the second robot 15 may
continue to operate independent of the |oading of the first wafer carrier
43 friomthe first ‘wafer exchange port 3% to the first |load | ock 35.

Al t hough not shown in FIGs. 4E and 4F, The first robot 13 may continue
transferring wafer carriers between the first

opening load locks to receive wafers for loading into the fabrication tool. Each
load lock includes a loader mechanisms for transferring wafers or cassettes of
wafers between the wafer exchange port and the load lock chamber. The physical
éeparation of the load port and the wafer exchange port allows for independent
loading of both the load bﬁffer apparatus and the fabrication tool. The
independent loading of the load buffer apparatus and the fabrication tool allows a
factory transport agent to operate independent of the operation of the fabrication
tool’s loader mechanism, making factory-wide automation more flexible and
efficient. | |

The overhead storage locations are above the fabrication tool (as used
herein a first feature described as “above” a second feature shall mean the first and
second feature have at least partially overlapping footprints). Preferably the
overhead storage locations are substantially above the fabrication tool (i.e., the
footprint of the overhead storage locations substantially overlap the footprint of
fhe fabrication tool), and most preferably the overhead storage locations are
completely above the fabrication tool (i.e., the footprint of the overhead storage
locations completely overlap the footprint of the fabrication tool).- The
combination of overhead storage and top opening load locks allows for significant
reduction in the footprint of the automated local area semiconductor wafer
fabrication system (i.e., the combined fabﬁcation tool and load buffer). The

overhead storage and top opening load locks provide the fabrication tool with a
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| oad port 27 and/or the overhead | oad port (e.g., a predeterm ned |ocation
al ong t he nonor ai | 29) and the plurality of storage |ocations 25a-25d; and
the second.robot 15 is able to pick up wafer carriers as required from the
plurality of- storage | ocati ons 25a-25d, and deposit them at either the
first wafer -exchange port 31 or the secgnd waf er exchange port 61, provided
the particul ar wafer exchange port is vacant. The configuration of the | oad
buffer 11 advant ageously enabl es i ndependent operation of the first robot
13 and the second robot 15, and enabl es

constant buffer supply of wafer carriers in a significantly reduced footprint
configuration.

In one aspect the inventive load buffer apparatus coxﬁprises: a first load
port, a first vertical transfer mechanism for elevating wafer carriers to a height
greater than that of the fabrication tool; at least one storage location located above

 the fabncauon tool operatively coupling the first vertical transfer mecha.msm,
second vertical transfer mechanism, operatively coupling the at least one storage
location, for lowering the wafer carrier; and a first wafer exchange port,
operatively coupling thg second vertical transfer mechanism. As used herein the
phrase “operativély coupling™ means configured such that a wafer carrier can be
transferred between the identified components.

In a preferred embodiment the at least one storage location comprises one
or more shelves which are operatively coupled to both the first and second vertical
transfer mechanisms, i.e., the shelves are located such that wafer carriers can be
péssed from the first vertical ﬁansfer mechanism to the second vertical transfer
mechanism via the series of shelves. Preferably the first and second vertical
transfer mechanisms comprise a first and second robot each having both a y-axis
component and an x-axis component; the x-axis component being movably
coupled to the y-axis component such that the x-axis component can travel along
the }ength of the y-axis component. The first robot is configured so as to access
the first load port and the second load port from a first and second position above

the first and second load port respectively; and the second robot is configured so




i ndependent | oadi ng and unl oadi ng of each pair of |oad ports (e.g., the
first load port and the first wafer exchange port) and the overhead | oad
ports,  Thus, it is understood that the specific operation of the |oad
buffer 11 described with reference to FIGs. 4A- 4F is nerely exenplary.
FIGs. 5A-5C are side elevational views & the load buffer of FIG 2, which
are useful in explaining a second aspect of wafer carrier transport

t heret hrough. As shown in FIG 5A the first x-axis conponent 19 of the
first robot 13 pivots to

as to access the first wafer exchange port and the second wafer exchange port from
a third and fourth position above the first and second wafer exchange port
respectively. Preferably the first, second, third and fourth positions are
substantially above, and most preferably completely above the respective port.

In another aspect, the inventive load buffer further comprises a top opening
load lock such as that disclosed in U.S. Patent No. 5,391,035 entitled “Micro-
Environmental Load Lock” the entirety of which is hereby incorporated by
reference. In one aspect the top opening load lock has a first lid comprising a
wafer carrier engaging mechanism which engages a second lid (the lid of a pod
type wafer carrier positioned on the first wafer exchange port) such that elevation
of the first lid causes the second lid to elevate, opening the wafer carrier
positioned on the first wafer exchange port. In a further aspect the wafer exchange
port is positioned above the fabrication tool’s transfer chamber and wafers are
extracted therefrom and transferred to a;osition within the open first load lock by
a loader first loader mechanism such as the wafer extraction platform disclosed in
commonly owned U.S. application Serial No. 08/763,604 AML Docket No. 1522 entitled
“Magnetically Coupled Wafer Extraction Platform” by Dan Mar}ohl, the entire
summary, drawings and descriptioﬁ thereof are incorporated herein by reference.

