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(57) ABSTRACT 

An ion implantation apparatus, system, and method are pro 
vided for transferring a plurality of workpieces between 
vacuum and atmospheric pressures, wherein an alignment 
mechanism is operable to align a plurality of workpieces for 
generally simultaneous transportation to a dual-workpiece 
load lock chamber. The alignment mechanism comprises a 
characterization device, an elevator, and two vertically 
aligned workpiece supports for supporting two workpieces. 
First and second atmospheric robots are con?gured to gener 
ally simultaneously transfer two workpieces at a time 
between load lock modules, the alignment mechanism, and a 
FOUP. Third and fourth vacuum robots are con?gured to 
transfer one workpiece at a time between the load lock mod 
ules and a process module. 
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HIGH THROUGHPUT SERIAL WAFER 
HANDLING END STATION 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to workpiece 
processing systems and methods for processing Workpieces, 
and more speci?cally to a system and method for handling 
Workpieces Wherein throughput is maximiZed. 

BACKGROUND OF THE INVENTION 

[0002] In semiconductor processing, many operations may 
be performed on a single Workpiece or semiconductor Wafer. 
In general, each processing operation on a Workpiece is typi 
cally performed in a particular order, Wherein each operation 
Waits until completion of a preceding operation, thus affect 
ing the time at Which the Workpiece Will become available for 
a subsequent processing step. Tool productivity or throughput 
for relatively short processes performed under vacuum, such 
as ion implantation, can be severely limited if the process How 
leading to the processing location is interrupted by sequential 
events associated With such processing. For example, opera 
tions such as an exchange of Workpieces betWeen transport 
carriers or storage cassettes and the processing system, a 
transfer of the Workpiece from an atmospheric environment 
into an evacuated environment of an implantation chamber of 
the processing system, and an orientation of the Workpiece 
(e.g., notch alignment) Within the evacuated environment, 
can have a signi?cant impact on tool productivity. 
[0003] Processing of a Workpiece, such as ion implantation, 
for example, is typically performed at a reduced pressure 
Within an implantation chamber, Wherein ions are generally 
accelerated along a beam line, and Wherein the ions enter the 
evacuated implantation chamber and strike the Workpiece in 
a predetermined manner. Several operations are typically per 
formed leading up to the implantation in order to introduce 
the Workpiece into the implantation chamber, as Well as to 
properly position and orient the Workpiece With respect to the 
ion beam Within the ion implantation chamber. For example, 
the Workpiece is transferred via a robot from an atmospheric 
cassette or storage device into a load lock chamber, Wherein 
the load lock chamber is subsequently evacuated in order to 
bring the Workpiece into the processing environment of the 
ion implanter. The cassette or storage device, for example, 
may be delivered to the ion implanter via a conveyor system 
or other type of delivery. 
[0004] Front opening uni?ed pods (FOUPs), for example, 
have become a popular mechanism for moving silicon Work 
pieces or Wafers from one Workstation to another in an inte 
grated circuit (IC) fabrication facility. Different versions of 
these FOUPs are commercially available from different 
manufacturers, including Asyst Technologies and Brooks 
Automation. A FOUP containing a number of stacked Wafers, 
for example, is delivered from one tool to a next subsequent 
tool by an automated delivery device such as an overhead 
transport. The overhead transport deposits the pod to a loca 
tion Within the reach of a robot so that a robotic arm can 
extract one or more silicon Wafers from the pod for treatment. 

