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400 \ 

A workpiece handling system With dual load locks, a trans 
port chamber and a process chamber. Workpieces may be 
retrieved from one load lock for processing at vacuum 

pressure, While workpieces are unloaded from the other load 
lock at the pressure of the surrounding environment. The 
transport chamber has a transport robot With tWo arms. 
Processed Workpieces and neW Workpieces may be 
exchanged by a simple under/over motion of the tWo robot 
arms. The transport robot rotates about a central shaft to 

align With the load locks or the process chamber. The robot 
may also be raised or loWered to align the arms With the 
desired location to Which Workpieces are deposited or from 
Which Workpieces are retrieved. The tWo load locks may be 
positioned one above the other such that a simple vertical 
motion of the robot can be used to select betWeen the tWo 

load locks. The tWo load locks and transport robot alloW 
almost continuous processing. Additional process chambers 
may be added to the transport chamber to further increase 
throughput. Each stage of the Workpiece handling system 
may also be designed to handle multiple Workpieces, such as 
tWo side by side Workpieces. Throughput is increased While 
alloWing shared machinery to be used. Linear and rotational 
doors may be used for the load locks to provide a simple, 
compact design. 
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METHODS FOR TRANSPORTING WAFERS FOR 
VACUUM PROCESSING 

1. REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation of co 
pending US. application Ser. No. 09/651,453, ?led Aug. 30, 
2000 Which has been allowed and Will issue Nov. 18, 2003 
as US. Pat. No. 6,647,665, Which is a divisional of US. Pat. 
No. 6,315,512, Which claims priority from US. provisional 
application No. 60/067,299 ?led Nov. 28, 1997, noW aban 
doned. Provisional application No. 60/067,299 is hereby 
incorporated herein by reference in its entirety. 

2. FIELD OF THE INVENTION 

[0002] The ?eld of the present invention relates in general 
to vacuum processing of Workpieces. More particularly, the 
?eld of the invention relates to systems and methods for loW 
contamination, high throughput handling of Workpieces 
including processing at a pressure different from atmo 
spheric. Examples of such Workpieces might include semi 
conductor Wafers or ?at panels for displays for Which 
vacuum processing is usually required. 

3. BACKGROUND OF THE INVENTION 

[0003] The increased cost for semiconductor manufactur 
ing equipment and factory ?oor space has driven equipment 
vendors increasingly to compete on the productivity of their 
products and thus to have to increase the number of Work 
pieces, such as Wafers, that can be processed in any piece of 
such equipment per hour (throughput). There are three 
central factors that determine Workpiece throughput: the 
time spent actually processing the Workpieces (e.g. remov 
ing photoresist, implanting ions, etc.), the number of Work 
pieces that can be simultaneously processed, and the amount 
of time that elapses betWeen removing processed Work 
pieces from a processing chamber and inserting unprocessed 
Workpieces into the chamber. 

[0004] In some conventional Workpiece processing sys 
tems, there may be a signi?cant delay betWeen the time 
When processed Workpieces are removed from a process 
chamber and the time When the neW unprocessed Work 
pieces are provided to the process chamber. For instance, 
some systems use a single robot arm to remove and insert 
Workpieces. The robot arm must ?rst align With the pro 
cessed Workpiece, remove the processed Workpiece from the 
processing chamber, move to align With a storage area for 
processed Workpieces (Which may involve a 180 degree 
rotation), deposit the processed Workpiece, move to align 
With a storage area containing unprocessed Workpieces, 
retrieve an unprocessed Workpiece, move to align With the 
processing chamber (Which may involve a 180 degree 
rotation) and deposit the unprocessed Workpiece in the 
processing chamber. The cumulative time required for all 
such steps may be large resulting in a substantial delay 
betWeen the time When a processed Workpiece is removed 
from the processing chamber and the time When a neW 
unprocessed Workpiece is provided to the processing cham 
ber. In addition, each time that a batch containing a given 
number of Workpieces is processed, these Workpieces must 
be removed through a load lock to transit the pressure 
differential betWeen atmosphere and process pressure and a 
neW batch must be loaded into the processing environment. 
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The time required for removing and loading batches and for 
pressuriZing or evacuating the load lock also decreases 
throughput. 