Other objects, features and advantages of the present invention will
become more fully apparent from the follow.iﬁg‘ detailed description of the

preferred embodiments, the appended claims and the acc'ompanying drawings.




pi ckup the first wafer carrier 43 fromthe nonorail 29. Thereafter as shown
tn FIG 5B, the first x-axis conponent 19 |owers and pivots about the first
y-axi s conponent 17 to deposit the first wafer carrier 43 on the storage

| ocatj.on.25b;".as . Fepresented by the arrow 67. Then, as shown in FIG 5C,
the second x-axis component 23 of the s@cond robot 15 picks up the first
wafer carrier 43 fromthe storage |ocation 25b and pivots about the second
y-axi s conponent 21 and | owers

BREIF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an inventive load buffer;

FIG. 2 is a front elevational view of the load buffer of FIG. 1 which shows
a preferred arrangement of four storage locations 25a, 25b, 25c, and 25d;

FIG. 3 is a top plan view of the load buffer of FIG. 2 which showsa
preferred footprint thereof;

FIGs. 4A-4F are side elevational views of the load buffer of FIG. 2, which
are useful in explaihing a first aspect of wafer carrier transport therethrough; and

FIGs. SA-5C are side elevational views of the load buffer of FIG. 2, whiph

are useful in explaining a second aspect of wafer carrier transport there through.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of an inventive load buffer 11. The load buffer 11
éomprises a first and second vertical transfer mechanism comprised of a first robot
13 and a second robot 15, respectively. The first robot 13 comprises a first y-axis
component 17 and a first x-axis component 19 movably coupled to the first y-axis
component 17 such that the first x-axis component 19 may travel along the length
of the first y-axis component 17. Similarly, the second robot 15 _comprises a
second y-axis component 21 and a second x-axis component 23 movably coupled
to the second y-axis component 21 such that the second x-axis component 23 may

travel along the length of the second y-axis component 21. Operatively coupled




to deposit the first wafer carrier 43 on the first wafer exchange port 31,
as represented by arrow 69. Thereafter the first wafer carrier 43 is opened
and lowered into the first load |ock 35 as previously described with
referance to FIGs. 4D-4F. Wiile only the first wafer carrier 43 is shown
traveling -t'hrough t‘he load buffer 11, it8 i s understood that when the first
X-axi s conponent 19 and the second x-axTs conponent 23 are not transporting
the first wafer carrier 43, they may be picking up, transporting, or
depositing other wafer carriers at any location within |oad buffer 11, as

previously desgetwécthe fifst a6t 13 BRd @REW @BbAT Staortd drhoreGlRigel 3
locations 25a, 25b. The first robot 13 is configured such that when the first x-axis
component 19 is at the lower portion of the first y-axis comﬁonent 17 it may
access a first load port 27 (preferably a SEMI E15 type load port) and such that
when the first x-axis component 19 is at the upper portion of the first y-axis
component 17 it may access a first overhead load port (not shown) which provides
access to a first overhead wafer carrier transport system such as a monorail,
referenced generally by thé ﬂumerﬂ 29a of FIG. 1. The second robot 15 is
configured such that when the second x-axis component 23 is at the lower portion
of the second y-axis component 21 it may Access a first wafer exchange port 31
and, optionally, such that whén the second x-axis component 23 is at the upper
portion of the second y-axis component 23 it may access an optional second
overhead load port which provides access to a second overhead wafer carrier
transport system such as a monorail, referenced generally b& the numerél 29bin
FIG. 1. Both the first x-axis ;:omponent 19 and the second x-axis component 23
are configured so as to reach any of the storage locations 25a, 25b. In a preferred
embodiment, each load port, each overhead load port and each wafer exchange
port may simply comprise a predetermined location.

The first wafer exch;nge port 31 is preferably located substantially or
completely above a fabﬁcaﬁon tool 33 having at least a transfer chamber 32, a
| process chamber 34 and a first load lock 35. Most preferably the first wafer

exchange port 31 is located above the transfer chamber 32 of the fabrication tool
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and the second robot 15 may be synchronous at certain tines, and al so may
operate asynchronously at other times. Therefore it is understood that the
'specific operation of the |oad buffer 11 described with reference to FIGs.
S5A-5C is nerely exenplary. After processing is conplete and the wafers have
been returned:to‘the load | ock 35, the I19d of |oad |ock 35 el evates, the
lift lower nechanism41l lifts the waferS 1o the elevation of the first
waf er exchange port 31, and the first |oader nmechani sm 37 returns the
wafers to the cassette 43 positioned on the wafer