[0005] US. Pat. No. 5,486,080 to SieradZki, for example; 
details a system for transferring Wafers for vacuum process 
ing. The system employs tWo Wafer transport robots for mov 
ing Wafers from tWo load locks past a processing station. 
Additional patents relating to serial end stations are US. Pat. 
Nos. 6,350,097, 6,555,825, and 5,003,183. Further, com 
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monly-oWned US. Pat. No. 7,010,388 to Mitchell et al. 
details a Wafer handling system for handling one or tWo 
Wafers at a time. 
[0006] It is desirable for the Workpiece handling system to 
have very high throughputs in order to reduce the tool’s cost 
of oWnership. This is especially true in an ion implantation 
process When a duration of the implantation is very short 
compared to the time needed to transfer a neW Workpiece 
from the FOUP to the process chamber and back to the FOUP. 
The actual ion implantation into a Workpiece for a loW dose 
implant, for example, has a short duration, Wherein implant 
times can be less than 5 seconds. Further, as part of pre 
processing routines utiliZed in ion implantation, each Work 
piece must be oriented properly relative to the ion beam. A 
mechanism knoWn as an aligner is used for such an alignment 
step, Where each Workpiece is aligned serially, thus poten 
tially decreasing throughput. 
[0007] Therefore, a need exists for a system and method for 
facilitating high throughput by alloWing simultaneous place 
ment of tWo Workpieces by an atmospheric Wafer handling 
robot at the aligner station for subsequent serial alignment by 
the aligner mechanism. Since tWo Wafers can be dropped off 
simultaneously, the atmospheric Wafer handling robot can 
proceed onto other tasks Which alloW the Wafer robot to 
handle more Wafers per hour. 

SUMMARY OF THE INVENTION 

[0008] The present invention overcomes the limitations of 
the prior art by providing a system, apparatus, and method for 
transferring Workpieces betWeen atmospheric and vacuum 
environments, While maximizing throughput and minimiZing 
costs of oWnership associated With the systems. More par 
ticularly, the present invention provides a system and method 
for reducing a cost of oWnership of the system by minimiZing 
an idle time, or the amount of time a processing system is 
operating but not producing a processed Workpiece. 
[0009] Accordingly, the folloWing presents a simpli?ed 
summary of the invention in order to provide a basic under 
standing of some aspects of the invention. This summary is 
not an extensive overvieW of the invention. It is intended to 
neither identify key or critical elements of the invention nor 
delineate the scope of the invention. Its purpose is to present 
some concepts of the invention in a simpli?ed form as a 
prelude to the more detailed description that is presented later. 
[0010] The present invention is directed generally toWard a 
Workpiece handling system and method for handling Work 
pieces, and an alignment apparatus and method for using 
same. In accordance With one exemplary aspect of the inven 
tion, the Workpiece handling system comprises one or more 
Workpiece transport containers con?gured to support a plu 
rality of Workpieces, and a front end module in selective 
engagement With the Workpiece transport container(s). In one 
example, the front end module comprises a ?rst robot having 
a ?rst dual-Workpiece handling arm operably coupled thereto, 
a second robot having a second dual-Workpiece handling arm 
operably coupled thereto, and an alignment mechanism dis 
posed generally therebetWeen. The alignment mechanism 
comprises a characterization device, an elevator mechanism, 
and tWo or more vertically-aligned Workpiece supports con 
?gured to respectively selectively support tWo or more of the 
plurality of Workpieces. The elevator mechanism is operable 
to both rotate and translate vertically With respect to an axis 
associated thereWith, and the tWo or more Workpiece supports 
are operable to translate radially With respect to the axis. The 
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elevator mechanism is thus operable to individually vertically 
translate each workpiece from the respective workpiece sup 
ports to a characterization position, Wherein the elevator 
mechanism is further operable to determine one or more 

characteristics of each of the plurality of Workpieces at the 
characterization position, such as a rotational position and/or 
center of each Workpiece via the rotation of the Workpiece 
With respect to the characteriZation device. 

[0011] The system further comprises a vacuum chamber 
having a third robot and a fourth robot disposed therein, 
Wherein the third robot comprises a ?rst single-Workpiece 
handling arm operably coupled thereto, and the fourth robot 
comprises a second single-Workpiece handling arm operably 
coupled thereto. A processing module is further operably 
coupled to the vacuum chamber for processing the plurality of 
Workpieces through a process medium, such as an ion beam. 
First and second load lock modules are operably coupled to 
both the front end module and the vacuum chamber, Wherein 
each of the ?rst and second load lock modules comprise tWo 
or more dual-Workpiece load lock chambers con?gured to 
respectively support tWo or more Workpieces therein. For 
example, ?rst, second, third, and fourth dual-Workpiece load 
lock chambers are provided, Wherein the ?rst load lock mod 
ule comprises the ?rst and third load lock chambers, and the 
second load lock module comprises the second and fourth 
load lock chambers, Wherein each of the ?rst, second, third, 
and fourth load lock chambers are con?gured to support the 
tWo or more of the plurality of Workpieces therein. 