[0005] One system that has been designed to overcome 
some of the disadvantages of conventional systems is the 
currently available AspenTM system available from Mattson 
Technology, Inc. Which is used to process semiconductor 
Workpieces. In the current AspenTM system, a Workpiece 
handling robot has tWo pairs of Workpiece support paddles 
facing in opposite directions as shoWn in FIG. 1. TWo neW 
Workpieces are loaded on the paddles on one side of the 
robot. Then tWo processed Workpieces are removed from the 
process chamber on the paddles on the opposite side of the 
robot. The robot rotates once and then deposits the neW 
Workpieces in the process chamber and puts the processed 
Workpieces back in the cassette Which may hold from 13 to 
as many as 26 Workpieces. Once a cassette of Workpieces is 
processed, the cassette is removed and a neW cassette is 
provided through the load lock mechanism shoWn in FIG. 2. 
As shoWn in FIG. 2, a rotation mechanism is used to 
exchange cassettes quickly in an outer load lock indicated at 
202. 

[0006] Another system designed to overcome some of the 
disadvantages of conventional systems is shoWn in FIGS. 
3A and 3B and is described in US. Pat. No. 5,486,080. In 
this system tWo separate robots 62 and 64 move indepen 
dently of one another to transport Workpieces betWeen an 
implantation station 25 and load locks 22aand 22b. An 
intermediate transfer station 50 is used to transfer the 
Workpieces. FIG. 3B is a Workpiece path diagram shoWing 
the transport steps used to move Workpieces in the system. 
While a ?rst robot transports an unprocessed Workpiece 
from the transfer station 50 to the implantation station 25, a 
second robot transports a processed Workpiece from the 
implantation station 25 to one of the load locks 22a or 22b. 
While one load lock is being used for processing, the other 
load lock can be pressuriZed, reloaded and evacuated. 

[0007] While the above systems improve throughput and 
decrease doWn time for pressuriZing and evacuating load 
locks, reductions in system siZe, complexity, and cost While 
maintaining or improving throughput are still needed. For 
instance, the system of FIGS. 3A and 3B uses tWo separate 
robots and a transfer station all of Which take up space. 
HoWever, it is desirable to decrease the siZe of Workpiece 
processing systems to the extent possible, because the clean 
room area used for the system is very expensive to maintain. 
In addition, separate drive mechanisms Which may be used 
for the tWo robots Would be expected to be more compli 
cated and expensive than a system that employs only one 
drive mechanism. 

[0008] In addition to throughput, siZe, complexity and 
cost, a fundamental constraint on Workpiece handling sys 
tems is the necessity to avoid contaminating Workpieces. 
Very small amounts of contaminants, such as dirt or dust can 
render a Workpiece unusable and the siZe and number 
tolerance for particulate contaminants continues to decrease 
as Workpiece geometries decrease. Workpiece processing 
equipment may introduce contaminants in a variety of Ways. 
For example, particles may be shed When tWo pieces of 
machinery rub or touch. It is important to minimiZe the 
exposure of the Workpieces to such contaminants during 
handling and processing. 
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[0009] It is a particular challenge to design doors that 
minimize particles generated by friction. Doors open and 
close to allow workpieces to pass betWeen the ambient 
(usually a clean room environment) to a sealed (and possibly 
evacuated) chamber or betWeen tWo chambers. Opening and 
closing the doors may involve mechanical mechanisms that 
create particles or may generate particles When tWo surfaces 
are pushed together to close the door. It is desirable to 
decrease the number of particles generated by such doors to 
reduce the likelihood of contaminating Workpieces. In addi 
tion to avoiding contamination, it is desirable in many 
instances to use a door that does not occupy much space, 
thereby reducing the overall siZe of the system and conserv 
ing valuable clean room space. 

[0010] In summary, there is a need for a Workpiece han 
dling system With high throughput but that does not entail 
relatively complicated or expensive mechanisms, or mecha 
nisms that occupy a relatively large amount of space. There 
is a further need for a Workpiece processing system With 
reduced particle generation and Workpiece contamination. 
Without limiting the foregoing, there is a need for door 
assemblies for use in such systems Which reduce the poten 
tial for contamination and occupy a relatively small space. 
Preferably a Workpiece handling and processing system 
Would satisfy all of the foregoing needs. 

SUMMARY OF THE INVENTION 

[0011] Aspects of the present invention provide a Work 
piece processing system including multiple load locks, a 
Workpiece transfer chamber and one or more process cham 
ber(s). In these aspects of the invention, the core of the 
system consists of the aforementioned multiple load lock 
stations, Which may be stacked vertically and act as buffers 
betWeen a Workpiece handler at atmospheric pressure and 
another Workpiece handler at another pressure typically 
closer to the pressure at Which the processes are done. In 
another embodiment each load lock may function indepen 
dently from the other(s). Hence, one may be open to 
atmosphere Where a handler unloads or reloads Workpieces 
While other(s) operate, for example, impartial vacuum, 
alloWing a vacuum handler to supply Workpieces to and 
from the process chamber(s). Additionally, the load locks 
may provide the capability to cool post process Workpieces 
prior to or during their pressure transition from the reduced 
pressure of the load lock to atmospheric pressure. This 
functional independence makes such a system capable of 
providing a steady supply of pre-processed Workpieces for 
the vacuum handler thus achieving high throughput in nearly 
continuous Workpiece processing. 