33. The first wafer exchange port 31 is operatively coupled to the first load lock
35 via a first loader mechanism referenced generally by the numeral 37 of FIG. 1.
The first loader mechanism 37 comprises a wafer cassette platform such as that
described in co-pending U.S. Application Serial No. 08/763,604 (AMI Docket No.
1522) that extends outside the open load lock 35 to extract wafers from a cassette
located on the first wafer exchange port 31. The first load lock 35 has a first lid 39
and a lift-lower mechanism 41. In the present inventién the first loader
mechanism 37 is positibned on lift-lower mechanism 41. When the first lid 39
and the lift-lower mechanism 41 are in their elevated positions, as shown in FIG. .
1, the first loader mechanism 37 extends horizontally, extracts one or more wafers
from a first wafer carrier 43 (or, alternatively, can transfer the entire wafer carrier)
located on the first wafer exchange port 31 and retracts carrying the extracted
wafers (or the entire cassette) into position on the lift-lower mechanism 41. The
lift-lower mechanism 41 then lowers the wafers (or the cassette) as the first lid 39
lowers. |
. Further, in a preferred embodiment the first lid 39 has a wafer carrier-

engaging mechanism referenced generally by the numeral 45 of ;IG. 1 which will
engage a second lid 47 of a first wafer carrier 43 located on the first wafer

| exchange port 31 causing the second lid 47 to elevate as the first lid 39 elevafes.
Thus, as shown in FIG. 1, the first wafer carrier 43 is open and ready for tl;e first

loader mechanism 37 to extract wafers for loading to the first load lock 35.
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16 exchange port 31. As the first lid 39 of load |ock 35 I owers, lift/|ower
mechani sm 41 |owers, and the second Iid 47 of the wafer carrier 43 | owers,
seal i ng “ar odiritl ‘t-he; cassette 43a. Thereafter the second robot 15 transfers
the wafer carrier 43 either to a storage shelf 25 or to the second overhead
| oad port. If the second robot 15 10

FIG. 2 is a front elevational view of the load buffer 11 of FIG. | which
shows a preferred arrangement of four storage locations 25a, 25b, 25¢, and 25d,
above the first load lock 35 and a second load lock 49. As sﬁown in FIG. 2, the
first load lock 35 is open with the first lid 39 elevated and the first wafer carrier 43
loaded on the lift-lower mechanism 41 for subsequent lowering into the first load
lock 35. A second wafer carrier 51, a third wafer carrier 53, a fourth- wafer carrier
55 and a fifth wafer carrier 57 are in storage on the storage locations 253, 25b, 25¢
and 25d, respectively. |

FIG. 3 is a top plan view of the load buffer 11 of FIGs. 1 and 2 which
shows a preferred footprint of the load buffer 11, and which shows in pertinent
part, a preferred footprint of the local area semiconductor wafer fabrication
system. The four primary horizontal positions of the first x-axis component 19
and of the second x-axis component 23 are represented as 19a, 19b, 19¢, and 194,
and 23a, 23b, 23c, and 23d respectively. However, it is understood that the first x-
axis component 19 and the second x-axis component 23 each occupy only one of
ﬁese positions at a given time. (The primary vertical positions of the first x-axis
component 19 and of the second x-axis component 23 are shown sequentially in
FIGs. 4A-4F and FIGs. 5A-5C.) As shown, the first load. port 27 and a second
load port 59 are advantageously positioned directly adjacent the first load lock 35
and the second load loék 49 of the fabrication toc.)l 33, resulting in the overa_ll
footprint of the local area semiconductor wafer fabrication system being

considerably smaller than that of prior art systems which require sufficient space
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pl aces the wafer carrier 43 on one of the storage shelves 25, the first
robot 13 may then transfer the wafer carrier 43 either to the first |oad
port 27 or to the first overhead | oad port. Thus a wafer carrier full of
processed Waf ers travel s backward t hrough the | oad buffer 11 in the sanme
manner as a wafer carrier of unprocessegiwafers travels forward through the
| oad buffer 11, only the direction of travel changes. Each robot el evates a
waf er carrier between the respective |oad port or wafer exchange port and

t he overhead | oad ports or storage shelves. As used herein the term

el evate” ref eff,inPbaad B84 STRY GiRMlagROS Jd3RIoalHY o thd'fikst[H3a port 27
and the second load port 59 is possible because wafer carriers entering the load
buffer 11 via the first load port 27 or the second load port 5§ are extracted from
the top of the first load port 27 and the second load port 59, respectively, rather
than from the sides thefeof. Similarly, because the first load port 27 and the
second load port 59 are loaded and unloaded from above, they may be positioned
in close proximity to each other, unlike side loaded prior art systems whose load
ports must be positioned a sufficient distance from each other to accommodate the
loader robot’s axis of rotation.

Further, as shown by FIG. 3, storage locations 25a aﬁd 25c¢ are positioned
above the first load lock 35 and the second load lock 49, respectively, and the first
wafer exchange poft 31 and a second wafer exchange port 61 are positioned above
the transfer chamber 32 of the fabrication tool 33. The location of the plurality of
storage locations 25a-25d, the first wafer exchange port 31 and the second wafer
éxchange port 61 above the fabrication tool allows the footprint of the inventive
local area semiconductor wafer fabrication system to be significantly smal_lei' than
that of prior art systems. The smaller footprint provided by the present invention
reduces the systems cost of ownership which in turn reduces the cost of each unit
produced.