[0012] In accordance With one exemplary aspect, the ?rst 
robot is con?gured to selectively transfer one or more Work 
pieces at a time (e.g., concurrently transfer tWo Workpieces in 
parallel) betWeen the Workpiece transport container, the 
alignment mechanism, and the second load lock module via 
the ?rst dual-Workpiece handling arm. The second robot is 
further con?gured to selectively transfer one or more Work 
pieces at a time (e.g., concurrently transfer tWo Workpieces in 
parallel) betWeen another Workpiece transport container, the 
alignment mechanism, and the ?rst load lock module via the 
second dual-Workpiece handling arm. The third robot is con 
?gured to selectively serially transfer one Workpiece at a time 
betWeen the ?rst load lock module and the process module via 
the ?rst single-Workpiece handling arm, and the fourth robot 
is con?gured to selectively serially transfer one Workpiece at 
a time betWeen the second load lock module and the process 
module via the second single-Workpiece handling arm. A 
controller is further provided, Wherein the controller is con 
?gured to selectively transfer the plurality of Workpieces 
betWeen the Workpiece transport container, alignment 
mechanism, ?rst and second load lock modules, and process 
module via a control of the ?rst, second, third, and fourth 
robots, alignment mechanism, and ?rst and second load lock 
modules. 

[0013] To the accomplishment of the foregoing and related 
ends, the invention comprises the features hereinafter fully 
described and particularly pointed out in the claims. The 
folloWing description and the annexed draWings set forth in 
detail certain illustrative embodiments of the invention. 
These embodiments are indicative, hoWever, of a feW of the 
various Ways in Which the principles of the invention may be 
employed. Other objects, advantages and novel features of 
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the invention Will become apparent from the folloWing 
detailed description of the invention When considered in con 
junction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1A illustrates a block diagram of an exemplary 
Workpiece handling system in accordance With one aspect of 
the present invention. 
[0015] FIG. 1B illustrates the exemplary Workpiece han 
dling system of FIG. 1A having a reverse Workpiece How. 
[0016] FIG. 2 illustrates schematic of an exemplary Work 
piece handling system in accordance With another aspect of 
the present invention. 
[0017] FIG. 3A illustrates a perspective vieW of an exem 
plary alignment mechanism according to another aspect of 
the present invention. 
[0018] FIG. 3B illustrates a plan vieW of the exemplary 
alignment mechanism of FIG. 3A. 
[0019] FIGS. 4A-4F illustrate the exemplary alignment 
mechanism of FIGS. 3A and 3B during various stages of 
Workpiece alignment according to another exemplary aspect 
of the invention. 
[0020] FIG. 5 is a partial cross-sectional vieW of the exem 
plary alignment mechanism of FIGS. 3A and 3B. 
[0021] FIG. 6 is a plan vieW ofan exemplary Workpiece on 
a Workpiece support of an exemplary alignment mechanism. 
[0022] FIG. 7 is plot of a sensed position of a Workpiece 
versus a rotational position of the Workpiece support accord 
ing to another exemplary aspect of the invention. 
[0023] FIG. 8 is a perspective vieW of an exemplary load 
lock module according to yet another aspect of the present 
invention. 
[0024] FIG. 9 illustrates another exemplary Workpiece han 
dling system according to still another aspect of the invention. 
[0025] FIG. 10A illustrates a bottom plan vieW of an exem 
plary dual-Workpiece handling robot of FIG. 9. 
[0026] FIG. 10B illustrates an elevation vieW of the exem 
plary dual-Workpiece handling robot of FIG. 10A. 
[0027] FIG. 11 is a block timing diagram for handling 
Workpieces according to another exemplary aspect of the 
invention. 
[0028] FIG. 12 is a block diagram illustrating an exemplary 
method for handling Workpieces according to another exem 
plary aspect of the invention. 
[0029] FIG. 13 is a block diagram illustrating a continua 
tion of the exemplary method of FIG. 12 for handling Work 
pieces according to another aspect of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] The present invention is directed generally toWard a 
Workpiece handling system for semiconductor processes, and 
more particularly, to a handling system Wherein tWo or more 
Workpieces can be transferred Within the system generally 
simultaneously, While still achieving serial operations such as 
alignment and ion implantation into the Workpiece. Accord 
ingly, the present invention Will noW be described With refer 
ence to the draWings, Wherein like reference numerals may be 
used to refer to like elements throughout. It should be under 
stood that the description of these aspects are merely illustra 
tive and that they should not be interpreted in a limiting sense. 
In the folloWing description, for purposes of explanation, 
numerous speci?c details are set forth in order to provide a 
thorough understanding of the present invention. It Will be 
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evident to one skilled in the art, however, that the present 
invention may be practiced Without these speci?c details. 
[0031] Referring noW to the ?gures, FIGS. 1A and 1B 
illustrate an exemplary workpiece handling system 100 in 
accordance With one exemplary aspect of the present inven 
tion. The Workpiece handling system 100, for example, com 
prises a front end module 102, Wherein the front end module 
comprises one or more load ports 104A-104D operable to 
receive one or more Workpiece transport containers 106A 
106D. Each of the load ports 104A-104D, for example, com 
prises a door 107A-107D operable to provide selective com 
munication betWeen the respective Workpiece transport 
containers 106A-106D and the front end module 102. The 
Workpiece transport containers 106A-106D, for example, 
comprise Front Opening Uni?ed Pods (FOUPs) 108, Wherein 
each FOUP is operable to interface With the front end module 
102. An internal environment 109 of the front end module 
102, for example, is generally at or near atmospheric pres 
sure. 