[0012] In another embodiment, a controlled mini-environ 
ment can be created on the atmospheric side of the load 
locks to provide a clean, particle free volume for loading or 
unloading Workpieces. Air ?ltration systems and/or laminar 
?oW hoods can be incorporated for the purpose of contami 
nation control. Multiple Workpiece-holder docking stations 
can be mounted to the enclosure, creating a supply of 
pre-processed Workpieces to the system. 

[0013] In another embodiment, a robotics handler can 
operate in the mini-environment and bring Workpieces from 
their holders (Which may be called cassettes) to the load 
locks and back again. This handler can utiliZe any combi 
nation of compound or individual rotational, vertical, and 
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horiZontal movements to selectively align With the Work 
piece cassettes or load locks for the purpose of transferring 
Workpieces. The robot handler can have tWo sets of paddles, 
or other devices intended for retaining the Workpieces 
during said transport. One set may consist of multiple, 
vertically stacked paddles, While the other may be a single 
paddle situated beloW the others. Each set is capable of 
independent or dependent linear motion such that any com 
bination of the tWo can be used to transport Workpieces to 
and from the load locks. Additional components can be 
mounted to the robot, or be made accessible in the mini 
environment. These stations could provide operations such 
as Workpiece identi?cation or any other pre- or post-process 
inspection. 
[0014] In another embodiment, a linear door mechanism 
may be used to seal one doorWay of each load lock. An 
extractable door plate contained in a housing may be 
extended against the doorWay for sealing or retracted for 
unsealing. The door plate and housing may then be raised or 
loWered to provide access for Workpieces to pass through the 
doorWay. If load locks are positioned above one another, the 
door of the upper load lock might raise When opened and, 
conversely, the loWer door might drop to provide a pathWay 
for Workpiece transfer. 

[0015] In another embodiment, dual or multiple load locks 
can be stacked vertically to minimiZe the system footprint. 
Each load lock may contain shelves adjacent to Which 
Workpieces can be placed and staged. These shelves may be 
situated such that Workpieces are contained next to and on 
top of one another. Workpiece temperature could be con 
trolled through thermal contact With the shelves Which may 
be heated or cooled by gaseous conduction and radiation. 
Gases might also be directed over the Workpieces, prior to 
or after processing, to achieve desired temperatures. 

[0016] In another embodiment, a rotational door may be 
used to seal the other doorWay of each load lock. This door 
may be extended against the doorWay for sealing or retracted 
for unsealing. Once decoupled from the doorWay, the door 
may rotate up or doWn to alloW Workpieces to pass through. 
The door of the upper load lock may rotate upWard When 
opened and the loWer load lock door may rotate doWnWard. 
The compactness of the door’s operation alloWs for verti 
cally stacked load locks occupying minimal space. 

[0017] In one embodiment a robot handler residing in a 
central transfer chamber, With pressure closer to process 
chamber pressure than atmospheric pressure may be utiliZed 
to transport Workpieces from the load locks to the process 
chamber(s) and back to the load locks after processing. Such 
duties may be shared by tWo robotic arms utiliZing common 
compound or individual vertical and rotational movements, 
but acting independently When extending or retracting to 
pick or place Workpieces. Additionally, tWo or possibly more 
Workpieces may be located side by side on paddles or other 
devices ?xed to each robot arm. Furthermore, the robots 
may operate in an over/under fashion to reduce their geo 
metrical pro?le and minimiZe the transfer time of post- and 
pre-processed Workpieces. The robot arm structure can be 
made to avoid any bearing surfaces passing directly over a 
Workpiece and thus helping ensure cleaner, loWer-particle 
on Workpiece contamination during operation. 

[0018] In another embodiment, a slit door could be used to 
isolate the process chamber environment from that of the 
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transfer chamber. Such a door could Work utilizing vertical 
motions to allow passage of workpieces through the process 
chamber doorWay. Small horiZontal motion could be used to 
seal or unseal the door from the doorWay. Both motions 
alloW for a very compact door and contribute to minimizing 
the footprint of the system. Such a door could be made to 
seal off positive pressure in the process chamber While the 
transfer chamber operated at negative pressure. In another 
embodiment, a process chamber could be serviced at atmo 
spheric pressure While the transfer chamber remained at 
partial or near-vacuum. 