FIGs. 4A-4F are side elevational views of the load buffer 11, which are
useful in explaining a first aspect of wafer carrier transport through the load buffer

11. The components of the load buffer 11 are described above w1th reference to
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both lifting and | owering. In operation, at any given tinme wafer carriers
may be traveling both forward and backward through the | oad buffer 11.
Thus, :a'robot:.:may transfer a first wafer carrier to the storage shelves or
to the overhead | oad ports, and then i medi ately pick up a second wafer
carrier for transfer to one of the |oadl®orts or to the wafer exchange
ports. Although -with reference to the side elevational views of FIGs. 1,
A4A-F and 5A-C only the first side of the |oad buffer 11 is shown and
described (i.e., the first
FIG. 1 and are therefore not repeated here. Further, in the preferred embodiment,
the entire load buffer apparatus 11 is maintained under a vacuum hood. However,
it is understood that if the load buffér 11 were not under vacuum, the steps of
opening a pod type wafer carrier and loading the wafers to the load lock would be
performed within an enclosed vacuum chamber that would surround each wafer
exchange port and the open load lock associated therewith.
As shown in FIG. 4A the first wafer carrier 43 is in storage at the storage
location 25a. In operation, a second wafer carrier 51 is placed on the first load
port 27 by, for example, an operator, automatic guided vehicle (AGV) or rail-
guided vehicle (RGV), and the first x-axis component 19 of the first robot 13
lowers to pick up the second wafer carrier 51, as shown in FIG. 4A. The second
robot 15 operates independently of the first robot 13, and may therefore be in any
requiréd position at a given time.
Next, as shown in FIG. 4B, the first x-axis component 19 lifts the second
wafer carrier 51 and pivots to deposit the second wafer carrier 51 on the storage
location 25b, as represented by arrow 63.
Thereafter, as shown in the example of FIG. 4C, the first x=axis component
19 may pivot and lower to pick up the third wafer carrier 53 from the first load
port 27, as the second x-axis component 23 of the second robot 15 picks up the
first wafer carrier 43 from the storage location 25a, pivots, lowers and deposits the

first wafer carrier 43 at the first wafer exchange port 31, as represented by the

arrow 63,
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| oad port through the first wafer exchange port) it is understood that the
confi'guration and operation of the second side of the |load buffer 11 (i.e.,
the. ., .17:second | oad port through the second wafer exchange port) is
identical to that disclosed.

13

et

As shown in FIG. 4D the first lid 39 of the first load lock 35 elevates. and
the wafer carrier-engaging mechanism 45, which engages the second lid 47, of the
first wafer carrier 43, causes the second lid 47 to elevate. Thus, the first wafer
carrier 43 is open and any number of wafers or the entire cassem_e 43a (i.e., the
contents of the open pod type first wafer carrier 43) may be transferred from the
first wafer exchange port 31 to the open first load lock 35. As described with
reference to FIG. 1, the first loader mechanism 37 may be a conventional
apparatus, or, preferably, is as descﬁbed in Application Serial No. 08/763,604 (AL
Docket No. 1522). The apparatus described in Serial No. 08/763,604 (A Docket to.
1522) comprises a slotted assembly which extends to position the slots beneath the
wafers to be extracted. The assembly then elevates, lifting the wafers, and
retracts. The assembly can be modified such that the number of slots correspond
to the number of wafers to be extracted, or can be modified to extend to a position
beneath the entire cassette, thus transporting the entire cassette when the assembly
retracts.

.FIG. 4E shows the wafer cassette 43a (extracted from the open first wafer
carrier_ 43) positioned on the lift-lower mechanism 41 for subsequent lowering into
the first load lock 35.

FIG. 4F shows the wafer cassette 43a positioned within the first load lock
35, and the first lid 39 of the first load lock 35 in the closed position. Thereafter
wafers may be extracted from the first load lock 35 and px_focessed within the

fabrication tool 33. The empty first wafer carrier 43 can be closed and moved to
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The foregoing description discloses only the preferred enbodi nent of the
i-nvention, nodification of the above discl osed apparatus and method which
fal.l-within the'scope of the invention will be readily apparent to those of
ordinary skill in the art. For instance, although only four storage

| ocations 25a, 25b, 25c and 25d are shows, additional storage |ocations
coul d be provided. Although each of thé storage |ocations 25a, 25b, 25c and
25d is shown as being wi de enough to hold only a single wafer carrier, the
size of the storage | ocations may vary so as to hold a plurality of wafer

carriers. As Wghé of theStofdpR tbdations PRI U drak RethalM PAsifidnddéhn fitst Safer
exchange port 31 until wafers have been processed and returned to the first wafer
carrier 43.

The first robot 13 and the second robot 15 may continue to operate
independent of the loading of the first wafer carrier 43 from the first wafer
exchange port 31 to the first load lock 35. Although not shown in FIGs. 4E and
4F, the first robot 13 may continue transferring wafer carriers between the first
load port 27 and/or the overhead load port (e.g., a predetermined location along
the monorail 29) and the plurality of storage locations 25a-25d; and the second
robot 15 is able to pick up wafer carriers as required from the plurality of storage
locations 25a-25d, and deposit them at either the first wafer exchange port 31 or
the second wafer exchange port 61, provided the particular wafer exchange port is
vacant.