[0032] The front end module 102 comprises a ?rst robot 
110 and a second robot 112, Wherein, for example, the ?rst 
robot is operable to load and unload a plurality of Workpieces 
114 (e.g., 300 mm semiconductor Wafers) from the Workpiece 
transport containers 106A and 106B, and the second robot is 
operable to load and unload a plurality of Workpieces from the 
Workpiece transport containers 106C and 106D. Each of the 
?rst and second robots 110 and 112, for example, are capable 
of multiple degrees of freedom including vertical, radial and 
azimuthal movements. 

[0033] As illustrated in greater detail in FIG. 2, in accor 
dance With the present invention, the ?rst robot 110 comprises 
a ?rst dual-Workpiece handling arm 116 operably coupled 
thereto, Wherein the ?rst dual-Workpiece handling arm, for 
example, comprises a ?rst dual support member 118 operable 
to support one or multiple Workpieces 114 thereon. For 
example, the ?rst dual-Workpiece handling arm 116 is con 
?gured to concurrently or generally simultaneously retrieve 
and replace tWo of the plurality of Workpieces 114 from and 
to the Workpiece transport containers 106A and 106B via a 
control of the ?rst robot 110. The ?rst dual-Workpiece han 
dling arm 116, for example, may be further operable to sup 
port a single Workpiece 114, as opposed to supporting mul 
tiple Workpieces. The second robot 112, for example, 
comprises a second dual-Workpiece handling arm 120 oper 
ably coupled thereto, Wherein the second dual-Workpiece 
handling arm is likeWise con?gured to simultaneously 
retrieve and replace tWo of the plurality of Workpieces 114 
from and to the Workpiece transport containers 106C and 
106D via a control of the second robot. For example, the 
second dual-Workpiece handling arm 120 comprises a second 
dual support member 121 operable to support one or multiple 
Workpieces 114 thereon. In a similar manner to the ?rst dual 
Workpiece handling arm 116, the second dual-workpiece han 
dling arm 120 may be further operable to support a single 
Workpiece 114, as opposed to supporting multiple Work 
pieces. 
[0034] The front end module 102 of the present invention, 
as illustrated in FIGS. 1A-1B and FIG. 2 further comprises an 
alignment mechanism 122 disposed generally betWeen the 
?rst and second robots 110 and 112, Wherein the alignment 
mechanism is operable to determine one or more character 
istics of the plurality of Workpieces 114. FIG. 3A illustrates a 
perspective vieW of the exemplary alignment mechanism 
122, Wherein tWo or more vertically-aligned Workpiece tray 
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stations 124A and 124B are provided, and Wherein each of the 
tray stations further comprise tWo or more Workpiece sup 
ports 126 associated thereWith. The tWo or more Workpiece 
supports 126 associated With each Workpiece tray station 
124A and 124B, for example, are operable to support a 
respective Workpiece 114, as illustrated in phantom in a top 
vieW 127 of the alignment mechanism 122 in FIG. 3B. The 
tWo or more Workpiece tray stations 124A and 124B of FIG. 
3A, for example, further generally de?ne tWo or more respec 
tive buffer positions 128A and 128B, Wherein the tWo or more 
buffer positions provide a buffering or cueing of the plurality 
ofWorkpieces 114 of FIGS. 1A-1B and FIG. 2 via the align 
ment mechanism 122, as Will be discussed in greater detail 
hereafter. It should be noted that the alignment mechanism 
122 may comprise more than tWo Workpiece tray stations 124 
and buffer positions 128, and such multiple Workpiece tray 
stations and buffer positions are contemplated as falling 
Within the scope of the present invention. 