[0019] In another embodiment, the transfer chamber could 
be designed to dock three or more process chambers, each 
capable of processing tWo or more Workpieces side by side. 
Each process chamber could be designed as a modular 
entity, requiring a minimum amount of effort to mount to and 
communicate With the main transfer chamber and its ele 
ments. Additionally, multiple process chambers mounted to 
the transfer chamber might each provide the same or dif 
ferent process capability. 

[0020] In another embodiment, pre- or post-process sta 
tions could be located in the transfer chamber and made 
accessible to the vacuum robot handler. Examples of such 
processes include, but are not limited to, preheating or 
cooling of Workpieces and Workpiece orientation and align 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] These and other features and advantages of the 
present invention Will become more apparent to those skilled 
in the art from the folloWing detailed description in con 
junction With the appended draWings in Which: 

[0022] FIG. 1 illustrates the Workpiece transport path of a 
prior art Workpiece handling system. 

[0023] FIG. 2 illustrates a load lock transfer system of a 
prior art Workpiece handling system. 

[0024] FIG. 3A illustrates a prior art Workpiece handling 
system With tWo robots. 

[0025] FIG. 3B illustrates the Workpiece transport path in 
the prior art system of FIG. 3A. 

[0026] FIG. 4 is a simpli?ed side cross-sectional vieW of 
a Workpiece handling system according to an exemplary 
embodiment of the present invention. 

[0027] FIG. 5 is a simpli?ed top cross-sectional vieW of a 
Workpiece handling system according to an exemplary 
embodiment of the present invention. 

[0028] FIG. 6A is a top, front perspective vieW of a 
Workpiece handling system according to an exemplary 
embodiment of the present invention. 

[0029] FIG. 6B is a top, rear perspective vieW of a 
Workpiece handling system according to an exemplary 
embodiment of the present invention. 

[0030] FIG. 7A is a top plan vieW of a vacuum transfer 
robot according to an exemplary embodiment of the present 
invention. 

[0031] FIG. 7B is a top, rear perspective vieW of a vacuum 
transfer robot according to an exemplary embodiment of the 
present invention. 
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[0032] FIG. 8A is a top plan vieW of a rotational door 
according to an exemplary embodiment of the present 
invention. 

[0033] FIG. 8B is a simpli?ed side vieW of load locks 
having rotational doors in a closed position according to an 
exemplary embodiment of the present invention. 

[0034] FIG. 8C is a simpli?ed side vieW of load locks 
having rotational doors in an open position according to an 
exemplary embodiment of the present invention. 

[0035] FIG. 8D is a simpli?ed side vieW illustrating the 
rotational and linear motions used to open and close rota 
tional doors according to an exemplary embodiment of the 
present invention. 

[0036] FIG. 9A is a top plan vieW of a linear door 
assembly according to an exemplary embodiment of the 
present invention. 

[0037] FIG. 9B is a simpli?ed side vieW of a linear door 
assembly according to an exemplary embodiment of the 
present invention. 

[0038] FIG. 9C is a top cross-sectional vieW of a linear 
door assembly according to an exemplary embodiment of 
the present invention. 

[0039] FIG. 9D is a side vieW of a linear door assembly 
according to an exemplary embodiment of the present 
invention. 

[0040] FIG. 10A is a side cross-sectional vieW of a linear 
door assembly according to an alternate embodiment of the 
present invention. 

[0041] FIG. 10B is a side cross-sectional vieW of a linear 
door assembly according to an alternate embodiment of the 
present invention. 

[0042] FIG. 11 illustrates a side vieW of a rotary mecha 
nism. 

[0043] FIG. 12 illustrates an alternative embodiment of a 
rotary mechanism. 

DESCRIPTION 

[0044] The folloWing description is presented to enable 
any person skilled in the art to make and use the invention. 
Descriptions of speci?c designs are provided as examples. 
Various modi?cations to the embodiment Will be readily 
apparent to those skilled in the art, and the generic principles 
de?ned herein may be applied to other embodiments and 
applications Without departing from the spirit and scope of 
the invention. Thus, the present invention is not intended to 
be limited to the embodiment shoWn, but is to be accorded 
the Widest scope consistent With the principles and features 
disclosed herein. 

[0045] FIG. 4 is a simpli?ed side cross-sectional vieW of 
a semiconductor Workpiece handling system, generally indi 
cated at 400, according to an embodiment of the present 
invention. As shoWn in FIG. 4, system 400 includes a 
Workpiece cassette holder 402 Which may be in a clean room 
environment, an atmospheric robot 404, an upper load lock 
406a, a loWer load lock 406b, a vacuum transport chamber 
408 and a process chamber 410. System 400 alloWs Work 
pieces to be transported from cassette holder 402 to process 
chamber 410 for processing using a compact and simpli?ed 