The configuration of the load buffer 11 advantageously enables
ihdépendent operation of the first robot 13 and the second robot 15, and enables
independent loading and unloading of each pair of load ports (e.g., the first load
port and the first wafer exchange port) and the overhead load ports. Thus, it is
understood that the specific operation of the load buffer 11 described with
reference to FIGs. 4A- 4F is merely exemplary.

FIGs. 5A-5C are side elevational views of the load buffer of FIG. 2, which
are useful in explaining a second aspecf of wafer carrier transport therethrough.

As shown in FIG. 5A the first x-axis component 19 of the ﬁr§_t__;gb9__t_ 13 pivots to
cH B




and second vertical transfer mechanismnmay vary, as nmay the specific

l ocation and coupling of components. Although the storage |ocations are
depi ct ed ‘as .snel ves, -they may conprise other nmechani sns such as conveyors,
etc. Accordingly, while the present invention has been disclosed in
connection with the preferred enbodi nentts thereof, it should be understood
t hat ot her enbodinents may fall withinthe spirit and scope of the
invention, as defined by the follow ng clainms '

pickup the first wafer carrier 43 from the monorail 29. Thereafter as shown in
FIG. 5B, the first x-axis component 19 lowers and pivots about the first y_-akis
component 17 to deposit the first wafer carrier 43 on the sto;age location 25b, as
represented by the arrow 67. Then, as shown in FIG. 5C, the second x-axis
component 23 of the second robot 15 picks up the first wafer carrier 43 from the
storage location 25b and pivots about the second y-axis component 21 and lowers
to deposit the first wafer carrier 43 on the first wafer exchange port 31, as
represented by arrow 69. Thereafter the first wafer carrier 43 is opened and
lowered into the first load lock 35 as préviously described with reference to FIGs.
4D-4F. While only the first wafer carrier 43 is shown traveling through the load
buffer 11, it is understood that when the first x-axis component 19 and the second
x-aXis component 23 are not transporting the first wafer carrier 43, they may be
picking up, transporting,' or depositing other wafer carriers at any location within
load buffer 11, as previdusly described. In sum, the operation of the first robot 13
a:nd the second robot 15 may be synchronous at certain times, and also may
operate asynchronously at other times. Therefore it is understood that the specific
operation of the load buffer 11 described with reference to FIGs. 5A-5C is merely
exemplary. |

After processing is complete and the wafers have been returned to the load
lock 35, the lid of load lock 35 elevates, the lift lower mechanism 41 lifts the
wafers to the elevation of the first wafer exchange port 31, énd the first loader

mechanism 37 returns the wafers to the cassette 43 positioned on the wafer
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18 V\HAT IS CLAIMED ISt 1. An apparatus for buffering wafer carriers to be
Ioadedtoafabrlcatlontool conprising: a first load port; a first
verti cal transfer mechani sm operatively coupling said first |oad

16

P

exchange port 31. As the first lid 39 of load lock 35 lowers, lif/lower mechanism
41 lowers, and the second lid 47 of the wafer carrier 43 lowers, sealing around the
cassette 43a. Thereafter the second robot 15 transfers the wﬁfer carrier 43 either to

"a storage shelf 25 or to the second overhead load port. If the second robot 15
places the wafer carrier 43 on one of the storage shelves 25, the first robot 13 may
then transfer the wafer carrier 43 either to the first load port 27 or to the first
overhead load port. Thus a wafer carrier full of processed wafers travels backward
through the load buffer 11 in the same manner as a wafer carrier of unprocessed -
wafers travels forward through thg load buffer 11, only the direction of travel
changes. Each robot elevates a wafer carrier between the respective load port or
wafer exchange port and the overhead load ports or storage shelves. Asused
herein the term “elevate™ refers to any y-axis movement and therefore includes
both lifting and lowering.

- In operation, at any given time wafer carriers may be traveling both
forward and backward through the load buffer 11. Thus, a robot may transfer a
first wafer carrier to the storage shelves or to the overhead load ports, and then
immediately pick up a second wafer carrier for transfer to one of the load ports or
to the wafer exchange ports.

Although with reference to the side elevational views of FIGs. 1, 4A-F and
5A-C only the first side of the load buffer 11 is shown and described (i.e., the first |
load port through the ﬁr;t wafer exchange port) it is understood that the

configuration and operation of the second side of the load buffer 11 (i.e., the
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port, for lifting a wafer carrier to a height greater than that of the
fabrication tool; at |east one storage |ocation |ocated above the
fabrication tool- operatively coupling said first vertical transfer
mechani sm a second vertical transfer nmechani smoperatively coupling said
at | east one storage location, for |lowerimg the-wafer carrier for |oading
into the fabrication tool; and a first wafer exchange port, operatively
coupling said second vertical transfer mechani sm

second load port through the second wafer exchange port) is identical to that
disclosed.

The foregoing description discloses only the prefer;ed embodiment of the
inveuﬁon. modification of the above disclosed apparatus and method whic;h fall
within the scope of the invention will be readily apparent to those of ordinary skill
in the art. For instance. althqugh only four storage locations 25a. 25b. 25¢ and
25d are shown, additional storage locations could be provided. Although each of
the storage locations 25a, 25b, 25¢ and 254 is shown as being widg enough to hold
only a single wafer carrier. the size of the storage locations may vary so as to hold
a plurality of wafer carriers. As well. the specific apparatus employed as the first
and second vertical transfer mechanism may vary, as may the specific location and

coupling of components. Although the storage locations are depicted

as shelves, they may comprise other mechanisms such as conveyors, etc.