[0035] In the present example, as illustrated in FIG. 3B, 
each of the Workpiece supports 126 associated With the 
respective Workpiece tray stations 124A and 124B are further 
associated With a circumference or perimeter 130 of the plu 
rality of Workpieces 114. For example, the plurality of Work 
piece supports 126 are generally arcuate in shape, and have a 
recess 13 1 formed therein, Wherein the recess is con?gured to 
generally support the Workpiece 114 about at least a portion 
of its circumference 130. The plurality of Workpiece supports 
126 may alternatively take a number of other forms, such as 
supporting posts or prongs (not shoWn). Accordingly, any 
member operable to support the Workpiece 114 is contem 
plated as falling Within the scope of the present invention. 
[0036] The plurality of Workpiece supports 126 of the 
present example are further translationally coupled to a base 
132 of the alignment mechanism 122, Wherein the plurality of 
Workpiece supports are further operable to radially translate 
(as indicated by arroWs 134) With respect to the Workpiece 
114 and the base. Accordingly, the plurality of Workpiece 
supports 126 of each of the Workpiece tray stations 124A and 
124B are operable to translate betWeen a retracted position 
136 (as illustrated in FIG. 4A for Workpiece tray station 
124A, and an extended position 137 (as illustrated in FIG. 4C 
for Workpiece tray station 124A). The Workpiece tray stations 
124A and 124B are individually con?gured such that their 
respective Workpiece supports 126 may be selectively 
arranged to either support the Workpiece 114, or to generally 
permit the Workpiece to move freely vertically With respect to 
the Workpiece supports. The plurality of Workpiece tray sta 
tions 124A and 124B are thus operable to selectively support 
each Workpiece 114A and 114B illustrated in FIGS. 4A-4F, 
based on the respective plurality of Workpiece supports being 
in the retracted position 136 or the extended position 137, as 
Will be further described infra. 

[0037] As illustrated in FIG. 3A, the alignment mechanism 
122 further comprises an elevator device 138 operably 
coupled to the base 132, Wherein the elevator device is con 
?gured to individually vertically translate each of the tWo or 
more Workpieces 114A and 114B (shoWn in FIGS. 4A-4F) 
associated With the Workpiece tray stations 124A and 124B. 
The alignment mechanism 122 and elevator device 138 of 
FIG. 3A are further illustrated in a cross-sectional vieW 139 in 
FIG. 5, Wherein the exemplary elevator device comprises an 
elevator shaft 140 operably coupled to an elevator Workpiece 
support 142. The elevator shaft 140, for example, is in linear 
sliding engagement With the base 132, Wherein the elevator 


