Accordingly, while the present invention has been disclosed in connection with -
the preferred embodiments thereof, it should be understood that other

embodiments may fall within the spirit and scope of the invention, as defined by

»
o

the following claims




2. The apparatus of claim1l wherein the first vertical transfer nmechanism

is for lifting and | onering a wafer carrier between the first |oad port and
a hei'ght gréaterithan that .of the fabrication t oot5—and_wherein the second
vertical transfer mechanismis for lifting and I mrlng a waf er—ear+i er

between the first | oad wafer exchange porg and a g r than that
of the fabrication tool. 3. The apparatus-of cl ai , ﬁﬂﬁ i rst | oad

port is for receiving wafer carriers froma factory.

WHAT IS CLAIMED IS:

1. An apparatus for buffering wafer carriers to be loa&ed to a fabrication tool
comprising:
a first load port;
a first vertical transfer mechanism, operatively. coupling said first load
port, for lifting a wafer carrier to a height greater than that of the fabrication tool;
at least one storage location located above the fabrication tool operatively
coupling said first vertical transfer mechanism;
a second vertical transfer mechanism operatively coupling said at least one
storage lécation, for lowering the wafer carrier for loading into the fabrication
- tool; and
a first wafer exchange port, operatively coupling said second vertical _

transfer mechanism.

2. The apparatus of claim 1 wherein the first vertical transfer mechanism is for
lifting and lowering a wafer carﬁer between the first load port and a height greater
than that of the fabrication tool, and wherein the second vertical transfer
mechanism is for lifting and lowering a wafer carrier between the first load wafer

exchange port and a height greater than that of the fabrication tool.

3. The apparatus of claim 1 wherein the first load port is for receiving wafer

carriers from a factory.




19 4. The apparatus of claim| wherein the first wafer

Feceiving-.wafers to be | oaded to the fabrication tool. ‘)f
-clai'm1 wherein the first vertical transfer mechanismi 6“%@3‘“&““‘“
over.head-wafer carrier transport system 6. The apparat calmls *

. Wherein the first vertical transfer mech&nism

4. The apparatus of claim 1 wherein the first wafer exchange port is for receiving

wafers to be loaded to the fabrication tool.

5. The apparatus of claim 1 wherein the first vertical transfer mechanism is

coupled to an overhead wafer carrier transport system.

6. The apparatus of claim 1 wherein ﬁe first vertical transfer mechanism

comprises a first x-axis component and a first y-axis component and wherein the
* second vertical transfer mechanism comprises a second x-axis component and a

second y-axis component.

7. The apparatus of claim 6 wherein the first x-axis component is moveably

coupled to the first y-axis component and is configured so as to be able to access

the first load port.

8. The apparatus of claim 7 wherein the first vertical transfer mechanism is
configured so as to access the first load port from a position above the first load

port.

9. The apparatus of claim 7 wherein the first vertical transfer mechanism is

configured so as to access an overhead factory automation system.
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conprises a first x-axis conponent and a first y-axis conponent and wherein
the. second vertical transfer mechani sm conpri ses_a _second—x—axis conponent

. rand” a second:iy!axi:s-conponent. 7. The apparatus of | i the
first x-axis conponent is noveably coupled to the‘\lﬁm‘W‘mﬂponent
and is configured so as to be able to agoess the t¥ ¢ part = 8. The

apparatus of claim7 wherein the first vertical transfer mechanismis

configured so as to access the first load port froma position above the
first |oad
10. The apparatus of claim 6 wherein the second x-axis component is moveably

coupled to the second y-axis component and is configured so as to access the first

wafer exchange port.

11. The apparatus of claim 10 wherein the second vertical transfer mechanism is
configured so as to access the first wafer exchange poft from a position above

the first wafer exchange port.

12. An automated loﬁal area semiconductor §vafer fabrication system for
automatically storing, loading and processing semiconductor wafers comprising:

a semiconductor wafer fabrication tool comprising at least a first load lock;

a transfer chamber operatively coupling said first load lock;

at least one process chamber; and

an apparatus for buffering wafers to be loaded to the fabrication to.oi, said
apparatus operatively coupled to the first load lock, comprising:

a first load port; -

a vertical transfer mechanism, operatively coupling said first load port, for
elevating a least one wafer cafrier to a height greater than that of the fabrication
tool;

at least one storage location located above the fabrication tool and

operatively coupling said first vertical transfer mechanism;

3
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port. 9. The apparatus of claim7 wherein the fi rwmm

mechani sm Is configured so as to access an overhead f

system. 10. The apparatus of claim6 wherein th m Eﬁi nponent
i s noveably coupl ed to t he second y-axis corrponent ¢l SLCOm |&gured SO as
to access'the first- 21

a second vertical transfer mechanism operatively coupling said plurality of
storage locations, for lowering the at least one wafer for loading into the
fabrication tool; and

a first wafer exchange port, operatively coupling said second vertical

transfer mechanism.

13. The automated local area semiconductor wafer fabrication system of claim 12
wherein the load lock comprises a first lid which allows wafers to be loaded into

the load lock from a position above the first load lock.

‘ 14. The automated local area semiconductor wafer fabrication system of claim 13
wherein the first lid comprises a wafer carrier engaging mechanism for causing a

wafer carrier lid to elevate as the first lid elevates.

15. The automated local area semiconductor wafer fabrication system of claim 14
wherein the load lock further comprises a lift/lower mechanism for lowering

wafers into the load lock. ) : -

16. The automated local area semiconductor wafer fabrication system of claim 15
further comprising an first loader mechanism for transferring wafers from the
second load port to a position above the load lock, for subsequent lowering into

the load lock.

)



waf er exchange port. 11. The apparatus of cl ai m_%_o’v\@r_eﬂﬁmond
verti'cal transfer mechanismis configured so as"To access the first wafer
exchange port from a position above the first . 12. An
aut omat ed | ocal “area seniconductor wafer fabri c ﬁmlmm

automatically storing, |oading and processing sem cocn uct or waf ers
conprising: a sem conductor wafer fabrication tool conprising at |east a
first load |l ock; a transfer chanber operatively coupling said first |oad

| ock;
- 17. A factory automation system comprising a first automated local area
semiconductor wafer fabrication system comprising:
a fabrication tool comprising:

at least a first load lock;

a transfer chamber operatively coupling said first load lock; and

.at least one process chamber; and

an apparatus for buffering wafer carriers to be loaded to the fabrication
tool, said apparatus operatively coupled to the first load lock, comprising:

a first load port;

a first vertical transfer mechanism, operatively coupling said first load
port, for elevating a wafer carrier to a height greater than the height of the
fabrication tool; |

at least one storage location located above the fabrication tool and
6peratively coupling said first vertical fransfer mechanism;

a second vertical transfer mechanism operatively coupling said at least
one  storage location, for lowering the wafer carrier for loading into the

fabrication tool; and

a first wafer exchange port, operatively E.oupling said second vertical

transfer mechanism.




at

| east one process chanber; and an apparatus for buffering wafers—to be

first. ‘load Fock, comprising: a first load port; a

| oaded to the fabrication tool, said apparatus ope”ﬂ":ngm to the
UL

mechani sm operatively coupling said first |oad por#, L € | a | east

one wafer carrier to a height greater thazm that of the fabrication tool;

| east one storage |ocation | ocated above The fabrication tool and

18. The factory automation system of claim 17 further comprising an overhead
wafer carrier transport system operatively coupling said first automated local area
semiconductor device wafer processing system to at least a first fabrication tool,
SO as to automatically transport wafers between said first automated local area
semiconductor device wafer processing system and said first fabrication tool.
19. The apparatus of claim 1 wherein the first vertical transfer mechanism -
comprises a first x-y ams robot, the second vertical transfer mechanism comprises
a second x-y axis robot and the at least a first storage location comprises a.ﬁrst
shelf through which at least one wafer carrier can be transferred from the first
vertical transfer mechanism to the second vertical transfer mechanism.
20. A method of providing a local area buffer of wafers for loading to a
fabrication tool, comprising: |

recgiving a wafer carrier at the fabrication tool;

elevating said wafer carrier to a height greater than the height of the
fabrication tool; |

placing the wafer carrier above the fabrication tool; and .~

lowering the wafer carrier to a tool load port of the fabrication tool.
21. The method of claim 20 wherein the step of receiving the wafer carrier at the

fabrication tool comprises receiving the wafer carrier ﬁom an overhead wafer

carrier transport system. | L m——

——————
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operatively coupling said first vertical transfer Wecond
vertical transfer nmechani smoperatively coupling sard plurality of storage
‘| ocati-ens,:.f.or- ! bwering the at | east one wafer for | m [ (“mm“‘
fabrication tool; and B | m“‘““m

24 = ¢ LMo

22. The method of claim 20 wherein the step of placing the wafer carrier above the
fabrication tool further comprises storing the wafer carrier above the fabrication

tool.

23. The method of claim 18 wheréin the step of storing the at least one wafer
carrier above the fabrication tool comprises the steps of transferring the wafer

carrier to a storage shelf.

24. The method of claim 23 wherein the step of storing the wafer carrier above the
fabrication tool comprises the step of transferring the wafer carrier from a first -
load port to the storage shelf via a first robot, and transferring the wafer carrier

from the storage shelf to a second load port via a second robot.




a first wafer exchange port, operatively coupling said second vertical
transfer mechanism 13. The automated | ocal area seniconductor wafer

fabri cation system:of claim 12 wherein the |load | ock conprises a first lid
which all ows wafers to be |oaded into the |load |ock froma position above
the first load |ock. 14. The automated |2&kal area sem conductor wafer
fabrication systemof claim13 wherein the first lid conprises a wafer
carrier engagi ng mechanismfor causing a wafer carrier lid to el evate as
the first lid elevates.

COMPACT APPARATUS AND METHOD
FOR STORING AND LOADING SEMICONDUCTOR WAFER
CARRIERS

ABSTRACT

An improved apparatus and method is provided for storing semiconductor
wafer carriers, and for loading wafers or wafer carriers to a fa‘brication tool. The
apparatus comprises a plurality of storage locations positioned above the
fabrication tool. The apparatus receives wafer carriers via a factory load port. The
wafer carriers are transported between the factory load port and the storage B
locations via a first robot, and are transported between the fabrication tool load _
port and the storage locations via a second robot. Both robots access the
respective load port from overhead, thus eliminating the need for a front loader
robot, and reducing the apparatus’ footprint. Each robot may access overhead
factory transportation systems to provide further flexibility in wafer carrier
transport. Additionally, the apparatus of the present invention may include a

mechanism for opening pod type wafer carriers and for extracting wafers

therefrom.
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15. The automated | ocal area sem conductor wafer fabrication system of
claim 14 wherein the load |l ock further conprises a lift/lower nechani smfor
| oweri ng ‘vaférs-into:the |oad | ock. 16. The automated | ocal area

sem conductor wafer fabrication systemof claim115 further conprising an
first | oader nmechanismfor transferring wafers fromthe second | oad port to
a position above the load | ock, for subslequent | owering into the | oad | ock.
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22 17.. A factory automati on system conprising a first automated | ocal
sem conduct or wafer fabrication systemconprising: a fabrication tool
conprising: at least a first load |ock; a transfer chanber operatively
coupling said first load | ock; and
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at | east one process chanber; and an apparatus for buffering wafer carriers
to be | oaded to the fabrlcatlon tool, said apparatus operatively coupled to
the:fi't'st “l'oad | ock, conprising: a first |oad port; a first vertical :
. transfer nechanism operatively coupling said first |oad port, for

el evating a wafer carrier to a height greater than the height of the
fabrication tool; at |east one storage |ocation |ocated above the
fabrication tool and 3

/ n
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oper at.i vely coupling said first vertical transfer nmechanism a second
vertical transfer mechani smoperatively coupling said at |east one
storage 1ocation, for lowering the wafer carrier for loading into the
fabrication tool; and a first wafer exchange port, operatively coupling
sai d second vertical transfer mechani sm '
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23 18.. The factory automati on system of claim 17 further conprising an
overhead wafer carrier transport system operatively coupling said first
automat ed | ocal area sem conductor device wafer processing systemto at
| east a first fabrication tool, so-as to automatically transport wafers
between said first automated | ocal area sem conductor device wafer :
processi ng systemand said first fabrication tool. 19. The appar at us of
claim! wherein the first vertical transfer nechanism
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conprises a first x-y axis robot, the second vertical transfer mechani sm
conprises a second x-y axis robot and the at least a first storage |ocation
conprises a first shelf through which at |east one wafer carrier can be
transferred fromthe first vertical transfer mechanismto the second
vertical transfer nmechanism 20. A nethod of providing a |ocal area buffer
of wafers for loading to a fabrication tgol, conprising: receiving a wafer -
carrier at the fabrication tool; elevatk said wafer carrier to a height
greater than the height of the '
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fabrication tool; placing the wafer carrier above the fabrication tool; and
l-owering the wafer carrier to a tool |oad port of the fabrication tool. 21.
The et hod of claim20 wherein the step of receiving the wafer carrier at
the fabricdation tool conprises receiving the wafer carrier from an overhead
wafer carrier transport system :
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22. The nmethod of claim 20 wherein the step of placing the wafer carrier
above the fabrication tool further conprises storing the wafer carrier
above the fabrication tool. 23. The nethod of claim 18 wherein the step of
storing the at-|east one wafer carrier above the fabrication-tool conprises
the steps of transferring the wafer carrier to a storage shelf 24. The

nmet hod of claim 23 wherein the step of s%oring the wafer carrier above the
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fabrication tool conprises the step of transferring the wafer carrier from
a first load port to the storage shelf via a first robot, and transferring

the wafer carrier fromthe storage shelf to a second |oad port via a second
robot. L s
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/W SEARCH REPORT Appﬁ;aﬁon No. 9704316-0

TEXT OF THE ABSTRACT

COMPACT _APPARATUS AND METHOD FOR STORING AND LOADING
SEMICONDUCTOR WAFER CARRIERS

An improved apparatus and method is provided for storing semiconductor wafer carriers, and
for loading wafers or wafer carriers to a fabrication tool. The apparatus comprises a plurality
of storage locations (25a,25b) positioned above the fabrication tool. The apparatus receives
wafer carriers via a factory load port. The wafer carriers are transported between the factory
load port and the storage locations via a first robot (13), and are transported between the

+ ‘fabrication tool load port and storage locations via a second robot (15). Both robots (13,15)
access the respective load port from overhead, thus eliminating the need for a front loader
robot, and reducing the apparatus’ footprint. Each robot may (13,15) access overhead factory
transportation systems to provide further flexibility in wafer carrier transport. Additionally, the -
apparatus of the present invention may include a mechanism for opening pod type wafer
carriers and for extracting wafers therefrom.

& Figure 1.
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